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Abstract. Domestic dog breeds show a wide variety of morpholo- (Wilm et al. 1998), andVnt-3a,which is thought to be mutated in
gies and offer excellent opportunities to study the molecular gethe vestigial tail yt) mutant (Greco et al. 1996). One strong can-
netics of phenotypic traits. We are interested in exploring thisdidate is thel gene, which encodes a member of the T-box family
potential and have begun by investigating the genetic basis of af transcription factors (reviewed in Smith 1999). Mice heterozy-
short-tail trait. Our focus has been on thgene, which encodes a gous forT null mutations (Beddington et al. 1992) have short tails
T-box transcription factor important for normal posterior meso-varying in length from near absent to 50% of normal and often
derm development. Haploinsufficiency of T protein underlies akinked (Dobrovolskaia-Zavadskaia 1927; Herrmann et al. 1990).
short-tail phenotype in mice that is inherited in an autosomal domin late development, the abnormal tail shows a terminal filament
inant fashion. We have cloned the dog homolod @nd mapped that is often lost before birth (Gruneberg 195Bjs expressed only
the locus to canine Chromosome (Chr) 1g23. Full sequence analyn early development in primitive streak, prenotochordal meso-
sis of theT gene from a number of different dog breeds identified derm, and notochord and plays a central role in mesoderm deter-
several polymorphisms and a unique missense mutation in a bolmination and notochord formation (Smith 1999). Homozygosity
tailed dog and its bob-tailed descendants. This mutation is situatetdr T null alleles leads to absence of a notochord, severe abnor-
in a highly conserved region of the T-box domain and alters themalities of posterior structures, and morbidity in early develop-
ability of the T protein to bind to its consensus DNA target. Analy- ment (Wilson et al. 1993, 1995). Several loss-of-function and dom-
sis of offspring from several independent bobtail x bobtail crossegnant negative alleles have been described in mouse (brachyury,
indicates that the homozygous phenotype is embryonic lethal. T2, T**%, T° etc; (Herrmann and Kispert 1994) and zebrafistt; (
Schulte-Merker et al. 1994).

In this paper we describe the cloning of the dolgomolog and
a detailed genetic analysis of this locus in a variety of dog breeds.
We have identified a number of common polymorphisms inThe
gene, some of which were used as markers in a segregation analy-
sis of a four-generation breed cross in which bob-tail was inherited
Although selective breeding of the dog began between Paleolithiéh @ dominant fashion. This led to the identification of a missense
and Mesolithic times, 20,000 to 10,000 years ago, most contemmutation in thel gene that alters the ability of the T protein to bind
porary breeds were established within the last 250 years (Ostrandt® its consensus DNA target.
and Giniger 1997). They show wide inter-breed variation in be-
havior, facial features, coat types, weight, and height, and these
traits have been selected either to enhance the working perfofaterials and methods
mance or for aesthetic reasons. These diverse breeds with limited

intra-breed genetic variation offer unique opportunities to study ) )
the molecular genetics of phenotypic lraits. fo saimplea aken fr Toutie Bioba feae.from 35 ogs compaing examples

One characteristic, tail length, varies naturally su_ch tha_t theof 18 breeds and one cross-bred. In addition, samples were obtained from
- S3 Pembroke Welsh Corgi and Boxer cross that included parents and three
ness (anury) and short or bob-tails (brachyury) occur at low fre-generations of descendants derived by backcrossing to Boxers. Blood
quency in various breeds such as Beagles, Cocker Spaniels, agéimples were collected by a veterinary surgeon into Na-EDTA and stored
Pembroke Wesh Corgis and can be inherited as recessive, senait —70°C until required. DNA was extracted by a standard procedure
dominant, or dominant characters (Pullig 1953; Burns and Frase(Grimberg et al.1989) involving cell lysis in cold sucrose buffer, proteinase
1966; Cattanach 1996). K digestion, removal of cell debris, and ethanol precipitation.

