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The T-box developmental gene family was originally described in
the mouse (Bollag et al. 1994), and homologs were subsequently
identified in a wide variety of metazoans (Agulnik et al. 1995).
T-box genes encode transcription factors that are expressed differ-
entially during embryogenesis and/or in tissue-specific fashion
throughout adulthood (reviewed in Smith 1997). The importance
of T-box genes recently was underscored by the identification of
TBX gene mutations in two human developmental diseases—
TBX5 in Holt-Oram syndrome (Li et al. 1997; Basson et al. 1997)
and TBX3 in ulnar-mammary syndrome (Bamshad et al. 1997).

Here we report the isolation and mapping of a new T-box
family member, TBX10/Tbx10,in human and mouse. We isolated
the human clone from a lambda Charon 4A lymph node genomic
library (ATCC LI014), using reduced stringency hybridization
with a mouseTbx1 cDNA probe. This probe is comprised of
sequence within the highly conserved T-box region ofTbx1
(nt258-nt439 of GenBank entry MMU57327), and, as expected,
the isolated clone showed high sequence similarity to the T-box of
both mouseTbx1and human TBX1 (Chieffo et al. 1997). Human
TBX1 resides at Chromosome (Chr) 22q11, syntenic to the map
location of mouseTbx1 on Chr 16 (Chieffo et al. 1997). Our
localization of human TBX10 to Chr 11q13 (Figs. 1, 2A) and gene
sequence analysis (Fig. 3) confirm that the isolated gene is a re-

lated, but distinct, member of theTbx1subfamily, which we have
designated TBX10.

By FISH analysis, human TBX10 maps to Chr 11q13 (Fig. 1).
To refine the map location, human TBX10 was isolated in a
CEPH/Genethon YAC contig linked to anonymous markers span-
ning 11q13.1-q13.2 (Fig. 2A). YAC clones 894A10 and 809C9
were isolated using an STS based on TBX10 exon sequence
(TBX10Exon-F:58-TTAGACAGCTCGGCCTGG-38 and
TBX10Exon-R: 58-CATTGTCATCCAGCAGGTTG-38). The
YAC contig in Fig. 2A shows that human TBX10 is within 100 kb
of anonymous marker AFMa152yh1 at 11q13.2. This places
TBX10 in close proximity to the locus for Bardet-Biedl syndrome
1 (BBS1), an autosomal recessive disorder characterized by reti-
nitis pigmentosa, polydactyly, obesity, hypogenitalism, mental re-
tardation, and renal malformations (Bruford et al. 1997; Leppert et
al., 1994).

Screening of the GenBank database with human TBX10 se-
quence identified mouse T-cell cDNA clones 550940 (GenBank
Accession No. AA098449) as a highly significant match. A probe
derived from this clone was mapped on the BSS backcross panel
to proximal Chr 19 and co-segregated with markerD19Bir1 (Fig.
2B; MGD-JNUM-43729). This location is within a region of
known synteny to human Chr 11q13 (DeBry and Seldin 1996).

To further confirm that we were studying the mouse ortholog
of the human TBX10 gene, we compared available gene sequence
outside of the highly conserved T-box (Fig. 3). High homology inCorrespondence to:D.J. Law

Fig. 1. FISH localization of human TBX10 to
Chr 11q13. Human TBX10l genomic clone
LI014-1 was isolated by screening a lymph node
library (ATCC LIO14) at low stringency with a
mouse Tbx1 cDNA probe (nt258-nt439 of
GenBank entry MMU57327). Fiftymg of
LIO14-1 was labeled with biotin by nick
translation and hybridized to metaphase spreads
of a 46XY male using a standard hybridization
procedure (Trask et al. 1991). After being
counterstained with DAPI, the chromosomes and
hybridized probe were visualized through a
dual-band pass filter (Chromatechnology).
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such regions has been the most definitive criterion for establishing
orthology among other T-box family members (Agulnik et al.
1995). The 69 putative amino acid residues at the C-terminal flank
of the T-box are 61% identical, with nucleotide identity of 83%,
characteristic of orthology between the two genes. In addition, we
analyzed the mouse genomic sequence across this region and
found identical intron/exon structure in the two. Together with the
syntenic map location of these genes, these data confirm that we
have here identified the mouse and human orthologs of a new
T-box family member.

Just as sequence similarity in regions outside the T-box is a
measure of orthology, similarity and divergence within the con-
served T-box provide a means to organize the T-box genes into
subfamilies (Agulnik et al. 1995). Thus, comparison of the con-
served T-box sequences of TBX10 with other T-box genes shows
that it is a second member of the TBX1 subfamily.

It is notable that the TBX10/Tbx10genes have regions of high
sequence identity to TBX1/Tbx1within the 40–50 residues imme-
diately outside (C-terminal to) their T-box regions (Fig. 3). This
characteristic is also present in this region of TBX2 (Tbx2and3)
and TBX4 (Tbx4 and 5) subfamily members (not shown). The
close sequence relatedness of the latter genes is thought to corre-
late with their complementary function in either the fore (Tbx5) or
hind (Tbx4) limbs (Gibson-Brown et al. 1996; Agulnik et al. 1996).

Ongoing studies of the two TBX10 subfamily members may reveal
another instance of parallel functionality in such highly related
T-box gene pairs. In particular, while that TBX1/Tbx1is expressed
in adult testis in mouse and man (Bollag et al. 1994; Chieffo et al.
1997), we have found that TBX10/Tbx10 is expressed in female
adult gonads (this report). This raises the possibility of alternative
sex-specific functions and/or expression of this gene pair in these
mutually exclusive tissues.

Preliminary analysis by RT-PCR suggests that TBX10 is ex-
pressed in human brain, ovary, uterus, pituitary, fetal kidney, and
HeLa cells (data not shown). In the mouse, Northern analysis of
mRNA from embryos of 8.5d to 15.5d gestation (Fig. 4), adult
brain, liver, and kidney showed a single transcript of 1.9 kb; it is
absent in testis by both Northern analysis and RT-PCR, and pre-
sent in adult ovary, uterus, and kidney by RT-PCR (data not
shown). Preliminary in situ hybridization results suggest that its
expression overlaps those found forTbx1(Chapman et al. 1996) at
12.5d gestation, in particular in the lung mesenchyme and tissues
of the developing ear. The TBX10 expression pattern, together
with its chromosomal location noted above, further enhances its
candidacy for BBS1.
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