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We report the molecular characterization of a homeobox-
containing gene that maps at 84A in the proximal region
of the Antennapedia-complex. The structure and
complete sequence are presented. Deletion analysis
indicates that the cloned gene, F24, most likely corre-
sponds to the labial (lab) gene. Northern blot experiments
show a single -3-kb transcript that is expressed at all
embryonic stages from cellular blastoderm onwards and
during larval development. The homeobox is split by an
intron in the region which encodes the putative DNA-
binding helix, a splicing position for homeobox-containing
genes which is unique so far. The 5' part of the gene
contains four M-repeat sequences (CAA/G repeats) in the
protein-coding region. In situ hybridization to the
transcripts during embryogenesis reveals two domains
of expression. The anterior one is located in parts of the
developing head, mainly in the hypopharyngeal organ
and in anterior parts of the mandibular lobe, and is
restricted to the ectoderm. The posterior domain is part
of the posterior midgut primordium (endoderm), that
invaginates and later contacts the endoderm cells from
the anterior midgut invagination.
Key words: Antennapedia-complex/homeobox/in situ hybrid-
izationIDrosophila/labial

Introduction
The spatial and temporal development of the Drosophila
embryo is under the control of several sets of genes. Firstly,
the maternal genes define the axes and the polarity of the
egg (antero-posterior and dorso-ventral) before fertilization
(for reviews, see Niisslein-Volhard et al., 1987; Anderson,
1987). After fertilization the embryo becomes first
subdivided into metameric units by the zygotic segmentation
genes (Niisslein-Volhard and Wieschaus, 1980; for review,
see Akam, 1987), and slightly later the precise expression
of the homeotic selector genes leads to the correct segment
identity in each of these units in the embryo, larva and the
adult fly (for review, see Gehring and Hiromi, 1986; Akam,
1987).
Most of the homeotic selector genes have been genetically

characterized and are clustered in two complexes on the 3rd
chromosome. The bithorax-complex (BX-C) contains genes
that are responsible for the correct identity of posterior
thoracic and abdominal segments and compartments (Lewis,

1978). The Antennapedia-complex (ANT-C) appears to
contain genes that are required for normal head and thoracic
development (Kaufman, 1983; Kaufman and Abbott, 1984).
More recently other genes with similar function(s) have been
found outside these complexes, e.g. caudal (cad) (Mlodzik
et al., 1985; Macdonald and Struhl, 1986) or spalt (sat)
(Jiirgens, 1988; Frei et al., 1988). The molecular cloning
and analysis of regions of the BX-C (Bender et al., 1983)
and the ANT-C (Garber et al., 1983; Scott et al., 1983) led
to the discovery of a conserved DNA segment in the coding
region of some of these genes, which is called the homeobox
(McGinnis et al., 1984a,b; Scott and Weiner, 1984). Using
this DNA segment as a probe, other related genes within
and outside these complexes have been isolated and analyzed
[e.g. engrailed (en), Fjose et al., 1985; cad, Mlodzik et al.,
1985; evenskipped (eve), Harding et al., 1986; Macdonald
et al., 1986; and zerknullt (zen), Doyle et al., 1986].

In the ANT-C several genes have been found to contain
a homeobox: Antennapedia (Antp) and fushi tarazu (ftz)
(McGinnis et al., 1984a; Scott and Weiner, 1984), Sex
combs reduced (Scr) (Kuroiwa et al., 1985), Deformed
(Dfd) (McGinnis et al., 1984a; Regulski et al., 1987), zen
(Doyle et al., 1986) and bicoid (bcd) (Frigerio et al., 1986).
All these genes show specific patterns of expression along
the antero-posterior axis (e.g. Levine et al., 1983; Hafen
et al., 1984; Kuroiwa et al., 1985; Chadwick and McGinnis,
1987; Frigerio et al., 1986; for review, see Akam, 1987)
or are restricted to dorsal tissue (zen, Doyle et al., 1986).
It is thought that they all select and control developmental
pathways by modulating the activity of so-called realizator
genes (Garcia-Bellido, 1975), whose differential expression
in each metamere determines segmental identity. Therefore,
it appears reasonable to assume that at least some of the
homeotic genes specifically activate or inhibit gene
expression by binding to DNA. Indeed, the homeobox shares
homology to DNA-binding proteins from yeast and
procaryotes (Shepherd et al., 1984; Laughon and Scott,
1984), and all the homeobox proteins analyzed so far are
localized to the nucleus (White and Wilcox, 1984; Beachy
et al., 1985; DiNardo et al., 1985; Carroll and Scott, 1985;
Carroll et al., 1986; Wirz et al., 1986; Macdonald and
Struhl, 1986; Mlodzik and Gehring, 1987; Frasch et al.,
1987; Rushlow et al., 1987; Riley et al., 1987; Mahaffey
and Kaufman, 1987). Furthermore, the predicted control
function(s) for the homeotic selector genes are supported by
DNA binding studies with some of these proteins (U.Weber
and W.J.Gehring, unpublished results).
Here we describe the isolation of a homeobox-containing

gene from the proximal region of the ANT-C. Its molecular
structure and sequence have been determined. Preliminary
sequence data of the homeobox and transcript localization
have been published previously (F90-2 in Hoey et al., 1986;
F121 in Gehring, 1987). By analysis of several deletions,
we conclude that this transcription unit most likely
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corresponds to the labial gene (lab, Kaufman, 1983; Kauf-
man and Abbott, 1984). In situ localization of its transcripts
reveals two regions of expression. The first domain is
anterior to the stripe of Dfd expression (Chadwick and
McGinnis, 1987) in parts of the developing head, and the
second domain is in the very posterior somatic blastoderm
tissue, which later gives rise to regions of the middle midgut.

