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A Fifth Locus for Bardet-Biedl Syndrome Maps to
Chromosome 2q31

To the Editor:
Bardet-Biedl syndrome (BBS) is a rare autosomal reces-
sive disorder with major clinical manifestations of retinal
dystrophy, obesity, dysmorphic extremities, hypogeni-
talism, and renal structural and functional abnormali-
ties. It is distinguished from Laurence-Moon syndrome
(MIM 245800), Biemond syndrome II (MIM 210350),
and Alstrom syndrome (MIM 203800) by the absence
of paraplegia, iris coloboma, and perceptive deafness,
respectively. Four genetic loci for BBS have been mapped
to distinct chromosomes, but the finding, in three recent
population surveys, of several unlinked families with



Figure 1 Cosegregation of BBS and an ancestral haplotype on chromosome 2q31 in kindred B9. Double marriage lines indicate consanguineous unions. Haplotypes were constructed manually
and represent the minimal number of recombinations (x). The DNA sample from person 24 was extracted from a paraffin sample and often fails to amplify, but this person appears to be nonrecombinant
for both parental chromosomes. The family members with BBS have inherited two copies of the ancestral haplotype (boxed) from a great-great-grandparent in generation I. The minimal region of
homozygosity in relatives with BBS includes the markers pter-D2S124, D2S2330, D2S1776, and D2S335-qter.
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Table 1

Clinical Manifestations of BBS5 in a Newfoundland Kindred

Patient (Sex/Age)
Body-Mass Indexa

(wt [kg]/ht [m]2) Polydactyly/Otherb Visual Acuity Retinal Appearance Small Penis

21 (M /31 years) 31.7 Absent/present Light perception only Advanced retinitis pigmentosa Present
22 (M /25 years) 34.6 Absent/present No light perception Retinal degeneration Not examined
24 (F /29 years) 49.4 Absent/present No light perception Atypical retinitis pigmentosa Not applicable
28 (M /25 years) 40.4 Absent/present Ability to count fingers Retinitis pigmentosa Present
29 (F /21 years) 42.8 Absent/present 20/300 Macular dystrophy Not applicable

a A value 127 is considered to indicate obesity (Nelson et al. 1994).
b Other � brachydactyly and/or syndactyly.

Table 2

Two-Point Linkage Analysis, for BBS and 2q31 Markers

MARKERa

TWO-POINT LOD SCORE AT v � b

Zmax

MAXIMUM

v.000 .010 .050 .100 .200 .300

D2S442 �3.080 �2.205 �1.224 �.699 �.211 �.042 .009 .439
D2S1399 �� �.416 0.982 1.321 1.174 .722 1.345 .122
D2S1353 5.675 5.556 5.075 4.463 3.214 1.970 5.675 .000
D2S1776 4.691 4.578 4.121 3.543 2.377 1.275 4.691 .000
D2S1391 �� 1.617 2.558 2.600 2.066 1.298 2.631 .078

NOTE.—A disease model of autosomal recessive inheritance, 100% penetrance, and a gene fre-
quency of .008 were invoked.

a Listed according to physical order (pter-qter) on chromosome 2q31.
b Calculated by MLINK and ILINK from the FASTLINK package (version 4.0P).

BBS provides convincing evidence for at least a fifth BBS
locus (Beales et al. 1997; Bruford et al. 1997; Woods et
al. 1999).

BBS is a relatively rare disease, with an estimated
world prevalence of 1/125,000–160,000 (Klein and Am-
mann 1969; Beales et al. 1997). However, two geneti-
cally isolated and distinct populations have been iden-
tified that provide a resource of large inbred families
with BBS. One in 13,500 individuals has BBS in the
Bedouin-Arab tribes of the Negev region of Israel, where
the custom of consanguineous marriages is still practiced
by 150% of the population and where two-thirds of
these marriages are between first cousins (Farag and
Teebi 1989; Sheffield et al. 1998). Half a world away,
on the island portion of Newfoundland, the prevalence
of BBS is 1/17,500 (Green et al. 1989). Matings between
distant cousins in the Newfoundland population are fre-
quent because of three historical factors: the geographic
isolation of coastal fishing villages, the low rate of im-
migration to these communities, and the religious re-
strictions on mate selection between the Protestant Eng-
lish and Catholic Irish settlers (Bear et al. 1988). Three
of the four BBS loci—BBS2 (Kwitek-Black et al. 1993),
BBS3 (Sheffield et al. 1994), and BBS4 (Carmi et al.
1995)—were identified by homozygosity mapping in in-
dividual Bedouin families. We have used a similar meth-
odology to map the fifth genetic locus for BBS to chro-

mosome 2q31 in an inbred Newfoundland family of
European ancestry.

A recently completed population-based survey of 17
BBS families from Newfoundland has identified six fam-
ilies in which the four known BBS loci were unambig-
uously excluded (Woods et al. 1999). Family B9, the
largest of these kindreds, has five affected members who
are the products of three consanguineous unions inter-
related through two founding couples in generation I
(fig. 1). The methods used in the clinic assessment of
these patients have been described elsewhere (Green et
al.1989). The five patients with BBS surpass the minimal
criteria of three major clinical manifestations for a BBS
diagnosis, because of the presence of obesity, brachy-
dactyly and/or syndactyly, retinal dystrophy, and male
hypogenitalism, in the absence of paralysis, iris colo-
boma, or deafness (table 1). This pedigree met the re-
quirements for the localization of BBS5 by homozygos-
ity mapping (Lander and Botstein 1987; Carmi et al.
1995). We anticipated that the affected individuals
would be homozygous by descent for an ancestral hap-
lotype inherited from one of the four pedigree founders.

