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Abstract. Ptx1 belongs to an expanding family ofbicoid-related
vertebrate homeobox genes. These genes, like theirDrosophila
homolog, seem to play a role in the development of anterior struc-
tures and, in particular, the brain and facies. We report the chro-
mosomal localization of mousePtx1, and the cloning, sequencing,
and chromosomal localization of the human homologPTX1. The
putative encoded proteins share 100% homology in the homeodo-
main and are 88% and 97% conserved in the N- and C-termini
respectively. Intron/exon boundaries are also conserved. Murine
Ptx1was localized, by interspecific backcrossing, to Chr 13 within
2.6 cM ofCaml.The gene resides centrally on Chromosome (Chr)
13 in a region syntenic with human Chr 5q. Subsequent analysis by
fluorescent in situ hybridization places the human gene,PTX1,on
5q31, a region associated with Treacher Collins Franceschetti Syn-
drome. Taken together with the craniofacial expression pattern of
Ptx1during early development, the localization of the gene in this
chromosomal area is consistent with an involvement in Treacher
Collins Franceschetti Syndrome.

Introduction

We recently cloned and characterized a murine transcription factor
gene,Ptx1(Lamonerie et al. 1996). The gene was identified on the
basis of its ability to activate pituitary transcription of the pro-
opiomelanocortin (POMC) gene.Ptx1 is a member of an enlarging
family of bicoid-related genes, another member of which,Ptx2/
PTX2 (RIEG), has recently been cloned and identified as the mu-
tant locus underlying Rieger’s Syndrome. This syndrome is a de-
velopmental anomaly that has its effects primarily in elaboration of
the face where the gene is expressed (Semina et al. 1996; Muc-
chielli et al. 1996; Gage and Camper 1997).

In the developing head,Ptx1 is first expressed in the stomo-
deum. This ectoderm continues to expressPtx1 as it gives rise to
the epithelia of the oral cavity and first branchial arch and subse-
quently to their derivatives. These include epithelia of the naso-
pharynx, palate, tongue, adenohypophysis, olfactory epithelium,
submandibular glands, and dental epithelium. Secondarily, expres-
sion appears to be induced in a streak of mesenchyme in the first
branchial arch: muscle and cartilagenous derivatives of this mes-
enchyme continue to expressPtx1 (Lanctôt et al. 1997). The gene
also displays a posterior pattern of expression in the extraembry-
onic and lateral plate mesoderm; derivatives of the latter include
the muscular tissues in the lower body wall, bladder, hindgut, and
genital tubercle. Consequently,Ptx1 is expressed in the mesen-

chyme of the hindlimb bud, but never in that of the forelimb
(Lanctôt et al. 1997). Given its pattern of expression in the ‘‘sto-
modeal ectomere’’ (Lanctoˆt et al. 1997), we wondered ifPtx1
might, like PTX2/RIEG, play a role in craniofacial dismorphogen-
esis: the presentation of Treacher Collins Franceschetti (TCOF)
Syndrome is consistent withPtx1 expression patterns and chro-
mosomal localization in the mouse.

TCOF is an autosomal dominant disorder that occurs with a
frequency of 1:50,000 live births (Winter 1996; Fazen et al. 1967).
The syndrome affects derivatives of the first branchial arch and is
characterized by craniofacial abnormalities (Edery et al. 1994).
Expressivity and penetrance are variable, and the defects can in-
clude combinations of hypoplasia of the malar bones and man-
dible, conductive hearing loss, malformation of the external ear,
enlarged nose, coloboma of the lower lids, and anti-mongoloid
slant. In some pedigrees the disorder worsens with successive
generations (Fazen et al. 1967), a trait characteristic of anticipation
that occurs where mutations commonly involve the expansion of
tri- or di- nucleotide repeats (Warren 1996).