Results
Isolation and cytological mapping of genomic clones
We screened the D.melanogaster genomic library of
Maniatis et al. (1978) under reduced stringency conditions
(McGinnis et al., 1984a) with a homeobox-containing
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Fig. 1. In situ hybridization of biotinylated clones from the F24 region
to salivary gland polytene chromosomes. (A) XF24 hybridized to
chromosomes of Oregon R flies. The signal is at 84A. (B) and (C)
Mapping of proximal breakpoint of Df(3R)9A99. XF24 (B) and XF24.2
(C), see Figure 2, were hybridized to chromosomes of balanced stocks
Df(3R)9A99/TM6. Note that the breakpoint is located within clone
F24 (for summary see Figure 2). The signals are indicated by arrows.
cm: centromere.

fragment from the Ultrabithorax (Ubx) gene as a probe.
Beside clones originating from the en region (Fjose et al.,
1985) and cad (Mlodzik et al., 1985), several other
homeobox-containing clones were isolated. One of the,
XF24, was found to hybridize to chromosomal band 84A
within the ANT-C (Figure IA). None of the previously well
characterized homeobox genes of the ANT-C shares
homology with this clone outside the homeobox or the M-
repeats (see below) or has a similar restriction enzyme map.
Adjacent genomic clones were isolated by the technique of
genomic walking, and the distal portion of the walk is shown
in Figure 2. To better define the position of our cloned DNA
within the ANT-C, we performed in situ hybridization
analysis to balanced deficiency (Df) chromosomes of the
ANT-C. Df(3R)Scr (Wakimoto et al., 1984) was found to
uncover the entire cloned region. In contrast, the cloned
segment at 84A was found to lie proximally outside
Df(3R)ScxW+IM. The labial gene behaves identically con-
cerning these deficiencies (Kaufman, 1983; Kaufman and
Abbott, 1984; see Discussion and Figure 9). These results,
together with the facts that all other homeotic genes in the
ANT-C contain a homeobox and the spatial control of F24
transcription during embryogenesis is reminiscent of other
expression patterns of homeotic genes (see below), strongly
suggest that the cloned F24 region corresponds to the labial
gene. However, mutant rescue experiments with the P-
element-mediated germ-line transformation remain to be
done. The proximal breakpoint of Df(3R)9A99 which deletes
the entire ANT-C, except Antp (Jurgens et al., 1984) was
found in the proximal part of the F24 clone (see Figure lB,C
and Figure 2). The distal breakpoint has been mapped
previously by Kuroiwa et al. (1985, for summary see Figure
9).

Transcriptional organization at the F24 locus
The homeobox transcript of F24 is transcribed in the same
orientation relative to the centromere as Antp and Scr,
namely from distal to proximal. It spans - 18 kb and con-
tains three exons, the 5' exon being separated by - 14 kb
from the two 3' exons. The homeobox is located in both
3' exons which are separated by a -260-bp intron (see
Figures 2 and 6). A transcript containing this homeobox can
be detected on Northern blots and is - 3 kb long [including
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Fig. 2. Genomic organization of cloned DNA at 84A. Black boxes present exons of the F24 homeobox transcript. Broken line indicates second
transcriptional unit; the exons were not mapped accurately for this transcript. Breakpoint of Df(3R)9A99 is indicated; open box represents region of
uncertainty. The extent of the analyzed clones is shown below the restriction map. Centromere (see arrow) is to the left. Restriction enzymes:
B = BamHI, R = EcoRI, H = HindLI.
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Fig. 3. Transcription from cloned 84A region during Drosophila
development. Poly(A)+ RNA (2 isg/lane) was subjected to Northern
blot analysis and hybridized with specific probes at high stringency.
(A) Blot probed with the F24 homeobox. A single mRNA species of

3.0 kb [including poly(A) tail] is detected. The same band is
detected by hybridization with the 5' exon (see Figure 2) or the cDNA
clone c241 (see Figure 6) (data not shown). Probes from the large
intron (see Figure 2) did not detect any transcript. (B) The same blot
rehybridized with a probe from adjacent proximal transcription unit. A
major 1.0-kb and a minor 1.4-kb mRNA (0-3 h) are detected. (C)
Control hybridization with Drosophila elongation factor 2. Embryonic
stages (first 5 lanes) are indicated in hours. 1/2: 1st and 2nd instar
larvae, 3: 3rd instar larvae, P: pupal, A: adults (males and females).

poly(A) tail, Figure 3A]. It starts to be expressed - 3 h after
fertilization at the cellular blastoderm stage and accumulates
throughout embryogenesis. A second peak of expression is
observed in the 3rd instar larva. Weak expression can be
detected in pupal stages and no signal is found in adult flies.
However, we cannot exclude traces of expression at this
stage which are below the limits of detection.

Within the clone F24 another transcriptional unit can be
detected. It is located downstream of the homeobox transcript
(referred to as F24 below) and it appears to be transcribed
in the opposite direction to F24. Northern blot analysis
reveals two mRNA species of - 1.4 and 1.0 kb [including
poly(A) tail, see Figure 3B]. The 1.0-kb transcript is present
at high levels throughout the Drosophila life cycle. However,
the 1.4-kb RNA appears only in 0-3 h old embryos, and,
when the blot is overexposed the transcript can be detected
in adults as well (data not shown). This suggests that the
minor RNA species is maternally transcribed and still present
in young embryos. In situ hybridization to embryonic
sections has revealed that these transcripts, in contrast to F24
(see below), do not show any specific localization, but are
distributed uniformly throughout the developing embryo at
all embryonic stages (data not shown).

