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Abstract

A quality control study was performed to determine the accu-
racy of cystic fibrosis (CF) transmembrane conductance regu-
lator (CFTR) mutation screening in 40 different genetic
screening laboratories throughout Europe. A total of 9 differ-
ent samples were investigated blindly by the participating lab-
oratories. Only 25/40 laboratories, i.e. 62.5%, were able to
type all samples correctly for the mutations for which they rou-
tinely screened. Only 2 of the 9 samples were correctly typed
in all 40 laboratories. The lowest accuracy rate was 80% for 1
sample. 12.5% of the participating laboratories interpreted the
F508C polymorphism as a true CF disease mutation and
12.5% interpreted the AIS07 mutation as a AF508 mutation.
For the AF508 mutation, a false-negative result of 3.75% was
obtained. It is clear that the accuracy of CFTR typing should
be improved.

2,500 newborns in Europe have CF and about
10 million European citizens are carriers

Cystic fibrosis (CF) is one of the most fre-
quent lethal autosomal recessive diseases in
the Caucasian population [1]. About 1 in

1 Harry Cuppens and Jean-Jacques Cassiman (Leuven, Bel-
gium) were responsible for the analysis of the data and the
drafting of this paper. The manuscript was reviewed by all par-
ticipating laboratories, which are listed in the Appendix.

of a defective CFTR gene. Mutations in the
CF transmembrane conductance regulator
(CFTR) gene cause this disease [2-6; The Cys-
tic Fibrosis Genetic Analysis Consortium]. So
far, more than 500 different disease muta-
tions have been described in this gene [4-6;
The Cystic Fibrosis Genetic Analysis Consor-
tium]. The existence of such a high number of
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different mutations has hampered the genetic
screening of the CFTR gene for genetic coun-
selling purposes. A quality control study was
initiated by the European Concerted Action
on Cystic Fibrosis, to establish the accuracy of
routine CFTR mutation screening. To a lesser
extent, such a study would provide informa-
tion on which mutations are routinely
screened for and the type of technology that is
used in different countries for screening these
CFTR mutations.

Methods

The Center for Human Genetics at Leuven in Bel-
gium was assigned as a reference laboratory. A total of
69 different laboratories throughout Europe were in-
formed about this study and asked if they wished to
collaborate. Forty (58 %) agreed to do so, and, an iden-
tification number was assigned to each. These labora-
tories then received the same 9 samples provided by
the reference laboratory, coded CM10-CM 18, which
they were requested to screen for CFTR mutations
using their routine technology. The mutations and
polymorphisms in the CFTR genes of these samples
were completely known, since the coding region and
exon-intron junctions had been completely sequenced.
It was decided to provide only samples in which the
most frequent mutations would be represented, since it
was expected that most laboratories would only screen
for the most common CFTR mutations. The different
participating laboratories were, however, not informed
about this decision. At the same time, they also
received a questionnaire to obtain information about
the CFTR mutations for which they routinely
screened, the technology that is used and the time that
1s required for this screening. The results of the screen-
ing and the completed questionnaire were then sent
back to the reference laboratory for analysis. The data
were compiled in a table, which was made available to
every laboratory. In this table, the different laborato-
ries were only identifiable by their code number. Each
code number was only known to the laboratory to
which it had been assigned. They were also informed
about the genotypes that they should have obtained for
these samples, i.e. CM10: AF508/G542X; CMI11:
AI507/wild; CM12: AF508/F508C-S1251N; CM13:
WI1282X/wild; CM14: AF508/N1303K; CMI15:
AF508/AF508; CM16: AF508/1717-1G—A; CM17:

H,0; CM18: wild/wild. Each participant was then
asked to check if the results in the compiled table were
in agreement with the data they had submitted. The
laboratories that found a different genotype for 1 or
more samples, 15 in total, were asked to comment on
the discrepancy. They were also asked if they could
retype the discrepant samples. For this retyping, no
new sample was provided. Ten laboratories (67%)
responded to this second request.