Within the last year, a candidate gene (TCOF1) for TCOF has
been characterized (Treacher Collins Syndrome Collaborative
Group 1996). In some affected patients, the putative protein would
suffer from premature truncation owing to insertion, deletion, or
aberrant mRNA (Treacher Collins Syndrome Collaborative Group
1996; Gladwin et al. 1997; Wise et al. 1997). However, TCOF1
was mapped to a location that is more proximal than originally
anticipated and that indeed may be incompatible with some re-
combination data (Dixon et al. 1993,1994; Treacher Collins Col-
laborative Group 1996; Edery et al. 1994). Southern blot analysis
of DNA from diverse organisms shows that the locus is not highly
conserved. Moreover, TCOF1 is ubiquitously expressed and is
highly polymorphic (Treacher Collins Collaborative Group 1996;
Wise et al. 1997). None of the TCOF1 mutations was of the type
associated with the feature of anticipation displayed in some
TCOF pedigrees. TCOF1 may be a pseudogene or merely one of
two or more genes involved in the pathogenesis of TCOF. The
syndrome also may be heterogenic (Arn et al. 1993). The chro-
mosomal position and developmental pattern of PTX1/Ptx1 ex-
pression suggest that it may be involved in the pathogenesis of
TCOF.

Materials and methods

Interspecific mouse backcross mapping.Interspecific backcross prog-
eny were generated by mating (C57BL/6J ×M. spretus)F1 females and
C57BL/6J males as described (Copeland and Jenkins 1991). In total, 205
N2 mice were used to map thePtx1 locus (see text for details). DNA
isolation, restriction enzyme digestion, agarose gel electrophoresis, South-Correspondence to:J. Drouin
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ern blot transfer, and hybridization were performed essentially as described
(Jenkins et al. 1982). All blots were prepared with Hybond–N+ nylon
membrane (Amersham). The probe, an∼370-bpEcoRI/NcoI fragment of
mouse cDNA, was labeled with [a32P] dCTP with a nick translation la-
beling kit (Boehringer Mannheim); washing was done to a final stringency
of 1.0 × SSCP (20 × SSCP contains 43.7g Na2 HPO4, 12.75 NaH5 PO4,
88.2g sodium citrate and 140.3g NaCl per liter) 0.1% SDS, 65°C. A major

fragment of 15.0 kb was detected inHindIII-digested C57BL/6J DNA, and
a major fragment of 10.5 kb was detected inHindIII-digestedM. spretus
DNA. The presence or absence of the 10.5-kbHindIII M. spretusspecific
fragment was followed in backcross mice.

A description of the probes and RFLPs for the loci linked toPtx1,
includingFgfr4, Caml,andIl9, has been reported previously (Avraham et
al. 1994). Recombination distances were calculated as described (Green
1981) with the computer program SPRETUS MADNESS. Gene order was
determined by minimizing the number of recombination events required to
explain the allele distribution patterns.

Isolation of human PTX1 and FISH mapping.Sequences from mu-
rine Ptx1 cDNA were employed to amplify fragments of cDNA from
reverse-transcribed human pituitary tumor mRNA (forward primer
TCTCTTGTCCCCACAGGTC, reverse primer CCCAGTTGTTGTAG-
GAGTAGCC). The 639-bp fragment derived in this manner was used as a
probe to screen a genomic library constructed inlZAP. In a screen of 2 ×
105 plaque-forming units, one positive clone was isolated that contained
only the first two exons of the gene. The missing 38 exon was subcloned
from a PAC (courtesy Canadian Genome Analysis and Technology pro-
gram, Canada) that was isolated with sequences from the 38 end of the
genomic clone and the cDNA fragment as probes. Double-stranded DNA
sequencing was accomplished with a chain termination protocol (Sanger et
al. 1977).

Fluorescent in situ hybridization (FISH) was performed on normal
human lymphocyte chromosomes (Lichter et al. 1990). The probe em-
ployed was a biotinylated 13-kb genomic fragment of human PTX1 that
was detected with avidin-fluorescein isothiocyanate (FITC). Counterstain-
ing was done with propidium iodide and 48,6-diamidine-2-phenylindol-
dihydrochloride (DAPI; Heng and Tsui 1993). Separate DAPI and FITC
images of metaphase spreads were recorded through a thermoelectrically
cooled charge coupled camera (Photometrics, Tuscon, Ariz.) and superim-
posed digitally (Boyle et al. 1992). Band assignment was determined by
measuring the fractional chromosome length and by comparison with the
DAPI banding pattern (Heng and Tsui 1993).

The structure of the PTX1 locus was determined by comparison of
genomic with cDNA sequences as well as with their murine and chick
counterparts. The murine gene structure was determined by mapping ge-
nomic restriction fragments with cDNA probes, sequence analysis, and
PCR amplification. The genomic clone was also examined for the presence
of trinucleotide repeats with oligonucleotides as probe; namely, (CCG)6,
(CTG)6, and (GAA)6. Oligonucleotides were labeled by use of terminal
transferase and32P-dCTP. The human PTX1 sequence was submitted to
Genbank (accession numbers AF009648, AF009649, AF009650).