Structure and sequence of the F24 gene
Using probes containing the F24 homeobox and flanking
sequences we have isolated cDNA clones from a 3-12 h
embryonic library (kindly provided by L.Kauvar). Several
clones are from the homeobox region and of minor size, but
one contains the complete 3' end [poly(A)-tailed] and a large
portion of the 5' exon. This cDNA, c241, and the
corresponding genomic clones were sequenced on both
strands (see Materials and methods). The determined nucleo-
tide sequence of the transcript including upstream sequences
up to -390, and the deduced amino acid sequence, are
shown in Figure 4. Terminal sequences of the - 14-kb intron
and the complete second intron splitting the homeobox have
been determined as well (data not shown, Figure 5C). The
sequence of the homeobox and the small intron have been
published previously (F90-2 by Hoey et al., 1986; F121 by
Gehring, 1987). To determine the 5' end of the transcript
we performed SI protection and primer extension experi-
ments. For S1 protection analysis the complementary strand
was generated in an M13-vector using the PstI fragment
extending from -64 to +392 in Figure 4. Including M13
primer and polylinker sequences, it had a size of 536
nucleotides and the protected fragment was 393 nucleotides
long (see Figure SA). This result was confirmed by primer
extension analysis using a synthetic oligonucleotide primer
(21-mer) extending from +40 to +61 (inclusive), which was
extended for 39 nucleotides with total and poly(A)+ RNA
from 12-18 h old embryos (data not shown). Both experi-
ments place the initiation site at position + 1 ( i 2) in Figure
4. The corresponding sequence ATCAGTC (underlined in
Figure 4) is a perfect match to the proposed cap-site
consensus for insect genes as proposed by Hultmark et al.
(1986). However, we cannot exclude minor transcription
start sites, which might not be detected at these levels of
sensitivity. No TATA box homology is found at the appro-
priate distance from the proposed initiation site (see Figure
4). The untranslated leader of the transcript is 239 nucleotides
long, and the open reading frame (ORF) starts at the first
ATG at position 240 and is followed by 1887 translated
nucleotides which code for a 629 (or 635, see below) amino
acid long peptide (Figure 4 and 6). The trailer sequence is
673 bases long and contains two potential polyadenylation
signals close to its 3' end (underlined in Figure 4).
Sequence analysis of the intron-exon junction at the 5'

end of the second exon reveals two 16 nucleotide long direct
repeats spaced by two additional nucleotides both sharing
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- 390
AGATCTGATCATCCCCAGCCAGTTCCACACCAGCTCATT'GCATAATTTCAAGTTCTTCATAGAACTCCCATCSTTGAGTAGCCGTCAATCCGCTCCTGCCATGGCGACTAGCAAAAAAMA

-270
AAACGAGCAMkCAGGGAACGAGAAAATCTAAATIGGA.uCGGCAACT'GCCAkAAkACCGGTAGTTIGkAATACGGGTATTT'GTATATACGTATGACTAACCCCCGAACCACTGATAAGGGCAG

-150
TCATCCGAAGAATCCCAGGGAkGCGAGCGAGACGGCAGTCGCAACACGTAT'GTAGCACACACGAGAGGAAGCGGGACCACAGGCAGTCT'GCAGAGGGGCGTGGCCAAGACCAGCGGTTIGTG

-30 1
CGGTCTGAAAGAAACCGGGTTICGGGCCAGTAATCAGTCACGACssGGTAAGCGCGCAGGCAGCACGTCGTCGTCGTCATCGCCAACGGGAGTCGTGTTTTTCGGTTCGATACAGATAAAA

90
CCCACGTCGATAGCCCTCGACCGTCGCGTAATATTICTS"AGAAAGCAAACAGCTAAAGAACTATCAAGAACTGT,GTGGCMAGTGAAGGGTAGTTAGTGATACACCGGTTATATCGGAGT

210 30

MetMetAspValSerSerMetTyrGlyAsnHisProHisHisHisHisProHisAlaAsnAlaTyrAspGlyTyrSeThrThrThrAl
GGCGAGAAAGTGTGGTTSCCGGCTGGACAATA7GATIGGACGTAAGCAGCAsGTACGGCAACCACCCGCACCACCACCATCCACAT,GCCAAT,GCCTACGACGGCTACAGCACCACCACCGCG

330 70
SerAlaAlaAsnAlaSerSerTyrPheAlaProGlnGlnHisGlnProHisLeuGlnLe*aGlnGInGlnGlnGlnHi sGlnHi*LeuGlnGlnProGlnGlnHisL uThrTyrAsnGly
TCGGCGGCCAACGCCAGCAGCT W CAACACCAGCCCCACCGCAGCTGCACAGCAGCAACAGCASCAGCATTTGCAGCAGCCCCAGCAGCACCTCACCSACAATGGC

450 110

TyrGluSerSerSerProGlyAsnTyrTyrProGlnGlnGInAlaGlnLouThrProProProThrSerSerHi GlnValValGlnGlnHisGlnGInGlnGlnGlnAlaGInGlnGl n

TACGAGAGCAGCTCCCCAGGCAACTACTATCGCAGCAGCAGGCGCAGCTG CCACCCCAC=CAGWSCCACAACGAGGAGCAGCAA

570 1S0
GlnL uTyrProHis*SerHis*L uPhoSerProS-rAlaAlaGluTSyrGlyIlleThrTrhrSerThrThrThrGlyAsnProGlyLysProL uHi*ProSerSerHis*SerProAlaAsp
CAGCTCTATCCGCATTCGCA rA=CACC5ACCATCACGCAc CTcTCA ACAC sc;Cc

0c241
690 190

SorTyrTyrGluSerAspSerValHisS*rTy SyrAlaThrAlaAlaVailalThrValAlaProProSerAonS*rSerProIllThrAl Al&AnAlaSerAlaThrSerAsnThr
TCCTCTA C A C A GACCGAAAGTTGCATTACCGCMCCA^GTG CCAGCAACACA

810 230
GlnGlnGlnGlnGlnGlnAlaAlalletllSerSerGluAsnGlyMetM tTyxThrAonL uAspCyaM tTyrProThrAlaGlnAlaGInAlaProV liNiGlyTyrAlaGlyGln
C A A A ACOCGCSAGTSCCAC SGATCSTkTsGTCGSCC<AATrG CG=IAd

930 270
1ll GluGluLy*TyrAlaAlaV lL uHsl AlaS* SyrAlaProGlyMetValLouGluAspGlnA pProMetHtGlnGlnAl&ThrGlnSerGlnmetTrplisHi GlnGlnHi s

ATCGAGGAGAAATACGCGCT_ AACC AGCAGAC

1050 310
LeuAl1 Gl1ySerTyrAlaL uA*pAlaMetAspSerL uGl.yMetHizAl-aH*smtHisHisGlyL uProHi GlyH$isL uGlyAsnL uAlaAsnAsnProHisG1nGlnGlnPro
CTGGCAGGCAGCTATGCCCTAGATGCCAT'GGAC7C=TGATC > C A

