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approval for screening random schizophrenics
for mutations was granted by Lothian Area
Health Authority before the initiation of this
study.
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Further family with
autosomal dominant
patent ductus arteriosus

Occasionally, families have been reported
with apparent autosomal dominant in-
heritance ofa patent ductus arteriosus (PDA),
although the condition usually appears to be
sporadic.'" We report a further family with
eight affected members in two generations.
The pedigree is shown in the figure. The

grandfather (I- 1) died suddenly after a tooth
extraction at the age of 40; his wife died of
old age. II1 was diagnosed and operated
upon for a PDA at the age of35 years. Despite
having a sister with a PDA and two children
requiring PDA ligations, it was not until she
brought her third affected child into hospital
that she herself was examined. Mild right
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ventricular hypertrophy was found and a
small PDA was closed. She also had coeliac
disease. II-2 has been in good health all his
life. Because of the family history of patent
ductus arteriosus he sought a cardiology opin-
ion at the age of 54 years. A PDA was found
with moderate biventricular dilatation and he
was operated on successfully. II-4 had been
a sickly child throughout her life but became
progressively less well in her teenage years.
At the age of 18 years bacterial endocarditis
and a PDA were diagnosed. Both were even-
tually successfully treated. In later life she
developed myasthenia gravis, scleroderma,
and Reynaud's phenomenon. III-2 was re-
ferred to a cardiologist at the age of 7 years
with an asymptomatic murmur. After two
years of follow up, ventriculomegaly began to
develop and the PDA was ligated. III-4 was
diagnosed as having a PDA at the age of 5
years, had always been mildly exercise re-
stricted, had ventriculomegaly, and was op-
erated on at 6 years. III-5 was found to have
an asymptomatic murmur at the age of 6
years and her PDA was tied at 6' years. She
also had coeliac disease. III-6 had frequent
upper respiratory tract infections as a young
child and was exercise restricted. At the age
of 4 years he was referred to a cardiologist
who found a typical PDA murmur. He was
operated on at the age of 42 years. His karyo-
type is normal. III-17 was referred to a car-
diologist at the age of 3 years for an
asymptomatic murmur. A PDA was diag-
nosed and ligated forthwith.

Family members are of normal appearance
and intelligence and have no symptoms sug-
gestive of a prostaglandin metabolic defect,
such as atopy or difficulties during labour.
Although all occurrences of PDA have been
inherited from an affected mother in this
family, paternal-offspring transmission has
been described previously.1346 The PDAs
found in this family were not unusual in their
position and varied greatly in the symp-
tomatology they caused.
The empirical recurrence risk for a PDA is

3% whether it is a parent or a sib that is
affected.7 Most cases are thought to be the
result of polygenic/multifactorial inheritance.
In families such as this, where so many mem-
bers are affected, autosomal dominant in-
heritance seems likely and the recurrence risk
is probably 50%. In order to give realistic
recurrence risks to a family where a child has
a PDA, the facial phenotype described by
Davidson6 should be sought, and both par-
ent's cardiovascular systems should be ex-
amined. Referral to a cardiologist of any
children born to a family with possible auto-

somal dominant PDA seems sensible whether
or not they have a detectable murmur.
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Molecular basis of the
common electrophoretic
polymorphism (Ful/Fu2)
in human a-L-fucosidase

a-L-fucosidase (EC.3.2. 1.51) is a lysosomal
hydrolase involved in the catabolism of
fucose-containing glycolipids and glyco-
proteins. A deficiency of this enzyme leads to
the lysosomal storage disease, fucosidosis.'2
a-L-fucosidase exists as multiple molecular
forms, which can be separated by various
procedures.34 The precise molecular basis of
this heterogeneity is not understood but it is
probably post-translational. All the forms are
encoded by a single locus on the short arm
of chromosome 1 at lp34.1-lp36.1 which
encodes the structural gene for the enzyme,
FUCA 156 The enzyme shows a genetically
determined, common, electrophoretic poly-
morphism (Ful/Fu2), which can be detected
in blood and tissues' and maps to the struc-
tural gene locus (FUCA1 ) . The minor allele,
Fu2, produces more cathodal forms of the
enzyme.
The structural gene for oa-L-fucosidase has

