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The structure of the Drosophila melanogaster Antennapedia
(Antp) gene has been investigated by the isolation and sequen-
cing of different cDNAs and genomic clones. Northern
analysis, Si mapping and primer extension experiments reveal
a complex and unusual gene structure. The gene is compos-
ed oftwo promoters, eight exons spanning > 100 kb, and two
termination processing regions. Four major polyadenylated
transcripts were found, two of them starting at a second in-
ternal promoter in front of exon 3. All four transcripts have
extremely long untranslated leader and trailer sequences in
the range of 1-2 kb. Despite the complex transcriptional
organization, the open reading frame is the same in all
transcripts, and starts in exon 5 giving rise to a protein of
mol. wt. 42 800. The putative protein is rich in glutamine
(18%) and proline (10%). The homeobox, a region which
previously has been shown to be highly conserved among
homeotic genes, is contained in the open reading frame and
located in the last exon. Functional implications of the com-
plex structure with respect to development and its relation
to the mutant phenotypes are discussed.
Key words: Drosophila melanogaster/homeotic genes/gene struc-
ture/DNA sequence/internal promoter

Introduction

Different groups of genes have been shown to control the spatial
organization of the Drosophila embryos. First, there are mater-
nally active genes, which specify the antero -posterior and
dorso-ventral axes of the embryo (Gehring, 1973; Niisslein-
Volhard, 1979). A second group of genes, the segmentation
genes, determine the number and polarity of the segments
(Nusslein-Volhard and Wieschaus, 1980) and thirdly, the
homeotic genes which appear to specify segment identity. Most

of the homeotic genes are clustered in two gene complexes on

the third chromosome of D. melanogaster, the Bithorax com-
plex (BX-C) (Lewis, 1978) and the Antennapedia complex (ANT-
C) (for a review see Kaufman, 1983) which contains the Anten-
napedia (Antp) gene. The most striking feature of mutants at the
Antp locus is a transformation of the antennae into mesothoracic
legs, which represents a dominant gain of function. The loss of

function due to the deletion of the Antp locus leads to a recessive
lethal phenotype, which involves the transformations of thoracic
structures into more anterior structures including parts of the head

(Schneuwly and Gehring, 1985; Struhl, 1981; Wakimoto and

Kaufman, 1981; Sato et al., 1985). This is a transformation in
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the anterior direction whereas the dominant phenotype involves
a posterior transformation.
To obtain insights to the molecular basis of such complex

mutants, it was important to isolate the relevant genes. Recent
developments in gene cloning made it possible to isolate several
homeotic genes by 'chromosomal walking' (Bender et al., 1983)
including Antp (Garber et al., 1983; Scott et al., 1983). In situ
hybridization to tissue sections allowed us to show that Antp gene
expression during development coincides with the mutant defects
observed in recessive Antp alleles (Hafen et al., 1983; Levine
et al., 1983; Schneuwly and Gehring, 1985). In this study we
present the gene organization, the sequence of different cDNAs
and the corresponding genomic exons. The 5' and 3' ends were
mapped by primer extension and SI analysis and the transcrip-
tional activity of the locus was investigated. A second, internal
promoter was found in front of the third exon and at least two
termination processing regions were detected.

Results
Isolation and sequencing ofdifferent cDNAs and the correspon-
ding genomic subclones

The chromosomal region covering the Anmp locus and two cDNAs
(909 and 903) were isolated previously in our laboratory (Garber
et al., 1983). Since these two cDNAs are incomplete and dif-

fer substantially in structure, we isolated additional cDNA
clones (303 and 311) from a different cDNA library, kindly pro-
vided by L.Kauvar (Poole et al., 1985). A map of the different
cDNAs analyzed in this study and the corresponding genomic
subclones is shown in Figure 1.
The complete sequence ofcDNAs 909 (3 kb) and 903 (2.3 kb)

was determined, whereas in cDNAs 303 and 311 only the 3' and
5' ends which do not overlap with cDNA 909 were sequenced.
The comparison of cDNA sequences with those obtained from
the corresponding genomic subclones is shown in Figure 2. The
gene is composed of eight exons and the first three exons are
interrupted by extremely large introns (Figure 1). The largest
intron spans - 60 kb and includes the third exon (see below).

EXON 1 EXON 2 EXON 3 EXON 4-7 EXON 8

a)
a)EcoRV Bam~HI Hindm Pvull Xbal HindE EcoRI Pstl EcoRISmal Pstl Scall EcoRI BamHI EcoRI Sacl

49 so 115 139 150

b ) 30 kb 60kb 11,5 kb

903 l 1M

25 kb

909
303
311

TT
- 909

303
311

2kb

Fig. 1. Organization and restriction map of genomic subclones and cDNAs
used for sequencing. (a) Genomic subclones of the Antp gene. The numbers

below the genomic subclones correspond to the map position according to

Garber et al. (1983). The open boxes show the limits of the different exons

whereas the filled boxes correspond to the open reading frame. The large
introns are not drawn to scale. Their size is indicated on the figure.
(b) Different cDNAs used in this study.
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GATATCAGAACGTCTAGATATGACTTCATCGGGCAAATCACATTTGCTATACAAAACTGTTAATTATGTATGGTTGTGGTATATCTACAAAAATAATTATTAAAAGATACGTTTAAACGT 1 20

TTATATACCATATCTATAAGCGTTAATTAAGAACATCTAAAAAAGATAAAAAATCGAGACAATCGAAATCAAAAACGTTTTTTACTCTTATAAGTACTTAAGCAGCATAACAATTTACAA 240