1170 350
G1 nvalGl1nGlnGl1nGlnGl nGlnProHi *GlnGlnProGInHisProGlnAsnGInSerProAlaAlaHi GInGlnHisHis*GInAsnSerValSorProA nGlyGlylXtAsnArg
CAAGTCCAGCA

1290 390
Gl1nGlnArgGlyGlyV l1 1SerProGlySerSerThrSerS*rSerThr8erAlaSerAsn61yklaHlsProAlaShrThrGInS rLysS*rProhsnHisS*rSerS8 rI Pro
CAGCAGCGCGGGGGAGTGA TCTCCOCACC=_ G AG A A C G A G CTSCMC G A C C

1410 430
ThrTyrLysTrpMotG1nLeuLysArgAsnV 1lProLycsProGlnA\oProLysL uProAlaS-rGlyll1Al&SerM tHlisAspTyrGlnMetAsnGlyGlnL uA*pMtCynArg
ACCTACAAGTGGATGCoMC7CAAGAG;A_ __ _GCACGTATGCGCAACC

CACCTTTACCTTCcAG
1530 470
GlyGlyGlyGlyGlyGlySerAspValGlySerGlyProValGlyValGlyGlyAsnGlyS*rProGly l eGlyGlyValLouSerValGlnAsnSerL ulleMetAlaAenSerAla
GGTGGAGGAGCCGCGGGGGCAGCG A__CTCOGA_ G AA>SAAT GAACAGTGCG

1650 510
AlaAlaAlaGlySerAlaHi sProAsnGlyMotGlyV lGlyL uGlySerGlySerGlyLeuSerSerCyaSerLeuS*rSerAsnThz bsnAsnS-rGlyArgThrAsnPhoThrAsn
GCGGCGGCGGGAAGTGCCATICCCAACGGCAGGA_7AGTAACSCCcCGCGGCGCGACCGAACTTCACCAAC

1770 y 550
LysGlnLouThrGl1uL uGluLysGluPhsHisPheAsnArgTyrL uThrArgAlaArgArgi lcGlurlAl&AsnThrLouGl nL uAsnGluThrGlnValLysIrl1 TrpPh GIln
AAGCAGCTGACCGAGCTGGAAAAAGATtCCTAAGCTACT=ACGGCAGGCGAT,AACGCCAATACGTTIGCAGCTTAAT,GAAACGCAGGT,CAAAAW=TTICAG

1890 590
AsnArgArgMetLy sGlnLysLysArgVa 1LyCulyLourllPreAlaAspIleLeuThrGlnHis*SerThrSerV lIleSerGiuLysProProGlnGl nGlnGlnProGl1nPro
AACCGCCGCATGAAGCAGAAGAAGCGCGTGMAG;GTAA AT GC G AAGCCGCCC CAGCAGCAGCAGCCACAGCCG

2010 630
ProGl1uLouGl1nLeuLysSerGlnGlySerAspLeuGl yGlyAsnGluLeuAlaThrGlyAlaProSerThrProTbrThrAlaMetThrLouThrAlaProThrSer LysGlnSer *I*
CCGGAGCTGCAGTTGAAGTCGCAGGGCAGCGAr GCGGGAATGGGGCTG GCCACAGGAGCCCTTlCCCACACAGCCATG ACACTGACAGCACCCACGAGCAAGCAAAGTTGA

2130
AGGGCTTTCTTCGATIGTTIGGTTGTAATT,GTTAcTCATTIGMTTTs TGCCGCCAAAATATTNACGCATTTCGTTG;TGATAAAATAGTAGAAAGAGAGAGAGATCAGAAGGAAATAAA

2250
CTAAGTAATTAAACAAATAATACATACAAATTATACACACACACATAGCAAATT,GAAAT 'CGTAATCA,AACGCTAGCAACTAGTGGAAT,CTAGGAGTCTAGGT,GCCATATTCATT,CACGT

2370
AGGGGCTGTAAATACTTACACTTACATTTCGCATTGCCGCAGCTGAAGTTTTTGACTAGCTTAAACTGMAMG ACT SAAGAGAACAT

2490
GACAsAAATACTGATGCAAACAGAATCAAAACAGAAATcGAAAAT,CTAATcTAACTATTTAAAACrmCAATAACTATAGCTAGTAGACCCCTAGTTAT,GTATASTTCCACCCGCCACC

2610
ACAACTCGTCTGTAGTATTATTAGCTAAGTTCTAGA

Fig. 4. DNA and deduced amino acid sequence of the F24 homeobox gene. The sequences of the transcript (excluding the introns) and of flanking
5' upstream genomic regions (to -390) are shown. The transcriptional start site is at position +1 (and horizontal arrowhead) as determined by SI
protection (Figure 5A) and primer extension (data not shown); the synthetic oligonucleotide (21-mer) used for primer extension extended from
position +40 to +61, inclusive. The nucleotides are numbered at the left margin, and the deduced amino acids at the right margin. The positions of
the introns are indicated by arrowheads. Note the use of two different acceptor sites at the 5' end of the second intron, which give rise alternatively
to a protein product with six additional amino acids (insert below major spliced form, see also Figure 5B,C and Figure 6). The extent of the longest
cDNA isolated, c241, is indicated. Sequence upstream of the c241 clone has been determined on genomic DNA, the other parts have been sequenced
on c241 and genomic clones. The cap site consensus for insect genes (Hultmark et al., 1986; ATCAG/TTC/T) and the polyadenylation signals are
underlined. The homeo domain is boxed. The sequence downstream of the XbaI site at position 2645 (see also Figure 6A) was only determined on
the cDNA clone.
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3 â Pro Ser TyrPhe ProAla Pro Lys Leu

