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Recurrence of Wolf-Hirschhorn
syndrome owing to a
submicroscopic 4p deletion
detected prenatally by
molecular analysis
J A GOODSHIP, A CURTIS, I CROSS,
J BROWN, J WOLSTENHOLME,
J BURN, S S BHATTACHARYA

Department of Human Genetics, Newcastle
upon Tyne.

Wolf-Hirschhorn syndrome (WHS) is a
clinical pattern associated with deletions of
the tip of the short arm of chromosome 4.
Affected children are mentally retarded,
growth retarded, and dysmorphic. The dia-
gnosis was suspected in a 2 year old girl with
developmental delay, height and weight on
the third centile, and subtle dysmorphic
features. However, cytogenetic analysis of
the child and her parents was normal. Analy-
sis using DNA probes from 4pter showed
apparent non-maternity indicating a submic-
roscopic deletion. A maternal copy of F5.53
(E Bakker) was present localising the pheno-
type to monosomy for genes distal to D4S1O.
The couple started a second pregnancy and
were offered chorion villus biopsy. The fetus
had no maternal copy of probes distal to
D4S10 and the pregnancy was terminated.
Fluorescent in situ hybridisation using
probes from the D4S1O locus has shown that
the mother carries a 4;10 translocation. Five
other cases of WHS have been referred to us
where the chromosome 4 deletion was not
identified on the first karyotype. In four of
these the deletion is now known to be the
unbalanced form of a familial translocation
and hence had a high recurrence risk. An
apparently normal karyotype in a child with
features of Wolf-Hirschhorn syndrome is an
indication for further molecular genetic
analysis.

Imprinting: a mechanism in
tuberous sclerosis?
R F MUELLER, C FALCONER

Department of Clinical Genetics, The
General Infirmary at Leeds.

Tuberous sclerosis (TS) is an autosomal
dominant disorder known to show variable
expressivity and reduced penetrance. It has
recently been suggested that evidence of
genomic imprinting might be expected in TS
on the basis of maternal imprinting occurring
in the region of the mouse chromosome
homologous to the region of the human chro-
mosome 9cen-q34, the probable location
of one of the gene(s) responsible for TS.
In addition, both maternal and paternal
imprinting is seen in the region of the mouse
chromosome homologous with the other re-

gion of the human chromosome, 11 ql 3-q2 1,
which is the likely location of another gene
responsible for TS in some families. We have
reviewed the records of all the families seen
in the clinics of the Yorkshire Regional Gen-
etics Service with a diagnosis of tuberous
sclerosis over the last six years. A complete
screening protocol carried out on both par-
ents of 27 apparently sporadically affected
families identified one of the parents to have
features of TS in nine in which the proband
could be described as being severely affected
by virtue of having fits and mental retarda-
tion, the former often being intractable and
the latter usually being moderate to severe.
In six out of these nine, the mother had
findings consistent with having the gene for
TS. In addition, in five families in which the
family history at the time of presentation
showed the disorder to be obviously familial,
nine out of the 10 persons with TS were
severely affected and all of these inherited the
TS gene from their mother. In a sixth family
in which the disorder affected 17 subjects in
four generations, all but one person were
mildy affected (that is, absence of fits or
mental retardation), the gene having been
passed on by the mother in 12 instances and
by the father in four. We suggest that
genomic imprinting may be an important
mechanism determining the expression and
penetrance of the TS gene(s) and may be an
important factor to consider when counsel-
ling couples about the recurrence risk in
further offspring and should be considered as
further evidence of genetic heterogeneity in
linkage studies.

Linkage studies in spinal
muscular atrophy
KAREN E MORRISON*, RACHAEL J
DANIELS*, G SUTHERS*,
M J FRANCIS*, G A FLYNN*,
V DUBOWITZt, K ZERREST,
J IGNATIUS§, KAY E DAVIES*

*Molecular Genetics Group, Institute of
Molecular Medicine, J7ohn Radcliffe
Hospital, Oxford OX3 9DU; tDepartment of
Paediatrics, Royal Postgraduate Medical
School, Hammersmith Hospital, London
W12; tInstitute of Human Genetics,
University of Bonn, Germany; §Department
of Medical Genetics, Vaestolitto, Kalvankatu
16, SF-00100 Helsinki, Finland.

Childhood onset proximal spinal muscular
atrophy is a disorder characterised by select-
ive loss of the cell bodies of the alpha moto-
neurons of the spinal cord. Three forms can
be distinguished on the basis of severity of
disability and age at which such disability
manifests. All three types show autosomal
recessive inheritance and have been mapped
by linkage analysis to probes at 5ql 1.2-

q13.3, between D5S6 and D5S39 (Brustow-
icz LM, et al. Nature 1990;344:540-1; Melki
J, et al. Nature 1990;344:767; Gilliam TC, et
al. Nature 1990;345:823; Melki J, et al. Lancet
1990;336:271). We have expanded the original
linkage analysis by the use of a highly poly-
morphic (dC-dA).(dG-dT)n repeat associated
with D5S12, a locus which lies between
DSS6 and D5S39. This repeat, defined by
primers JK53CAl and JK53CA2, was iso-
lated from a plasmid library constructed from
an 850 kb YAC containing DSS112. PCR
screening of 132 unrelated CEPH subjects
yields 12 alleles, with a heterozygosity of
77%. Typing in 31 SMA pedigrees shows no
evidence of linkage disequilibrium of any
allele with the disease. We have also screened
CEPH and SMA pedigrees with microsatel-
lites from the D5S39 locus (D5S204) and
D5S25, which maps telomeric to DSS6.
Multipoint anlaysis gives the most likely
order as: cen-DSS6-DSS125-(JK53CAl/
2,DSS112)-(DSS39,DSS204)-tel. The SMA
locus lies in the region between DSS6 and
JK53CA1/2,DSS112. In situ analysis of cos-
mids from the flanking markers confirms the
order from genetic studies.

Emery-Dreifuss muscular
dystrophy: progress in gene
mapping
J P WARNER, J R W YATES,
N A AFFARA, M LEVERSHA,
I HAUSMANOWA-PETRUSEWICZ*,
J ZAREMBAt, J BORKOWSKA*,
A W JOHNSTONt, F DEYMEER§,
M E FERGUSON-SMITH,
M A FERGUSON-SMITH

Department of Pathology, University of
Cambridge; *Department of Neurology,
Medical Academy, Warsaw; tDepartment of
Genetics, Psychoneurological Institute,
Warsaw; tDepartment of Genetics,
University of Aberdeen; §Department of
Neurology, Faculty of Medicine, University
of Istanbul.

Emery-Dreifuss muscular dystrophy
(EMD) is characterised by (1) early contrac-
tures of the Achilles tendons, elbows, and
spine; (2) slowly progressive muscle wasting
and weakness with a predominantly humeral
and peroneal distribution; and (3) cardio-
myopathy with cardiac conduction defects
and risk of sudden death. Inheritance is
usually X linked recessive but can be autoso-
mal dominant. Studies in five X linked pedi-
grees confirm our earlier report of linkage to
Xq28 markers (7 Med Genet 1986;23:587-90)
and put EMD distal to St14 (DXS52) and
very close to the factor VIII coagulant gene
locus, F8C (lod score 5 02 at zero recombina-
tion). Additional families are being sought to
provide the linkage data needed to refine the
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genetic mapping further. Physical mapping
of the target region is in progress and a
500 kb cosmid contig encompassing F8C has
been constructed using a new method for
YAC subcloning. This work is supported by
the Muscular Dystrophy Group of Great
Britain.

New evidence on the position of
the WS1 locus
A P READ, P SINCLAIR,
K TURNBULL, C A FOY,
V E NEWTON
Department of Medical Genetics and Centre
for Audiology, University of Manchester.

Our reported linkage between Waardenburg
syndrome type 1 (WSI) and placental alka-
line phosphatase (ALPP) has been con-
firmed. No other marker on 2q shows clear
linkage to WS1. ALPP had been mapped to
2q37 by radioactive in situ hybridisation.
Fluorescent in situ hybridisation using an
ALPP cosmid gave a strong signal at 2q37,
and a secondary signal around 2q35. There
are several highly homologous alkaline phos-
phatase genes on distal 2q. We report a boy
who has de novo WSJ and a de novo deletion
2q34q26.2, with growth retardation and
severe mental retardation. He is heterozy-
gous for an ALPP polymorphism, suggest-
ing that one breakpoint lies very near to the
WSI locus. A previously reported child had
WSI and inv(2) (q35q37.3). In our boy 2q37
is intact under the microscope. This suggests
the WSI and ALPP loci may lie at the 2q34-
q35 boundary. The deletion will be con-
firmed by DNA studies.

Genetic heterogeneity in
Fanconi anaemia?
R LEE, S JANSEN*, R MILNERt,
D FORD$, D EASTONt,
A HAJIANPOUR,
M MURER-ORLANDO, M BOBROW,
C MATHEW

Division of Medical and Molecular Genetics,
UMDS Guy's Hospital, London;
*University of the Orange Free State
Medical School, South Africa; tKing Faisal
Hospital, Riyadh, Saudi Arabia; tInstitute
of Cancer Research, Surrey.

Fanconi anaemia (FA) is a rare autosomal
recessive disorder associated with progres-
sive bone marrow failure, acute myeloid
leukaemia, and various developmental ab-
normalities. Mann et al have proposed that
FA is genetically heterogeneous, with one
FA gene being located on chromosome 20q.
We have typed 14 FA families with nine
linked markers from 20ql2-ql3.3 to invest-
igate this linkage further. The clinical dia-
gnosis of FA was confirmed by showing
increased sensitivity of lymphocytes to the
clastogenic agents diepoxybutane or mito-
mycin C. A lod score of +2-36 (0=0001)
was obtained with a microsatellite polymor-
phism in the adenosine deaminase gene in a
single consanguineous family. The highest
total lod score obtained for all families was
with ADA (Z=1-64,I A-010) and multi-
point analysis excluded all intervals between
the nine markers except for D20S16-D20S4.
The data indicate that the disorder is likely to
be genetically heterogeneous, and that there
may be two linked FA loci on chromosome
20q.

Non-syndromic cleft lip and
palate and transforming growth
factor alpha: association and
linkage studies
G M VINTINER*, S E HOLDERt,
S MALCOLM*, R M WINTERt

*Molecular Genetics Unit, Institute of Child
Health, 30 Guilford Street, London
WCIN IEH; tKennedy-Galton Centre,
Northwick Park Hospital, Watford Road,
Harrow, Middlesex HAI 3UJ.

Cleft lip with or without cleft palate (CL/P)
is one of the commonest serious craniofacial
malformations with an incidence of about 1
in 1000 livebirths. Various modes of inherit-
ance have been proposed in the past, includ-
ing polygenic inheritance with autosomal
dominant or autosomal recessive major gene
effects. Indeed, several families exist where
CL/P appears to be inherited as an autosomal
dominant trait. Recent studies have attempted
to identify major genes and Ardinger et al
(Am Jf Hum Genet 199 1;43:348) reported an
association between RFLPs around the
TGFA gene and CL/P. To confirm this
association, 57 unrelated British Caucasian
subjects with non-syndromic CL/P and 60
controls were studied. Also, eight families
with three or more affected members were
ascertained for linkage studies using TGFA.
We have found a similar significant associ-
ation between the TaqI polymorphism at the
TGFA locus and the occurrence of clefting
(XI = 15, p < 0-001). However, no association
was found with the two other RFLPs studied
(BamHI and RsaI). Haplotypes derived from
the three RFLPs at the TGFA locus showed
an over-representation ofthe C2A2B2 haplo-
type (41% of the total X2), in cases compared
with controls. A similar over-representation
was found by Ardinger et al. Linkage analy-
sis using a model of an autosomal dominant
gene with 80% penetrance, was carried out
between TGFA and familial CL/P. The re-
sults showed no evidence of linkage between
TGFA and CL/P (z = -10-1, 0 =Q 0). These
results support the suggestion that TGFA is
a major gene involved in the development of
orofacial clefting. The over-representation of
the C2A2B2 haplotype in American and
British clefted persons suggests that a muta-
tion may have occurred in a common ances-
tral gene. One explanation for the absence of
linkage in our CL/P families may be that
TGFA is involved in sporadic rather than
familial cases. Linkage studies using various
other candidate genes and probes from loci
implicated in CL/P are currently under way.

Localisation and identification of
the gene for Marfan syndrome
R DEL MASTRO*, A CHILDt,
P FARNDON*, M SARFARAZIt,
P TSIPOURASt, M W KILPATRICK*

*Department of Clinical Genetics, University
of Birmingham; tDepartment of
Cardiological Sciences, St George's Hospital
Medical School; JDepartment of Pediatrics,
University of Connecticut Health Center,
USA.

Marfan syndrome (MFS) is an autosomal
dominant connective tissue disorder that has
an estimated prevalence of 4 to 6 per 100 000
persons, with 25% of cases resulting from
new mutations. The condition is character-
ised by abnormalities of the eye, aorta, and

skeleton, is clinically heterogeneous, and
shows great intrafamilial variability of
expression. Recently, linkage analysis has
shown a locus for MFS on chromosome 15.
Fibrillin, a glycoprotein of the microfibrillar
fibre system, is found in all tissues involved
in MFS and immunohistochemical studies of
cultured fibroblasts from MFS patients have
shown defects in the synthesis, secretion, or
extracellular assembly of fibrillin in 70% of
cases. At least two fibrillin genes have been
identified, one of which has been localised to
15q21.3 (Fib15) and the other to 5q23-q31
(Fib5). To test Fibl5 as a candidate gene for
MFS, linkage analysis of 27 classically affec-
ted Marfan families was performed, using
VNTR markers within the Fibi5 and Fib5
genes. No recombinants were observed
between Fibl5 and the MFS phenotype, and
a maximum lod score of 24-85 at 0=0 was
obtained. In contrast, discordant segregation
was observed with Fib5 excluding Fib5 as a
candidate gene. This strongly suggests that
Fibi5 is the MFS gene and that there is no
genetic heterogeneity, in spite of the variable
clinical manifestations. Four families who
have ectopia lentis without any skeletal or
aortic manifestations characteristic of MFS
were also typed with the Fib5 and Fibi5
markers. No recombinants were observed
with Fibl5 and a maximum lod score of 3-61
at 0= 0 was obtained. Discordant segregation
was observed with Fib5.