TTATTTTACATAATAGGCAAACAGAAACTTTCGACCTTTCCATTGCAAAACCCTATTTTAGArrATTTTCACTGGTAAAATAAATAAATAAATGAGTTTGTAAATTAATGATTCAGTCTG 360

AAGTAATCGACGGATTGATACTTTAAAAACTAAAAAGTCAACACAAGGCCTTTAGAGAACCGTATTTGTAAATTGTACAATTATTTTAATTGATTTTATAGAAGGTGGTCTCCCACAAAA 480

TGGTAGATTTGACCGCTAAAAATTTTAAAAACAAGTAAACTGAAGATGTACACATCTTTCACATCGTTACGCTATTTTMAGAAMTTAAAAGCAAATGAATTGATTGACCATATAGTCCAG 600

AAGAATGGTTMAAMAGGTATAAAGATATTAAGTTATAAAGATATAGTAATCGCTCTTCGAAATAAAAGTACAAMCTACTCGATAATGCCCAGACAATCGAATTTTAAATAGTTTCGATTT 720

TAGAGAAACTGAAAMCAGCACTTAAGAGAAMGAAACTTAAAATTGAACCTTGCAAAAAAATTGTATTTAATAAACCAAMATGAATGAAACAAATTTCTTAAAAACCTAATAAAAAAGTGA 840

AATCAAATATACCAACCAAAATAAATCTGGGAACTGAATAATCGAAAATAACTGGATGTGCATCATA.AGATCTAAGACTGACTACAGTTTGCAGCTCAGCGAGCTCGGGCCGG 960

CAACTCAAGCCGGTCAACTCAAGTCAGGCGCCAATTCGCTGCTCCCACTCGCTCAGCTCTCTCAGTCACTCAAAATGGCAACGAGAGCAGAACGGTTCTTTTGCAAAATACTTTATGACC 1080

GGAGCAGAAGCAGAATCGGACCTCTGTCGCGGTCGCAGTCGCTGCCAGTGCTGACGGCGCTGTTGCGGCCGACATTGACGCACATAAATAAAACGCTCTTTCGCTCACGATTTCTTAT 1 200

AAGACTTTATTTATATACTACTCGCTGCCACCGCTGACGTGCCGCCGCCGCCGCCGACTGCGCTGGArrAATAAGGAGTTCTCGCTGGGA TTTTCACATGTATATGTTAATTGAATG 1 320

* M-EXON 1
CTTTATGGGTTTAGTTTGATAGGAGTCGTAAAGAAATCAACATCACACAACAAAGCACTCGAGGACCCGTCCGTGTTCCGTTGACTTAGCCCACGTGCGACTGTATGTGTGTGTGTGCGA 1440

GAGGGATCCCAGCAGCATAACGGTATTCGGTGCCCCGTATTCCGTAGTCGCTATAGCGGCCAATATCTTGGGGCTGGGCTCTCGGAGCTGAACTGAACTGAACTAAACTGAACTGAACTA 1 560

TTCGCATTCGTATTCGCTCGCTCTCCGTCGTCGCGACCGCTCTCTTATCCCAATTGTCAGCCCGCTAAGATCATAAAGGCCGTAAAAATAATCATAACAATAATCGTAAAAAATTAGAAC 1680

CGCAATCAGTCGCACACTGTCCATCGCATGGCGCAGATCGTCATAAACCCATTArrATAATAATAACCGTA-ATCGTAACCGTAATCGTAATTGTAATCGCAGGCGCCATCGCATAAACAG 1800

CAAACAAAAACACCGTCAGAGAAATTGGAATTGAACTTCGCGCGCG,rl-rTATGATGTTCGAGTGTCTGGCAGGTGTCTGGATTCAAATTAAAATTCATCCACATATTGTGCAATA 1920

L4 cDNA 903

CTACTAATGGATCTGGGCTGACTGTGCTGCAAATGAGCTAGAGCTAGAGTTCAAATTTATCAAGCCAAATCCTACTACCTAAGTGTTTATCTATTCTTAAAAACGCATCGTGCACCGAAA 2040

ACTCGAATCTGTACAACAACGTTTTCTAGTCCCCCGTAAATCGAGCAATATCTACACACTAGCAACAAACAAAACTGAAGCTTTCAACTCAAACCACAACAAATTCAACAGAAATAAAAC 2 160

GTAGACAGCCAAAATAACACGAAAAAAAATAAATAATAAAAAACAAAATACATAAAACGGAAAAGAATAAGGAGCGGAAAAAGTTTCGATTCCACTGCGGGCAAACTTTTTAITTTGGC 2280

EXON 1 1
GCACGTGCAAGCTACCGTrAGCTGAGAATTTCAAAAGCCAGCAGGATTGAAGGATAAGCGCACGTTATTGGATTTAAGAGGTAAGTGCCAGGGCTCGACTTTTCGAATTTCCTCACCTTC 2400

TTCACTGAAATCAAAATGGTTATATGTTTClT,rATTrGGCCAATTGGGATTAAAATGTCT--/ 30kb INTRON /---- 2460

EXON 2
TTrACATGGGCTTCCGCTACCAGGACATGTGCGCCACTGAGCGCAGGCGATAATTTCGCTAAACGATTTAAGCAACAACTTAAGCAGCGTTTTCCTCCATTGCAGTGCAATTTT 120

EXON 2
GGATTAGCCCAGCTGTAAATGGACAACAAAGGTGGATTrACCTACATGGATAAGGACAATTTAGCCCCGCAACGCAAAAGGTAGGCCCCAAATTGAATCAATTTCGCTACACAAATGT'TTA 240