GTACAA I i TI GCACAGTGTGCTTGACAACTTACCTTCCAGCACCTTCTTACCTTCCAGCACCGAAACTA

14 kb

Fig. 5. Structural analysis of the F24 gene. (A) Mapping of the transcription initiation site by SI protection analysis. The PstI fragment containing
the 5' end (see Figure 6) of the F24 transcribed sequence was subcloned in an M13 vector and the complementary non-coding strand was generated
(lane 3, 536 nucleotides including polylinker and primer from M13 vector). Lane 1 shows the protected product (393 nucleotides) with 200 jg of
total RNA from 12-18 h old embryos. Lane 2: control protection to SI nuclease with 200 jig yeast RNA. No specific protection product is
observed in the control experiment. The determined transcription initiation site was confirmed by primer extension analysis using a synthetic
oligonucleotide (data not shown, see Results). (B) Mapping the two splice acceptor sites after the first intron by S1 protection experiments. The
BamHI/BglII fragment containing the appropriate genomic region (see Figure 6) was subcloned in an M13 vector; the generated single-stranded
fragment was 519 nucleotides long (including polylinker and primer, see lane 14). Lanes 1 and 2 show protected fragments of 251 and 269
nucleotides after hybridization to 10 jg poly(A)+ or 200 Ag total RNA respectively. Both RNA samples were isolated from 12-18 h old embryos.
Note that the fragment of 251 nucleotides is -5- to 10-fold higher in intensity than the 269 fragment. Lane 3: control experiment with 200 jig yeast
RNA (no specific protection). (C) Sequence and summary of the two differential splice acceptor sites. The two direct repeats of 16 nucleotides are

indicated by arrows. The proposed different splice acceptors are shown by lines, the thickness of which indicates the relative abundance (see panel
B). The deduced amino acid sequence is given above the nucleotide sequence.

the same splice acceptor site (see Figure SC). However, all

of the isolated cDNA clones are spliced at the second ac-

ceptor site. To investigate the possibility of differential splic-
ing, we performed SI protection analysis with this genomic
region. The opposite strand of the BgtI -BamHI fragment
encompassing the acceptor sites (see Figure 6A) was

generated in M13 (final size was 519 nucleotides including
M13 primer and polylinker sequences). SI analysis with this
DNA piece revealed two protected fragments of 251 and 269
nucleotides (see Figure SB). This result shows that both

potential splice acceptor sites are being used. The additional
six amino acids are shown in Figure 4 (below intron sign)
and in Figure SC. Nevertheless, we cannot exclude the
possibility of a polymorphism of the Oregon R-strain used
in this experiment, since it is not isogenic.

Features of the proposed protein sequence
The deduced amino acid sequence shown in Figures 4 and
6B summarizes some features of the F24 protein. The F24
homeo domain is split by an intron after position 44, in
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Fig. 6. Summary of structural features of the F24 transcript and the
deduced protein. (A) The restriction map of the sequenced 5' and 3'
regions is shown. The exons are indicated by open (untranslated) or
black (coding) boxes. The homeobox is hatched. Note that there are
two splice acceptor sites after the first intron. The extent of cDNA
c241 is indicated. Restriction enzymes: B = BamHI, Bg = BglII,
R = EcoRI, P = PstI, S = SnaI, X= XbaI. (B) Summary of the
primary structure of the putative F24 protein. The homeo domain is
hatched. Note that the 5' exon contains four M-repeat regions
(CAA/G-Gln stretches, indicated by M). Several stretches of two
amino acids, e.g. His/Pro or Ser/Thr, and a hydrophobic region are
indicated. Black bar at the first exon junction indicates the altematively
spliced six additional amino acids. The positions of the introns are
shown by arrowheads.

contrast to engrailed and invected where the intron is located
at position 17 (Poole et al., 1985). Its homology to the Antp
homeo domain is 67% overall (DNA level: 64%). Interest-
ingly, the region with the highest conservation compared to
Antp is not the putative recognition helix, proposed for DNA
binding activity (position 42-50; Laughon and Scott, 1984;
Shepherd et al., 1984), but between positions 15 and 35
(95%, 20 out of 21). The F24 protein also contains four M-
repeats (McGinnis et al., 1984a) or opa sequences (Wharton
et al., 1985), all located in the 5' exon (see Figure 6B). In
addition, several stretches rich in His/Pro, Ser/Thr or
Pro/Gln are found in the amino acid sequence as indicated
in Figure 6B. A hydrophobic stretch of 30 amino acids
is located in the second exon.
During the course of our experiments we found that the

fourth M-repeat sequence (see Figures 4 and 6B) is highly
conserved in other genes of Drosophila and the honey bee.
Low stringency Southern blots hybridized with the
BamHI-EcoRI fragment at the end of the 5' exon revealed

- 10-15 bands in the Drosophila genome and - 7 bands
in the honey bee (M.Mlodzik, unpublished results), and not
the typical smear usually observed with other M-repeats, e.g.
that of the Antp gene (McGinnis et al., 1984a). Using the
same fragment we have screened a Drosophila genomic
library and isolated several independent clones. One of these
corresponds to the zygotic dorso-ventral polarity gene twist
(twi), which was unambiguously identified by in situ
hybridization to chromosomes and to tissue sections, and by
comparison with restriction maps of previously published
twi clones (Thisse et al., 1987). The homologous DNA
sequence lies within the fourth M-repeat (nucleotides
1176-1211 in Figure 4) and is strongly conserved in the same
reading frame (33 out of 35 nucleotides, 11 out of 12 amino
acids) in twi (M.Mlodzik, unpublished results).