Genotype prediction in the
fragile X syndrome using the
new DNA marker Oxl.9
M C HIRST, Y NAKAHORI,
S J L KNIGHT, C SCHWARTZ*,
S N THIBODEAUt, J M CONNORt,
J-P FRYNS§, U FROSTER-ISKENIUSII,
A ROCHE, T J FLINT, K E DAVIES

Molecular Genetics Group, Institute of
Molecular Medicine, John Radcliffe
Hospital, Oxford; *Greenwood Genetic
Center, Greenwood, South Carolina, USA;
tMayo Clinic, Rochester, USA; ,Duncan
Guthrie Institute of Medical Genetics,
Glasgow; §Division of Human Genetics,
University Hospital Gathuisberg, Leuven,
Belgium; IiLubeck Medical University,
Lubeck, Germany.

The fragile X syndrome is the commonest
inherited cause of mental retardation and is
associated with the expression of a fragile site
at Xq27.3 when lymphocytes are grown
under conditions of thymidine stress. We
have recently shown that fragile X affected
males are hypermethylated in a region near
the fragile site so providing evidence for the
role of genomic imprinting as predicted by
Laird. Using a DNA probe adjacent to this
imprinted locus (Oxi.9) we have shown that
7/7 normal transmitting males and 136/143
(95%) fragile X positive, mentally retarded
males also have an insertion or amplification
of DNA sequences in this region, owing to
varying numbers of a CGG trinucleotide
repeat. This can be detected by Southern
blot analysis as a restriction fragment of
increased molecular weight. Three percent of
affected males show a normal fragment in
addition to the mutated one. These subjects
are assumed to be mosaic for the amplifica-
tion event. Two percent show no evidence of
the amplification event and are either
extreme mosaic subjects or could be muta-
tions elsewhere in this region. Detection of
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mutated fragments in carrier females is more
variable and it is not possible to predict the
phenotype from the genotype. Analysis by
PstI digestion and hybridisation to the DNA
probe OxO.55 identifies a small fragment
crossing the region where mutations are oc-
curring. Analysis of this fragment, therefore,
allows a more accurate analysis of the inser-
tion/amplification event. Normal subjects
have alleles containing between two and 50
copies of the CGG repeat. This is increased
to between 55 and 125 copies in normal
transmitting males, and still further in affec-
ted males. Carrier females generally have
mutant alleles in and above the normal trans-
mitter range. These alterations can also be
detected by CV material, allowing a molecu-
lar analysis to be carried out for prenatal
diagnosis alongside routine cytogenetic in-
vestigation.

Modification of risk in von
Hippel-Lindau disease with
flanking DNA markers
E R MAHER, S HOSOE*, E BENTLEY,
F LATIF*, J R W YATES,
M LINEHANt, S PAYNE, D BARTON,
G GLENN*, N A AFFARA,
M LERMAN*, B ZBAR*,
M A FERGUSON-SMITH
Cambridge University Department of
Pathology; *National Cancer Institute,
Frederick, USA; tNIH, Bethesda, USA.

Von Hippel-Lindau disease is a dominantly
inherited cancer syndrome with variable
expression. Major complications include
retinal, cerebellar, and spinal haemangio-
blastomas, renal cell carcinoma, and phaeo-
chromocytoma (Maher et al. Q J Med 1990;
77:11512). We have previously identified
linked DNA markers which flank the VHL
locus (Hosoe et al. Genomics 1990;8:634-40;
Maher et al. Genomics 1991;1O:957-60) in a
total of 47 families. To determine accurate
estimates of marker recombination frequen-
cies (and confidence limits) and to exclude
locus heterogeneity, we have analysed the
genetic linkage data on these 47 families
using common age at onset data (Maher et al.
J Med Genet 1991;28:443-7). Significant lin-
kage was detected with RAFI (Zmax= 19 0
at 0=0-06, CI 0 02-011), D3S18
(Zmax = 32-5 at 0 = 0-02, CI 0 005-006), and
D3S191 (Zmax=8 9 at 0=0 09, CI 0-03-
0-17). Formal heterogeneity testing gave no
evidence of locus heterogeneity. These re-
sults were used to predict the risk of 15 at risk
relatives from a further 11 families with
suitable structure, studied in Cambridge.
The combined use of DNA marker and age
at onset data (Maher et al. J Med Genet
1991;28:443-7) enabled the risk for 7/15 sub-
jects to be reduced to <2%. This approach
will increase the efficiency of screening in
VHL disease by concentrating resources for
screening on high risk subjects.

Trisomy in haematological
malignancy. A United Kingdom
Cancer Cytogenetics Group
(UKCCG) Collaborative Study
M FITCHETT

Oxford Regional Cytogenetics Laboratory,
Churchill Hospital, Oxford.
There are many well established associations
between acquired cytogenetic abnormalities

and haematological malignancies. In order to
gain further information regarding the clin-
ical significance of acquired, single trisomies
as primary neoplastic events, the UKCCG
collected data from contributing laboratories
over a three year period. A total of 74 cases
was recorded (excluding cases of trisomy 8
in myeloid disorders and trisomy 12 in
lymphoid malignancy, where the non-ran-
dom findings are undisputed). The majority
of cases were reported in diseases of myeloid
lineage. The most common trisomies to be
reported were for chromosomes 21, 11, 9,
and 13. The occurrence of trisomy 21, 13,
8, and 9 as constitutional abnormalities
suggests that there may be common factors
involved in induction of non-disjunction.
If the trisomic state is involved in the
pathogenesis of leukaemia, its effect may be
because of (1) extra doses of gene products,
(2) homozygosity for a recessive gene which
confers a proliferative advantage on the cells,
(3) isodisomic diploid cells which have lost
the normal homologue present in the original
trisomic cell line. Further effort is required
to elucidate the causes and effects of trisomy
in both constitutional and acquired con-
ditions.

Towards the single cell
molecular diagnosis of fetal
disorders
P DAVIES, T HOY, D TURNER,
A CLARKE

Departments of Medical Genetics and
Haematology, University of Wales College of
Medicine, Cardiff.

Three requirements must be met for single
cell fetal diagnosis to be achieved: a source of
fetal cells, proof that such cells are fetal, and
a diagnostic test that operates on single cells.
We use fluorescence activated cell sorting to
enrich for glycophorin positive, transferrin
positive cells from the mononuclear cell layer
derived from maternal peripheral blood that
has already been depleted of T lymphocytes
and monocytes. Such cells have the charac-
teristics expected of fetal nucleated erythro-
cytes. Single cells of fetal or polar body
origin may also be obtained from the manip-
ulation of human oocytes or pre-embryos.
We believe that the origin of single cells
should be proven if their molecular analysis
is to be used diagnostically, whether the cells
are obtained by sorting from matemal blood
or by microdissection from in vitro concep-
tions. We have developed a multiplex poly-
merase chain reaction (PCR) approach to
achieve this, based on the identification of
autosomal and sex chromosome polymor-
phisms. This approach can be augmented for
the PCR diagnosis of Mendelian genetic dis-
ease. We hope to incorporate the study of
chromosome 21 polymorphisms to provide
an exclusion test for most trisomy 21 concep-
tions.

The use of preserved tissue DNA
from deceased relatives to
establish phase in familial
adenomatous polyposis (FAP)
families
D G MORTON, F MAcDONALD,
M B CACHON-GONZALES*,
P M RINDL,

J D A DELHANTY*,
J P NEOPTOLEMOS, M KEIGHLEY,
M HULTEN, M KILPATRICK,
C McKEOWN

Regional Genetics Service and Department of
Surgery, Birmingham; *The Galton
Laboratory, University College London.

Of the first 47 FAP families identified
through the West Midlands Polyposis Regis-
ter, only 17 had suitable pedigrees for
predictive diagnosis by RFLP analysis. Fif-
teen pedigrees were uninformative because
of the early death of critical affected family
members. We set out to evaluate the use of
DNA extracted from paraffin wax preserved
tissue to establish phase in these families.
Standard RFLP analysis did not give easily
interpretable results, because of the degraded
nature of the preserved tissue DNA. How-
ever, these problems can be overcome by the
use of PCR. Two sets of primers across
polymorphisms proximal to the FAP gene
locus (a 4bp deletion in ClIPlI and a ca
repeat sequence in ECB27) were available for
study. Preserved tissue DNA results have
been evaluated in leucocyte and preserved
tissue derived DNA from four living affected
family members as controls. Six preserved
tissue samples from dead affected family
members have been investigated. All pre-
served tissue DNA successfully amplified
with both sets of primers. Results derived
from the preserved tissue of the controls
correlated unequivocally with the leucocyte
DNA in all cases. Of the six families so far
investigated, phase has been successfully
established in four by the use of preserved
tissue DNA. This technique has the poten-
tial to double the number of FAP families in
our region who could benefit from DNA
analysis.

A study of P thalassaemia
mutations in Asian Indians
N Y VARAWALLA, J M OLD,
D J WEATHERALL

Institute of Molecular Medicine, Jtohn
Radcliffe Hospital, Oxford.

The P thalassaemia mutations in 708 un-
related disease carriers originating from
various parts of the Indian subcontinent
were characterised using allele specific PCR
(polymerase chain reaction). The strategy
used was first to screen all subjects for the
five most common 13 thalassaemia mutations
that have been described in studies on
the immigrant Asian Indian population. The
uncharacterised subjects were then screened
for the five rare mutations described in these
studies. The subjects that still remained
uncharacterised were further studied by
direct DNA sequencing of their amplified ,B
globin genes. Once a mutation was identified
by sequence analysis, an allele specific primer
was synthesised and used to screen the
remaining uncharacterised subjects for the
presence of this mutation. A total of seven [
thalassaemia mutations was identified by
DNA sequence analysis, five of which had
been previously described in other popula-
tions. The newly identified mutations were
a T-G substitution at IVS-2 position 837,
which probably creates an alternative accep-
tor splice site and a T insertion in codon 88,
which results in a shift in the reading frame
to create a premature stop codon. A total of
16 [ thalassaemia mutations was identified
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and in order to form a strategy for prenatal
diagnosis by direct detection of mutations
they could be divided into three groups
according to their incidence. The first group
consisted of IVS-1 position 5 (G-C),
the 619 bp deletion, codons 8/9 (+ G),
IVS-1 position 1 (G-T), and codons 41/42
(-CTTT) which accounted for 93% of the
a thalassaemia alleles in this population. A
regional variation in the distribution of these
mutations was observed with the codons 8/9
(+ G) mutation being predominant in north-
west Pakistan and the 619 bp deletion and the
IVS-1 position 1 (G-T) mutation being
mainly prevalent in the neighbouring regions
of Sindh, Gujarat, and Punjab. The second
group which included codon 15 (G-A),
codon 5 (-CT), IVS-1 minus 1 (G-C), codon
16 (-C), and IVS-2 position 837 (G-T)
accounted for 5-7% of all ,B thalassaemia
genes, and the last group consisted of cap
site + 1 (A-C), IVS-2 position 1 (G-A), IVS-
1 position 110 (G-A), IVS-1 minus 1 (G-A),
-88 (C-T), and codon 88 (+ T) which
accounted for 1-5% of all alleles. This com-
prehensive description of the spectrum of a
thalassaemia mutations in the Asian Indian
population will be valuable for prenatal dia-
gnosis of the disease.

A 1-6 Mb YAC contig at the FAP
locus (5q21-q22) contains the
genes for MCC and APC
PHILIP J HEDGE*, D McKECHNIE*,
J RILEY*, A GAMMACK*,
R FINNIEAR*, J ELLSTON*,
K KINZLERt, B VOGELSTEINt,
Y NAKAMURAt, A F MARKHAM*

*ICI Pharmaceuticals, Alderley Park,
Macclesfield, Cheshire; tJtohns Hopkins
School of Medicine, Baltimore, MD;
tCancer Institute, Toshima-Ku, Tokyo,
_Japan.
Evidence from loss of heterozygosity in spor-
adic colorectal tumours and genetic linkage
studies in familial adenomatous polyposis
(FAP) families has previously shown the
presence of a putative tumour suppressor
gene, involved in both sporadic and heredit-
ary colon cancer, on chromosome 5q21. The
markers YN5.48 and YN5.64 are known to
be markers close to and flanking the FAP
gene and recent data indicate that the anony-
mous markers L5.79 and EF5.44 also flank
the gene and are internal to these. We have
constructed six contigs of yeast artificial
chromosomes (YACs), totalling approxim-
ately 5-5 Mb of genomic DNA, from between
YN5.48 and YN5.64. One contig of 1-6 Mb
spans the two markers L5.79 and EF5.44. By
using the YACs to screen cDNA libraries we
have shown that there are at least four genes
within this contig. Two of these genes, MCC
(mutated in colorectal cancer) and APC
(adenomatous polyposis coli), have been
shown to be involved in colorectal cancer
and one (APC) is the gene for FAP.

Identification of point mutations
in the dystrophin gene by PCR
analysis of ectopic transcripts
ROLAND G ROBERTS, MARTIN
BOBROW, DAVID R BENTLEY

Paediatric Research Unit, Guy's Hospital,
London.

Using a system for amplifying the entire
coding sequence of the dystrophin gene from
ectopic transcripts found in peripheral blood
lymphocytes, we have isolated microgram
quantities of cDNA from a representative set
of blood samples from six Duchenne muscu-
lar dystrophy patients with no detectable
rearrangements (which represent 30% of
cases). These have been efficiently screened
for sequence variation by chemical mismatch
detection and direct sequencing, yielding
polymorphisms, rare neutral variations, and
a candidate deleterious mutation in each
case. This approach will allow direct dia-
gnosis to be applied to virtually all cases of
DMD and BMD, and give unequivocal car-
rier diagnosis in female relatives. It will also
improve functional dissection of the dystro-
phin protein through study of genotype/phe-
notype correlations.