TTAACCCGCGACAATCGGGGCGCTCGCTATTAATCCTAAGTGCTTCCCGTGATTTTATGC --/ 35kb INTRON /--297

AAGCTTCTATTCTGTTCATTTTTACTTGTTTTrCTATAAAAGTTCTCAGATCGTAAACGTATATAATATATAAGCAATTAAGGTAAACAGTAAATGGTATAAAGTGTTCAAATACTCAATT 1 20

GAAAAAAAAAGATAGGTGGGACCATATTGATATGCACATAAAAACTAATCCATAATCTGTTACATAACGTCCATTTAATATGAGCAAACAACAAATTTACTTTTAAATGCATTGATCGTT 240

CTAACATTAACTTGTATAATTACAAAAGTTTTAGAATGGCCTAAACATTGTACTGAGAAAACGTCTAACTTGGATAATAAATTATTTGCAGTTAGCTAGCTTAAATCACGTTCAGTGTAG 360

CAAAACCACACGATlsC'rCCGAAAAGCGCCTrAAAAAAATACTTAACGAGCCACTAGTTACcrATCCAGCACTGTTTGCGTTCTCCAGCCGGCGAGAGTGTGTGTGTGCTTGCACAAAAACA 480

AT(.CCGCCATTTATCATTrCTATGGTGGCCGTGTTGCTGCTGCTCTTGATGTTGCTCCGCAGCAGCAACATGTTGCCGGCGGCACGATTGGCAACATGCGATGTTTACGAGCCTGGCTC 600

* N- EXON 3
ATTGTGxATrTCACTGGCGTTCAGTTG,rGAATGAATGGACGTGCCAAATAGACG'rGCCGCCGCCGCTCGATTrCGCACTTTGCTTTCGGTTTTGCCGTCGTTTCACGCGTTTAGTTCCGTTCG 720

L:+ cDNA 311

GTTCATTCCCAGTTCTTAAATACCGGACGTAAAAATACACTC,rAGCGGTCCCGCGAAGAAAAAGATAAAGAAATCTCGTAGAAATATAAAAATAAATTCCTAAAGTCGATGGTTTCTCGT 840

4 cDNA 303

TCACTT!'CGCTGCCTGCTCAGGACGAGGGCCACACCAAGAGGCAAGAGAAACAAAAAGAGGGAACATAGGAACAGGAACCAGATAATAGGGACATAAGCGACCCTTTCGCAAATAATTTG 960
- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - --- -- -- -------T -- -- -- -- -- -- -- -- -- -- -- ----T- ---

-CGCAAAATGAGCGGGCGCCAAGT(;CCGCGTGGTGGAGCCGCCTGAAAATGACATGGAAAATTCGCCGAAAATCGCGCGTTTTGGCAGCATCAATCCCAAAGCACAAAArrAATTTCTAT 1080

I,ATAATTrc rGGGTGCAACACGGACCCATAATTGAATCGAATATAGGGCTTATCTGATAGCCCGGCAGCAACATTGAACrTTCCGGCTGCAAAGGAGACGACACCGAGATCGCCAATTrr 1200

LycDNA 909

CGTTGGGCTCGTTCTCTGGGCTCCGGCGATAAGAAATCCATGCTGATAAGGACAGGAGGACGGTCTGCGGCAAATTGAATTCGATTCTGACCTGTATGAAAGCCAGCGGAGATACGGATA 1 320

CCTC',IGGGT!,rTATGGG-TAGAAAACGC'AGACG,TCGCGC-CAACATCGAAATTATTTGCGTTTrGCATCTTCTCGTCCTTTCGTTTATCGTTCTGATTGCCATCGTGGTGGCGCGGTTTCTATT 1440

AATT'lrrGCT,rCTGTA,rCGTTTrGCAAAATCTCAAAAGATTCAAAAAG,rrCGTCATCAG;CAGCCGCAACACAAAAACCAACGAGTGTAAAGCCGAGCATACAAATATCAATAAAAACATAAA 1 560

C-ATTTACCCAATCTCAATCTCAAAACATTCGCATCGTTTCCACACAAATATGCTTAGTTCGCCCAAATTGTGATTGTATATATATATTTAACGGCATTAAATACAAAAGATTAAGCTCTA 1680

AATT.AAGT.GTAAATCTTACAzAAACGTCTACGTr,rrAAACAAGAAATTGTGATATTATA-TATTAATCGGGAAATTCGAAGTATCAGAACAAAACGGTGTATATATGTAAGTGGGCGATGA 1800

ACATCAATG'AATA;"r:,rAG,c,rGAGCAAAGTACAC ACG;AATGAATA rAAATATACATG.AAAATATATTTTGGGCACCGACTTTTACACCACAATTATATATCGATAGAAAAGACACGAAAA 1920

.,XON 3 1CAATCACAGXAAACTAAGGTAAATATT'rGAACATCCA.-rAATGGGT'rTAAGTTAAAAATTTClICCAAACTAGTTTAGTTTC ----/ 25kb INqTRON /-- 2000
.-- -1
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T EXON 4
GAArrCTrrACAGAGTTTCAAAATCAAAATTGAGGAATACCAACTAGAGGATAAGGCTACrrAAGGATCAAAAAACACCAAGGAGACGAGAT lTACCAAATCGAGAGACGAGGGCA

-_ -_-_--_-_-_-_-_-_-_-_- _- _-

GGrrAATTTCGTCArT'lTIGGCCAkAGACAGCAAATAGAGGAACIkGCAAAGCGAAAATCATTrrATACCTCACACAACAACTACACACTAACTAAGATTAGGCTACGCAACTGTACATTG

EXON 4 1
ACTTAAGTGTTCAAAGTATATTTAGGTAAGTATGCTTCAACAAAGArrTACGATCAGCGATAArrAGCCATATATAAC AGCGT.TTTATAACCAACACGACAGTCCGGCTAAAAATGTCGCT