been isolated and sequenced.910 It is 23 kb in
length and has eight exons. Two common
RFLPs obtained with PvuII and Bgll are in
almost complete linkage disequilibrium and
can be used to haplotype subjects." Several
disease-causing mutations have been iden-
tified in patients with fucosidosis.2 12-14 In ad-
dition, an A to G transition in exon 5 causing
substitution of an arginine for glutamine,
Q281R, has been found homozygously in
both patients and controls, indicating it is a
polymorphism rather than a disease-causing
mutation.'4 All homozygotes for this sub-
stitution showed the RFLP PvuII-BglI haplo-
type, 2-2, 2-2. It was postulated that Q281R
might be the molecular basis of the Ful/Fu2
electrophoretic polymorphism.'4 Evidence to
support that suggestion is presented in this
paper.
The Q281R polymorphism creates a new

site for the restriction enzymes DsaI and BsaJI
in exon 5. It can be readily detected by ampli-
fying exon 5 with the two primers used for
mutation analysis (F42 and F43 in reference
14), followed by digestion with DsaI or BsaJI
(fig 1). Analysis of the BsaJI digestion prod-
ucts by electrophoresis in 3% agarose (BRL)/Family pedigree.
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Figure 2 Detection of Q281R polymorphism by amplification of exon 5 by PCR and digestion of
products with BsaJI, followed by electrophoresis in agar/Nusieve in ethidium bromide. Genomic
DNA from persons of known Ful/Fu2 genotype was analysed.Lane 1, )Jkb ladder; lanes 2 and 3
fucosidosis patient; lanes 4 and 5 Fu2 homozygote; lanes 6 and 7, 8 and 9, and 10 and 11 Ful
homozygotes; lanes 12 and 13 Ful/Fu2 heterozygote. Lanes 2, 4, 6, 8, 10, and 12 undigested DNA
and lanes 3, 5, 7, 9, 11, and 13 DNA digested with BsaJI.

1% Nusieve (Flowgen) in the presence of
ethidium bromide shows the appearance of a

56 bp band and the concomitant loss of a

92 bp band (fig 1). The bands obtained with
DsaI have different sizes"4 (fig 1). Rep-
resentative analyses are shown in fig 2. DNA
from eight persons who had been phenotyped
previously for the Ful/Fu2 electrophoretic
polymorphism8 was analysed for the Q281R
polymorphism. Two persons who were homo-
zygous for the Fu2 allele were also homo-
zygous for the Q281R allele. Conversely four
persons who were homozygous for the Ful
allele did not have the Q281R allele. Two
heterozygotes for the FulI/Fu2 polymorphism
were heterozygous for the Q281R allele. A
fucosidosis patient homozygous for the
Q281R polymorphism (lanes 2 and 3 in fig
2) had the PvuII-BgI[ haplotype, 2-2, 2-2.
The frequency of the Q281R allele was 0-38
both in 27 controls and in 11 patients with
fucosidosis. A frequency range of 0-27-0-50
at a confidence limit of 95% is predicted
for the Q281R allele in the population from
analysis of this sample. A frequency of 0-25
was obtained for a smaller sample analysed
previously."4 The frequency of the Fu2 allele
ranges from 0-05 in American blacks to 0-36
in northern Europeans, with a mean value of
0-28 for all the samples analysed.'5
The complete concordance of the DNA

genotypes and protein phenotypes together
with the fact that the glutamine to arginine

substitution causes an increase in positive
charge supports the notion that Q281R is
the causative substitution for the Ful/Fu2
polymorphism. The Q281R polymorphism
was discovered during mutation analysis of
patients with fucosidosis. It was originally
thought to be a disease-causing mutation,
because of the nature of the resulting amino
acid change. Although the mutation does
affect the electrophoretic mobility of the en-

zyme it does not appear to affect its catalytic
function. This illustrates the importance of
checking the normal population for sequence
changes found in patients and for relating
them to known phenotypic variations.