Various genes that cause short or abnormal tails in mice could

be considered as candidates for these canine phenotypes; for &xtoning of the canine T gen&ecombinant clones were obtained by
ample, Pax1 mutations of this gene are responsible for the unduscreening a gridded canine bacterial artificial chromosome (BAC) library
lated (n) mutant and lead to a shortened and usually kinked tailprepared from dog genomic DNA (Li et al. 1999; Ref. RPCI81, supplied by

HGMP Resource Centre, Cambridge, UK) by usiig-labeled mous&

cDNA as probe. DNA from a positive clone BAC90-18 was extracted with

. a Maxiprep Plasmid Kit (Qiagen, West Sussex). Exon containing frag-

Correspondence tov.H. Edwards; E-mail: yedwards@hgmp.mrc.ac.uk  ments were identified by restriction digestion of BAC90-18 and Southern
The nucleotide sequence data in this paper have been submitted to EMBhlotting with the mouse cDNA probe, and were subcloned into pUC19 and
and have been assigned the accession number AJ245513. sequenced.
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Sequence analysiSequence analysis was performed by ustig CGAGAGC. The reverse primer contained an extension to form an overlap
dideoxy terminators (Amersham Pharmacia Biotech, Buckinghamshireith exon 2 of the mouse sequence and ther®d of dog exon 1; DTB1R
and a Thermo Sequenase sequencing kit (Amersham Pharmacia BiotecBAACATCCTCCTGCCGTTCTTGGTCACBTCATCTCGTTGG; the
with both M13 vector-specific primers and gene-specific primers. Se-base at position 14 from thé &nd of the primer (underlined) was either a
guences with high GC content were sequenced by using a Big Dye termiG or C depending on whether wild-type or mutant product was being
nator kit (Perkin Elmer Applied Biosystems, Warrington) and an ABI 377 amplified. MouseT exons 2 to 5 were amplified from cDNA by using the
automated sequencer. primers MT3FW CAAGAACGGCAGGAGGATGTTCC and MT1RW
GTTCCTCCATTACATCTTTGTGG. Equal amounts (100 ng) of the dog
o and mouse PCR products were mixed and concatenated by PCR in a
PCR amplification.T exons and intron-exon boundaries were amplified 100! reaction mix containing 1x cloned-Pfu Buffer (Stratagene, Cam-
by the polymerase chain reaction (PCR) in ag@eaction mix containing  bridge), 50 pmoles of each primer, DTBS, and MT1RW, 0,2 dNTPs,
100 ng of genomic DNA; 25 of each primer pair (Oswel, Southhamp- and 5U Pfu Taq polymerase (Stratagene). The cycling conditions were
ton); 0.1mu dNTPs (BRL); 5% formamide (Sigma) and 2U Taq DNA 94°C x 2 min, 5 x(94°C x 45 s, 45°C x 45 s, 7€°x 2 min), 30 x (94°C
polymerase (Advanced Biotechnologies, Surrey) or Dnazyme (Flowgen) i< 45 s, 48°C x 45 s, 72°C x 2im), 72°C x 5 min. The conatenated
the case of the'® TR PCR. PCR conditions were 95°C, 30 s; 50-62°C, 30 products were subcloned into pUC19. Accuracy of sequence was checked
s; 72°C, 45 s; for a total of 35 cycles. Exons 2—7 were amplified in 50 m by sequence analysis of the subcloned concatenated products.
KCI; 10 mwv Tris-HCI, pH 8.3; 1.5 ru MgCl,. Exon 8 was amplified in the The plasmids containing the wild-type and mutant forms of the T
same buffer with the addition of 0.1% Triton X100, and tHeflanking domain were transcribed in vitro and translated by using the TNT coupled
region was amplified with the addition ofi betaine and 5% DMSO. Exon  reticulocyte lysate system (Promega, Southhampton) following the manu-
1 was amplifiedi 1 x Hotstar buffer with 1.25 Units of Hot Star Tag DNA  facturer's protocol and using redivue[**S] Met (Amersham Pharmacia
polymerase (Qiagen). This polymerase requires an initial 15 min denaturBiotech UK) to label newly synthesized protein. Size and quantity of
ation at 95°C for activation and extension times of 90 s. The primers werdrotein were checked by SDS PAGE and autoradiography.
as follows: 5' flanking Dtx1-4F AGTTCCCAAAAGGGCTCGTTCC and
Dtx1-5R GTTATTCCACTTGAACTCCCGC; Exonl 5'UTR Dtx1-10F
AGACCTACTCCAGCCGTGCCTC Dtx1-7TR GCAGGTGGTCCACTC-
GGTACTG; Exon 1 Dtx1-5F AAGGTGGCCCTGCGGTAGCGAGTC
and Dtx1-3R-CCAGCCGAGCAGAAAGGAGCAAG; Exon 2 Dtx2-F
TGGGTGTAAGGACTCAGATCC and DTx2-1R CCCTCCGTTGAGCT-
TGTTGGTG; Exon 2 Dtx2-F TGGGTGTAAGGACTCAGATCC and
Dtx2-2R TCTGGGACAGATGTCACCTCC,; Exon 3 Dtx3-F CTG-
CAATAGCAGGACAAATGG and Dtx3-R CATTCTTTGTGACCTC-
CAAGG; Exon 4 and 5 Dtx4-F GGTTGATGGACAATGCC and Dtx5-R
ACTCAGAAACGTGCTGTCAGCC; Exon 6 Dtx6-F ATGAAACCGC-
CCGTTACTCAGC and Dtx6-R TGGAATCCATCCCTACAGATGCC;
Exon 7 Dtx7-F CTGTTATTCTTGGAAGACTCCC and Dtx7-R GATG-
GAAATGGCATGAGTCACC; Exon 8 Dtx8-F TGCCTTAGTAG-
CAGAGCAAAGG and Dtx8-R TGAGCCAGACACCCAGAAGTCC.

