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ABSTRACT
Three homeobox-containing genes from the nematode
Caenorhabditis elegans are described. Two of them
(ceh-11 and ceh-12) were isolated from a genomic
library by hybridization at low stringency with the
Ascaris lumbricoides homeobox AHB-1. The first clone
contains a homeobox defining a new class of
homeoboxes (ceh-11). This gene maps on the third
chromosome of C. elegans, at the same locus as egl-5,
a gene already known to be essential for the
determination of specific neurons. In the second clone,
sequence analysis revealed the existence of the third
helix of a putative homeobox (ceh-12) which is
interrupted by an intron located upstream of the codon
for the amino acid 45 of the homeodomain. Using the
ceh-1 1 homeobox as a probe, a third homeobox
(ceh-13) was isolated from a cDNA library. As ceh-13
belongs to the labial class of homeoboxes, we conclude
that, at the time when the nematode lineage diverged
from the myriapod-insect and the vertebrate lineages,
the duplication which led to the Antp and the labial
families of homeoboxes had already taken place.

INTRODUCTION
The homeobox was first discovered as a 180 bp long region of
homology shared by several homeotic genes in Drosophila
melanogaster (for review see 1 and 2). Subsequently,
homeoboxes were found in many higher eukaryotes including
other arthropods, annelids, ascidians, echinoderms, brachiopods,
tapeworms, molluscs and chordates, but not at first in
coelenterates, nematodes, sponges, flatworms, slime molds,
fungi, or bacteria. Only relatively recently have homeobox-
containing genes been isolated from the nematodes
Caenorhabditis elegans (3,4,5,6) and Ascaris lumbricoides
(Spicher et al., in preparation). Such genes were shown to control
the fate of cells during development of D. melanogaster and
C. elegans.
The homeobox codes for a homeodomain which is supposed

to bind specifically DNA sequences through an ca helix-tum-a
helix motif. Recently it has been proven by NMR analysis that
the Antennapedia homeodomain adopts this conformation in
solution (7). Sequence-specific binding has been shown in vitro
for several D. melanogaster homeodomain-containing proteins
(8,9,10) and for the murine Hox-1.5 homeodomain (11).

EMBL accession nos X17075 - X17077

A complete cell-by-cell description of the development of C.
elegans has been achieved (12), and now a library of ordered
cosmid clones representing the entire genome is brought near
to completion (13,14). Therefore, it is of great interest to search
for homeobox-containing genes as potential developmental
regulatory genes in C. elegans. Mapping the putative homeobox
loci to the physical contig map of the genome will allow the
subsequent identification of potentially corresponding genes from
the correlated genetic map.

In this paper we report the cloning and sequence analysis of
three putative homeobox-containing genes from C. elegans. One
of them, ceh-11, maps at the same locus as egl-5, a gene already
known to be essential for the correct determination of certain
neurons and other cells.

MATERIAL AND METHODS
Libraries and probes
The genomic clones were isolated from a library prepared with
C. elegans DNA partially digested by EcoRI and ligated into the
EcoRI site ofXEMBL4 (the genomic library was kindly provided
by Drs. Karen L. Bennett and Samuel Ward).
For the screening of the genomic library, we used the 2.3 kb

insert of the plasmid pC53 containing the A. lumbricoides
homeobox AHB-1 and adjacent sequences (Spicher et al., in
preparation). The cDNA library (a gift of Drs. Julie Arhinger
and Judith E. Kimble) was derived from total RNA of C. elegans
eggs and the cDNA was inserted into the EcoRI cloning site of
XgtlO.

Hybridization conditions
Low stringency hybridizations for Southern transfer and library
screening were performed as described by McGinnis et al. (15).
We screened approx. 3 x 104 phages from the genomic library,
corresponding to 5 genome equivalents. From the cDNA library,
2 x 106 phages were screened.
High stringency hybridizations of Southern blots were carried

out by standard procedures (16).

Sequencing of DNA
Fragments from restriction endonuclease digests of the lambda
clones were subcloned into the vector pUC 18. Smaller fragments
from the plasmid clones were then subcloned into the vector
M13mpl8 for sequencing by the chain termination method (17).
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Fig. 2. Sequence of the ceh-11 and ceh-12 homeoboxes and flanking regions.
From ceh-JJ, 234 bp are represented, starting from the splice acceptor consensus
sequence and including the entire homeobox. From ceh-12, 125 bp are shown
including the last exon of the homeobox and flanking sequences. The conceptual
translation product is represented under the nucleotide sequence. The amino acids
of the homeodomain are underlined. Nucleotides from the splice acceptor consensus
sequence as well as from the polyadenylation consensus signal are in lower case.
Arrows indicate the 5' end of the putative exons.
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Fig. 1. Restriction maps and sequencing strategy of ceh-11 (panel A) and ceh-12
(panel B). Homeoboxes are shown as open boxes. Arrows underneath the
homeoboxes represent the sequencing strategy and arrows above the homeoboxes
denote the direction of transcription as deduced from the sequence. The EcoRJ
restriction map from Xceh-12 is only partial. B, BamHI; E, EcoRI; H, HindIII;
P, Pvull; X, XbaI.