We thank the Child Health Research Appeal Trust
for a postgraduate studentship for HC, USPHS for
NIH grant NS0862 to JS and Training Grant DK
07318 to HCS, and Dr P Johnson for supplying
some of the DNA.

HELEN CRAGG
BRYAN WINCHESTER

Division of Biochemistry and Genetics,
Institute of Child Health,

University of London,
30 Guilford Street,

London WCIN IEH, UK
HEE-CHAN SEO
JOHN O'BRIEN

Department of Neurosciences and Centre for
Molecular Genetics,

University of California,
San Diego, School of Medicine,

La Jolla,
California 92093, USA.
DALLAS SWALLOW

MRC Human Biochemical Genetics Unit,
The Galton Laboratory,

University College London,
London NWI 2HE, UK

1 Durand P, Borrone C, Della Cella G. Lancet
1966-ii: 1313-4.

2 Willems PJ, Gatti R, Darby JK, et al. Fucosidosis
revisited: a review of 77 patients. Am J Med
Genet 1991;38:111-31.

3 Robinson D, Thorpe R. Human liver v-L-
fucosidase. Clin Chim Acta 1973;47:403-7.

4 Alhadeff, JA, Miller AL, Wenaas H, Vedrick T,
O'Brien JS. Human liver a-fucosidase: puri-
fication, characterization and immuno-
chemical studies. J Biol Chem 1975;230:
7106-13.

5 Fowler ML, Nakai H, Byers MG, et al. Chro-
mosome 1 localization of the human a-L-
fucosidase gene with a homologous site on
chromosome 2. Cytogenet CeUl Genet 1986;43:
103-8.

6 Carritt B, Welch HM. An a-fucosidase pseudo-
gene on human chromosome 2. Hum Genet
1 987;75:248-50.

7 Turner BM, Beratis NG, Turner VS, Hirschorn
K. Polymorphism of human a-L-fucosidase.
Am JHum Genet 1975;27:651-61.

8 Corney G, Fisher RA, Cook PJL, Noades J,
Robson B. Linkage between a-fucosidase and
rhesus blood group. Ann Hum Genet 1977;40:
403-4.

9 Occhiodoro T, Beckmann KR, Morris P, Hop-
wood J. Human oa-L-fucosidase: complete cod-
ing sequence from cDNA clones. Biochem
Biophys Res Commun 1989;164:439-45.

10 Kretz KA, Cripe D, Carson GS, Fukushima
H, O'Brien J. Structure and sequence of the
human a-L-fucosidase gene and pseudogene.
Genomics 12:276-80.

11 Darby JK, Willems PJ, Nakashima P, et al. Re-
striction endonuclease analysis of the struc-
tural a-L-fucosidase gene and its linkage to
fucosidosis. AmJHum Genet 1988;43:749-55.

12 Kretz KA, Darby JK, Willems PJ, O'Brien JS.
Characterization of EcoRl mutation in fucos-
idosis patients; a stop codon in the open read-
ing frame. J Mol Neurosci 1989;1: 177-80.

13 Williamson M, Cragg H, Grant J, et al. A 5'
splice site mutation in fucosidosis. J Med Genet
1993;30:218-23.

14 Seo HC, Willems PJ, Kretz KA, Martin BM,
O'Brien JS. Fucosidosis: four new mutations
and a new polymorphism. Hum Mol Genet
1 993;2:423-29.

15 Willems P. Fucosidosis: from patient to gene. PhD
thesis, University of Antwerp, 1990.

660'

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.31.8.659-a on 1 A
ugust 1994. D

ow
nloaded from

 

http://jmg.bmj.com/