Electrophoretic mobility shift assays (EMSA%he DNA probe used

in the electrophoretic mobility shift assays (EMSAs) was the BS.p binding

site described by Kispert and Herrmann (1993), which represents a 24-bp

palindromic fragment flanked bysma half-sites GGGAATTTCA-

CACCTAGGTGTGAAATTCCC. Oligonucleotides were chemically syn-

thesized (Sigma-Genosys, Southhampton) annealed in 100laC| and

labeled with T4 polynucleotide kinase ang®#P]ATP (Amersham Phar-

macia Biotech UK). Aliquots of in vitro translated T protein were incu-

bated in 20ul of 10% glycerol, 10pn.g/ml bovine serum albumen, 75un

NacCl, 25 nm HEPES pH 7.4, 1 m MgCl, 0.25 v EDTA, 0.1% Nonidet

P40, 1 nm PMSF, 1 nm DTT, 1 pg/ml leupeptin, 1ug/ml pepstatin, and

1 pg poly (dI-dC) at 25°C for 20 min prior to the addition &fP-labeled

BS.p (80,000 cpm). After addition of the DNA target, the reaction mix was

incubated at 25°C for a further 30 min. Binding reactions were electro-

phoresed in a pre-run 6% polyacrylamide gel in 4415 Tiris HCI, 44.5

FISH analysis.Metaphase chromosomes were prepared from dog pe/ borate, and 1 m EDTA at 4°C and 10V per cm for 2.8 h. Gels were

ripheral lymphocytes by conventional hypotonic and fixation treatments.vacuum dried onto 3MM paper and autoradiographed.