A genomewide scan of pooled DNA samples was per-
formed with microsatellite markers (Cooperative Hu-
man Linkage Consortium human screening set, Weber
version 8; Research Genetics), as described elsewhere
(Sheffield et al. 1994). Two control pools of DNA from
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Figure 2 Critical region of BBS5 on chromosome 2q31. Markers
used to refine the position of BBS5 are identified in terms of their “D”
numbers. The marker order and distances were based on the Marsh-
field chromosome 2 (sex-averaged) linkage map (Center for Medical
Genetics, Marshfield Medical Research Foundation) and the Chro-
mosome 2 Workshop Consensus Map, 1996 (Genome Database). The
HOXD-gene cluster lies downstream of the BBS5 critical region.

4 living parents and 11 unaffected siblings, as well as a
test pool of DNA from the 4 surviving patients, were
amplified. Of the first 322 markers successfully ampli-
fied, 6 showed a reduction in the number of alleles (allele
shift) in the test pool, compared with the control pools.
Subsequent genotyping of these markers on the extended
family proved that they were not linked to BBS, resulting
in a false-positive rate of 1.9%. However, the 323d
marker, D2S1353, gave a 4:1 allele shift, from the con-
trol pools to the test pool. Genotyping of D2S1353 on
the pedigree showed it to be exclusively homozygous in
patients with BBS. Two-point analysis showed signifi-
cant linkage between BBS and D2S1353, with no re-
combination (maximum LOD score [Zmax] 5.675; re-
combination fraction [v] 0). Genotyping of markers
flanking D2S1353 confirmed linkage to 2q31 (table 2)

and showed an ancestral haplotype that is homozygous
by descent in all affected relatives (fig. 1).

The initial assignment of the BBS phenotype in close
proximity to the HOXD-gene cluster on chromosome
2q31 suggested that these nine homeobox genes of the
Drosophila antennapedia class and other closely located
genes (EVX2 and DLX1/DLX2) that are involved in
patterning of the embryo are candidate genes for BBS5.
Recent findings that duplication of the HOXD13 gene
causes synpolydactyly (Akarsu et al. 1996) focused our
attention on it as the most promising gene candidate,
given that syndactyly and/or polydactyly are congenital
manifestations of BBS. However, refined mapping of
two key recombinant ancestral chromosomes in patients
15 and 12 placed BBS5 within the 13-cM interval
D2S156–D2S1238 (fig. 2), several centimorgans up-
stream from the HOXD13 gene that is positioned at the
proximal end of the HOXD-gene cluster (Spurr et al.
1996). Refined mapping of the recombinant ancestral
chromosome excludes all genes within the HOXD-gene
cluster as being candidate genes for BBS5.
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Autosomal Dominant (Beukes) Premature
Degenerative Osteoarthropathy of the Hip Joint Maps
to an 11-cM Region on Chromosome 4q35

To the Editor:
We have previously reported the clinical and radio-
graphic features of affected individuals from a large kin-
dred who have an autosomal dominant form of bilateral
dysplasia of the hip joints with severe secondary os-
teoarthrosis (Cilliers and Beighton 1990). This family
came to the attention of one of us (H.C.) because of the
number of patients with the family name, Beukes, who
presented to the Department of Orthopaedic Surgery,
University of Orange Free State, South Africa, for pros-
thetic hip-joint replacement as a consequence of bilateral
premature degenerative osteoarthropathy. Genealogical
studies subsequently revealed that all the affected indi-
viduals were members of an extended family that could
be traced back to a single Dutch immigrant to South
Africa who arrived in 1685 (Cilliers and Beighton 1990).
Our continued investigation of this family has now
traced 55 individuals in eight generations who, on the
basis of either their medical histories or clinical and ra-
diographic presentation of the disorder, appear to have
inherited the disorder. The disorder clearly has an au-
tosomal dominant mode of inheritance, but there is some
evidence of nonpenetrance in that apparently unaffected
individuals have had affected offspring. The clinical and
radiographic manifestations have been described in de-
tail elsewhere (Cilliers and Beighton 1990). In brief, the
presenting symptom is hip-joint discomfort, which usu-
ally develops during childhood at age !2 years but may
develop either later in childhood or, as in one instance,
as late as the age of 35 years. After onset of symptoms,
the hip joints deteriorate progressively, gait is disturbed,
and, by early adulthood, affected persons are crippled
by degenerative arthropathy. The earliest radiological
changes are broadening of the femoral necks, late ap-
pearance of the secondary ossification centers of the fem-
oral head, and an irregular appearance of the proximal
epiphyseal line of the femur. By mid childhood, the fem-
oral heads are flat (coxa plana), with broadening of the
femoral necks, adaptation of the acetabulum to the mal-
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