Spatial expression during blastoderm and germ band
extension
In the cellular blastoderm (-3 h after fertilization),
transcripts from the F24 gene start to accumulate anteriorly
in the cells between 74 and 83 % egg length (EL, from the
posterior pole), and also in the most posterior somatic cells
(Figure 7A, the probes used in these experiments are
discussed in Materials and methods). No transcripts are
detectable in the syncytial blastoderm or at earlier stages.
The anterior domain of expression appears to be located just
anterior to the Deformed (Dfd) stripe of expression
(Chadwick and McGinnis, 1987; Martinez-Arias et al.,
1987). This is also apparent at early gastrulation when Dfd
expression lies in the region of the cephalic furrow, whereas
F24 is expressed just anterior to the cephalic furrow (Figure
7B). However, cells expressing the F24 gene do not form
a circumferential stripe around the blastoderm embryo, as
is the case for Dfd (Chadwick and McGinnis, 1987;
Martinez-Arias et al., 1987) and other homeotic genes. The
F24 expression is restricted to ventro-lateral regions on both
sides of the blastoderm embryo. Expression is not found in
the mesoderm, the anterior endoderm anlagen (ventral) or
the dorsal tissue (Figure 8A,B). Comparing the domains of
F24 expression to the blastoderm fate map of the head
region, (Jurgens et aL, 1986), F24 is detected in the anlagen
for the anterior part of the mandibular lobe and the
hypopharyngeal organ (also called 'intercalary element'), and
probably also in lateral parts of the procephalic lobe.

After gastrulation, when the mesodermal and endodermal
primordia have invaginated the ectoderm and underlying
mesoderm start the process of germ band extension
(Sonnenblick, 1950). The germ band extends around the
posterior of the embryo on the dorsal surface. This
movement is completed at - 6 h after fertilization (Campos-
Ortega and Hartenstein, 1985). During this process F24
transcripts are found in the cells just anterior to the cephalic
furrow (but not in the mesoderm) and in parts of the
invaginating posterior midgut rudiment. When the germ band
is fully extended ( - 6 h after fertilization) the first signs of
segmentation appear, and grooves have become obvious
along the germ band of the embryo. In the head region the
gnathal lobes start to form posterior to the stomodeum
(Campos-Ortega and Hartenstein, 1985). At this stage,
ectoderm cells posterior to the stomodeum but anterior to
the cephalic furrow show F24 expression (Figure 7C,D).
They belong most likely to the hypopharyngeal organ and
anterior parts of the mandibular lobe. Parts of the posterior
midgut invagination also exhibit constant F24 expression
throughout these embryonic stages (Figure 7C).

F24 expression during later embryogenesis
At 8 h post-fertilization, the germ band begins to retract
around the posterior pole to position all segmental primordia
along the ventral surface. The segmental grooves and the
anterior gnathal buds now become obvious landmarks in the
developing embryo (Campos-Ortega and Hartenstein, 1985).
Head involution starts during germ band retraction, and the
visible gnathal lobes migrate anteriorlI to border and join
the larval mouth opening (Campos-Ortega and Hartenstein,
1985; Jiirgens et al., 1986). At this stage it is difficult to
locate landmarks in the developing head, since the extensive
morphogenetic movements largely reorganize the embryonic
cephalon. The hypopharyngeal organ and parts of the
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Fig. 7. Distribution of F24 transcripts during the cellular blastoderm through germ band extension sutge. The anterior end of the embryos points
always to the left, and dorsal, where visible, faces upwards. The sections were hybridized to tritiated c241 (see Figure 6) probe. (A) Brightfield and
darkfield images of a completed cellular blastoderm embryo at the onset of gastrulation. Note the hybridization signal at -75-83% EL (from the
posterior pole) and in some of the very posterior somatic cells. (B) Brightfield and darkfield images of an embryo after beginning of gastrulation.
Note hybridization signals anterior to the cephalic furrow (75-83% EL) and in somatic cells at the posterior pole under the pole cells. The cephalic
furrow is indicated with an arrow, the pole cells by an arrowhead. Note that the anterior region of expression is not a circumferential stripe around
the entire embryo. Expression is restricted to ventrolateral domains on both sides of the embryo, and is not found in the mesoderm primordia (see
also panels C and D). (C) and (D) Brightfield and darkfield images of sagittal section through extended germ band embryos. Hybridization is
detected anterior to the cephalic furrow (arrows), but posterior to the stomodeal lip. The expressing cells most likely belong to the anterior region of
the mandibular lobe and the hypopharyngeal organ. The posterior domain of F24 expression can be detected in parts of the posterior midgut
rudiment (pmg). The section in (D) does not pass through the region of expression in the pmg. Note that the anterior expression in parts of the head
is restricted to the ectoderm; no F24 mRNA has been detected in mesoderrnal or anterior endodermal tissue. Pole cells are indicated by an
arrowhead. The horizontal bar in (A) represents 0.1 mm.

mandibular and maxillary lobes move into the oral cavity
to form parts of the pharynx. Most of the cells that express
F24 take part in these movements and migrate into the
stomodeal opening. However, some cells that express F24
transcripts stay at the surface (arrow in Figure 8A). These
cells might correspond to an anterior sensory organ. In
addition, parts of the condensing central nervous system,
a portion of the supraoesphageal ganglion, show an
accumulation of F24 transcripts (data not shown; also
described by Hoey et al., 1986).
The expression in regions of the developing midgut persists

throughout the remainder of embryogenesis (arrowheads in
Figure 8A,B). However, during and after germ band
retraction (see above) the most posterior cells of the posterior
midgut primordium (pmg) become localized in the middle

region of the midgut. Therefore, F24-expressing midgut cells
are localized in middle regions of the embryo (Figure 8A,B),
anterior to the posterior midgut cells that express caudal
(Mlodzik et al., 1985, 1987; Macdonald and Struhl, 1986;
Mlodzik and Gehring, 1987). It appears as if pmg cells
expressing F24 are involved in meeting the cells of the
anterior midgut and in mediating the fusion of the two
endodermal primordia (Figure 8A). Later in development,
the midgut completely surrounds the yolk sac, and during
stages 15 and 16 three constrictions appear consecutively
in the tube-like wall of the midgut (Campos-Ortega and
Hartenstein, 1985). F24 is expressed in cells in the middle
of the tube-like midgut and later, during and after the
constrictions, in the middle region of the developing gut
system (see Figure 8A,B).
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Fig. 8. Expression of the F24 gene during later embryogenesis. The anterior end of the embryos is left, in (A) dorsal is up. (A) Bright- and
darkfield images of a sagittal section through a stage 13 embryo (after Campos-Ortega and Hartenstein, 1985). Note the hybridization in the middle
midgut region (arrowhead) and in a few cells dorsal to the stomodeal invagination (small arrow). These cells might originate from parts of the
procephalic lobe, in the anlage of which F24 is expressed during the blastoderm and the gastrula (stages 5 and 6). as, aminoserosa; sg, salivary
gland; st, stomodeum. (B) Bright- and darkfield images of a slightly oblique horizontal section of a stage 16 embryo. Hybridization signal in the
midgut region is indicated by an arrowhead. hg, hindgut. The horizontal bar in (A) represents 0.1 mm.