25 ng of BAC 90-18 DNA labeled with digoxigenin-11-dUTP was co-

precipitated with 10.g of sonicated dog genomic DNA, resuspended in Results

50% deionized formamide, 10% dextran sulf&e< SSC. The probe plus

competitor mix were denatured for 10 minutes at 70°C and pre-annealed

for 30 min at 37°C prior to being added to denatured chromosome prepac|oning of the dog T homologScreening of 36,800 clones from a

rations for 16 h at 37°C. Post-hybridization washes were perfprmed aganine BAC library with a mouse T cDNA detected a single posi-

descrbed previously (Breen <t ol L9550 e wbrdization Stes Wetive clone BAC0-S. Resiricion digeston of BACO0-8 with
1u9 90x1g 9 BanHI and Hindlll and Southern blotting with the mouse cDNA

by signal amplification with FITC-conjugated goat anti-mouse (Sigma). . - -
Chromosomes were counterstained in 80 ng/rhl64diamidino-2- probe identified a 4.5-kbiindlll fragment and thre@anH| frag-

phenylindole (DAPI) and mounted in antifade solution (Vectashield, Vec-ments (1.4 kb, 0.5 kb and 4.5 kb) that contained all exons apart
tor Laboratories, Peterborough). Images were processed with a fluore§fom exons 4, 5, and 6. These latter were isolated in a single 2-kb
cence microscope (Axiophot, Zeiss) equipped with an FITC/DAPI excita-PCR product. After being subcloned into pUC19, all fragments
tion filter set, a cooled CCD camera (KAF 1400, Photometrics, Tuscon,including 1,750 bp of Hlanking region were sequenced. Exon/
AZ) and dedicated software (SmartCapture, Vysis Inc., llinois). At leastintron boundaries were defined by comparison with the human
29 _met_aphases were analyzed _for the presence of hybridization signals. T_ dwards et al. 1996) and mouse (Herrmann et al. 139§3no-
dlgl_tal image of e_ach 'DAPI-stamed metaphase spread was processed Willlic sequences. The ddgcoding sequence shows 89% and 84%
a high-pass spatial filter to reveal enhanced DAPI bands. The physical . - . - -
assignment was made by reference to a DAPI-banded ideogram (Breen %:[ennty with human and mousErespectively. At the amino ?‘C'd .
al. 1999c). aa) level, the dog sequence (43_5 aa) shows 91% identity with
human and mouse T and 76% with tXenopushomolog Xbra
. e ) (Smith et al. 1991). The identity is strongest (99%) across the
In vitro transcription and translation of dog Tin order to prepare  T_pox where very few differences occur: aa 178 is Ala in dog and

cDNA templates for in vitro transcription, dog exon 1 was joined by PCR ; . ; ;
concantenation (Tuohy and Groden 1998) to mouse exons 2 to 5. In brieﬁr?nlgur;:man and mouse; aa 96 is Ala in dog and human, but Thr

dog exon 1 was PCR amplified from genomic DNA from the lle63Met
heterozygous bob-tailed Corgi parent by using the primers DTUF CU-
éigéggéigg:@g&g%%%i%gi‘(?GTégACgéfgg a#? DTIUR Chromosome assignment of dog BAC clone 90-18 DNA was

AAA - 'he poly-  ysed to map dod to Chr 1 (CFAlCanis familiarisl) at band

uracil ends allow subcloning into the pAMP1 vector (Gibco BRL) with . P .
uracil DNA glycosylase. Subclones containing the mutant or wildtype 1923, in the middle of a conserved segment shared with human