Results

Techniques Used for Identifying CFTR
Mutations

The assays used by the different laborato-
ries are shown in table 1. Most used a combi-
nation of different techniques. For those labs
that used only one technique, this was either
the amplification-refractory mutation system
(ARMS) or reverse dot blot.

CFTR Mutations Routinely Screened

The 9 CFTR mutations most frequent-
ly screened are given in table 2. For the
W1282X mutations, 3 of the 21 contributing
laboratories that routinely screened for this
mutation could, however, not exclude that the
R1283M mutation was present in a positive
sample, since their asssay could not discrimi-
nate between these two mutations [13].

The number of different mutations
screened by each individual laboratory varied
from 3 to more than 20. The latter always
used indirect mutation detection assays such
as denaturing gradient gel electrophoresis
(DGGE) and single-strand conformation
polymorphism (SSCP), but even then only a
limited number of exons of the CFTR gene
were routinely screened. However, the num-
ber of mutations that are actually routinely
screened by some laboratories are underesti-
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Table 1. Techniques used for

screening CFTR mutations Assay ggg::::r?;
Restriction enzyme analysis 26
Amplification-refractory mutation system [7) 25
Heteroduplex analysis [8] 11
Reverse dot blot [9] 7
Allele-specific oligonucleotides 6
Sequencing 4
Denaturing/temperature gradient gel electrophoresis [10] 3
Single-strand conformation polymorphism [11] 3
Restriction-site-generating-polymerase chain reaction
(RG-PCR)[12] 1
Others (not specified) 2

For the more unfamiliar techniques, only one reference is given. It is
possible, however, that a modified assay was used by some of the con-
tributing laboratories.

mated. Indeed, some which only screened a
limited number of mutations in this study,
where only isolated DNA samples were pro-
vided, would actually screen for more muta-
tions depending on clinical and pedigree in-
formation for the individual under investiga-
tion.

Given the variety of techniques used, the
time needed for genetic screening therefore
varied between laboratories and these data
were therefore not interpreted in detail. In
general, the laboratories that screened for a
limited number of mutations with a direct test
could perform the screening in 2-3 days. Oth-
ers, such as those that used a DGGE assay,
had more complex screening protocols. Here,
screening was performed in different phases,
such as the analysis of the most frequent
mutations in a first phase followed by a sec-
ond phase screening for rarer mutations for
those samples in which a frequent mutation
could not be identified. Here, the screening
could last for up to 2 weeks.

Table 2. Nine most frequent CFTR mutations that
were routinely screened

Mutation Number of laboratories
that screened for the mutation
AF508 40
G551D 38
G542X 36
R553X 32
621 + 1G>T 26
AI507 22
W1282X/R1283M 21
N1303K 20
1717-1G->A 18

For the W1282X mutation, 3 of the laboratories
that routinely screened for this mutation could not
exclude that the R1283M mutation was present in a
positive sample, since their assay could not discrimi-
nate between the W1282X and R1283M mutations
[13].
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Table 3. Number of incorrectly typed CFTR alleles
made by the different laboratories

Number of Number of Number of
alfeles laboratories laboratories
incorrectly that confirmed
typed their data

0 25

1 6 4

2 5 3

3 1 1

4 1 0

5 1 1

6 1 1

A positive result for the H,O control was counted
as one allele that was not correctly typed. This error
occurred in 1 laboratory. All laboratories that con-
firmed their data also performed a reanalysis of the
wrongly typed samples. Two laboratories found that
the mistyping of 1 allele was due to an administrative
mistake. For the remaining mistyped alleles, the ex-
pected allele was found after retyping.

Quality Control

Since the different mutations that were
routinely screened differed between laborato-
ries, it was possible that a particular mutation,
present in the samples to be tested, was not
screened by a particular laboratory. For this
reason, the information on the mutations that
were routinely screened was taken into con-
sideration in the analysis of the deduced geno-
types. In cases in which a mutation was not
found because the relevant mutation was not
screened, the deduced genotype was inter-
preted to be correct.