I EXON 5
GATrrATrrAAATGCCCATTGCAATArrATCCTAATTTGTGT7MlCTATCATCCAGrAC ACrrGATATAAGAAAAGTAGCTAAAAGCACGCGGACAGGGAGGCAGGAGCACCACAG

METTHRMETSERTHRASNASNCYSGL
TCACTAGCCACTAAGCAGAGTCACAGTCACGATCACGTTCACTCCAGGATCAGGACTCGGGGCGGGATCAGCAGACGCTGAGGAAGCTGCCACGATGACGATGAGTACAAACAACTGCGA

USERMETTrHRSERTYRPHETHRASNSERTYRMETrLYALAASPMETH ISHISGLYH ISTYRPROGLYASNGLYVALTHRASPLEUASPALAGLNGLNNETHISHISTYRSERGLNASNAL
GAGCATGACCTCGTACTTCACCAACTCGTACATGGGGGCC.GACATGCATCATGGGCACTACCCGGGCAACGGGTACCGACCTGGACGCCCAGCAGATGCACCACTACAGCCAGAACGC
_- -_-_-__-_-__-_-_--_-_-__-_-_--_-_-__-_-_-_-_-_-_-_- _- _-

AASNH ISGLN5GLYASNMETPROTYRPROARGPHE:PROPROTYRASPARGME'rPROTYRTYRASNGLYGLNGLYMETASPGLNGLNGLNGLNHISGLNVALTYRSERARGPROASPSERPR
GAATCACCAGGGCAACATGCCCTACCCGCGCrrrCCACCCTACGACCGCATGCCCTACTACAACGGCCAGGGGATGGACCAGCAGCAGCAGCACCAGGTC'TACTCCCGCCCGGACAGCCC

OSERSERGLNVAI.Gt.YGLWVALMETPROGLNALAGLNTHRASNGLYGLNLETIJGLWVALPROGLNGLNGLNGLNGLNGLNGLNGLNGLNPROSERGLNASNGLNGLNGLNGLNGLNALAGL
CTCCAGCCAGGTGGGCGGGGTCATr,CCCCAGGCGCAGACCAACGGTCAGTTGGGTGTTCCCCAGCAGCAACAGCAGCAGCAGCAACAGCCCTCGCAGAACCAGCAGCAACAGCAGGCGCA

NGLNALAPROGLNGLNLEU)GLNGLNGLNLEUPROGLNVALTHRGLNGLNVAI.THRH I SPROGLNGLNGLNGLNGLNGLNPROVALVALTYRALASERCYSLYSLEUGLNALAALAVALGL
GCAGGCCCCACAGCAACTGCAGCAGCAGCTGCCGCAGGTGACGCAACAGGTG.ACACATCCGCAGCAGCAACAACAGCAGCCCGTCGTCTACGCCAGCTGCAAGTTGCAAGCGGCCGTGG

EXON 5
YGLYLE'JGLYMETVALPROGLUG!',YGLYSERPROPROLE'JVALAS PGLNMF£rsERrLYHISHISMETASNALAGLNMETTHRLEUPROHISHISMETGLYH ISPROGLNALAGLNI
TGGACTGGGTATGGTTCCCGAGGGCGGATCGCCTCCGCTf,GT(.GATCAAATG'rCCGGTCACCACATGAACGCCCAGATf,ACGCTGCCCCATCACATGGGACATCCGCAGGCGATGAG

I EXON 6 EXON 6 1
LE:JGl.YTYRTHRASPVALGLYVALPROASPVALT4RGLU

GCTCGCACcjrz CAGTTGGGCTATACGGACGTTGGAGTTCCCGACGTG.ACAGAGGTAAGATCGAGTCCACATTGCGCTTGTCACCTACTTCAAATTCTGCTAAAACCTAACATCTTTTACC

v EXON 7
VALHISGLNASNHISHISASNMETGLYMETTYRGLNGLNGLNSERGLYVALPR

<.G ,,r.rAT;G,rr,rAA r,ATATACCCCTAAAATTACAATATCACTTATc,rAAAAAc,rrACCCATCACAGGTCCATCAGkAsCCATCACAACA rrGGGCATGTACCAGCAGCAGTCAGGAGTTCC

OP;ROVA;.-. 'YA'_APDROPROGLNG LYM.''rmE'TH I.SGLNr LY5LN(;LYPROPROGLNME'rH ISGLNGLYH I SPROr.LYGLNH ISTHRPROPROSERGLNASNPROASNSERGLNSERSERGL
G,CCGGv'-GGT',CCCCACCTCAGGGCA rGArGCACCAGGGCCAGGGTCCTrCCACAGAT'r.CACCAGGGACATCCTr,GCCAACACACGCCTCCTrTCCCAAAACCCGAACTCGCAGTCCTCGGG

EXON77
YMorPROSERPROLE:'JrYRPROvRPMETrARGSERGLNPHEcLYLYSCYSGLNG

120

240

360

480

600

720

840

960

1080

1200

1320

1440

1560

1680

1800

1920

G-A rGJCC'T,'-':rC'CA-C"TG',,r,A-TC-CCCD;,TG';CGAAG-TGCGA-GrrrGG-TCAAGT-Tr''-rG-,GGAAAGTGA-.rCAGAATCGACAA TTCCACGAAACGTATTAAGTGGAULr'rCrCrr ATCGTAGG7r 2040