A comparison of approaches
used in community screening
for Tay-Sachs carriers
IAN H ELLIS, ELEANOR
C LANDELS, ADEBAYO OLADEMEJI,
DEBBIE SEEDBURGH, ANTHONY
H FENSOM, THERESA M MARTEAU,
MARTIN BOBROW

Department of Medical and Molecular
Genetics, Guy's Hospital Medical School,
London SEJ 9RT.

In the course of offering a national screening
service for Tay-Sachs disease, 200 people
completed questionnaires, before and after
undergoing carrier testing. Subjects were
recruited from two sources: (1) from those
seen individually at a genetic counselling
clinic, and (2) people attending a mass public
screening who did not receive individual
pretest counselling. This study shows that
carrier screening, even during pregnancy,
does not raise anxiety levels as long as
a normal result is obtained. Measuring
people's knowledge levels indicate that mass
community screening can increase people's
understanding of recessive inheritance when
compared to individual counselling. Mass
screening always runs the risk of drawing in
people who are uninformed and unprepared.
Before screening 33% of people said that
even if they were not a carrier themselves,
they would be concerned or prefer not to
marry a carrier. After receiving a normal
result this concerned proportion remained at
23%. There may be adverse labelling of
carriers and the possibility of creating a
stigmatised group of single carriers argues
for caution before screening teenagers and
young adults.

Behavioural analysis of
congenital abnormalities
PETER G HEPPER*, SARA
SHAHIDULLAHt

*School of Psychology and tDepartment of
Obstetrics and Gynaecology, The Queen's
University of Belfast, Belfast BT7 INN.

The study of the behaviour of the fetus may
have an important role to play in the prenatal
diagnosis of handicap and congenital abnor-
malities. Although recent years have seen
advances in biomedical technology which
have enabled an increasing number of con-

ditions to be diagnosed prenatally, these
techniques have drawbacks in that they are
unable to determine the severity of impair-
ment and are expensive and involve risks in
obtaining material for analysis which prevent
their use as a general screening tool. This
paper argues that the behaviour of the fetus
directly reflects its neural integrity and thus
examination of fetal behaviour provides a
means for the neurological assessment of the
fetus. Furthermore, this assessment enables
the severity of an abnormality to be deter-
mined. The paper presents a number of
illustrations ofhow the behaviour of the fetus
can be used to determine the presence and
severity of an abnormality. First, the spon-
taneous behaviour of normal fetuses is com-
pared to fetuses suffering from trisomy 18,
spina bifida, and anencephaly to show how
the patterning, quantity, and quality of
movements differ. Second, the habituation
performance of trisomy 21 fetuses is pre-
sented showing how this does not overlap
with that of normal fetuses and how the
number of habituation trials of these fetuses
may predict outcome after birth. The paper
concludes that fetal behaviour may have an
important role in screening before further
investigations and is able to determine the
severity and presence of an abnormality.

Oromandibular hypogenesis
syndromes, limb reduction
defects, and chorion villus
sampling
H V FIRTH, P A BOYD,
P CHAMBERLAIN, I Z MAcKENZIE,
R H LINDENBAUM, S M HUSON

Department of Medical Genetics, Churchill
Hospital, Oxford OX3 7LJ, and Nuffield
Department of Obstetrics and Gynaecology,
J7ohn Radcliffe Maternity Hospital, Oxford
OX3 9DU.

We have recently reported on four babies
with oromandibular-limb hypogenesis syn-
dromes among 289 pregnancies in which
chorion villus sampling (CVS) was carried
out at 55 to 66 days' gestation (Firth et al.
Lancet 1991;337:762-3). A fifth baby had a
transverse limb reduction defect. Estimates
of the birth prevalence of these defects de-
rived from the British Columbia registry are
0-057/10000 livebirths for oromandibular-
limb hypogenesis syndromes and 1-8/10 000
livebirths for transverse limb reduction de-
fects. This high incidence raised the possib-
ility that CVS was the cause of the severe
abnormalities in these pregnancies. A further
four babies with oromandibular-limb hypo-
genesis syndromes after CVS at 8 to 9-5
weeks' gestation have subsequently been
reported (Mastroiacovo and Cavalcanti,
Hsieh et al. Lancet 1991;337:1091-2; Miny et
al. Lancet 1991;338:1423-4; Firth et al. Lan-
cet 1991;338:51) and a fifth case has been
brought to our attention (Burton, personal
communication) providing strong evidence
for an association between oromandibular-
limb hypogenesis and early CVS. Following
our report some centres have also found an
increased incidence of limb reduction defects
whose mothers have undergone first trimes-
ter CVS (Mastroiacovo and Cavalcanti,
Hsieh et al. Lancet 1991;337:1091-2; Burton,
personal communication). Others have not
found an increased incidence (Monni et al.
Lancet 1991;337:1091; Mahoney, Jackson et
al. Lancet 1991;337: 1422-3). The correlation
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between timing of CVS and the severity of
defects, earlier CVS (8 to 9 weeks) with
major limb reductions (Hsieh et al), and later
CVS (10 to 11 weeks) with digital reduction
defects (Burton, personal communication) is
further evidence that CVS may have an

aetiological role in these abnormalities.

Familial transmission of outflow
tract defects of the heart
D I WILSON*, J A GOODSHIP*,
I C CROSS*, A C CAREYt,
P J SCAMBLERt, C DAVISONt,
J BURN*

*Department of Human Genetics, Newcastle
upon Tyne; tSt Mary's Hospital, London;
tAddenbrooke's Hospital, Cambridge.

We present four families with transmission
of outflow tract defects of the heart. Family
A includes three children, one with a

membranous VSD, one with aortic coarc-

tation, and one with interrupted aortic arch
who also had DiGeorge syndrome. Family B
comprises a mother and son with tetralogy of
Fallot. In family C a mother with a patent
ductus arteriosus and right aortic arch has a

child with pulmonary atresia and a VSD and
also had a child with truncus arteriosus and
hypoparathyroidism who died. Family D in-
cludes a mother with a history of congenital
heart disease, the nature of which is uncer-

tain, and a child with pulmonary atresia and a

VSD. A cytogenetic interstitial deletion at

22ql 1 was found in all affected subjects and
the mother in family A. This was confirmed
by the deletion of a DNA probe from this
region HP500. In family B there was a visible
interstitial deletion at 22ql 1 in the son.

Molecular analysis showed a DNA deletion
in both the mother and the child using
HP500. In families C and D the affected
subjects had normal karyotypes but all had a

molecular deletion. Deletions at 22ql 1 are

known to be associated with DiGeorge syn-
drome. These families show that such dele-
tions are also associated with apparently iso-
lated congenital heart disease. Subjects with
such deletions represent a high risk group for
recurrence of congenital heart disease.

X linked ocular albinism: an

assessment of clinical methods
of carrier detection
S J CHARLES*, A T MOORE*,
J W GRANTt, J R W YATESt§,
J GREENHI

Departments of Ophthalmology*,
Histopathologyt, and Clinical Genetics$,
Addenbrooke's Hospital, Cambridge;
Department of Pathology, University of
Cambridge§, and the Memorial University of
Newfoundland, St John's, Newfoundland,
Canadall.

In families with X linked ocular albinism

(XLOA) carrier females may be identified by
the presence of iris translucency, characteris-
tic 'mud splattered' fundus appearance, and
the presence of macromelanosomes on skin
biopsy. However, in some families obligate
carriers may have normal irides and fundi.

We have assessed 17 families affected by
XLOA in the UK, together with an extensive
pedigree in Newfoundland, to determine the
relative values of clinical examination and
skin biopsy in carrier detection. Three
hundred and sixteen persons have been ex-
amined, including 73 affected males and 77
obligate heterozygotes; 93 5% of obligate
heterozygotes had a 'mud splattered' fundus
appearance with hyperpigmented streaks in
the periphery and 76% had marked iris
translucency. Skin histology showed macro-
melanosomes in 86%. Thirty-eight of 92
(41%) females at 50% risk of being gene
carriers had definite features of the carrier
state and 31 (34%) were unequivocably nor-
mal but a further 23 (25%) had mild retinal
pigmentary abnormalities, often with iris
transillumination defects, of uncertain signi-
ficance. In the UK families, 30 of 32 obligate
heterozygotes with affected sons were un-
aware of their carrier state before the birth of
the affected child and 16 of the 27 at risk
females with definite carrier signs (59%) had
been totally unaware of their carrier status
before being examined in this study. XLOA
is underdiagnosed within the population.
Fundus examination will detect most carrier
females but will not enable reliable genetic
counselling for all at risk females, even when
supplemented by skin biopsy.

Towards isolating the gene for
von Hippel-Lindau disease. I.
Genetic linkage analysis
E R MAHER, E BENTLEY, M PHIPPS,
J R W YATES, N A AFFARA,
F LATIF*, M LERMAN*, B ZBAR*,
B OOSTRAt, G TURNERt,
K H GUSTAVSON§, P ENBLAD§,
O EEG-OLOFFSON§, A M JENSENII,
S NORBYII, S SORENSENII,
C BENJAMIN¶r, R HARRIS11,
J S SAMPSONP, A WILLIAMSP,
M A FERGUSON-SMITH*

Cambridge University Department of
Pathology; NCI, Frederick*, Rotterdamt,
Leedst, Uppsala§, Copenhagenll,
Manchester¶f, CardiffP.

Von Hippel-Lindau (VHL) disease is a
dominantly inherited cancer syndrome with
a minimum incidence of 1/36 000 (Maher et
al. 7 Med Genet 1991;28:443-7). Major com-
plications include retinal, cerebellar, and
spinal haemangioblastomas, renal cell carcin-
oma, and phaeochromocytoma (Maher et al.
Q J Med 1990;77:1151). Clinical heteroge-
neity is apparent with interfamilial differences
in predisposition to phaeochromocytoma. We
have previously localised the VHL gene to a
10 cM interval distal to RAF1 and proximal
to (D3S191/D3S225) (Maher et al. Genomics
1991;1O:957-60). To further localise the VHL
gene we have performed genetic linkage stud-
ies in 36 families (156 affected patients). Sig-
nificant linkage was detected at D3S18 (Zmax
1092 at 0=002, CI =0001-007), D3S601
(9 61 at 0 = 0 00, CI = 0 00-0-04), and RAF1
(7-45 at 0=0 04, CI 0 005-0-13). Multipoint
linkage analysis gave the following order:
THRB-(RAFI,D3S732)-( VHL,D3S601)-
(D3S18)-(D3S191,D3S225). Formal hetero-
geneity testing with the HOMOG program

gave no evidence of locus heterogeneity. The
VHL disease locus maps close to D3S601 in
the interval (5 cM) between RAF1 and
D3S18. The accurate mapping and lack of
evidence for locus heterogeneity provide a
basis for further attempts to isolate and char-
acterise the VHL gene.

Towards isolating the gene for
von Hippel-Lindau disease. II.
Construction of a long range
physical map around the VHL
locus
M PHIPPS, E R MAHER, N A AFFARA,
E BENTLEY, F LATIF*, M LERMAN*,
B ZBAR*, M A FERGUSON-SMITH

Cambridge University Department of
Pathology; *National Cancer Institute,
Frederick, USA.

Von Hippel-Lindau (VHL) disease is a
dominantly inherited cancer syndrome with
a minimum incidence of 1/36 000 (Maher et
al. J Med Genet 1991;28:443-7). Major com-
plications include retinal, cerebellar, and
spinal haemangioblastomas, renal cell carcin-
oma, and phaeochromocytoma (Maher et al.
Q J Med 1990;77:11512). The VHL disease
gene has been mapped to 3p25-26 by genetic
linkage studies and flanking markers identi-
fied (Hosoe et al. Genomics 1990;8:634-40;
Maher et al. Genomics 1991;10:957-60). As
part of a programme to isolate and character-
ise the VHL gene we have constructed a long
range physical map around the VHL locus
using pulse field gel electrophoresis and in
situ hybridisation. The map contains four
loci linked to VHL disease (RAF1, D3S601,
D3S18, D3S732). Clustering of rare cutter
enzyme restriction sites suggesting a CpG
island was detected close to RAFI and
D3S18. The construction of a long range
physical map in the region of the VHL locus
will (1) provide a basis for screening affected
patients for deletions, and (2) facilitate the
mapping and ordering of DNA sequences
cloned from this region.

Closely linked polymorphic
probes for the predictive
diagnosis of familial
adenomatous polyposis
S COTTRELL, J SMITH,
S HODGSON, V MURDAY,
E SOLOMON, A-M FRISCHAUF,
W F BODMER

Imperial Cancer Research Fund, Lincoln's
Inn Fields, London.

Familial adenomatous polyposis (FAP) is an
inherited autosomal dominant disorder char-
acterised by the development of numerous
adenomatous polyps in the colon and rectum
with rapid progression to colon carcinoma at
an early age. The gene responsible has been
localised to 5q21-22 by linkage and several
probes have become available for presympto-
matic diagnosis. Twenty-five different famil-
ies from Leeds, Liverpool, and St Mark's
Hospital, London, have been analysed for
linkage using the probes pi227, Cllpl 1,
ECB27, YN5.48, and MC5.61. Results
obtained showed that none of these markers
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is closer than 3 cM to the disease although
the first three are proximal and the last two
distal. Seventy members of the youngest
generations of these families were looked at
for informativeness of the markers; 13%
were informative for the two closest flanking
markers but a further 37% were informative
for other flanking markers and only 7% were
not informative for any of the markers.
Recently five closer probes have been
obtained, CB83.6, EF5.44, L5.62, SW15,
and MCC40, the last two being from the
MCC (mutated in colon cancer) gene, close
to the recently published APC gene. They
are not very informative except for SW15
which was in 33% giving a very close marker.
The same RFLP can be seen more clearly
using L5.71. Now that the gene has been
isolated, any intragenic RFLPs and CA re-
peats will improve diagnosis until the indi-
vidual mutations in each family have been
identified.

Incidence and significance of
congenital hypertrophy of the
retinal pigment epithelium
(CHRPE) in familial
adenomatous polyposis coli
(FAPC)
E R MAHER, D J KOCH, A T MOORE,
S CHARLES, D GOUDIE,
J R W YATES, W EVERETT,
M A FERGUSON-SMITH

Cambridge University Department of
Pathology and East Anglian Familial
Colorectal Cancer Registry, Cambridge.