Results

The mouse chromosomal location ofPtx1 was determined by in-
terspecific backcross analysis. This interspecific backcross map-

Fig. 1 (A) Ptx1 maps in the central region of mouse Chr 13.Ptx1 was
placed on mouse Chr 13 by interspecific backcross analysis. The segrega-
tion patterns ofPtx1and flanking genes in 112 backcross animals that were
typed for all loci are shown at the top of the figure. For individual pairs of
loci, more than 112 animals were typed (see text). Each column represents
the chromosome identified in the backcross progeny that was inherited
from the (C57BL/6J ×M. spretus) F1 parent. The shaded boxes represent
the presence of a C57BL/6J allele, and white boxes represent the presence
of an M. spretusallele. The number of offspring inheriting each type of
chromosome is listed at the bottom of each column.(B) A partial Chr 13
linkage map showing the location ofPtx1 in relation to linked genes is
shown. Recombination distances between loci in centiMorgans are shown
to the left of the chromosome, and the positions of loci in human chromo-
somes, where known, are shown to the right. References for the human
map positions of loci cited in this study can be obtained from GDB (Ge-
nome Data Base), a computerized database of human linkage information
maintained by The William H. Welch Medical Library of The Johns Hop-
kins University (Baltimore, Md.). Asterisks indicate the location of fluo-
rescent hybridization signal determined by FISH (Fig. 2.)

Fig. 2. Fluorescent in situ hybridization links PTX1
to Chr 5q31. Paired copies of PTX1 are detectable
on Chr 5 in human lymphocyte metaphase spreads.
Arrows indicate sites of hybridization with PTX1
genomic fragments. Positional assignment was
made on the basis of fractional chromosome length
and DAPI banding patterns.
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ping panel has been typed for over 2300 loci that are well distrib-
uted among all the autosomes as well as the X Chr (Copeland and
Jenkins 1991). The mapping results indicated thatPtx1 is located
in the central region of mouse Chr 13 linked toFgfr4, Caml,and
Il9. Although 112 mice were analyzed for every marker and are
shown in the segregation analysis (Fig. 1a), up to 179 mice were
typed for some pairs of markers. Each locus was analyzed in
pairwise combinations for recombination frequencies with the ad-
ditional data. The ratios of the total number of mice exhibiting
recombinant chromosomes to the total number of mice analyzed
for each pair of loci and the most likely gene order are: centro-
mere–Fgfr4–1/179–Ptx1–0/115–Caml–1/115–Il9. The recombina-
tion frequencies [expressed as genetic distances in centiMorgans

(cM) ± the standard error] are –Fgfr4–0.6 ± 0.6–[Ptx1, Camfl–0.9
± 0.9–Il9]. No recombinants were detected betweenPtx1andCaml
in 115 animals typed in common, suggesting that the two loci are
within 2.6 cM of each other (upper 95% confidence limit).Ptx1
mapped in a region of the composite map that lacks mouse muta-
tions with a phenotype that might be expected for an alteration in
this locus (data not shown); however, an extinct mouse mutation,
dumpy (dpy), that affects development of the snout and hindlimbs
was localized to Chr 13 (Hollander 1981). The central region of
mouse Chr 13 shares a region of homology with human Chr 5q
(Fig. 1b). In particular,Caml has been placed near human 5q23.
The tight linkage betweenPtx1andCaml in mouse suggested that
Ptx1 resides on 5q, as well.

