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LETTERS TO
THE EDITOR

High incidence of A1507
mutation of the CFTR
gene in a limited area of
the north west of France
Since the discovery of the CFTR gene,'3
more than 400 different mutations have been
found to be responsible for cystic fibrosis, the
most common of them by far being AF508.
Because the spectrum of mutations in the
gene varies with ethnicity of populations, its
identification for a given geographical area
has major implications in prenatal diagnosis
and genetic counselling. In screening for CF
mutations in a limited area of the north west-
em part of France (Basse Normandie, an
area with 1 400 000 inhabitants), we recently
found the AI507 mutation to account for
12-3% of the non-AF508 chromosomes or
4-2% of the CF chromosomes (seven out
of 168 unrelated CF chromosomes). This
mutation was identified by detection of het-
eroduplex molecules obtained after PCR on
polyacrylamide gel electrophoresis (PAGE)4
and sequencing of PCR products. We also
found the AI507 to be constantly associated,
as already reported by others,' with the D
haplotype (XV2c/TaqI allele 2, KMl9/PstI
allele 2). The other most common mutations
observed in our study with a frequency higher
than 1% were: G551D (2 4%), G542X
(2-4%), 574delA (1-2%), 3659delC (1-2%),
and N1303K (1-2%). The A1507 was there-
fore the second most frequent mutation after
AF508 (66-3% of CF chromosomes) in the
population under study.

Recently, the Cystic Fibrosis Genetic Ana-
lysis Consortium has published the popu-
lation variation throughout the world of
common cystic fibrosis mutations.7 Ac-
cording to that study, the observed mean
relative frequency of the AI507 mutation in
the world is 0-2% and France is the country
where the highest frequency is found (a mean
of 0-6%, significantly different from the rest
of the world). The frequency of AI507 ob-
served in the population of Basse Normandie
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is again significantly higher than in rest of the
country (p<0 05). This high frequency and
the constant association with haplotype D
suggest the possible existence of a founder
effect in the population under study.
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Allele distribution of a
highly polymorphic repeat
on chromosome 12 in
patients with symptoms of
chorea and ataxia

Dentatorubral and pallidoluysian atrophy
(DRPLA) is a progressive neurodegenerative
disorder characterised by ataxia, chorea, epi-
lepsy, and dementia. Recently, an unstable
expanded CAG repeat in a gene located on
chromosome 12 has been identified as causing
DRPLA. The repeat size varied from 7 to 23
in normal subjects and one allele is expanded
to 49 to 75 in patients."2 This rare autosomal
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dominant disorder, almost unknown in Eur-
ope, has been described in Japanese pedigrees
with a prevalence of one per million people.
DRPLA has clinical and neuropathological
similarities to Huntington's disease (HD) and
spinocerebellar ataxia type 1 (SCAl). As in
HD and SCAI, variable age of onset, an-

ticipation of symptoms, and cases with ju-
venile onset following patemal transmission
have been observed in DRPLA families.
HD is an autosomal dominant condition

resulting in chorea, cognitive loss, and psy-
chiatric manifestations. A tract of CAG re-

peats has been identified close to the 5' end
of the HD transcript. The nucleotide stretch
in the gene IT15 on chromosome 4 varies
from 11 to 34 copies on normal chro-
mosomes, whereas patients with HD have
repeat units larger than 38 within the mutated
gene.3
SCAI, another ofthe numerous autosomal

dominantly inherited neurodegenerative dis-
orders, is characterised by ataxia, dysarthria,
and variable degree of motor weakness. The
neurological findings include selective loss of
neurons in the cerebellum, spinal cord, and
brain stem. The underlying mutation is an

expansion of a CAG trinucleotide repeat in
the ataxin gene on chromosome 6. Normal
repeat numbers span from 19 to 36 CAG
copies, while in SCAl patients the aberrant
repeat is elongated to more than 40 tri-
nucleotides.4

Patients with DRPLA may have a variety of
symptoms overlapping with HD and SCAI.
Therefore, we investigated 73 patients with
signs of HD and 35 patients with signs of
SCAI but lacking the appropriate mutations
on chromosomes 4 and 6 for length of a CAG
repeat on chromosome 12. Normal allele dis-
tribution has been confirmed by analyses of
94 control chromosomes.
Blood samples from affected and control

persons with a common geographical origin
(Germany) were obtained by numerous neur-

ologists asking for direct mutation analyses
to confirm or exclude the potential diagnosis.
In this study, the neurological criteria, con-

taining the characteristic symptoms of pro-
gressive neurodegeneration, chorea, or ataxia
or both, were of limited stringency to avoid
preselection of the test collective.
DNA from blood lymphocytes was ex-

amined for the CAG repeat expansion in
the DRPLA gene using the PCR assay as
previously described.'2
The number of CAG repeats in the SCA1

and HD genes were determined as precise
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Allele distribution in the DRPLA gene in the three groups.
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length determinations using the Genescan
software on an ABI 373A automatic se-
quencer. The procedure contains a PCR with
one primer labelled with fluorescence dye.
For the statistical comparison of the dis-

tributions of CAG copies for the three
samples, the p value from the exact procedure
for contingency tables was calculated using
StatXact's Monte Carlo approach with
1 000 000 replications. Thus the width of the
99% confidence interval for the p value could
be reduced to 0-001 indicating that the p
value given is exact at least to the second
decimal.
The distribution of repeat sizes in the