Most patients with FAPC have multiple
areas of CHRPEs, but the exact incidence
has varied between studies. We have studied
32 affected patients and 39 at risk relatives
from 29 kindreds with FAPC to determine
(1) incidence of CHRPEs and evidence for
interfamilial differences, (2) reliability of
CHRPEs for presymptomatic diagnosis, and
(3) relationship between CHRPE and other
phenotypic expressions of the APC gene.
There are quantitative and qualitative
differences in the incidence of CHRPEs
between normal controls and affected
patients: 26 of 32 patients had one or more
CHRPEs and 19 (594%) had >4. There
were significant interfamilial differences in
predisposition to CHRPEs. When the index
patient had > 4 all other affected relatives
(n = 5) had > 4 CHRPEs, and when the index
patient had 0-3 CHRPEs all other affected
relatives (n = 3) had 0-3 CHRPEs (p < 0-02).
There were no significant differences in
mean age at diagnosis (27-9 v 28-5 years),
incidence of colorectal (2/19 v 5/13) or extra-
colonic (1/19 v 2/13) malignancy, and
Gardner phenotype (8/19 v 3/13) between
patients with > 4 and those with 0-3
CHRPEs. In families with typical APC
(>100 polyps) the presence or absence of
CHRPEs does not appear to be associated
with prognostic implications. Because of
interfamilial differences in predisposition to
CHRPEs it is important to establish the
CHRPE status of individual FAP families
before the results of ophthalmoscopy are
used to predict the genotype of at risk relat-
ives.

Molecular genetic evidence for
the existence of a severe form of
adenomatous polyposis coli
which results from fresh
mutation
JOY D A DELHANTY, MICHELE
REES, SARAH E A LEIGH, LUIZA
BOWLES, IAN C TALBOT*

Galton Laboratory, Department of Genetics
and Biometry, University College London;
* The Polyposis Registry, St Mark's
Hospital, London.

Adenomatous polyposis coli (APC), also
known as familial adenomatous polyposis, is
the result of a dominant mutation in a gene
which has been mapped to chromosome
5q22. Typical APC patients develop an aver-
age of 1000 colorectal adenomas and extra-
colonic neoplastic lesions are frequent.
Owing to the high number of adenomas
present the lifetime risk of colorectal cancer
is 100% although for each adenoma the
chance of progression to malignancy is low.
Based on the number of isolated cases, it is
frequently stated that the mutation rate in
APC is high. However, in untreated patients
the average age at death from carcinoma is 40
years by which time most would have repro-
duced. If, however, a subset of patients is
prone to malignancy of early onset then this
may preclude reproduction. We present
evidence for the existence of a more severe
form of APC in two patients, both of whom
appear to be new mutations. The first patient
presented with symptoms at the age of 15 and
in the second, at 23, two carcinomas were
found. Japanese (Miyaki et al. Cancer Res
1990;50:7166-73) and our own molecular
data have confirmed that in APC carcinomas
a second event has occurred, with loss or
inactivation of the remaining normal allele on
chromosome 5. However, DNA analysis has
shown that, as expected, allele loss is usually
a rare event in APC adenomas. Using genetic
markers on chromosome 5 we have found
evidence of allele loss in two out of three
adenomas from patient 1 (Rees et al. Br J
Cancer 1989;59:361-5) and four of 10 from
the second patient. This high frequency of
specific loss suggests that these patients have
a more severe form of APC.

De novo chromosome 5
translocation associated with
adenomatous polyposis coli
E R MAHER, M LEVERSHA,
L WILLATT*, S PAYNE, N CARTER,
A T MOOREt, M A
FERGUSON-SMITH

Cambridge University Department of
Pathology, Departments of Cytogenetics* and
Ophthalmologyt, Addenbrooke's Hospital,
Cambridge.

Following the report of a mentally retarded
patient with APC and an interstitial deletion
of chromosome 5 (Herrera et al. Am 7
Med Genet 1980;26:61), the APC gene was
mapped to chromosome 5q by linkage analy-
sis (Bodmer et al. Nature 1987;328:614).
Further reports of retarded APC patients
with chromosome 5 deletions have refined
the localisation of the APC gene to 5q21-q22
(Hockey et al. 7 Med Genet 1980;26:61-8;
Cross et al. J Med Genet 1991;28:564). We
report a mentally retarded man with APC,

minor dysmorphic features, and multiple
CHRPEs (>10), but no family history of
APC or mental retardation and no osteomas
or cutaneous cysts. Cytogenetic analysis
showed an apparently balanced complex re-
arrangement involving chromosomes 5, 9,
11, 12, and 16. The breakpoint on chromo-
some 5 was at 5q21-q22. In situ hybridisa-
tion indicated that the cosmid probe YN5.48
(DSS81) mapped close to and telomeric to
the translocation breakpoint on 5q. Parental
chromosomes were normal and neither had
evidence of CHRPEs. Our findings support
the results of genetic linkage studies which
localise the APC gene centromeric to D5S81
(Dunlop et al. AmJ7Hum Genet 1990;47:982-
7), and are compatible with the translocation
breakpoint disrupting the APC gene.

Oestrogen receptors in
neurofibromatosis
STEPHEN JEFFERY, MICHAEL
PATTON

SW Thames Regional Genetic Service, St
George's Hospital Medical School, London
SWI7 ORE.

In neurofibromatosis (NFl) the number and
size of neurofibromata may increase in preg-
nancy, at puberty, and possibly with the oral
contraceptive pill. It is possible that the
development of neurofibromata is modified
hormonally and if this were correct hormonal
therapy may be beneficial. Neurofibromata
from four patients (including one pregnant
patient) were biopsied and assayed using the
Abbot ER-EIA monoclonal antibody test for
oestrogen receptors. Normal skin, a lipoma,
and an oestrogen receptor positive breast
tumour were used as controls. All the neuro-
fibromata showed insignificant levels of oes-
trogen receptors, while the breast tissue con-
firmed high levels. Levels below 20 fmol/mg
cytosol protein are usually regarded as negat-
ive.

Oestogen
Tissue receptor

(fmol/mg
cytosol protein)

Neurofibroma (patient 1) 0 0
Neurofibroma (patient 2) 2 4
Neurofibroma (patient 3) 2 6
Neurofibroma (patient 4) 5 7
Lipoma 1-3
Skin biopsy 3-6
Breast tumour 126-4

Fragile X syndrome and
iduronate sulphatase activity
ANGUS CLARKE, DON BRADLEY,
DEREK REES, ALISON HOLLAND*

Institute of Medical Genetics and
*Department of Haematology, University of
Wales College of Medicine, Heath Park,
Cardiff.

Fragile X syndrome has perplexed geneti-
cists since it was first described. Even the
recent discovery of the mutation only sheds a
little light on the strange inheritance pattern
observed in this syndrome. Laird has sug-
gested a model that fragile X is caused by a
mutation of the X chromosome that prevents
the reactivation of inactivated ('Lyonised')
genes around the fragile X site in oogenesis.
There has, however, been no direct evidence
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to support this idea. We have examined the
pattern of gene activity at three loci flanking
the fragile X site in 16 affected males and 12
normal males. Blood levels of coagulation
factors VIII and IX were found to be normal
but serum iduronate sulphatase activity was
significantly lower, 0 73 v 1 01 nmol/h/mg
protein (p < 0 001). The iduronate sulphatase
gene is the closest known gene distal to
fragile X and therefore the most likely to be
affected if Laird's model is correct. Further
work will be required to relate this finding to
the molecular structure of the fragile X site.

Location of the gene for Marfan
syndrome
M BOXER*, C BLACK*, J GRAY*,
P WITHERS*, P TSIPOURASt,
J DEANT, A BRIDGES§

*Human Genetics, Department of Pathology,
§Department of Medicine, Ninewells Hospital
and Medical School, University of Dundee,
Scotland; ;Department of Genetics, Aberdeen
Royal Infirmary, Foresterhill, Aberdeen,
Scotland; tDepartment of Pediatrics,
University of Connecticut Health Center,
Farmington, USA.

Marfan syndrome (MFS) is an autosomal
dominant connective tissue disorder with an
estimated prevalence of about 4 to 6 per
100 000 persons. It is a systemic disorder of
the connective tissue and imparts significant
morbidity and mortality. The characteristic
manifestations are those of the musculoskel-
etal, cardiovascular, and ocular systems. The
diagnosis of the disease is entirely dependent
on internationally agreed clinical criteria
(Beighton et al, 1986). Diagnosis can be
difficult owing to the variability in expression
both within and between families. The need
for a biochemical or genetic marker is there-
fore essential. The protein fibrillin has been
shown by immunohistochemical studies to
be present in decreased levels in about 70%
of MFS affected patients, but decreased
levels of this protein are also found in sub-
jects affected by other connective tissue dis-
orders (Godfrey et al, 1990). The biochem-
ical test is therefore not a definitive marker
for MFS. The location of the gene for MFS
was first assigned to chromosome 15 by posi-
tional mapping in five Finnish families. Con-
firmation of this location followed and fine
mapping around the locus identified l5q15-
2.1 as the location of the gene for MFS
(Tsipouras et al, 1991). Part of the fibrillin
gene (FIB15) has now been isolated and the
gene has been mapped to the 15q15-2.1
region (Lee et al, 1991) shown to be the
location of the MFS gene by positional map-
ping (Tsipouras et al, 1990). Linkage of the
fibrillin gene and MFS has been shown by
two groups, Lee et al (1991) and Dietz et al
(1991). The International Marfan Syndrome
Consortium, of which our laboratory is a
member, has generated and submitted for
publication further data which confirm the
linkage. Here we report two of the families
which contributed to the consortium data,
one which shows linkage in a classically af-
fected family and another which shows link-
age in a family with no ocular involvement.

Absence of close linkage between
renin gene and susceptibility to
eclampsia and pre-eclampsia
R ARNGRIMSSON*, R T GEIRSSONt,

A COOKE*, J M CONNOR*,
S BJORNSSONt, J J WALKER:

*Duncan Guthrie Institute of Medical
Genetics, Yorkhill, Glasgow; tDepartment of
Obstetrics and Gynaecology, National
University Hospital, Reykjavik, Iceland;
IDepartment of Obstetrics and Gynaecology,
Royal Infirmary, Glasgow.

The hypothesis that susceptibility to pre-
eclampsia and eclampsia is closely linked to
the maternal renin gene was tested. Blood
samples from nine Icelandic families with at
least three affected females in two or three
generations were collected. The proband had
eclampsia or severe pre-eclampsia (BP 160/
100 + proteinuria) and the daughters and
granddaughters eclampsia or pre-eclampsia
(BP 140/90 ± proteinuria). DNA was di-
gested with BglI and HindIII restriction
endonucleases and subjected to electrophor-
esis. Southern blots were made on nylon
membranes. The blots were hybridised with
tWo 32P labelled renin gene probes. For lin-
kage analysis lod scores were calculated by
the LIPED program. Frequency for BglI
9-0/50 kb alleles (exon 1) and HindIII 90/
6-2 alleles (exon 2-9) was found to be 0 67/
0-33 and 0 71/0-29 respectively. No signific-
ant difference was found between spouses
and affected females. Lod scores were calcu-
lated for various combinations of inheritance
patterns and gene frequency. A value of -2
which conventionally excludes close linkage
was found. This excludes the renin locus as
the putative susceptibility gene for pre-
eclampsia and eclampsia and further candi-
date loci are currently being explored in this
group of families.

Linkage analysis of an X linked
rod and cone dysfunction
I A GLASS*, M G GILES*,
P FULLWOOD*, H WILLSHAWt,
P GOODt, A R FIELDERt,
M P COLEMANt, K E DAVIESt,
P A FARNDON*,
M W KILPATRICK*

Departments of Clinical Genetics* and
Ophthalmologyt, University of Birmingham;
tInstitute of Molecular Medicine, Oxford.

Aland Island eye disease (AIED, MIM
300600) is an X linked disorder that primar-
ily involves dysfunction of both the cones
and rods. We have ascertained a large six
generation family with nine affected males
and 14 obligatory carriers. The affected
males have subnormal visual acuity, nystag-
mus, high axial myopia, foveal hypoplasia,
and protanomalous colour vision deficiency
associated with minor fundal depigmenta-
tion. The findings in affected males of both
an abnormal flicker cone ERG in com-
bination with a grossly reduced photopic
ERG showing selective reduction and delay
of the b wave together with absent b wave
oscillatory potentials suggests the condition
has very similar features to the AIED/incom-
plete congenital stationary night blindness
complex. Female carriers are normal. We
have undertaken a linkage analysis study to
attempt to resolve further the recent assign-
ment of the AIED gene to the pericentric
region of the X chromosome which was
further localised between PGK (Xql3) and
DXS7 (XpI 1.4). Recombinant events are
consistent with a proximal Xp localisation,
most likely between DXS7 and DXS255.

Linkage heterogeneity in X
linked hypophosphataemia
A P READ*, P S N ROWEt,
R C MOUNTFORD*, R V THAKKERt,
S WOOD§, J L H O'RIORDANt

*Department of Medical Genetics, St Mary's
Hospital, Manchester; tDepartment of
Medicine, The Middlesex Hospital; tClinical
Research Centre, Northwick Park;
§Department of Medical Genetics, University
of British Columbia, Vancouver.

Linkage heterogeneity is one of the most
intractable problems in human gene map-
ping. When there is one well established
locus for a disease, flanking markers can be
used to define apparently doubly recombin-
ant meioses. Such meioses strongly suggest
the disease in that family does not map
between the flanking markers. Probabilities
can be calculated by Bayes or using LINK-
AGE. We show a family with hypophospha-
taemia including four apparent double
recombinants for disease versus markers
which flank the X chromosome HYP locus.
LINKAGE gave odds of 4862:1 against this
family's disease mapping to HYP. This
method is much more powerful than using
HOMOG with a single marker, but it re-
quires a well established marker framework.