Discussion
To find a potential mutant candidate for the F24 gene within
the ANT-C, we have analyzed our cloned segment at 84A
with respect to several deletions that define all or parts of
the ANT-C (Kaufman, 1983; Kaufman and Abbott, 1984).
This analysis (see Results) demonstrates that the F24 gene
most likely corresponds to labial (lab), a gene in the most
proximal region of the ANT-C that is involved in head
development (Kaufman, 1983). Figure 9 summarizes a
genetic deletion analysis of the ANT-C (Kaufman, 1983) and
indicates how the cloned gene behaves with respect to these
deletions (arrowhead in Figure 9). We can exclude that F24
corresponds to another candidate, the homeotic head gene
proboscipedia (pb, Kaufman, 1983). However, a detailed
phenotypic description for lab is not available and therefore
it remains to be seen how the spatial expression patterns
correlate with the lab phenotype(s). The F24 (lab) gene
appears to be identical to F90-2 (Hoey et al., 1986). The
sequences of the homeoboxes and the restriction maps of
the F90-2 and F24 clone are identical.
Concerning its chromosomal location and structure, the

F24 gene behaves similarly to most other homeotic genes.
It is located within one of the two homeotic gene clusters,
the ANT-C, and it contains a homeobox, which is located
in the 3' part of the gene, as in most other homeobox genes
of the ANT-C and the BX-C. Its location in the proximal
part of the ANT-C fits to the general observation that the
position of genes within the complex is related to the order
of their expression along the antero-posterior axis; that is
lab (F24) is positioned proximal to and expressed anterior
to Dfd; Dfd is proximal to and expressed anteriorly to Scr
(Martinez-Arias et al., 1987) and so on. This seems to be
the general rule, except that within the ANT-C some genes

containing a homeobox, but having rather different functions,
like bed (Frohnhofer and Niisslein-Volhard, 1986; Frigerio
et al., 1986), zen (Wakimoto et al., 1984; Doyle et al.,
1986) or ftz (Wakimoto et al., 1984; Hafen et al., 1984)
are interspersed between the homeotic genes. However, lab

ANT-C(84A-B) 3R

lob pb zen bcd D(d Scr ftz Antp

-A

Of( 3R) 9A99

Df( 3R)ScxW*RX2
Df(3R)Scr

Fig. 9. Summary of the deletion analysis. The right arm of the third
chromosome (3R) is schematically presented. The ANT-C region is
enlarged and genes identified by mutagenesis are indicated. The extent
of the deficiencies is shown. The cloned F24 segment at 84A behaves
as shown by the arrowhead, which is identical to the labial gene (lab).
Other abbreviations: pb, proboscipedia; zen, zerknullt (the zen region
contains two homeobox transcriptional units); bcd, bicoid; Dfd,
Deforned; Scr, Sex combs reduced; ftz, fushi tarazu; Antp,
Antennapedia.

(F24) is expressed also at the very posterior pole. The lab
(F24) gene itself is similarly organized to the other analyzed
homeotic genes of the two clusters, except that it contains
an intron within the proposed DNA-contacting helix of the
homeo domain. This has not previously been observed in
any other homeobox gene. The 5' part of the protein shares
four regions of M-repeat homology (McGinnis et al..
1984a). One of these M-repeats (the fourth) appears to be
conserved at other genomic loci of developmental interest
(e.g. twist, see Results). The presence of the two protein
species due to the two splice acceptor sites opens up the
possibility that the two variants have slightly different
function(s), although polymorphism of the analyzed wild-
type strain has not been excluded. A similar situation has
been found in Antp (Schneuwly et al., 1986; Stroher et al.,
1986; Laughon et al., 1986).

Spatial expression
There are obvious differences in the expression patterns of
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F24 (lab) compared to other homeotic genes of the ANT-C
or the BX-C. Notably, F24 (lab) is not expressed in a
circumferential stripe around the blastoderm embryo, unlike
for all other analyzed homeotic genes (Levine et al., 1983;
Akam and Martinez-Arias, 1985; Chadwick and McGinnis,
1987; Martinez-Arias et al., 1987). F24 is expressed in
lateral parts of the blastoderm, where the ectodermal and
neuro-ectodermal anlagen are localized, and not in all the
germ layers, as is the case for other homeotic genes. In
addition, F24 (lab) has two domains of expression, one in
the anterior ectodermal anlagen and the second in the
posterior endoderm. Only one other homeobox gene, caudal
(cad), is also expressed in endodermal tissue, in that case
in the posterior midgut (Mlodzik et al., 1985, 1987;
Macdonald and Struhl, 1986). However, the lab expression
in endodermal primordia starts as early as at the cellular
blastoderm stage (Figure 7A,B) and not during germ band
extension as is the case for cad. The abundance of F24 (lab)
transcripts appears to be low as compared to other transcripts
such as Dfd, cad or Antp, since exposure times of hybridized
tissue sections were generally substantially longer with
probes of similar specific activity.
The anterior domain of F24 (lab) is located anterior to