DRPLA gene in 47 male and female controls
(94 chromosomes) varies between seven and
25 CAG copies with a maximum for [CAG] 15
in 29% of the chromosomes. In two cases
(4%) homozygosity has been observed.

In 35 patients with questionable diagnoses
of SCAl without expansions in the ataxin
gene, seven to 21 CAG copies in the DRPLA
gene have been found, including 26 of 70
alleles with [CAG]15 (37%). No significant
differences in the trinucleotide repeat fre-
quency of the DRPLA gene between controls
and patients with ataxia could be ascertained.
For seven patients only one allele could be
amplified, indicating 20% homozygosity.
This result may be explained by the small
number of cases. Insufficient amplification of
an expanded repeat appears improbable since
DNA analyses oftwo affected persons, kindly
provided by T Warner and A Harding,
London, have been successful.

Investigating the DNA of 73 patients sus-
pected of having HD but negative for the
mutation in the IT15 gene, alleles ranging
from [CAG]7-23 in theDRPLA gene have been
identified. Two homozygous DNA samples
(3%) were present. Surprisingly, in this col-
lection the second most frequent allele was
[CAG]IO, the most frequent being [CAG]15
(30% of chromosomes). Twenty-six of the
146 chromosomes investigated (18%) con-
tain 10 CAG copies representing about 36%
of the patients with symptoms of HD. Con-
trols and patients shared a common ethnic
background and, therefore, differences be-
tween populations5 cannot account for this
result. Furthermore, the allele distribution in
our controls corresponds to data of the white
population. Surprisingly, the allele (CAG)10
is overrepresented in the Japanese population,
too.5

Allele distributions in the DRPLA gene in
the three groups are summarised in the figure.
Neither in our patients with chorea nor in
patients with symptoms of ataxia could an
expansion ofthe CAG repeat on chromosome
12, to explain the affected status, be found.
Our data confirm the low frequency of the
DRPLA mutation in the European popu-
lation. Interestingly, the incidence of allele
[CAG] 10 is significantly increased in patients
with a questionable diagnosis of HD. The
exact p value for the comparison of the three
distributions of CAG copies is calculated as
p=0-031 which indicates a significant dis-
crepancy between the samples. This result
may be because of linkage disequilibrium be-
tween the disease and a mutation on chro-
mosome 12 or, possibly, a further gene
causing a progressive neurodegenerative dis-
order is located in the DRPLA region. Ex-
tended analyses with polymorphic markers
are necessary to define a high risk haplotype
for this genetically uncharacterised disease.
Investigations of pedigrees with affected per-
sons with the allele [CAG]10 may detect the

presence of a gene responsible on chro-
mosome 12.
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helpful discussion, D Murphy for critical reading of
the manuscript, and S Wiese for preparing the
graphs.

CHRISTINE ZUHLKE
OTTO KNOBLOCH

SILKE WAGNER
Institut fiir Humangenetik,

Gosslerstrasse 12d,
37073 Gdttingen, Germany
REINHARD HILGERS

Medizinische Statistik,
Humboldtallee 32,

37073 Gdttingen, Germany

1 Koide R, Ikeuchi T, Onodera 0, et al. Unstable
expansion of CAG repeat in hereditary den-
tatorubral-pallidoluysian atrophy (DRPLA).
Nature Genet 1994;6:9-13.

2 Nagafuchi S, Yanagisawa H, Sato K, et al. Den-
tatorubral and pallidoluysian atrophy: ex-
pansion of an unstable CAG trinucleotide on
chromosome 12p. Nature Genet 1994;6:14-18.

3 The Huntington's Disease Collaborative Re-
search Group. A novel gene containing a tri-
nucleotide repeat that is expanded and
unstable on Huntington's disease chro-
mosomes. Cell 1993;72:971-83.

4 Orr HT, Chung M, Banfi S, et al. Expansion
of an unstable trinucleotide CAG repeat in
spinocerebellar ataxia type 1. Nature Genet
1993;4:221-6.

5 Burke JR, Ikeuchi T, Koide R, et al. Den-
tatorubral-pallidoluysian atrophy and Haw
River syndrome. Lancet 1994;344:1711-12.