Linkage analysis in
Peutz-Jeghers disease
DAVID MARKIE*, RICHARD
HOULSTONt, SHIRLEY HODGSONt,
KAY NEALE§, BARBARA BYTHII, KAY
DAVIESII, SUSAN HUSON¶f, EDDY
MAHER¶f, WALTER F BODMER*

*ICRF, London; tRoyal Free Hospital,
London; tGuy's Hospital, London; §St
Mark's Hospital, London; II1MM, Oxford;
¶Churchill Hospital, Oxford.

Peutz-Jeghers syndrome (PJS) is a rare,
dominantly inherited tumour syndrome
characterised by hamartomatous polyps of
the small bowel and an unusual pigmentation
of the skin. Affected subjects are also at
increased risk of malignancy, including
cancers of the small and large bowel, breast,
pancreas, ovary, and testis. It is now clear
that genes producing rare tumour syndromes
through inheritance of germline mutations
may also be involved in the development of
sporadic common cancers as a result of so-
matic mutation. As part of a programme to
identify and isolate such genes we have
initiated an attempt to localise the PJS locus
by linkage analysis. Five informative pedi-
grees have been identified from the St
Mark's Hospital Polyposis Register and
other sources, and RFLP typing is proceed-
ing for a large number of loci. Two point
linkage analysis has so far excluded the PJS
locus from two candidate regions identified
from a karyotypic abnormality, and efforts
are continuing to increase coverage of the
remainder of the genome.

Dominantly inherited
spinocerebellar ataxia (SCAI):
linkage studies
ANTONY E SHRIMPTON*t,
DOUGLAS BLACKWOODt,
VIJAYALAXMI*, ANITA HARDING§,
DAVID J H BROCKt, JOHN H EVANS*
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*MRC Human Genetics Unit, Western
General Hospital, Edinburgh EH4 2XU;
tHuman Genetics Unit, University of
Edinburgh, Western General Hospital,
Edinburgh EH4 2XU; tDepartment of
Psychiatry, University of Edinburgh, Royal
Edinburgh Hospital, Edinburgh; §Institute of
Neurology, University Department of
Clinical Neurology, The National Hospital,
London WCIN3BG.

The late onset autosomal dominant ataxias
are a heterogeneous group of disorders which
have been classified into four types. In
general, degeneration in the cerebellum,
spinal tracts, and brain stem lead to ataxia
(shaky movements and unsteady gait) and
dysarthria (poor pronunciation) with onset
usually in the third decade. Linkage to
markers on chromosome 6p has been shown
in some families (Ranum et al, 1991; Zoghbi
et al, 1991) and excluded in others (Sasaki et
al, 1988; Auburger et al, 1991). It has been
shown in some of the HLA linked families
that the disease gene (SCA1) on 6p is located
about 12 cM distal to HLA and within 5 cM
of D6S89. In the present study markers from
five loci spanning 35 cM on chromosome 6p
between HLA and F13A (the known location
of SCA1) have been used on seven families
with dominant ataxia. The families have a

wide range ofphenotypes so that it is perhaps
not surprising that they are not all HLA
linked. Family 1 is clearly segregating for a

mutation at the SCAl locus, family 5, an

Italian family with symptoms similar to
Machado-Joseph disease, is not, and family 7
is unlikely to be segregating at SCAl. The
remaining four families are individually too
small to be informative but tight linkage to
D6S89 is not seen in family 4 or 6. It may
become possible to correlate some aspect of
phenotype with the involvement of SCAI as
more families are examined for their linkage
with D6S89.

Cystic fibrosis: how much do
teenagers know and how much
do they want to know?
A R HORSLEY*, L A TYFIELDt,
S E NATYNCZYK*, E S ALBONE*,
P W LUNTt

*Science School, Clifton College, Bristol;
tDepartment of Clinical Chemistry,
Southmead Hospital, Bristol; ,Department of
Clinical Genetics, Institute of Child Health,
Bristol.

Population screening for carriers of a mutant
recessive gene aims to identify at risk sub-
jects and couples before the birth of an

affected child and so screening programmes
are directed towards persons of reproductive
age. In the UK, where 1 person in 23 in the
Caucasian population carries a mutant gene
for cystic fibrosis, there will be a large vari-
ation in the basic level of awareness of the
disorder and in understanding the implica-
tions of carrying a mutant gene. Using two
questionnaires given to a group of teenagers
(aged 14 to 18) in a boarding school in
Bristol, we have assessed, first, their back-
ground knowledge of the disorder and, sub-

sequently, after an explanation about the
nature of the disease, their attitudes to carrier
detection, family planning, and prenatal dia-
gnosis. Although initially most knew very
little about CF, all were very receptive to the
information that was given. The majority

would wish to know their carrier status and
believe this knowledge would influence their
attitudes to family planning. Because teen-
agers can easily accept information about
CF, we conclude that such information
should be incorporated into the secondary
school curriculum and that a suitable time to
screen persons for carrier status could be
immediately upon leaving school.

Neonatal screening for cystic
fibrosis
H N HUGHES*, R J POLLITTt
*North Trent Molecular Genetics Service,
Centre for Human Genetics, Sheffield
S105DN; Trent Regional Neonatal
Screening Unit, Children's Hospital,
Sheffield S10.

We have instigated a two year pilot scheme to
assess the viability and cost effectiveness of
screening the Guthrie blood spots, which
appear positive on initial immunoreactive
trypsin (IRT) testing, for the cystic fibrosis
(CF) mutation AF508 (by PCR and PAGE
analysis) in order to obtain a mutation status
based risk of having the disease before
repeating the IRT analysis and subsequent
sweat test. Our preliminary results confirm
the feasibility of substituting DNA analysis
on the initial dried blood spot for IRT esti-
mation on a second blood sample. In the first
six months of the project, 34 235 initial IRT
samples were screened; 104 samples were

above the mean 110 ng/ml threshold and
referred for DNA analysis. Of these six were
homozygous for AF508, 10 were heterozy-
gous, 85 homozygous for the normal alleles,
and three failed. Of the 10 heterozygotes, five
were diagnosed as CF by repeat IRT and
sweat test analysis while the other five are

presumably carriers. These results suggest
that repeat Guthries could be reduced by
nearly 90%. The acceptability of a DNA
based second stage on initial IRT screening
will ultimately depend on the perceived
social cost of obtaining the second blood
sample, and the balance between an assumed
4% false negative rate (AF508 frequency
0 80) with the DNA based protocol and so far
unquantified false negative of the original
two step IRT procedure. The use of other
CF mutations is under investigation in order
to reduce the false negative rate, though the
distribution of mutations within discrete
populations has important consequences in
the selection of which panel of mutations is
screened.

Phenotype/genotype study of
cystic fibrosis patients in Wales
L AL-JADER*, L MEREDITH*,
H RYLEYt, S MAGUIRE$, G OWENt,
J CHEADLE*, J MEYRICK*,
M GOODCHILD+, P HARPER*

*Institute of Medical Genetics, tCystic
Fibrosis Unit, Department of Child Health,
IDepartment of Medical Microbiology,
University Hospital of Wales, Cardiff.

It has long been the impression of clinicians
that cystic fibrosis (CF) is heterogeneous,

with variability of system involvement and
disease severity. The discovery of 100 other
gene defects in addition to AF508 has sup-

ported this argument and we are conducting
a comparison of phenotypes with genotypes
in a Welsh population which is reasonably

genetically distinct. Clinical information in-
cludes: presentation at birth with meconium
ileus; sweat chloride values at < 5 years;
height and weight SD scores; classification of
lung disease as mild or otherwise, with data
on FEV1 and FVC as percentage predicted;
incidence of colonisation with Pseudomonas
species; evidence for pancreatic sufficiency
and liver disease; Shwachman and Chrispin-
Norman scores and the nationality of grand-
parents. Genotypes include information on:
AF508, AI507, G551D, R553X, G542X,
R117H, and 621 + IG>T. Marker haplo-
types include XV2C and KM19. Statistical
analyses are by x2 test and Mann-Whitney U
test, as appropriate. For age dependent data,
analyses have been done in five year bands.
So far we have studied 179 patients, using
AF508 (178 patients), KM19, and XV2C
(140 and 136 patients). Full clinical data are
not available yet for all patients. Eight
patients were pancreatic sufficient (con-
firmed by three day faecal fat excretion or
other tests) and none of these is homozygous
for AF508. At present, no other consistent
association has been shown between any of
the genotypes and phenotypes. We plan to
expand the study to involve a more substan-
tial number of CF families in Wales, to
incorporate the data into the follow up of the
neonatal screening survey which was con-
ducted in Wales and the West Midlands
(1985-9), and to collaborate with other CF
centres in the UK, using the same database
and methods of analyses.

Screening for cystic fibrosis
mutations
F BEARDS, A SILVER, S DEAR,
Q WANG, J RUSSELL, F FLINTER,
G CHALKLEY, A HARRIS, M
BOBROW, C MATHEW

Division of Medical and Molecular Genetics,
Paediatric Research Unit, Guy's Hospital,
London.

Fourteen mutations in the CFTR gene have
been screened for in 131 cystic fibrosis (CF)
patients from the south-east Thames region;
71 4% CF chromosomes carried the most
common CF mutation, AF508, and the other
mutations were present at frequencies
between < 0 4% and 2 7%. A total of 215 out
of 262 mutations (82 1%) in our sample
have been detected; the six most common
mutations were AF508, G551D, G542X,
621+1G>T, 1717-1G>A, and G85E,
comprising 78 6%. No significant correlation
was found between the AF508 genotype and
the incidence of pancreatic insufficiency or
meconium ileus in 56 CF patients studied. A
pilot population screening programme for
CF carriers has been established in collab-
oration with the Kentish Town Health
Centre and the Royal Free Hospital School
of Medicine; 502 mouthwash samples have
been analysed for four of the most common
mutations in our population, using the mul-
tiplex ARMS test developed by Cellmark
Diagnostics (Ferrie et al, 1991). A total
of 185/186 chromosomes has produced
concordant results between the ARMS and
other methods. One discordant result for
621 + 1 G>T was found to result from a new
sequence variant 621 + 3A> G (Schwarz et
al, 1991) which is unlikely to affect splicing.
The frequency of CF carriers in our popula-
tion sample screened to date is 1 in 38
(2-5%).
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Genotype analysis for AF508
allele in cystic fibrosis in
relation to the occurrence of
diabetes mellitus
I HAMDI, S PAYNE, D E BARTON,
R McMAHON, M GREEN,
J M SHNEERSON, C N HALES

Department of Clinical Biochemistry and
Department of Medicine, Addenbrooke's
Hospital, Cambridge, and the Molecular
Genetic Diagnostic Laboratory, University of
Cambridge.

Carbohydrate intolerance and frank diabetes
mellitus (DM) has been recognised fre-
quently in association with cystic fibrosis
(CF). No absolute cause for the carbohydrate
metabolism abnormality has been docu-
mented. However, secondary damage to the
islet cells owing to pancreatic fibrosis is the
most common explanation. A possible re-
lation between genotype and the occurrence
of diabetes mellitus was examined among 21
cystic fibrosis patients attending the out-
patients' clinic at Addenbrooke's Hospital.
Blood samples were studied for the presence
of the most common mutation (AF508) and
the results compared to the patients' degree
of carbohydrate intolerance. We found that
in the adult CF patients (over 18 years of
age), there is a greater frequency of diabetes
among those homozygous for the AF508
allele than among heterozygotes (p<005).
Those homozygous for AF508 were dia-
gnosed as CF at an earlier age than the
heterozygotes (p<005). Both diabetic and
non-diabetic adult CF patients have a similar
mean age and the female/male ratio in the
diabetic group are similar to that of the whole
group. The prevalence of the AF508 allele in
this group was not different from what is
expected in a random sample of East Anglian
cystic fibrosis patients. These data suggest
that the occurrence of diabetes mellitus in
patients with cystic fibrosis may be related to
the genotype which could be secondary to
the way the genetic factors influence the
degree of pancreatic disease and its rate of
progression.

Strategies used for detecting CF
mutations in the Welsh
population
J CHEADLE, L MEREDITH, A
CLARKE, L AL-JADER, J MYRING,
L LAZAROU, P HARPER

Institute of Medical Genetics, University of
Wales College of Medicine, Heath Park,
Cardiff CF4 4XN.

A study on 186 cystic fibrosis families in
Wales has shown that the most frequent
CF mutations are AF508=71 8%, 621+I
G>T= 5-1%, G551D= 2-9%, G542X=24%,
and R553X = 1%. We discovered a rela-
tively high frequency of 621 + 1G >T in our
population, which warranted its incorpora-
tion into a multiplex system developed by St
Mary's, to allow the simultaneous detection
of 621 + I G>T and AF508, A1507 (0 5%),
G551D, and R553X. We are running this
system in parallel with Cellmark Diagnostics
ARMS multiplex which detects AF508,
G542X, 621+IG>T, and G551D. In
addition, we have screened for some of the
rarer CF mutations (R117H, 1717-I G > A,
R560T, N1303K, W1282X, and V520F) pri-

marily through the use of allele specific oligo-
nucleotides. The remaining CF chromo-
somes, on which no mutation has yet been
identified, are being investigated by direct
sequencing, and to date we have identified
two previously reported CF mutations
(S549N and S549RT> G), and one unpub-
lished mutation (R1283M). This new muta-
tion is a G to T substitution at position 3980
in exon 20, causing the replacement of the
amino acid arginine by methionine (at posi-
tion 1283). Since this mutation is not present
in 51 normal chromosomes nor in 85 AF508
CF chromosomes, and since it would cause a
non-conservative amino acid substitution,
we believe that it is a disease causing muta-
tion.

Racial incidence of Duchenne
muscular dystrophy in the West
Midlands
ALISON RODDIE, SARAH BUNDEY

Clinical Genetics Unit, Birmingham
Maternity Hospital.