Fig. 3 (A) Conservation of human and mouse PTX1. The positions of
introns are shown by discontinuities in the diagram, and the positions of
consensus sequence motifs are indicated by boxes. One represents a motif
shared by other homeobox genes (Semina et al. 1996), while the other
appears to be unique to the PTX sub-family. Within coding sequences, the
percentage homology shown is that of the amino acid sequences, whereas
nucleotide sequences were compared in the 58 untranslated region.(B)
Mouse and humanPtx1/PTX1 gene organization. Both genes share iden-
tical intron/exon boundaries. The human PTX1 gene has two regions con-
taining trinucleotide repeats, which are indicated by arrows.(C) Compari-
son of amino acid sequences in human, mouse, and chickPtx homologs.
Boxed residues comprise the homeodomain, underlined sequence marks a
region conserved in thePtx family, and the overlined sequence is the 14
residue domain conserved in a subset of homeobox genes expressed during
craniofacial development.
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A 13-kb human genomic probe was used to identify the PTX1
locus on chromosomal spreads. FITC-labeled probe was localized
to 5q31 by analyzing the DAPI banding patterns and measuring the
fractional chromosomal length. Analysis of 20 metaphase spreads
demonstrated that positive fluorescent in situ hybridization signals
were observed in 14 out of 20 spreads, and signals could be iden-
tified on both homologs in 9 of these (Fig. 2.). The chromosomal
localization of PTX1 places the gene proximal to TCOF1 but
within the region of critical interest for TCOF (Edery et al. 1994;
Dixon et al. 1994; Treacher Collins Syndrome Collaborative
Group, 1996).

PTX1, like its murine and chick homologs, possesses a ho-
meodomain with abicoid-class third helix. The homeodomain is
highly conserved between mouse and human (100%), as are the C-
and N- termini (88 and 97% respectively; Fig. 3a,b). This conser-
vation is also evident at the level of gene structure as the murine
and human genes both have similar organization: the intron/exon
borders are identical. Human PTX1 is also conserved when com-
pared with sequences obtained from chick (Fig. 3c). Like products
of the PTX2 gene family, the PTX1 homologs encode a conserved
C-terminal sequence of 14 residues noted to be present in other
homeobox genes that share periods of expression in craniofacial
structures during development (Semina et al. 1996). Moreover,
there appear to be two short consensus sequences just C-terminal
of the homeodomain that are present in members of the PTX
family. Finally, a trinucleotide repeat (GCC)5 is present in the
open reading frame of the first exon. Similar repeats are also
present upstream of the gene. We have not yet identified signs of
repeat expansion in TCOF probands; however, genomic Southern
blots have not always proven reliable when repeat expansion al-
leles are chimeric in length and representation. In summary, the
fine mapping of murinePtx1 and human PTX1 indicates conser-
vation in sequence, organization, and chromosomal localization on
syntenic regions of mouse and human Chr 13 and 5 respectively.

Discussion

Taken together with the localization of the PTX1 gene in the area
critical for TCOF, the murine pattern ofPtx1 expression in the
stomodeum and its derivatives is highly suggestive of an involve-
ment of PTX1 in the clinical manifestations of TCOF. PTX1 and
TCOF1 are close on Chr 5 and would probably cosegregate: mu-
tations in the PTX1 locus might account for TCOF in families that
did not exhibit TCOF1/Treacle mutations, or it might itself be the
causative gene if TCOF1 is a pseudogene. Further, the ubiqui-
tously expressed TCOF1/Treacle gene product, it if exists, must
mediate its effect through another agent that exhibits tissue speci-
ficity, like Ptx1. PTX1 is a member of the same gene subfamily
that encodes PTX2 (RIEG) and displays a similar yet distinct
expression pattern consistent with a role in facial development
(Semina et al. 1996; Mucchielli et al. 1996; Lanctoˆt et al. 1997).
TCOF, like Rieger’s Syndrome, is autosomal dominant and could
also exert its effect through haploinsufficiency. Finally, the local-
ization of PTX1 expression to the pituitary anlage and organ is not
inconsistent with an involvement in TCOF because PTX2 (RIEG)
has a similar period of activity in Rathke’s pouch. Neither Rieger’s
nor TCOF is usually associated with endocrine symptoms: PTX1
and PTX2 may be redundant in the pituitary, whereas their differ-
ences in craniofacial mesenchyme expression may account for the
differences between the two syndromes.

Sporadic references to ancillary anomalies appear throughout
the TCOF literature (Hunt and Smith 1955; Rogers 1964; Szlazak
1953), and these anomalies occur in regions wherePtx1 is tran-
scribed in mouse. For example, some TCOF patients have abnor-
malities of dentition, feet, digestive, and reproductive tracts that
are all domains of early murinePtx1 expression. Furthermore,
abnormal expression or function of PTX1 in the foregut endoderm

may result in posterior displacement of the soft palate and epiglot-
tis during buccal/pharyngeal fusion in TCOF patients.

We are currently assessing TCOF families for the presence of
mutations in the PTX1 locus.
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