Detection ofY mosaicism
in patients with Turner's
syndrome

The very high intrauterine loss rate in Tur-
ner's syndrome and the observation that there
is a higher ratio of mosaic karyotypes to
monosomy X in liveborns compared with
aborted fetuses has led to the speculation that
all liveborn patients are mosaic for a critical
cell line.'

Experimental evidence has shown that 70
to 80% of patients with Turner's syndrome
retain the maternal X chromosome.2 There-
fore there is the theoretical possibility of Y
mosaicism occurring in 35 to 40% ofTurner's
syndrome patients.3 This has not been shown
in cytogenetic studies where only 5% of cases
have Y mosaicism4 and another 3% have
unidentified markers. However, low level mo-
saicism may be missed by conventional cyto-
genetic techniques and over 100 cells would
need to be examined to exclude 5% mo-
saicism with 99% confidence.5 This fact is
also a limitation in the use of FISH which
has an established role in the identification
of fragments.6

Identification of Y chromosomal mo-
saicism is of clinical relevance because of
the high risk of tumour formation in the
dysgenetic gonads of patients with entire or
structurally abnormal Y chromosomes pres-
ent, which may be as high as 30%.7 Page89
has hypothesised the presence of a "gonado-
blastoma" locus which is probably located in
interval 4b-5.

Several studies on relatively small numbers
of patients have investigated Y mosaicism in
Turner's syndrome using Southern blotting
with Y specific probes,3 PCR with one or two
Y primer sets,' 01' and even Southern blotting
of amplified DNA'2 and have suggested that
occult Y mosaicism occurs in 0 to 33% of
patients. In view of this lack of consensus,

we have used PCR with a panel of Y primers
from the whole length of the Y chromosome
and Southern blotting of amplified DNA in
a large unselected cohort of patients with
Turner's syndrome to determine the fre-
quency of occult Y mosaicism.
As part of a total ascertainment study, 100

patients with Turner's syndrome were re-
cruited from the four growth clinics and from
adult Turner's syndrome clinics in Scotland.
The patients had the following karyotypes:
45,X in 48, 45,X/46,XiXq in 14, 45,X/46,
Xr(X) in 10, 45,X/46,XX in seven, 45,X/
46,XY in three, 45,X/46,Xi(Yp) in one, 45,
X/46,X, +M in nine, and other karyotypes in
eight.
DNA was extracted from peripheral

lymphocytes of all patients by the same nor-
mal female (CEC, karyotype 46,XX) and
PCR was carried out with nine sets ofprimers
from the Y chromosome: PABY from the
pseudoautosomal region which amplifies X
and Y specific products of different sizes,'3
SRY1,'4 amelogenin'5 which amplifies X and
Y specific products with a size difference, Y
centromere,'6 sY85,'7 sYl17,'7 sYl46,'7 and
sYl60,'7 Yl.1.'8 An additional primer set,
sYl59,17 was used in patients who were posi-
tive with Y1.1. sY146 and sY160 were amp-
lified in a multiplex reaction. All PCR
products were resolved on 1-2% ethidium
bromide stained agarose gels with both nor-
mal male and normal female controls on every
gel.

Southern blotting of amplified DNA was
also carried out on 84 of the patients who
had been shown to be negative on direct
visualisation of PCR products. Three primer
sets were used initially, SRY1, Y centromere,
and sY85, and a fourth XES1O/11'9 from the
SRY gene was used on positive cases. Great
care was taken to prevent contamination
either by PCR products or genomic DNA
when setting up the PCR reaction or running
gels. All the experiments were carried out by
the same female (46,XX karyotype). Separate
pipettes were used for setting up the PCR
and running gels, autoclaved solutions were
used throughout, and all solutions were sub-
jected to UV light for 10 minutes before use.
The PCR products were run out in a separate
laboratory one floor below that used for set-
ting up the PCR. All doubtful cases were
repeated and in two cases DNA was extracted
from fresh blood samples. In five other cases
different DNA samples were used.

Forty-six normal females were also
screened using the SRY1 primers. In 40 of
these the DNA was extracted by female
laboratory staff and in six by a male scientist.

Probes used for the Southern blotting were
gene cleaned PCR products amplified from
normal males. These were labelled with 32p
dCTP by the random labelled method.

Parental origin of the normal X chro-
mosome was determined either by use of
Southern blotting with probe M270 or by
PCR with primers from a repeat sequence in
the androgen receptor gene, as previously
described.20 Concurrent analysis of X in-
activation patterns in patient 9 assisted in the
identification of the normal X chromosome.
Nine patients were positive for one or more

Y regions on direct visualisation of ethidium
bromide stained gels with the results shown
in table 1 along with the deletion interval of
the primers used. Three of these were already
known to have a Y chromosome cyto-
genetically and were positive for all regions
tested (patients 3, 4, and 5, table 1). One of
these subjects (patient 3) had a prophylactic
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