exons 1 were selected and PCR amplified. In each case, the forward prim&hr 60 (Breen et al. 1999a; Yang et al. 1999; Fig 2). The human
contained a T7 polymerase binding site, a Kozak consensus sequence, ahdd€N€ maps to the tip of Chr 6 at 6g27 (Edwards et al. 1996). In
overlapped the natural translation start codon; DTBS GGATCCTAATAC- the mouseT is part of an unstable region of Chr 17 designated the
GACTCACTATAGGAACAGACCACCATGAGCTCCCCCGGCGC t-complex. A variant form of the-complex, the so-called t-
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Table 1. Polymorphic sites identified in dog. Table 2. T Genotypes in 20 different dog breeds and 1 cross-bred dog.
Location Position Variant Enzyre Exon 2 Exon8 3'UTR
Dog breed C511T T1171C T1416C
5'flanking -300 AtoC —
intron 1 +37 Cto A — Border collie Cc-C c-C c-C
intron 1 +76 GtoA — Boxer Cc-C T-C T-T
exon 2 511 CtoT Bsn Boxer n =5* Cc-C T-T T-T
intron 2 +22 Gto A — Cavalier King Charles C-C C-C C-C
intron 2 +27 Gto A — Cross breed Cc-C c-C T-C
intron 2 +71 Ato G Mspl Dachshund C-T T-C T-C
intron 3 +20 Tto A Bsn Dalmatian T-T C-C C-C
intron 6 -20 CtoT — French Bulldog C-C C-C C-C
exon 8 1171 TtoC BsiDI Giant schnauzer c-C Cc-C TT
exon 8 1416 TtoC Dded Irish setter C-C c-C c-C
Irish terrier Cc-C C-C C-C
2|ndicates that the base change leads to loss or gain of a restriction enzyme site. -3@@h wolfhound c-C T-T T-T
indicates position is 300 bp upstream of the transcription start site. + and - numbergapanese Akita c-C T-C T-C
given for intron variants indicate whether the site is in’@B5' position relative to Labrador c-C T-C C-T
the nearest exon/intron boundary. Labrador c-C c-C c-C
Labrador C-T T-C T-C
Labrador c-C T-T T-T
haplotype, contains a loctist that interacts with mutations dfto Labrador c-C c-C c-C
convert the short-tail into taillessness (reviewed in Schimentitﬂ:igg (c:$ ?g ?g
2000). Mapping in dog and human of oth_er genes that lie withingg, .« ndiand Cc cc T.C
the mousd-complex shows that they are dispersed among sever%ewfounmand c-c c-Cc c-c
chromosomes (Edwards et al. 1996; Langston et al. 1997) and thatd English sheepdog C-T c-C c-C
the t-complex, as such, is not a conserved feature. Pembroke Welsh corgi* c-T T-C T-C
Pug c-C T-T T-T
Rottweiler Cc-C c-C c-C
i ; i i _ Shetland sheep dog C-C C-C Cc-C
Genetic analysis of TPrimers were designed from dop se Staffordshire bull terrier ce T T

quence to allow the amplification of thé lanking region, coding
exons, and exon/intron boundaries. PCR products were searchdtthe case of the Boxer, 6 dogs were tested; 5 showed the same genotype.
for genetic variation by sequence analysis using DNA from dogs*lndicates the dogs used as parents in the Corgi x boxer cross.

of five distinct breeds—a bob-tail Pembroke Welsh Corgi, long-
tailed Boxer and lurcher, a short kinked-tailed French Bulldog, and

a curly-tailed Pug. : : .
. o Pembroke Welsh Corgi bob-tail x bob-tail crosses were estab-
Among these five dogs, 11 common polymorphic sites WECished and the offspring genotyped. The parents used in these

found (Table 1). Of these, seven are in introns but not in SEAUENCES osses were derived from different lines from those used to es-
essential to normal mRNA splicing, one occurs ih flanking

region, and another in' JJTR. Two variants are located in coding tablish the cross-bred family. This experiment was designed to see

. : hether the Met63 mutation was a characteristic of all bob-tall
sequence, C511T and T1171C, but are silent. Further analysis : . ; ; )
these variants in a larger panel of dogs=n30) from 19 breeds (\é,yorgls and also to ascertain whether homozygosity of this muta

; : : -_tion is embryonic lethal in dogs, as might be predicted from the
g:tggbz-zasilhg\gri%rtglfé nwoglik:scuonrlgiue to any one breed InCIUdIn%henotype ofl brachyury mice. The offspring from these crosses,

In addition to the dog breed panel, we genotyped members o\th'Ch included 13 bob-tail pups, were genotyp@€ll digests

a breed cross in which the parents were a naturally long-taile hown in Fig. 4a); all the bob-tails were heterozygous for the