There was an impression in the West Mid-
lands of an increased incidence of Duchenne
muscular dystrophy (DMD) in Indians,
which was strengthened by the unusual
occurrence of three different mutations of the
dystrophin gene in a single Sikh family
(Miciak et al. J Med Genet 1992;29:123-6).
We therefore carried out a population study
to discover whether DMD is unexpectedly
frequent in Indians. Population statistics for
children aged 0 to 4 years were taken from
the 1981 Census (West Midlands data) and
proportions in different races were obtained.
All cases ofDMD known to our department
born 1970 to 1985 were enumerated and their
racial group ascertained. There were 176
cases ofDMD. Based on the Census data we
would have expected 6 9% (12 cases) to be
Indians, 4-1% (seven cases) to be Pakistanis,
2-6% (five cases) to be Afro-Caribbeans, and
86-5% (152 cases) to be from other races. In
fact there were 24 Indians, three Pakistanis,
one Afro-Caribbean, and 148 from other
races. The excess of Indian boys in our group
was significantly higher than expected
(X2 = 17- 1, p < 0-001), but the apparent deficit
of Pakistani and Afro-Caribbean boys was
not statistically significant. Could this excess
of cases be the result of (1) a lack of genetic
counselling? (2) the West Midlands attract-
ing disproportionate numbers of handi-
capped immigrants? (3) disproportionate
numbers of English patients referred out of
the region? (4) dystrophin gene mutations
more commonly causing DMD than Becker
muscular dystrophy in Indians? (5) an effect
of transposable elements? We found no evid-
ence for explanations 1 to 3.

Xp2.1 muscular dystrophy in
Scotland, 1951-1985
D E WILCOX, S HOLLOWAY

Duncan Guthrie Institute, Yorkhill, Glasgow
G3 8SJ; Department of Human Genetics,
Western General Hospital, Edinburgh
EH4 2XU.

There has been active DMD research in the
two main Scottish cities since the 1960s.
Disease registers have been maintained and
then amalgamated into a computerised data-

base in the mid-eighties with the centralisa-
tion of DNA analysis to Glasgow. In addi-
tion to referrals from our genetic and medical
colleagues in Aberdeen, Dundee, and Inver-
ness, ascertainment was from the records of
the Muscular Dystrophy Group and the
Scottish Muscular Dystrophy Association.
Articles in the national and local press and
radio caused many unknown families to seek
genetic advice. Lastly, copies of all death
certificates listing muscular dystrophy as a ly
or 2y cause of death were obtained from the
General Register Office. Diagnostic criteria
of all cases were further investigated. A total
of 367 DMD pedigrees were found (BMD
72); 487 subjects were affected by DMD
(BMD 112) of whom 320 were born in Scot-
land from 1951 to 1985 (BMD 44 from 1951
to 1970). Using the X2 test and regression
analysis there were no significant differences
in five yearly incidences. The overall inci-
dence covering 1 526 036 male births was
209-7/106 for DMD (BMD 1951-70, 992 443
male births, 44.3/106). The availability of
genetic counselling has not affected the inci-
dence of DMD in this period. The poten-
tially preventable cases are those in which the
diagnosis has already been made in an older
relative before their conception; 34 (or
10-6% of total cases) are in this category and
there has been no significant drop in inci-
dence. In 1981 to 1985, five such cases were
born; all mothers had been counselled that
they were carriers before conception. The
median age at diagnosis in the first case in a
family is 5-2 years; if neonatal screening, for
genetic counselling purposes, had been avail-
able over this period, a further 23 cases (7%)
would have had a diagnosed relative before
conception.

All-Wales neonatal screening
programme for Duchenne
muscular dystrophy
EVELYN PARSONS, DON BRADLEY,
ANGUS CLARKE

Institute of Medical Genetics, UWCM,
Heath Park, Cardiff CF4 4XN.

Newborn screening for Duchenne muscular
dystrophy (DMD), by blood spot creatine
kinase (CK) assay, was introduced in Wales
on 1 July 1990 funded by the Muscular
Dystrophy Group. It is offered as a parental
option with the routine PKU/hypothyroid
screening programme with a view to giving
families choice in future pregnancies.
Over the last 15 years DMD screening
programmes have been introduced in a
number of countries; however, the Welsh
initiative is the first to incorporate a social
research programme. The programme speci-
fically addresses the issues of whether neo-
natal screening is something that families
and health professionals want introduced on
a permanent basis and whether there is any
evidence of increased trauma in families who
experience this much earlier diagnosis of
their son's disorder. A leaflet, 'A New Test
for Baby Boys - Do You Want It?', available
in nine languages, was devised to give famil-
ies information before choosing whether or
not to have the test. During the first year
samples were received from 19235 males.
The test was requested on 85-8%, refused on
5 6%, and no option was stated on 8-6%.
There were 10 positive screening tests, seven
of which have been confirmed by subsequent
venous CK assay. Of these seven deletions

280

 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.29.4.272 on 1 A
pril 1992. D

ow
nloaded from

 

http://jmg.bmj.com/


Abstracts

have been found in four. Two families have
opted for muscle biopsy. All seven families
have requested genetic counselling, in four
cases initiated by the extended family.
The social evaluation, by way of extended
unstructured interviews, will focus on all
families with a positive screening test, a
sample of refusers, health professionals, and
families who receive the later traditional dia-
gnosis during the course of the programme.
This three year programme aims to explore
both principle and practice. To date follow
up practice has been considerably modified
as a result of feedback from families and
health professionals. The overall response of
nine families with an abnormal screening test
has been very positive. One family, six
months after the screening test, still feel the
knowledge is too difficult to handle.

Detection of two polymorphisms
in the dystrophin gene by the
polymerase chain reaction
SHU C YAU, ROLAND G ROBERTS,
GERT-JAN B VAN OMMEN*,
STEPHEN ABBS, DAVID R BENTLEY,
CHRISTOPHER G MATHEW,
MARTIN BOBROW

Paediatric Research Unit, Division of
Medical and Molecular Genetics, Guy's
Hospital, London; *Department of Human
Genetics, Sylvius Laboratories, State
University of Leiden, Leiden, The
Netherlands.

Two published nucleotide sequences for
exon 48 of the dystrophin gene (Chamberlain
et al, 1988; Rosenthal et al, 1989) show a

single base mismatch from the sequence
reported by Koenig et al (1988). The
discrepancy involves a C to A transversion at
nucleotide position 7304 in the cDNA. This
base change could represent either a poly-
morphism or be the result of a cloning
artefact. Analysis using amplification and
mismatch detection followed by direct
sequencing showed seven out of 10 males to
have the A nucleotide, suggesting the change
to be a polymorphism. The C to A base
change creates a MseI restriction site which
can readily be analysed using the polymerase
chain reaction. We have shown this polymor-
phism to be inherited in a Mendelian
fashion, and 30% of 27 unrelated females
were found to be heterozygous. The restric-
tion site was found to be present in 74% of a
total of 58 X chromosomes studied. This new
polymorphism should prove useful in linkage
studies, and particularly in determining car-
rier status for relatives of the 25% of deletion
cases that involve this exon. Additionally,
we have sequenced around a polymorphic
marker, J66H-1, that was previously typed
by the method of Southern blotting. This has
enabled us to amplify the polymorphic re-

gion and analyse it in families by the method
of PCR. J66H-1 is an insertion/deletion type
polymorphism located towards the 3' end of
the dystrophin gene, in intron 60, with a
heterozygote frequency of 51 %. Owing to its
location, this polymorphism will be very use-
ful as a 3' marker in the linkage analysis
of Becker/Duchenne muscular dystrophy
families. Detection of new polymorphisms
and conversion of existing markers to typing
by the method ofPCR will greatly reduce the
workload and the reporting time involved in
diagnostic analysis.

Direct carrier detection for
DMD mutations using PCR
STEPHEN ABBS, MARTIN BOBROW

Paediatric Research Unit, Division of
Medical and Molecular Genetics, UMDS,
Guy's Hospital, London SE1 9R T.

A quantitative, non-radioactive PCR tech-
nique has been investigated for the detection
of female carriers of deletions and duplica-
tions in the dystrophin gene. Two multiplex
PCR reactions that together detect 98%
of deletions (Abbs et al, 1991) are used
under stringently controlled conditions to
quantitatively amplify from a measured
amount of genomic DNA. Under the con-
ditions used, we have shown the amplifica-
tion at 23 cycles to be well within the expo-
nential phase of the reaction by measuring
the incorporation of radioactive label. Suffi-
cient product is available at this stage to
analyse the dosage by visual inspection of an
ethidium bromide stained gel. In a blind trial
performed on 20 obligate deletion carriers
and 20 normal controls, the status of all
samples was correctly determined.

Investigation of a female
manifesting Becker muscular
dystrophy
I A GLASS*, L V B NICHOLSONt,
M A JOHNSONt, E WATKISS*,
S ABBSI, N L WOLSTENHOLM*,
S BRITTAIN-JONES*, H G BODDIE§,
J INSLEY*

* West Midlands Regional Genetics,
Birmingham; tMuscular Dystrophy Group
Research Laboratories, Newcastle General
Hospital; IPaediatric Research Unit, Guy's
Hospital; §Department of Neurology, North
Staffordshire Royal Infirmary.

Females manifesting Becker muscular dys-
trophy (BMD) are even more rarely observed
than for the allelic condition, Duchenne
muscular dystrophy. The 24 year old male
proband has typical BMD with greatly raised
CK activity and a myopathic muscle biopsy.
His mother experienced walking difficulties
from 35 years of age and eight years later the
condition has progressed such that she can
only mobilise with assistance. She has a
proximal myopathy, marked calf hyper-
trophy in association with a raised CK, and
myopathic muscle biopsy. There are no other
affected family members. Further muscle
was obtained for dystrophin analysis from
both the proband and his mother. Immuno-
blotting showed a protein of normal size but
of reduced abundance in both subjects.
Immunocytochemical analysis in the pro-
band showed that the majority of the fibres
showed weak dystrophin labelling. His
mother had a mosaic pattern with both dys-
trophin positive and dystrophin negative
fibres present. Non-random X inactivation,
using locus DXS255, was observed in DNA
isolated from peripheral lymphocytes of the
mother. An extended multiplex PCR per-
formed on DNA from the proband did not
show a deletion in the dystrophin gene, sug-
gesting that the mutation responsible for
BMD in this family may be a point mutation
or be located in the promoter region for the
dystrophin gene or involve an abnormality in
transcription/post-translation.

Mutation screening in X linked
disorders using single strand
conformation polymorphism
analysis
SANDRA STRAUTNIEKS, PAUL
RUTLAND, SUE MALCOLM

Molecular Genetics Unit, Institute of Child
Health, London.

In X linked disorders, carrier detection and
prenatal diagnosis using restriction fragment
length polymorphism analysis is limited by
the high rate of new mutations, the possib-
ility of germline mosaicism, and occasional
diagnostic difficulties. Thus efficient screen-
ing methods for the direct detection of muta-
tions are required. A survey of exon structure
in genes causing important X linked dis-
orders shows that single strand conformation
polymorphism analysis (SSCP) of each exon
is potentially feasible. We have applied
SSCP analysis to cases of ornithine carba-
moyl transferase (OCT) deficiency and Peli-
zaeus-Merzbacher disease (PMD). SSCP
analysis of exons 7 and 8 in 29 OTC patients
and exon 6 in eight patients has shown se-
quence changes segregating with the dis-
order in two families with mild OTC. The
OTC gene also contains four TaqI sites,
which show a high mutation rate and can be
screened by PCR amplification and diges-
tion. One such change, an Arg to Gln at
amino acid 109, was found in an affected
female. In addition we found one mutation in
an MspI site in exon 7. Classical PMD can be
caused by mutations of the proteolipid pro-
tein gene though a further autosomal gene
has been suggested. SSCP analysis of six
exons in three families has shown a sequence
change in exon 4 in two obligate carriers and
a predicted carrier in one family and a change
in exon 5 in the mother and two affected sons
of a second family. We thank the Research
Trust for Metabolic Diseases and the MRC
for generous support. SS is in receipt of an
MRC/HGM studentship.

Use of tandem repeats in two
loci near to the locus for
myotonic dystrophy
E C KEIRNAN*, A E MAcKENZIEt,
T C WILLCOCKS*, G NORBURYt,
I W CRAIG*, J E EDWARDS*,
F MAcDONALD§, J W DIXONII,
P NOKELAINEN¶f

*Genetics Laboratory, University of Oxford,
OXI 3QU; tChildren's Hospital, Ottawa;
tChurchhill Hospital, Oxford; §East
Birmingham Hospital; Hospital for Sick
Children, Toronto; ¶National Public Health
Institute, Helsinki.

The tandemly repeated sequence (dGdT)n,
(dCdA)n is widely distributed in the human
genome. One is found in the first intron
of the CEA (carcinoembryonic antigen)
(19q13.1-13.2) and another in the first intron
of the APOC2 gene (19q13.2), in the order
CEA . APOC2.DM where each '.'
represents 05 cM. We have used the PCR
and PAGE approaches described by Weber
and May (1989) and Litt and Lutty (1989) to
examine the number, size, and frequency of
the 9 and 11 alleles found in normal and
myotonic dystrophy pedigrees from Eng-
land, Canada, New Zealand, and Finland.
We present data on linkage and evidence for
an allelic association within the English
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population between CEA and APOC2 and
between certain CEA-APOC2 haplotypes
and DM. The variety and closeness of these
two loci provides strong predictive potential,
as if no recombinant occurs there are 99
potential haplotypes and, if a recombinant
occurs between them, it is most unlikely
another occurs between APOC2 and DM.
We acknowledge the support of The Muscu-
lar Dystrophy Group of Great Britain and
Ireland.

Sexing by PCR with an internal
control
P K BHAVSAR, K FOSTER,
M E ROBERTSON

North West Thames Regional DNA
Laboratory, Kennedy Galton Centre,
Northwick Park Hospital, Harrow,
Middlesex.