AAGTAGTTAG'rr ----/ 11.5k INNTRON /-- - 2052

TGGAcCTGTAGATATAGTAGAATTrrGrrTr?TcGTTbATrrGGTGwGcCGGTcATGCAArGcATTATTAATrGTrGAAAATcGTITArrAAcTrGGAAcCAACAG 120_ ~~~~~~~~~~~~~~~~~~I IIVelRhAI
-- a -G-OM - 240

LELSI _ __YSHRLYSGLYGLUPROGLYSERGLYGLYGLUGLYASPGLUILETHRPROPROASNSERPROGLN***
GACGAAGGGCGAGCCGGGATCCGGAGGCGAAGGCGACGAGATAACACCACCCAACAGTCCGCAGTAGGATC 360

GACGGAGTrobACCCAcr'rA ArrAAArrcrATcrAAATACAArTrACGTTAGTTCGGAGAGCGCAAATGAATTTACTTCGATCCCAGAGGACTATCTAATAACTATCCAATCCGTTGAA 480

-"'CGCGTG'AACAAACCTAAACTAAACTAAACAAAGAGCAGAGCTG,AGAAcTcTrAccTAcAACT rAGTTAATTGTTATTAT7lTrCTACTTbATTATTTAATTGTACACGAAAGGCAAGTGG 600

,GJ'AAGCGbAAATAAGA rTAACGTAAAC,ATAGCGATTACGATAAAGATACAAGTAAAGCGTAAAACTCbAAACAAAACCAACTCATGTGACCTCAGATCTAAATAAGCTATATTTAACTATA 720

A'rl-CATAT TATATACACATAAATATATGGATAACTATAAAT' sATACCAAGTAAAGCTrAAAGGCAAGGAGTTATATATAAATAAATATATATGAAGCATATATAATGTAACATTrAGATCT 840

ACGCG'!'ATAAGTrAC'rA rACGA'rTAAc,rTATATA,rA.CACCCCAGCATAAACCCTAAAACTAAACCTrAAACArrTAAACTAAATCAATGTTTGi7TAGCAATCCTAGCGCaAAAAATATAAAATA 960

cDNA 909

AAATCCAATAAATAMAAATAAAAAACAAATIGCGTCAAA,ATCCATTGCAT'S'rT(-JGTTCATAAAACCTATACATTTTATAACTCTGAACATGATAACAGAAAACTTTGACCTAAGTGAA 1080

*-J cDNA 303/31l1

TC.'ICGCAcTTrrrAGACAAAG,AAATACCAAAACTACGAAAr.AAG,CGTTGCrrAAAGT,rAAATTAACGTTTTACACATACAATAAGAGTAAAAaCCTATAAACTGGCAGATGCTAACTATAA 1200

ATAt,AAAGAAc,rCGCAAGAGATTrrGGCCAACTTAAAAAAAAATAGATG;rATATTrrCTACGACAATTCMACTTTCAAAAA>rc-GCAAGTGGATATTTATGCTTAACCAATTTGAGAGTTCCC 1320

crTrrcorr<JGcTriAATACCCArSrATATc,rG rATrPrrrATTTGTTrrGTAA7TT CTTGTGCAATTrTTAGTTCTCAAACAAAATTCGAATTAGGTCGAAAAGGATATAAAGTAT 1440

ACCGAATrrACAAAAAAATATGAATT(.'GCAAGTAAGGAGGAAAAATAAAAATTGTTAACAGGGAATCATArTGTATAAATAATGAATTCTAACAAAACCCGTGTAAAGTAGTAATTGAAAT 1S560

GCATTrATTrATACGAGAAT-.AT<j.AGGGAACCCArrrrAGAAGAAGAGACAACCGATrGGATTTATATATGAATATTTCCCTAACAACTAATATTAATGTATGTGTAGTAACTTAAAATCATT 1680

TTCCACGCCATCTrTr,JAGAAATCCATATACCAAAGTCAAAGGAACGAAGGAGAAAGAAAAAGGAGGACGGAATGGCAAACTATAAAGTATCATATGTTTATATGTAGATATATATATrrAA 1800

ACAAGCCTAATACAAAACATrGTAAcTTrrATAGAGCGTrrCG#rtrTG,rAAA7TcCCCCAGAAATCCCA1TTACCTrccccAGCCCGAATCCCAATCCCAGGTGAAAAAGAcTTGTGATTTGCAAT 1920

AGAACCGAATAGTCAAGAAAAAAArACGAAGTATTrGGCTAAGCAACAJTNAGAGCAAA,ATTCAACTCAATCCAGATACGTAACTTGGCCTCATTCTGTAAGAAACTAATTATT 2040

TAAGr,rrTCAATTAT.AAAArATTAAAAAAAACGACAAAAACGTAAATATAAAAAAGTAGAAATT CACAAGAAACAAAAATTCGAAAGCGTTGATTAAAATATATATATGTGA 2160

MACAAAAMCAAAAAMCATTrAAACAAACCCAAACArTT(;TG.CGAAArr;GAACGAAATGT,'-GAAGCTbAAATAATrrGTGTAATAAAATTTAAACTTTAGTGTAAAGATGAGA,ACGGAGA 2280

AT',CAGT,r(AAAGG(-.CTr.CAAAG.CCyGAAAGCATAAAGAAAATTrATAACTAA,ATTACAAATr.!.GATGrMTTT'TATTTGTAATATrrATAATAaAAAATATAGTATTTAAAAATTTATAACG 2400

AAr.CGGTTrArrAr'rAGGAAGGGT'rrArl'lrCAGTr,AATCCTArrG¢rCTr.GAC,CTTCTAAGTr.TGAAGGTAAGTA7TrTAAATTTAATTA7rTTTTTATTTGAAGTAATCAI'rTT-rsS 25S20
TA'rCCAGGTAT'7r"ACT(;AACACTAATrGCATSMATT;GAGArr'rrCGATTrACG'ICATACGGTAAGCACTGAATCGATATTACAATriCACATGTACATGTCATTAAACATTVTr 2640