: - et63 mutation, confirming that this mutation runs throughout the
female Boxer and a bob-tailed male Pembroke Welsh Corgi. DN'APembroke Welsh Corgi bob tail lineage. In contrast, the long-tailed

from 24 descendants was available; of these, 12 have bOb-ta”aﬂspring did not carry the mutation. Furthermore, no homozygotes

indicating that this feature is inherited in an autosomal dominan L L )
manner (Cattanach 1996). In this family, as within the Corgi breed ere found, strongly indicating that the Met63 mutation is lethal in

the bob-tail character is variable in expression, ranging from 5 Cnpomozygotesr( = 0.0045).
to one-quarter normal length and occasionally kinked. Typically,
the tail has a fleshy pad at its distal end and terminates in dunctional analysis of the Met63 mutatio@omparison of thé
profusely-coated filament (Fig. 1). sequences from other animal species shows that lle63 is conserved
Three polymorphisms (C511T, T1171C, and T1416C) werefrom Drosophilato ascidian to human (Edwards et al. 1996; Her-
used as genetic markers for genotyping. Segregation analysignann et al. 1990; Smith et al. 1991; Kispert et al. 1994, 1995;
showed that the two chromosomes of the parental Corgi had th8chulte-Merker et al.1992; Yasuo and Satoh 1994; Fig. 4b). Since
haplotypes 511C: 1171C: 1416C and 511T: 1171T: 1416T. Thele63 lies in a highly conserved region of the T-box domain, it
511T: 1171T: 1416T haplotype segregated exactly, (no recombiseemed likely that the substitution of 11e63 for Met63 might
nation) with the bob-tail phenotype (Lod score >+6) (Fig. 3b). Thischange the DNA binding properties of the mutant protein.
indicates that a mutation at the T locus, or another gene close by, In order to test this idea, we used an in vitro transcription/
is very likely to underlie the tail phenotype. translation system to synthesize the mutant and wild-type T DNA
Full DNA sequence analysis identified a single mutation, binding domain. Sincd is expressed only in very early develop-
C295G, in exon 1 that was unique to the bob-tail Corgi parentment, dogT mRNA is not readily available for cONA/PCR. To
This base change leads to an lle to Met substitution at aa 63 (Figovercome this, an in-frame concatenation by PCR was used to join
3a) and creates BstEII restriction site. Genotyping of all dogs in  mutant and wild-type dog exon 1 to mouse exons 2 to 5, thereby
the family, by PCR andstEll digestion, demonstrated that the providing a template for protein synthesis. After in vitro synthesis,
295G mutation segregated with the bob-tail phenotype with nahe protein products were analysed by SDS polyacrylamide gel
exceptions (Fig. 3b). This mutation was not observed in any otheelectrophoresis and autoradiography (Fig. 5A). This showed that
dog in our extended panel of 19 breeds (30 dogs), providing furthewild-type and mutant proteins were synthesized equally well and
evidence that the lle63Met change leads to the shortened tail phéhat the presence of an additional Met at position 63 in the mutant
notype. protein does not interfere with translation efficiency.

In addition to the analysis described above, four independent
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Fig. 1. a.A female puppy showing the short-tail phenotype. This dog is the result of a cross between a fourth generation bob-tail female and an unrelate
Boxer male.b. bob-tail of a third-generation female dog. Both tails show the terminal filament.

Fig. 2. FISH analysis using the dog BAC clone
90-18 DNA as probe and showing localization of
the T gene to CFA 1g23.