A method has been developed for the sexing
of DNA from prenatal samples using the
polymerase chain reaction (PCR) with an
internal control. There has been concern
over the sole use ofY specific primers for this
purpose as a negative result could either
result from the sample being from a female
or from a failure of amplification. Ellis
et al (Nature 1990;344:663-5) developed
primers which amplified the pseudoautoso-
mal boundary of the sex chromosomes indi-
vidually. These primers have now been used
in one reaction mix. Three primers are used;
a common primer from the pseudoautosomal
region plus an X specific primer and a Y
specific primer. These yield different size
bands, so if the sample is female one band
will be amplified but if the sample is male
there will be two bands. This reaction has
been used for the sexing of prenatal DNA,
identification of a marker chromosome
from a fetus which was mosaic 45,XO/
46,X, + mar, and identification of incorrectly
labelled samples from a husband and wife. It
has proved to be a fast and reliable means of
determining fetal sex in cases of X linked
disorders when further molecular tests need
to proceed as soon as possible.

Prenatal diagnosis of the fragile
X syndrome by direct analysis of
the premutation in chorionic
villus DNA
D E BARTON, J C MULLEY*,
Y NAKAHORIt, N G MESSER,
M HIRSTt, E R MAHER,
B C C DAVISON, A COBON, M E
FERGUSON-SMITH, C H RODECKT,
G THOMAS§, G R SUTHERLAND*,
K E DAVIESt,
M A FERGUSON-SMITH

East Anglian Regional Genetics Service,
Cambridge; *Department of Cytogenetics and
Molecular Genetics, Adelaide Children's
Hospital, North Adelaide, South Australia;
t University of Oxford, Institute of Molecular
Medicine, J'ohn Radcliffe Hospital, Oxford;
$University College Hospital, London; §The
Ipswich Hospital.

The fragile X syndrome (FRAX) is the most
common familial form of mental retardation.
Although it is clearly an X linked condition,
the inheritance pattern in fragile X is not
simple. Unaffected males who transmit the

fragile X to their daughters are common, and
about one-third of carrier females show men-
tal impairment. These anomalies pose ser-
ious problems for genetic counselling of
FRAX families. Recent findings (Yu et al.
Science 1991;252:1179-81, Oberle et al. Sci-
ence 1991;252:1097-102, Verkerk et al. Cell
1991;65:905-14) have shown that the basic
defect in FRAX is instability in a DNA
fragment at the fragile site. Unaffected car-
riers and normal transmitting males show a
small increase in the size of this fragment,
while in affected subjects the fragment is
greatly increased in size. We have used newly
isolated probes pfxa3 and Ox1.9 to determine
the FRAX genotype of both fetuses of a twin
pregnancy in the mother of an affected boy.
Fetal sexing by PCR and fluorescence indic-
ated the presence of one male and one female
fetus. Using probe pfxa3, the mother was
found to have a PstI fragment of 1 3 kb in
addition to her normal fragment at 10 kb.
The female fetus had only a 1-0 kb fragment,
while the male fetus had only a 1 2 kb frag-
ment. In males, fragments of less than 1 6 kb
are indicative of a 'normal transmitter'. Fetal
blood sampling was carried out on the male
fetus at 20 weeks' gestation. The fetus was
found to be cytogenetically normal, and the
same 1-2 kb fragment was detected in DNA
from the fetal blood. Analysis of the preg-
nancy using linked markers indicated that
the female fetus had inherited the low risk
allele while the male has inherited the high
risk allele. Application of the direct test to
this pregnancy has thus resulted in the pre-
vention of the termination of what is pre-
dicted to be a phenotypically normal male.

Can prenatal diagnosis be
offered in neonatally lethal
spinal muscular atrophy (SMA)
wih arthrogryposis and
fractures?
P W LUNT*, C MATHEW¶f,
S CLARK¶f, N MARLOWt, T MOSSII,
S LOVEHI, L TYFIELDt,
T DAVIES§, B SPIEDELt

*Department of Clinical Genetics, Bristol
Children's Hospital; Departments of
Paediatricst, Clinical Chemistryt, and
Cytogenetics§, Southmead Hospital, Bristol;
IlDepartment of Neuropathology, Frenchay
Hospital, Bristol; ¶Division of Medical and
Molecular Genetics, Guy's Hospital, London.

Following the localisation on 5q (5ql1.2-
q13.3) of the gene for acute infantile SMA
(Werdnig-Hoffmann disease) and later pre-
senting forms of recessive SMA, prenatal
diagnosis can now be offered in these con-
ditions. Concern has been expressed as to
whether families with an early lethal neonatal
presentation of SMA associated with arthro-
gryposis and fractures may have a separate
genetic disorder, possibly even of X linked
recessive inheritance. We have studied a con-
sanguineous Caucasian family, in which two
of five sibs presented at birth with SMA and
arthrogryposis. Both affected sibs were male,
but the parents were first cousins. DNA
typing at polymorphic loci DSS6 and
D5S112, known to be closely linked (3 cM)
to the 5q SMA locus, showed recombination
with the disease locus in this family, and
failed to support the possibility at this site of
homozygosity by descent, since a minimum
of three recombinants/14 meioses would

have had to occur. It therefore seems very
unlikely that the disease gene in this family
could be 5q SMA, and plans for a chorion
villus biopsy in the current (sixth) pregnancy
were cancelled.

Prenatal diagnosis of
chromosome abnormality by
culture of fetal pleural effusions
LISA C BURVILL-HOLMES*,
D K JAMESt

*SW Regional Cytogenetics Centre,
Southmead Hospital, Bristol; tBristol
Maternity Hospital, Southwell Street,
Bristol.

Non-immune fetal hydrops, a condition with
heterogeneous aetiology, may be identified in
the second or third trimester of pregnancy
by routine ultrasound scan. Many affected
fetuses have been found to have a chromoso-
mal abnormality, making rapid karyotyping
important in the management of the preg-
nancy. Often the non-immune hydrops is
associated with a pleural effusion, which may
be aspirated as a therapeutic measure. Lym-
phocytes from the fluid, cultured by standard
tissue culture methods, yield chromosome
preparations suitable for high resolution
analysis. We have cultured six fetal pleural
effusions, and obtained good quality karyo-
types on five; one small sample failed to
grow. Attempts to culture an ascitic and a
cystic fluid have failed to produce chromo-
somes, each of these samples being small and
containing few cells.

Prenatal diagnosis in von
Hippel-Lindau disease
S J PAYNE, E R MAHER,
D E BARTON, E BENTLEY,
R McMAHON, 0 W J QUARRELL*,
M A FERGUSON-SMITH

East Anglian Regional Genetics Service and
Cambridge University Department of
Pathology, Cambridge; *Centre for Human
Genetics, Sheffield.

Von Hippel-Lindau disease (VHL) is a
dominantly inherited cancer syndrome with
variable expression. Major complications in-
clude retinal, cerebellar, and spinal haem-
angioblastomas, renal cell carcinoma, and
phaeochromocytoma (Maher et al. Q J Med
1990;77:1151), and the effects of this dis-
order can be devastating. Flanking DNA
markers have been identified (Hosoe et al.
Genomics 1990;8:634-40, Maher et al. Geno-
mics 1991;10:957-60) and presymptomatic
and prenatal diagnosis is now possible. We
have performed the first prenatal diagnosis of
VHL disease using linked DNA markers. A
34 year old primigravida requested prenatal
diagnosis. She was found to have renal cell
carcinoma aged 33 years and other relatives
had died from or been disabled by VHL
disease at an early age. Molecular genetic
analysis showed that the current pregnancy
was informative for prenatal diagnosis at
D3S18 (phase was established from an affec-
ted and an unaffected sib). The D3S18 locus
shows tight linkage to VHL disease with a
recombination fraction of 0 02. Risk analysis
with the MLINK program showed that pre-
natal diagnosis would reduce the risk to the
fetus to 5% or increase it to 95%. After
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careful counselling the parents decided to
proceed with prenatal diagnosis and a chor-
ion villus biopsy was performed. A high risk
result was obtained and the pregnancy
terminated. This case represents the first
prenatal diagnosis for VHL disease. Al-
though prenatal diagnosis for VHL disease is
now available, the likely demand is uncer-
tain.

Molecular genetic analysis of
spinal muscular atrophy
S CLARK, R J DANIEL S*, S C YAU,
S V HODGSON, K E DAVIES*,
M BOBROW, C G MATHEW

Paediatric Research Unit, Division of
Medical and Molecular Genetics, United
Medical and Dental Schools, Guy's Hospital,
London SEI 9RT; *Institute of Molecular
Medicine, John Radcliffe Hospital, Oxford.

The spinal muscular atrophies (SMA) are a
group of inherited disorders characterised by
degeneration of the anterior horn cells of the
spinal cord. The acute and chronic childhood
onset forms show autosomal recessive in-
heritance, and have been mapped to 5ql2-
q13.3 by linkage analysis. We have estab-
lished a service for prenatal diagnosis of the
early onset (types I and II) forms of SMA,
using three linked polymorphic DNA
markers (D5S6, DSS112 and D5S39). In all
13 families studied, both parents were heter-
ozygous for at least one marker, and both
were heterozygous for flanking markers in
three out of 13 completed linkage studies.
Prenatal diagnosis was carried out for three
pregnancies at risk for SMA type 1. The
risks to the fetuses were calculated to be
5-6%, 5-9%, and 6%, using MLINK, and all
three families elected to continue the preg-
nancy. One pregnancy spontaneously mis-
carried at 22 weeks and the others are conti-
nuing. The service is being restricted to
confirmed classical early onset SMA at pre-
sent, in view of possible genetic heteroge-
neity in later onset and atypical forms.

Prenatal hearing tests
PETER G HEPPER*, SARA
SHAHIDULLAHt

*School of Psychology and tDepartment of
Obstetrics and Gynaecology, The Queen's
University of Belfast, Belfast BT7 INN.

Diagnosis of deafness is problematical in
newborn and young infants. It is realised,
however, that compensatory communication
behaviours are best instigated as soon as
possible, preferably at or immediately after
birth. A technique which enables the dia-
gnosis of deafness before birth would thus be
extremely valuable. This paper reports the
successful detection of deafness before birth.
Prenatal diagnosis of deafness has to over-
come the problem of false positive results, in
particular owing to the fetus being in a non-
responsive behavioural state. Here we report
that a combination of sound and light stimu-
lation can overcome this problem and has
been used to detect deafness successfully in
two cases. Furthermore, use of pure sound
and vibratory stimuli may enable the differ-
entiation of conductive and sensorineural
deafness. The quickness and ease of use of
the technique means that it could be used as a
general screening procedure in cases where

deafness resulting from genetic factors or
environmental insult, for example, rubella, is
suspected.

Trisomy 18: anomalous fetal
behaviour
SARA SHAHIDULLAH*, PETER
G HEPPERt, NORMAN NEVIN++

*Department of Obstetrics and Gynaecology,
tSchool of Psychology, IDepartment of
Medical Genetics, The Queen's University of
Belfast, Belfast BT7 INN.

This paper discusses the movement patterns
of a 34 week fetus diagnosed as trisomy 18
and compares this to movement patterns of
similarly aged normal fetuses. This fetus
exhibited a number of differences in its be-
haviour not seen in the normal fetus. The
gross movements of this fetus were highly
abnormal involving rotation about its lon-
gitudinal axis. Its single eye movements
showed the complete reverse pattern of those
seen in normal fetuses, the majority of eye
movements being in the vertical plane. The
cyclic activity of the fetus also differed from
that usually seen; the characteristic burst/
pause pattern of normal fetuses was not
observed. The paper concludes that this an-
omalous behaviour may be a useful marker
for the presence of trisomy 18 and may
indicate the necessity for further genetic in-
vestigations.

A comparison of three
cytogenetic measures of
chromosome instability in
ataxia telangiectasia
M CROCKER*, C G WOODSt

*Cytogenetic Laboratory, Churchill Hospital,
Oxford; tDepartment of Clinical Genetics,
Churchill Hospital, Oxford.

Seven families with eight members with
ataxia telangiectasia (AT) and one case of
Nijmegen breakage syndrome were investig-
ated to compare three different cytogenetic
methods of assessing chromosome instab-
ility. Original diagnosis was based on clinical
phenotype and increased irradiation sensit-
ivity as assessed by a reference laboratory.
Cytogenetic preparations were made from
peripheral lymphocyte cultures set up from
10 controls and 19 family members. The
preparations were scored for the following:
(1) spontaneous rearrangements, particularly
involving chromosomes 7 and 14, (2) chro-
mosome aberrations following X irradiation
in G2 phase of the cell cycle, (3) chromosome
aberrations induced by the chemical muta-
gen adriamycin in Gl/S phase of the cell
cycle. All methods were found useful, with
no overlap between controls and AT
patients. However, the range of values
suggests that each test might not always
provide clear diagnosis on its own. Spontan-
eous rearrangements were detected at a mean
level of 12% in AT patients (range 6 to 32)
compared with 0-3% in the controls (range 0
to 2). X irradiated AT cases (100 cGy) had a
mean number of aberrations per cell of 1-03
(range 0-6 to 1-65) compared with control
levels of 0-19 (range 0-15 to 0-45). Adriamy-
cin treated AT patients (0-01 tg/ml) gave a
mean number of 2-52 aberrations per cell
(range 1 1 to 4-15) as compared with a mean

of 0 35 in controls (range 0-25 to 0 65). These
results suggest that sensitivity to adriamycin
might be a useful additional diagnostic test
for AT, especially ifX irradiation is difficult
to arrange. Scoring of chromosomal aberra-
tions is a valuable and available screening test
for ataxia telangiectasia, but at least two
methodologies should be used for definite
diagnosis.

Eight cases of 7p deletion:
clinical features, cytogenetic
findings, and molecular studies
K A CHOTAI, L BRUETON, L VAN
HERWERDEN, R M WINTER

Kennedy Galton Centre and Clinical
Research Centre, Northwick Park, Harrow.