TrPrrrrrrCAG,ACAl'TCGCCGCGAACCA'rGMMrAACGATCTTATTAATCTG-ACATCATAATAAGCGArrAATCAAGTGCArrAACAAAGCACTGAccAATGAccAACCCAGACACCT 2760

GAGCCCCGGACCCAMAGACCACGATCAGCAGCTr.CTCCACCCGCATAAACTCACTTCAGG,TTr.ACTCAACCCGATCTTTGAr.CCAGCCAGGAGCT 2856

Fig. 2. DNA sequence and deduced amino acid sequence of different Antp cDNAs and the corresponding genonuc sequences. TATA-box and polyadenylation
signals are underlined. The two transcription starts and the translation termination are indicated by asterisks. The limits of all exons and cDNAs are marked

by arrowheads. The boxed area corresponds to the homeobox. The four gaps in the sequence correspond to the large introns, which were not sequenced. The

splicing difference in cDNA 909 and cDNA 303 in exon 7 is indicated by two different arrowheads.
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All exon/intron boundaries (Table I) are in agreement with the
proposed concensus sequence (Mount, 1982; Breathnach and
Chambon, 1981) except the donor splice site of intron 7, where
there is a GA at the beginning of the intron instead of the highly
conserved GT. This sequence arrangement has been found in both
903 and 909. However, cDNA 303 has exactly at this position

Table I. Intron/exon boundaries

Donor site Acceptor site

Consensus AG/GTAAGT ( N)nNTAG/G

Intron 1 GAG/GTAAGT TTGCAG/T

Intron 2 AAG/GTAGGC

Intron 3 AAG/GTAAAT TTACAG/A

Intron 4 TAG/GTAAGT ATCCAG/T

Intron 5 CAG/GTGAGC CTGCAG/T

Intron 6 GAG/GTAAGA TCACAG/G

Intron 7 303 TTG/GTAAGT or

903, 909 AAG/GAAAGT CAACAG/A

Comparison of the donor and acceptor splice sites of the Antp gene with the
consensus sequences (Mount, 1982). Homologous nucleotides are
underlined.

A

a 12-bp deletion leading to a second splice site which corresponds
perfectly to the consensus sequence. We assume that this dif-
ference is due to polymorphism in the fly strains that were used
in this analysis.
The different cDNAs fall into two classes: cDNA 903 which

contains exons 1 and 2 but lacks the third exon, and the second
class (including 909, 303 and 31 1) which lacks the first two ex-
ons but contains exon 3. Exons 4-7 and parts of 8 are shared
by all cDNAs that we have isolated. This stuctural organization
can be explained either by alternative splicing or a second inter-
nal promoter in front of exon 3 (see below). Interestingly, despite
this difference, all cDNAs share the same large open reading
frame encoding a protein with 378 amino acids and a mol. wt.
of 42 800. It is possible, that, in addition to the protein encoded
by the large open reading frame, small peptides encoded by the
two leader sequences are also produced. Comparison of all poten-
tial initiation codons (ATG) with the published consensus se-
quence for eukaryotic initiation codons (CCACCATG, Kozak,
1984) shows that the ATG of the long open reading frame is the
first one which closely fits the consensus sequence.

Transcriptional activity at the Antp locus
To see how the different cDNAs relate to the actual transcripts
at the Antp locus, we decided to use exon specific probes for
Northern analysis. Figure 3a shows a developmental Northern

B

1 2 3 4 5 6 7 8 9 10

_ t

1 2 3 4 5 6 7 8 9 1 0t

5 0

3 5 -

k b

IN* qw 5.0-
3 5 -

_Ams

._.am
.i __4

Fig. 3. Northern blot analysis of Antp transcripts. Each lane contains 40 /4g of poly(A)+ RNA from the following stages: 0-6 h (lane 1), 6-12 h (lane 2),
12-18 h (lane 3), 18-24 h (lane 4) of embryonic development and 1st (lane 5), 2nd (lane 6), 3rd early (lane 7), 3rd late (lane 8) larval stages and early
(lane 9) and late (lane 10) pupae. Specific transcripts of 3.5 kb and 5.0 kb are marked. The high mol. wt band in some of the lanes is due to DNA
contamination. (A) Developmental profile using a nick-translated probe derived from exon one. (B) Developmental profile using a nick-translated probe
derived from exon three.
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profile of transcripts homologous to the first exon, whereas in
Figure 3b we used a probe which is specific for exon 3. Surpris-
ingly, both developmental profiles and the relative abundance
of the different transcripts are very similar. In both cases, there
is a predominant 3.5-kb and a 5.0-kb transcript. The 3.5-kb RNA
is more abundant in early embryos and in late larval and early
pupal stages, whereas the longer transcript is present throughout
development although drastically decreased in early larval stages.
Using a probe which covers exons 4-8, the developmental pro-
file is exactly the same (data not shown). This might suggest that
the transcripts containing the first and the third exon are the same
but a more detailed transcriptional analysis (see below) shows
that two pairs of transcripts co-migrate just accidently. The whole
Antp region was further screened for additional transcripts us-
ing intron-specific probes, but we detected no additional
transcripts in any of the large introns (data not shown).
5' End analysis of the Antp transcripts
To define the 5' ends of the different Antp mRNAs we perform-
ed primer extension analysis using different subclones derived
from the first and the third exon. The results of the primer ex-
tension reactions are shown in Figure 4A. The first primer, which
is 248 nucleotides long and ends at the BainHI site at position
1449 (Figure 2), is extended for 113 nucleotides and therefore
places the 5' end at position 1336 as indicated by an asterisk.
Using a second primer derived from the third exon, which is
210 nucleotides long and ends at the Hinfl site at position 671,
we obtained an extension of 53 nucleotides placing a second
transcription start at position 618 in the exon 3 sequence. Both
5' ends were confirmed by Si mapping using genomic clones
(data not shown). cDNA 311, which is the longest cDNA con-
taining the third exon, lacks only the first five nucleotides and
therefore is almost of full length. The upstream region of both
transcription initiation sites was analyzed for common promoter
sequences (Breathnach and Chambon, 1981) but only in the case
of the first promoter did we find a reasonable TATA-box at the
appropriate distance. Although there is no TATA-box in front
of the second transcription start, we found that the putative CAP
site fits well with a Drosophila CAP-consensus sequence
ATCATOTC (Hultmark et al., 1986).