The Klenow fragment as well as SequenaseTM were used for
sequencing.

RESULTS AND DISCUSSION
Isolation of two genomic clones containing a homeobox
We had previously shown by Southern hybridization that the C.
elegans genome contains sequences crosshybridizing at low
stringency with an Antp-like homeobox from A. lumbricoides,
AHB-1 (Spicher et al., in preparation). By screening a C. elegans
genomic library under the same conditions, we isolated two X
clones (Xgceh-1 1 and Xgceh-12). Both phage DNAs were mapped
with restriction endonucleases and the position of their
homeoboxes was determined by hybridizing the phage DNA to
the A. lumbricoides homeobox AHB-1 at low stringency. In each
phage, one single EcoRI fragment crosshybridized with AHB-1.
These fragments were subcloned in the plasmid pUC 18 (pgceh-l 1

and pgceh-12). From the insert of each plasmid, the region of
homology with AHB-1 was sequenced (Fig. 1).

Xceh-11 contains a homeobox of a new type
In the first clone we found a homeobox (ceh-11) of 180 bp,
located in an open reading frame of at least 273 bp (cf. Fig. 2).
Downstream of the homeobox, the reading frame remains open

for a further 13 codons that have been sequenced. Three basepairs
upstream of the homeobox, there is a C. elegans splice acceptor
consensus sequence, TTTCAG (18). An intron situated just
upstream of the homeobox is a feature found in many homeobox-
containing genes.
The ceh-JJ homeobox encodes an amino acid sequence which

has 34 residues out of 60 identical (57% of identity) with the
Drosophila Antp homeodomain (19,20). Among more than 100
published sequences, the homeodomain with the highest level of
similarity with ceh-JJ is XlHbox2, an Antp class homeodomain
from X laevis (21), with 35 identical residues (58 %). As ceh-J
is only distantly related to the Antp class of homeoboxes and does
not fit into any other class listed by Scott et al. (2), it defines
a new family of homeoboxes.
High stringency hybridization of pgceh-1 1 to a genomic

Southern blot shows this sequence to be unique in the C. elegans
genome. By fingerprinting, J. Sulston and A. Coulson (personal
communication) determined the position of the genomic lambda
clone on the physical map of the C. elegans genome completed
to 90-95 %. The mapping falls on the third chromosome within
the region of egl-5. Furthermore, a cosmid containing our entire
X clone has been shown to be able to rescue an egl-5 mutant (A.
Chisholm, personal communication), suggesting the possibility
of ceh-JJ being identical with egl-5, which is a key gene for the
acquisition of the identity of two hermaphrodite-specific motor
neurons (HSNs, (22)) and for a variety of other cell fates in the
tail. Mutants defective for this gene generate cells that are

mispositioned and lack serotonin, a characteristic neurotransmitter
of HSNs. Therefore, egl-5 mutants may be defective in the
determination of the HSN fate (23). Interestingly, mab-S (4),
another homeobox gene, maps very closely to ceh-JJ.

Xceh-12 contains the third helix of a putative homeobox
In the sequence of the second clone, we found the third helix
of a hypothetical homeobox (ceh-12). Out of sixteen amino acids,
twelve are identical with Antp. Immediately upstream of the codon
for the amino acid 45, sequence analysis revealed a C. elegans
splice acceptor concensus sequence, TTTCAG/R. Further
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upstream of this motif, we found an opal stop codon. Moreover,
the local A+T concentration rises abruptly and no more
significant homology with known homeoboxes can be found. We
conclude that an intron interrupts the homeobox between the
codons for the amino acids 44 and 45. The position of the intron
in ceh-12, inside the third putative helix, is conserved in six other
known homeoboxes, namely one in C. elegans (ceh-2, (6)) and
five in Drosophila (labial (24), Distal-less (25), proboscipedia
(26), Abd-B (27) and NK-1 (28)). Unlike the situation in other
organisms analyzed so far, introns located inside homeoboxes
seem to be quite frequent in C. elegans. Out of fourteen known
homeoboxes from C. elegans, eleven have been found to be
interrupted by at least one intron (ceh-2, ceh-3, ceh-4, ceh-5,
ceh-6, ceh-7, ceh-8, ceh-14 (6), mec-3 (3), unc-86 (5) and
ceh-12).
The open reading frame containing the homeobox ends with

an opal stop codon 33 bp downstream of the homeobox. 29 bp
further downstream, we found a polyadenylation consensus
sequence, AATAAA. We suppose that this position marks the
authentic 3' end of the ceh-12 coding portion.
High stringency hybridization of pgceh-12 to a genomic