Craniosynostosis or premature closure of the
cranial sutures is a common malformation
occurring in approximately 1 in 2000 chil-
dren. To date more than 20 cases of partial
7p monosomies have been described, ap-
proximately half of which have been associ-
ated with craniosynostosis. There is con-
siderable variation in the size and location of
the deleted segment. However, craniosynos-
tosis appears to be consistently associated
with either a deletion or partial deletion
7p21-7p22 or a deletion of 7pl3-7pl14.
Analysis of a panel of eight 7p deletion cases
(three with craniosynostosis) was undertaken
using informative DNA probes, in order to
characterise and define the extent of the
deletions at the molecular level. There were
six de novo deletions, one de novo unbal-
anced translocation, t(7p;20p), resulting in
an interstitial 7p deletion, and one 7p dele-
tion resulting from the unbalanced product
of a paternal unbalanced insertion. Parental
DNA was available for analysis in four out of
six de novo deletions; in two the deletion was
found to be of paternal origin, and in two
parental origin could not be determined. The
results of the DNA studies, together with a
summary of the relevant clinical and cyto-
genetic findings, are presented. Our findings
have enabled us to refine the regional
localisation and relative position of five
probes and two loci. (1) pJ5-1 1, previously
mapped to 7p 14-pter, does not extend proxi-
mally to p14 as case 4 (del 7p13-p15) is
heterozygous for this probe. (2) TM102L,
previously mapped to 7pl4-pter, does not
extend proximally to p14 or terminally to
pter, as case 7 (del 7pl5-p22) is deleted for
this probe and heterozygous for MS3 1
(pter). (3) CRI-R944 and CRI-P137,
assigned to 7pter-q22, have previously been
shown to be tightly linked and to flank
the Greig-cephalopolysyndactyly (GCPS)
translocation breakpoint. However, case 3
(del 7p13) is deleted for CRI-R944, but
heterozygous for CRI-P137, indicating that
these two probes are not 0 cM apart and that
CRI-R944 is restricted to 7p 13 only, whereas
CRI-P137 maps more distally. (4) TCRG,
previously mapped to 7pl 5, maps more pro-
ximally, as case 2 (del 7pl2.2-p14.2) is
deleted for this probe, but case 3 (del 7p 13) is
heterozygous. This suggests that the TCRG
gene is located at 7pl4.1-pI4.2. (5) As cra-
niosynostosis is an occasional feature in
GCPS it has been considered possible that
the CRS2 and GCPS loci were one and the
same, but the results of case 4 (del 7pl3-p15)
suggest that they are distinct. Cases 6 (del
7pl5-p21.2) and 8 (del 7p22.1-pter) do not
have craniosynostosis and therefore the
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CRS1 locus is most likely to be in 7p21.2 or
7p21.3. Case 8 is also heterozygous for the
probes shown to be deleted in cases 5 (del
7pl5-p21.2) and 7 (del 7pl5-p22).

Behavioural Science and
Genetics Group
JOSEPHINE M GREEN AND OTHER
MEMBERS OF THE BEHAVIOURAL
SCIENCE AND GENETICS GROUP

UK - nationwide.

Trisomy 22: in situ hybridisation
and molecular studies
J WATERS, F MAcDONALD,
P M RINDL, H ROPER*, C P GOULD,
M HULTEN, C M McKEOWN

Regional Genetics Service and *Department
of Paediatrics, East Birmingham Hospital.

We present a case of a baby girl with the
following clinical features: micrognathia,
cleft lip, broad nasal bridge, ocular ptosis,
epicanthic folds, preauricular pit, posteriorly
rotated ears, short neck, widely spaced
nipples, hypoplastic nails, and joint contrac-
tures. Birth weight and length were below
the 3rd centile. The baby died at 8 months of
age. Cytogenetic studies using GTL banding
of lymphocytes and skin fibroblasts showed a
chromosome complement of 47,XX, + 22.
This finding was confirmed using in situ
hybridisation with a chromosome 22 library
(pBS-22). DNA samples from both parents
and the affected baby were analysed with a

minisatallite probe pMS619, which recog-
nises a VNTR polymorphism. The baby
inherited three alleles, two identical to the
two maternal alleles and one identical to that
of the father. We therefore surmise that non-
disjunction occurred during maternal meio-
sis. Trisomy 22 is the second most frequent
autosomal trisomy detected in spontaneous
abortions but only a handful of cases of
liveborn infants have been described.

Assessing the utility of
fibroblast karyotyping
I A GLASS, J PEARSON,
D J McMULLAN, P LEEDHAM,
P A FARNDON, C M E McKEOWN

West Midlands Regional Genetics Service,
Birmingham.

A request for a fibroblast karyotype repres-
ents a significant and expensive cytogenetic
investigation. In the light of an increasing
demand for this investigation over the last
several years an analysis of the previous five
years of skin chromosomal analysis was

undertaken in an attempt to evaluate its suc-

cess in the clinical setting. Each request was

classified with respect to the blood and skin
karyotype into one of six classifications:
blood normal/abnormal/equivocal versus
skin normal/abnormal. A total of 54 requests
from live (non-moribund) subjects was

received over this time period. Of these 10
were reported as abnormal (18-5%) when a

previous blood karyotype had been normal.
This compared favourably, for a second line
investigation, to the mean over a similar time
period of 13-7% abnormality rate for blood
samples processed in the laboratory. This
audit suggests that the currently used criteria
of pigmentary anomalies and asymmetry in
association with dysmorphism, mental re-

tardation, or abnormal genitalia are adequate
in deciding whether to proceed to a skin
biopsy in order to exclude a chromosomal
aetiology.

Since January a group of social scientists
including psychologists, sociologists, and
health economists with interests in genetics,
as well as a clinical geneticist, has been meet-
ing informally, approximately three times a

year. The group exists primarily to allow its
members to keep up to date with each other's
research and to exchange ideas and informa-
tion. A secondary aim is to inform non-social
scientists of research on social and psycho-
logical aspects of genetic screening and
related issues. Aside from meetings we have
organised joint symposia, written some joint
papers, and conducted some research
together. Some members of the Group were

invited to give presentations at the recent
MRC Workshop on cystic fibrosis carrier
screening. Future plans are to hold a sym-
posium for geneticists and behavioural
scientists to consider both the structure and
content of future collaborative work.

Patient satisfaction: a pilot
study
P R GUILBERT

Department of Clinical Genetics, City
Hospital, Hucknall Road, Nottingham
NG5 IPB.

A postal questionnaire was sent to a sample
of families attending the Genetic Counselling
Clinic in late 1990. Forty families responded
(77%); 90% were very satisfied while the
remaining 10% were satisfied most of the
time. Many respondents commented on the
caring, courteous, and friendly attitude ofthe
staff. Preclinic visits, in particular, were said
to be very helpful (to 94% of families) as well
as the time and care taken in explanations.
However, 25% of families found the length
of time before a clinic appointment to be too
long. This study endorses previous findings
which identified affective aspects as key
determinants of general satisfaction with
genetic services.

An autosomal dominant
muscular dystrophy
characterised by early onset of
contractures
D E WILCOX

Duncan Guthrie Institute, Yorkhill, Glasgow
G3 8S_J.

Since Emery and Dreifuss first described it
as such, the X linked muscular dystrophy
with early contractures and cardiomyopathy
has become widely recognised. However,
Hauptmann and Thannhauser had described
a similar condition with dominant inherit-
ance in 1941. Although not well known, there
have been eight case reports since then which
have been reviewed by Becker in 1986 and
Emery in 1987. This present family has four
affected subjects in three generations. It is
transmitted by both a male and a female.
Although no male to male transmission has
occurred, the three females show a similar

course to the male supporting autosomal
dominant inheritance. Screening of healthy
relatives found no evidence of incomplete
penetrance. Onset ofmild pelvohumeropero-
neal weakness occurs at 3 to 5 years and
although only slowly progressive (the oldest,
56 years, is still able to climb stairs) is associ-
ated with early development of contractures
at the Achilles tendons (7 to 12 years) fol-
lowed by the elbows, cervical spine, and the
long flexors of the fingers. One subject has
evidence of cardiomyopathy. CK is mildly
raised. Biopsy shows mild myopathic
changes but muscle ultrasound shows mark-
edly increased echoes in the muscle. EMG is
myopathic. When counselling an isolated
male with these findings, care should be
taken before diagnosing Emery-Dreifuss
dystrophy with a low recurrence for chil-
dren.

An unknown syndrome with
brain and bone abnormalities in
two brothers
H R DAVIDSON, R K GOYAL,
J B P STEPHENSON, J L TOLMIE

Duncan Guthrie Institute, Yorkhill, Glasgow
G3 8SJ; Fraser of Allander Assessment Unit,
Yorkhill, Glasgow G3 8SJ7.

We describe two brothers born to healthy,
unrelated parents with similar abnormalities
affecting predominantly the brain and skel-
etal systems. Both boys were noted to have
relatively large heads with soft, poorly calci-
fied skulls and very large fontanelles. The
eyes appeared prominent (with congential
glaucoma in the second) and there were con-
tractures of hands, feet, and knees, with
expanded, flattened tips to the digits. Skel-
etal surveys showed osteodysplastic changes
including delayed maturation, slender,
poorly modelled long bones and, in one boy,
widespread punctate calcification in epi-
physes. CT scan of the brain showed marked
cerebellar hypoplasia and cerebral atrophy.
Both boys were profoundly handicapped.
The older boy died at the age of 17 months
having had recurrent chest infections and
infantile spasms. His brother is still alive at
10 months.

PKU in south west England: a
new mutation in the leader
sequence of the phenylalanine
hydroxylase gene and more
similarity with the French
Canadians
L A TYFIELD, M J OSBORN,
M M JONES, S K KING*

Section of Molecular Genetics, Department of
Clinical Chemistry, Southmead Hospital,
Bristol; *Department of Biochemistry, Bath
University, Bath.

To date, about 40 mutations have been
defined at the phenylalanine hydroxylase
(PAH) locus which give rise to phenylketo-
nuria (PKU). Some are unique to individual
races or ethnic groups and are in linkage
disequilibrium with specific haplotypes.
Others are more widespread and several have
been found on a variety of haplotype back-
grounds. We report a CAC to CCC trans-
ition in the leader sequence of the PAH gene,
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70 bp upstream from exon 1. The mutation
was identified on a rare haplotype 34 in a
child who has a severe form of PKU and
whose parents are first cousins. Using dot
blots and ASO probes, 86 mutant PKU
genes were screened and the mutation was
found in one other affected unrelated child
who also carries a haplotype 34 on one allele.
The 165T mutation originally reported in
the French Canadian population on haplo-
type 9 also occurs in the PKU population in
the south-west of England. Using SSCP we
have found this mutation on other haplotype
backgrounds, one of which probably has
arisen from an intragenic crossover between
a mutant haplotype 9 and a normal haplotype
4 chromosome. The haplotype/mutation as-
sociations seen in the south-west of England
and in the French Canadians suggest a com-
mon ancestry between the two populations
through invasions and migrations from
northern France.

Use of sib pair analysis in the
identification of genetic
determinants of blood pressure
H R DAVIDSON, L NASIR, E O'HARE,
G C M WATT, J M CONNOR

Duncan Guthrie Institute, Yorkhill, Glasgow.

We flave previously described the Ladywell
Family Blood Pressure study which was
designed to identify genetic determinants of
blood pressure. Subjects were divided into
four groups depending on their own and
their parents' blood pressure measurements,
to allow comparison of biochemical variables
and RFLPs at candidate gene loci, between
groups with contrasting predisposition to
developing high blood pressure. The study
has now been extended to allow not only an
association study but also sib pair analysis of
the data. There were 25 sib pairs among the
original groups sampled, and a further 42
sibs whose blood pressure measurements

placed them in one of the four groups but
who were not originally sampled have been
traced. This now allows us to analyse 54 sib
pairs and trios. They and their parents have
been studied with respect to those genes
which emerge as candidates from the analysis
of our original biochemical data, including
glucocorticoid receptor, adrenoceptors, and
insulin. No significant differences were
found in the population association study
except for the glucocorticoid receptor; this
has been further studied by analysis of blood
pressure score against genotype showing a
definite effect from the larger allele of the
RFLP. The sib pair analysis shows a trend
towards increased allele sharing of 'like' sibs
with GRL and the adrenoceptors which is
significant at the 5% level for the beta-I
adrenoceptor.

The epidemiology of
Huntington's disease in
Northern Ireland
P J MORRISON, W P JOHNSTON,
N C NEVIN

Department of Medical Genetics, The
Queen's University of Belfast, Belfast City
Hospital, Belfast BT9 7AB.

As part of a genetic and epidemiological
study of Huntington's disease (HD) in
Northern Ireland, we have attempted a com-
plete ascertainment of HD and have now
compiled a patient database which includes
data on family members and affected
patients. To date, by using multiple ascer-
tainment methods, we have identified 82
families with a history of HD. Currently, we
have seen 88 affected patients. A minimum
prevalence rate of 5-7/100 000 has been cal-
culated. We estimate an accuracy of ascer-
tainment of at least 90% which would give a
total estimated frequency of 6-3. In a popula-
tion of 1 500 000, therefore, we would expect
five new cases per year. The prevalence

figure is comparable to values estimated in
the UK and Europe and this uniformity
would support the hypothesis that HD has
originated from more than one original
mutation.

Trends in the number of births
with neural tube defects
K M LAURENCE

Institute of Medical Genetics, University of
Wales College of Medicine, Cardiff.

The incidence of neural tube defects (anen-
cephaly, encephalocele, and spina bifida) in
south Wales fell from 8 per 1000 births
between 1956 and 1966 to less than 5 per
1000 in 1973. From then the affected 16 week
pregnancies dropped to below 2 per 1000 in
1989. Prenatal diagnosis, available since
1974, and serum AFP and ultrasound screen-
ing since 1976 followed by selective abortion,
has all but eliminated anencephalic births
and reduced spina bifida and encephalocele
births to well below 2 per 10000. Similar
falls in incidence have been reported from
elsewhere in the UK. Recurrences are now
rare and with all pregnancies in the UK
having ultrasound screening and over 80%
AFP screening as well, fewer than 80 infants
with spina bifida are liveborn per year, with
less than 50 surviving beyond one year. As
screening and surveillance is likely to extend,
this number will reduce further unless the
trend for termination of pregnancies with
malformed fetuses is reversed. Reasons for
the fall in the number of affected pregnancies
with NTD (as opposed to uncomplicated
congenital hydrocephalus) are suggested,
which may include an as yet unexplained
secular trend, or more likely it is due to
improvement in maternal nutrition and
demographic changes. This has implications
for the incidence of NTD elsewhere in the
UK.
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