Dfd (Chadwick and McGinnis, 1987; Martinez-Arias et al.,
1987) during the cellular blastoderm, the gastrula stages and
in later embryogenesis. Both anterior and posterior regions
of expression are either anterior or posterior respectively
to the corresponding domains of spalt (sal) expression (Frei
et al., 1988). Sal is an unusual homeotic gene as it affects
posterior and anterior structures, and is mainly expressed
outside the anlagen defined by the trunk namely outside the
thoracic and abdominal segments (Jurgens, 1988; Frei et al.,
1988). Interestingly, during stages 9 and 10 (after Campos-
Ortega and Hartenstein, 1985) the ectodermal domain of Dlfd
expression is transiently extended towards the hypopharyn-
geal organ and the anterior mandibular lobe and therefore
overlaps with the expression of lab (F24) during these stages.
It remains to be seen how the two proteins might interact
in establishing the correct identity of these developing head
parts.
The region of lab (F24) expression during early embryo-

genesis (stage 8) is most likely bordered by parasegmental
bounderies in the parasegmental frame (Martinez-Arias and
Lawrence, 1985). It is always localized just anterior to the
area containing Dfd, transcripts which seem to be expressed
at these stages in parasegment 1 (Martinez-Arias et al.,
1987). Since the width of both regions along the antero-
posterior axis is about the same (5-6 cells at the cellular
blastoderm), lab (F24) is most likely expressed in para-
segment 0. However, in later embryogenesis when the
gnathal buds become obvious, genes like Dfd and Scr are
expressed in the epidermis in a segmental and not a para-
segmental frame (Chadwick and McGinnis, 1987; Martinez-
Arias et al., 1987). It may be that lab is expressed in the
same register at this stage as well. Clarification of the
overlapping region of expression between lab and Dfd (see
above), and the definitive elucidation of the (parasegmental
versus segmental) frame of expression will require double
labelling techniques for the independent detection of lab and
Dfd products. It also remains to be determined whether a
phenotype or function for the midgut expression can be
found.

Materials and methods
DNA and RNA methods
DNA from X phages was isolated as described by Garber et al. (1983).
Plasmid DNA was prepared using the alkaline extraction procedure as

described by Frei et al. (1985). The original homeobox-containing phage
XF24 was isolated from the genomic library of Maniatis et al. (1978). All
other genomic phages were isolated from a library prepared in the XEMBL4
vector from an Oregon-R strain (kindly provided by U.Walldorf). cDNA
clones were isolated from a 3-12 h embryonic library (kindly provided
by L.Kauvar; Poole et al., 1985). Genomic or cDNA fragments isolated
from phage DNA were usually subcloned into pGem-vectors (Promega-
Biotech) or Bluescript-vectors (Stratagene). Embryonic and larval RNA was

isolated following the guanidium isothiocyanate method as described by
Chirgwin et al. (1979).

Southern and Northern blot analysis
Southern blots were prepared as described by Southern (1975). The blots
were hybridized and washed at the desired stringency as described by
McGinnis et al. (1984a). Poly(A)+ RNAs, 2 Ag for all stages investigated,
were fractionated by electrophoresis on a 1 % agarose-formaldehyde gel.
The RNA was transferred to nitrocellulose filters by the Southern method
(1975). Probes were labelled with standard nick-translation techniques using
32P-labelled nucleotides. Filters were hybridized at 42°C and washed at
60-70°C in solutions described by McGinnis et al. (1984a). Similar loadings
of poly(A)+ RNA per lane were checked by rehybridization of the blots
with a Drosophila elongation factor probe (gift of Uwe Walldorf).

DNA sequencing
The DNAs were sequenced by the dideoxy nucleotide method of Sanger
et al. (1977). All DNA sequences were analyzed at least in two independent
clones on each strand. The cDNA clone c241 was subcloned in both
orientations into Bluescript + with the KS-polylinker (Stratagene).
Overlapping deletions were generated using the exonuclease HI-mung bean
nuclease method as described by the supplier (Stratagene). Genomic frag-
ments were subcloned into appropriately cut M13 mpl8 and mpl9 vectors.

S1 mapping and primer extension experiments
For protected fragments of 400 nucleotides or more, S1 mapping was carried
out as described by Kuroiwa et al. (1984). For precision SI mapping on
sequencing gels, the non-coding single-stranded DNA fragment was

generated in M13 vectors according to the procedure of Burke (1984).
Hybridization was performed in M NaCl, at 60°C for 1-3 h. SI digestions
were done as described by the supplier (Boehringer Mannheim), and
protected fragments were separated on 6% polyacrylamide sequencing gels.
Primer extension experiments were performed with a 32P-end-labelled
synthetic oligonucleotide (21-mer) as described previously (Mlodzik and
Gehring, 1987).

In situ hybridization techniques
In situ hybridization to polytene chromosomes was carried out with
biotinylated probes. Materials used for this procedure were bio-dUTP ( 1

carbon linker arm) mainly synthesized as described by Langer et al. (1981).
After hybridization the labelled DNA was detected, according to the
supplier's instructions, with Detek-I-hrp (Enzo-Biochemicals), a peroxidase-
conjugated avidin complex.

In situ hybridizations to embryonic tissue sections were performed
essentially as described by Hafen et al. (1983). The specific activity of nick-
translated fragments was -2 x 108 d.p.m./4g. Mean single-stranded
DNA fragment length was 40-120 nucleotides. Young embryos, 0-6 h
old, were pre-fixed, demembranated and post-fixed as described by Akam
and Martinez-Arias (1985). The autoradiographic exposure was 28-35 days.
Embryos are staged after Campos-Ortega and Hartenstein (1985).
The probes used for these experiments were either the cDNA clone c241,

or a genomic homeobox probe. Both probes detect the same patterns
throughout embryogenesis. Therefore, detection of cross-hybridization to
the highly conserved M-repeat region in other genes, e.g. twi (see Results),
can be excluded. These probes also detected a single transcript on Northern
blots (see Results), so that both regions of expression must be from the
same gene.
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Note added in proof
There is 85% sequence identity between the homeodomains encoded by
labial and the mouse Hox-1.6 gene (Baron,A., Featherstone,M.S., Hill,R.E.,
Hall,A., Galliot,B. and Duboule,D. (1987) EMBO J., 6, 2977-2986) in-
dicating that these two domains are closely related in evolution, which has
also been noticed by others (D.Duboule, in press). The sequence homology
also extends a short distance 3' to the homeobox. In addition, 10 out of
18 amino acids around the conserved pentapeptides of labial (amino acids
386 to 403) and Hox-l. 6 are identical. However, the N-terminal sequences
of Hox-1. 6 are not yet known.
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