3' End analysis of the Antp transcripts

cDNA 303 as well as cDNA 311 are polyadenylated and sequence
analysis therefore places the 3' end at position 979 in exon 8
(Figure 2). Indeed, there are polyadenylation signals (AATAAA)
(Proudfoot and Brownlee, 1976) just preceding the end of these
cDNAs. Summing up the sizes of all exons using either exons

1, 2 and 4-8 or exons 3-8 could account for transcripts with
a length of either 3.2 or 3.4 kb [poly(A) tail not included] but
not for the large (5 kb) ranscripts. For this reason, we performed
SI analysis hybridizing the BamHI-SacI fragment from exon

8 with poly(A)+ RNA. After S1 treatment, the protected
fragments were separated on alkaline agarose gels, transferred
to nitrocellulose filters and subsequently hybridized with nick-
translated fragments. Figure 4B shows the results of the S1
analysis. Using a large fragment (BamHI-SacI) from exon 8,
two different fragments are protected. The smaller fragment co-

incides with the first 3' end already found in cDNAs 303 and
311. However, there is also a larger fragment that is 1.4 kb longer
and therefore places a second 3' end close to the polyadenyla-
tion signals at position 2370 of exon 8. Hybridizing a smaller
fragment (EcoRI-SacI, see Figure 1) results in only the large
fragment appearing on the filter. Northern analysis using the same
fragment similarly lights up only the 5-kb transcripts. This clearly
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Fig. 4. (A) Mapping the sites of transcription initiation by primer extension.
40 itg of poly(A)+ RNA derived from 3rd instar larvae was hybridized in
each lane. Lane 1: primer extension reaction using a single-stranded primer
derived from M13 subclones of the first exon. The primer is 248
nucleotides long, ends at position 1449 (Figure 2) and is extended for 113
nucleotides. Lane 2: primer extension reaction using a primer derived from
the third exon. The primer is 210 nucleotides long, ends at the Hinfl site at

position 671 (Figure 2) and is extended for 53 nucleotides. Lanes P1 and
P2: appropriate primers before extension reaction. Lane M: sequencing
reactions as size markers. (B) Defining the transcription termination sites by
SI nuclease mapping. The chromosomal DNA fragment BamHI-SacI from
exon eight (Figure 1) was hybridized to 40 isg of poly(A)+ RNA derived
from 3rd instar larvae, treated wtih SI nuclease, separated on alkaline
agarose gels and transferred to nitrocellulose filters. The filter was

hybridized with either the BanHI-SacI fragment (lane 1) or the
EcoRI-SacI fragment (lane 2) (see Figure 1). Lane 3 is a control
hybridization using total yeast RNA. Mol. wt. markers are various pBR322
digests.

indicates that the 5-kb transcripts arise by readthrough at the first
polyadenylation sites generating a 1.9-kb long trailer sequence
which does not show new significant open reading frames.

Discussion

The complex transcription pattern of the Antp gene is summarized
in Figure 5. There are four major transcripts which differ at the
5' end as well as at the 3' end. The difference at the 5' end is
due to a second promoter which is located in front of exon 3.
The existence of a second promoter was first inferred from the
sizes of the exons, the corresponding transcripts and cDNAs.
Primer extension experiments allowed us to map the second site
of transcription initiation to be in front of the third exon. The
possibility that the different ranscripts arise by differential splic-
ing is excluded because there is no acceptor splice site in front
of exon 3 and so exon 2 can be directly spliced to exon 4, as

it is in cDNA 903. The difference at the 3' end is due to read-

through of the first polyadenylation signals leading to a much

longer trailer sequence. Interestingly, the large open reading
frame is not affected by this complex gene organization. Clon-

ing different regions of the predicted open reading frame in
Escherichia coli expression vectors results in fusion proteins of
the expected sizes and antibodies raised against one of the fu-
sion proteins recognize a Drosophila protein, which is spatially
localized in embryos exactly in those areas where Amp transcripts
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Fig. 5. The transcriptional organization of the Antp gene. The open boxes show the different exons. The size is indicated below in base pairs. The open
reading frame is indicated by filled boxes. The homeobox is located in exon 8. The large introns are not drawn to scale; their size is indicated in kb. Mutant
breakpoints and insertions are indicated by arrows.