DNA protein binding efficiency was explored by electropho- mutant proteins can form heterodimers, or whether the 11e63 to
retic mobility shift assays (EMSAS), by using as DNA target the Met63 amino acid substitution affects dimer formation. The lle 63
preferred T recognition sequence GGGAATTTCACACCTAGGT- residue was not identified as important for dimerization from the
GTGAAATTCCC and equal concentrations of each proteinanalysis of the crystal structure (Mer and Herrmann 1997). In
(Kispert and Herrmann 1993). The wild-type protein bound to thethe EMSAs, an equal mixture of mutant and wild-type protein
DNA to give two complexes, representing T as a monomer and ashowed approximately 50% binding (Fig. 5B). In addition, the
a dimer, as we have demonstrated previously for human and mouggoportions bound as monomer and dimer were very similar for the
T (Papapetrou et al. 1997). In contrast, the mutant protein failed tavild type and the 50:50 mixture. This might be interpreted as
bind to the DNA target. We do not know whether the wild type and suggesting that heterodimers do not form or, if they do form, they
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Fig. 3. a. Sequence off exon 1 in DNA from the bob-tail male parent notype (black symbols) and the C511T polymorphism in exon 2. Hetero-
(Pembroke Welsh Corgi) and the female Boxer parent (control), across theygosity for the rare mutation which gives rise to the lle to Met substitution
region where the bob-tail is heterozygous for a C295G change. This sen exon 1 is also indicated. This mutation and the 511T allele of the exon
guence change gives rise to an lle63Met substitubo@enotypes of dogs 2 polymorphism segregate exactly with the bob-tail phenotype with no
in the four generation pedigree showing segregation of the bob-tail pheexceptions.

B17 B14 L11 M L10 B9 B7 L6 B4 B2 Bt M

Dog-T 46
Hu-T
Mouse-T
Ch-T

Fig. 4. a.Genotyping byBsEll digestion of the
exon 1 PCR product. Homozygotes show two
bands of 183 bp and 134 bp while heterozygotes
are three banded with an extra band of 150 bp.
The samples shown are of DNA from dogs
derived from bob-tail x bob-tail crosses. Bob-tail
= B; long-tail = L. M = DNA size markerb.
Comparison of the amino acid sequence around
the conserved lle63 residue. Sequences shown are
dog T (this report); Hu-T human (Edwards et al.
1996); mouse T (Herrmann et al. 1990); Ch-T
chicken (Kispert et al. 1995), Xbrdenopus

(Smith et al. 1991); Ntl zebrafish (Schulte-Merker
1992); As-T ascidian (Yasuo and Satoh 1994); and
Trg Drosophila(Kispert et al 1994). Conserved
and identical amino acid sequences are indicated
as grey blocks. The amino acids marked with
asterisks are in contact with DNA during
protein/DNA binding (Muler and Herrmann

1997). The rare mutation leading to the lle63Met
substitution in the bob-tail Corgi protein is
indicated by an arrow and is boxed.

bind to DNA less efficiently. If heterodimers bound with the same the bob-tail seems to be due to haploinsufficiency of T protein.
efficiency as the wild-type dimers, then there would be a relativeAnimals homozygous for the mutation do not occur in the progeny
increase in dimer binding compared with monomers in the 50:5Grom bob-tail x bob-tail crosses and presumably die in utero. The
mixture. Met63 T mutation in the dog is very similar in its outcome to
loss-of-function mutations described in the mouse. Heterozygous

Discussion

mice show short tails, while homozygous embryos die in utero at
10.5 days post coitum, displaying severe defects in posterior me-

sodermal tissues, with the notochord, allantois, and somitic meso-
This study shows that a C295G mutation in exon 1 of the T-boxderm most strongly affected (reviewed in Beddington et al. 1992
geneT, leading to the substitution of Met for lle at residue 63, and Wilson et al. 1993). However, the mutations that lead to ab-
interferes with the binding of the T protein to its DNA target. normal development of the posterior tissues in mouse and ze-
There is very strong evidence that this functional failure results inbrafish are either large deletions, insertions, or protein truncation
a bob-tail phenotype in dogs heterozygous for the mutation; thusnutations (Herrmann and Kispert 1994; Schulte-Merker et al.
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a whereas, in the mouse, the products of both alleles need to be lost
kDa to produce a similar phenotype (Chiang et al. 1996). Such differ-
e : ences might be explained in part by species-specific requirements
— . <30 for different concentrations of the gene product to produce the
!- necessary biological responses and/or the presence of species-
e . c— e st g 4—25 specifi difi
e S S pecific modifier genes.
L 2 4 § 2 4 8 2 4 §
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