Southern blot shows this sequence to be unique in the C. elegans
genome. The corresponding genomic X clone maps on the first
chromosome (J. Sulston and A. Coulson, personal
communication). No genes have yet been found to map at the
very same position.

Isolation of a cDNA clone containing a labial-like homeobox
and its corresponding genomic clone
Using ceh-11 as a probe, we screened a cDNA library from eggs
of C. elegans at low stringency. A positive X clone was isolated
and its insertion subcloned in plasmids. The region
crosshybridizing with ceh-JJ was sequenced (Fig. 3), and we
found a homeobox (ceh-13) coding for a homeodomain which
has 33 out of 60 amino acids identical with Antp (55%).
A computer search shows that ceh-13 is most similar to
homeodomains belonging to the labial class, namely to the two
murine homeodomains hox-2. 9 (P. Murphy, personal
communication) with 44 identical residues (73%) and hox-1. 6
(29) with 43 identical residues (72%), as well as to the Drosophila
homeodomain labial (30) with 41 identical residues (68 %). We
conclude therefore that ceh-13 is evolutionarily related to the
labial class of homeoboxes.
The similarity with labial extends somewhat downstream of

the 60th amino acid, the residues 61, 62, 64 and 65 being identical
in both homeodomains (Fig. 4). Upstream of the homeobox, no
more significant similarity with any known gene could be found.
Using the ceh-13 homeobox as a probe, we isolated the

corresponding genomic clone, Xgceh- 134. Unfortunately,
Xgceh-134 maps to a contig which is not yet physically mapped
on a C. elegans chromosome (J. Sulston and A. Coulson,
personal communication). The contig contains a second known
homeobox from the Antp-class, ceh-15 (31), which is located very
close to ceh-13.

CONCLUSIONS
Three loci containing homeoboxes in the genome of C. elegans
have been analyzed. The three loci coincide with the putative
homeobox loci numbers 7 (ceh-12), 20 (ceh-JJ) and 38 (ceh-13),
isolated independently by Burglin et al. ((6) and T. Burglin,
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Fig. 3. Sequence of the ceh-13 homeobox and flanking regions. The conceptual
translation product is represented below the nucleotide sequence. The amino acids
of the homeodomain are underlined.
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Fig. 4. Alignment of the conceptual translation product of the ceh-13 homeobox
and its flanking sequences with the lab and hox-1. 6 homeodomains. Amino acid
residues are numbered according to Gehring (1). The Antp homeodomain is
represented as reference.

personal communication). Here we demonstrate that these loci
indeed contain homeobox sequences.
All these homeoboxes have a Gln at position 9 of their

recognition helix. According to the theory proposed by Hanes
and Brent (32), our homeoboxes should therefore have an Antp
type DNA-binding specificity.
The presence in nematodes of labial-like (ceh-13) as well as

Antp-like homeodomains (AHB-J and mab-5) suggests that the
common ancestor of the nematode, vertebrate and myriapod-
insect lineages, already possessed homeobox-containing genes
of both types. Thus, at the time when the nematode lineage
diverged from the myriapod-insect and the vertebrate lineages,
the gene duplication which led to the Antp and the labial families
of homeoboxes had already taken place. It was suggested that
the ancestor of the myriapod-insect lineage contained a labial-
like and an Abd-B-like homeotic gene (33). Until now, an Abd-
B-like homeobox has not been found in nematodes.
So far, homeoboxes tightly related to ceh-11 have not been

described in any other organism. The question remains whether
this type of homeobox is exclusive to nematodes or if it is also
present but yet undetected in vertebrates and other invertebrates.
We are currently in the process of searching for its homologue
in A. lumbricoides.
Two loci (ceh-11 and ceh-13) out of three are in close vicinity

to already known homeobox-containing genes, suggesting that
in C. elegans some homeobox-containing genes are organized
in 'mini-clusters', comparable to the large clusters of homeoboxes
known in vertebrates and insects.
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