have been localized by in situ hybridization to tissue sections
(J.Wirz, U.Weber and W.Gehring, unpublished results). The
amino acid composition of this protein is rather unusual having
18% glutamine and 10% proline. The glutamines are clustered in
repeats and flanked by prolines. DNA sequencing homology to
this repeat (called M-repeat, McGinnis et al., 1984b) has been
found to be present in different developmentally regulated genes
(Poole et al., 1985; Wharton et al., 1985; Kuroiwa et al., 1985)
and is present in several hundred copies per genome (McGinnis
et al., 1984b). It is probably identical to the opa-repeat (Whar-
ton et al., 1985). The most striking feature of the Antp protein
is certainly the homeobox, a domain which previously has been
shown to be highly conserved among different homeotic genes
in Drosophila and other metazoa including man (McGinnis et
al., 1984a). The fact that antibodies raised against different
homeotic genes containing the homeobox recognize nuclear pro-
teins (White and Wilcox, 1984; Beachy et al., 1985; Carroll and
Scott, 1985; DiNardo et al., 1985), and the homology to the yeast
mating-type genes (Shepherd et al., 1984), which in the case of
a2 have been shown to encode a DNA-binding protein (Johnson
and Herskowitz, 1985), strongly suggest that these proteins con-
trol development by directly regulating gene expression.

In Figure 5, we also show the location of previously mapped
lesions in dominant mutant alleles of Antp (Garber et al., 1983;
Scott et al., 1983). Most of the dominant mutants exhibiting an
antenna to leg transformation have large cytologically visible in-
versions where one breakpoint disrupts the Antp gene. It is in-
teresting to note that none of these alleles affect the open reading
frame but they all separate either the first, or the first and the
second exon from the protein coding part. This shows that in
the dominant gain of function mutants the protein coding region
is not altered but it is separated from one of its controlling regions.
Therefore, we assume that the dominant phenotype is not due
to an altered gene product but is rather due to altered expression
of the same protein. The Antp gene product might be expressed
from new promoter elements, which have been juxtaposed to the
Antp gene by an inversion event. There are two exceptional
mutants, NasobeMia and Antp72j, which have the same domi-
nant phenotype but are homozygous viable (Gehring, 1966;
Baker, 1974). Both mutants are cytologically normal and are
reported to have an insertion of a repetitive element at the Antp
locus (Scott et al., 1983; confirmed by our unpublished results).

In Nasobemia it is very likely that this insertion is the cause of
the mutant phenotype. Since the insertion is in an intron (see
Figure 5), splicing might still produce correct transcripts per-
mitting normal embryonic development, but transcripts
originating from a promoter within the repetitive element might
be sufficient to cause the dominant phenotype. The second allele,
Antp72j, was reported to have an insertion beyond the 3' end of
the Antp gene (Scott et al., 1983) but the same insertion is also
present in Oregon-R, a wild-type strain (unpublished results).
Therefore, we consider it unlikely that this insertion causes the
Antp phenotype.
What is the function of the two promoters? In a simple model,

one might propose that each of the two promoters is active dur-
ing a distinct period of development, as is the case for the
Drosophila alcohol dehydrogenase gene where there is a larval
and an adult promoter (Benyajati et al, 1983). Our Northern
experiments show that this is not true for the Antp gene because
transcripts coming from both promoters show approximately the
same developmental profile. This leaves us with the interesting
possibility of having two promoters with spatial specificity of
expression. Recent experiments involving the fusion of sequences
from both promoters to the protein-coding part of the E. coli lacZ
gene and testing of these constructs in transformed flies provide
direct functional evidence for the existence of both promoters
(Schneuwly and Gehring, unpublished results). The spatial
distribution of the (3-galactosidase in these different constructs
is currently being investigated. Besides the level of gene activa-
tion there might be post-transcriptional mechanisms controlling
the spatial distribution of the Antp gene product. Recently, it has
been shown that several oncogenes are post-transcriptionally
regulated by controlling RNA turnover (Piechaczyk et al., 1985).
Furthermore, it was shown that alterations of the structure of
oncogenes influence messenger stability (Triesman, 1985). The
unusual size ofthe Antp leader and trailer sequences leaves plenty
of space for signals regulating RNA stability. The fact that
transcripts having the longer 3' trailer are present throughout
development could indicate that at least this part of the trailer
somehow stabilizes the RNA. In addition, the trailer might also
contain signals for control at the level of transcription termina-
tion. Our current research efforts are directed towards the
understanding of the various control levels of Antp gene ex-
pression.
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Materials and methods

The isolation of genomic lambda phages of the Antp region, cDNA 903 and 909
has been previously described (Garber et al., 1983). cDNAs 303 and 311 were

isolated from an embryonic cDNA library (E8) kindly provided by L.Kauvar

(Poole et al., 1985) using standard screening techniques (Maniatis et al., 1982).
Two of the cDNAs, 909 and 303, contain cloning artefacts. As shown by in situ

hybridization to polytene chromosomes, they contain sequences which do not

belong to the Antp gene. The structure of these cDNAs clearly suggest that two

DNA fragments have been artificially ligated together by a blunt-end ligation during
the construction of the cDNA library.
RNA isolation, Northern blotting and SI mapping were done as described by

Kuroiwa et al. (1984). 32P-Labeled primers for primer extension were generated
using the procedure of Burke (1984) and hybridized overnight (Maniatis et al.,
1982). Reverse transcription reaction was carried out using the recommended
conditions supplied by the manufacturer (Anglian Biotechnology). Before loading
on a 6% sequencing gel, the primer extension reaction was RNAse I treated.

DNA sequencing was performed using the dideoxy chain termination procedure
(Sanger et al., 1977). cDNA 909 was sequenced on both strands using a set of

overlapping deletions generated by DNase I cuts in the presence of manganese

(Lin et al., 1985). Genomic subclones, cDNA 903, and the 5' and 3' ends of

cDNA 303 and 311 were sequenced using known restriction sites and subclon-

ing in M13 vectors (Messing, 1983). DNA sequencing analysis was performed
using the programs of Staden (1977).
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