Scoring of the Different Laboratories
All samples were correctly typed in 25/40
(62.5%) laboratories (table 3). In 15 laborato-

ries, at least 1 sample was clearly wrongly
typed. All laboratories that confirmed their
incorrect data also performed a reanalysis.
Two laboratories found that the mistyping of
1 allele was due to an administrative mistake
(error in reporting). For the remaining mis-
typed alleles, the expected allele was found
after retyping. In 1 of the 6 laboratories that
incorrectly typed 1 allele, the error occurred
when a PAGE heteroduplex assay was used.
Here, unfamiliar heteroduplexes were recog-
nized, however they were incorrectly inter-
preted.

The number of alleles wrongly typed, in-
cluding a positive result for the H>O, was 6 for
1 laboratory, where an ARMS assay was used.
The discrepancies were explained by the dif-
ference in concentration of DNA compared to
the concentration of DNA they normally
used. On retyping, using techniques other
than their ARMS assay, the expected results
were obtained. This laboratory will be re-
ferred to as laboratory A.

In another laboratory, 5 alleles were
wrongly typed. This was explained by the fact
that they used a nonoptimized SSCP assay.
Retyping of the samples with their optimized
SSCP method clearly identified all genotypes
correctly. This laboratory will be referred to as
laboratory B.

Scoring of the Different Samples

Two samples were correctly typed in all 40
laboratories: CM15 (AF508/AF508) and
CM 18 (wild/wild).

Sample CM 17, which only contained H,0,
was correctly typed in 39/40 laboratories. A
AF508 heterozygote was concluded in labora-
tory A. Retyping of the sample there gave the
expected negative result, and contamination
of this sample can therefore be excluded. In a
second laboratory, a AF508 heterozygote was
initially concluded on the basis of a heterodu-
plex assay for the AF508 mutation. However,
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Table 4. Results of typing the different samples

Sample Aliele 1 Allele 2 Number Comment from the respective laboratories
of labora-
tories
CM10 AF508 G542X 31
(AF508/G542X) AF508 - 2
AF508 R553X 2 no answer
AF508 not found 1 retyping gave the expected result
Not found G542X 2 no answer from 1 lab,
administrative mistake in the other
Not found not found 1 retyping gave the expected result
H,0 1 retyping gave the expected result
CM11 AI507 wild 20
(AI507/wild) - wild 11
AI507 (possible) wild 1 no answer
AF508 wild 5 3 labs: retyping gave the expected result;
2 labs: their assay does not discriminate between
AF508 and AIS07
Not found wild 1 retyping gave the expected, weakly positive, result
AI507 AF508 1 no answer
AIS07 mutation in exon 21?7 1 retyping gave the expected result
CM12 AF508 F508C 4
(AF508/F508C-S1251N) AF508 - 26
AF508 exon 10 variant 1
AF508 strange heteroduplex 1
AF508 faint wild 1
Deletion - 1
AF508 AI507 2 1 lab: ARMS test is not optimized;
second lab: retyping gave the expected result
AF508 AI507 (strange 1 no answer
heteroduplex)
AF508 AF508 1 retyping gave the expected result
RS553X AIS07 1 no answer
Not found F508C 1 administrative mistake
CM13 W1282X wild 15
(W1282X/wild) - wild 19
Ww1282X wild 3
(or R1283M)
W1282X mutation inexon 21?7 1 retyping gave the expected result
W1282X faint AF508 and i no answer
S1251N
Not found wild 1 no answer
CM14 AF508 N1303K 17
(AF508/N1303K) AF508 - 20
Not found N1303K 1 retyping gave the expected result
AF508 not found 2 1 lab: no answer;
second lab: retyping gave the expected result
CM16 AF508 1717-1G->A 17
(AF508/1717-1G~»A)  AF508 - 20
AF508 not found 2 1 lab: no answer;
second lab: retyping gave the expected result
Not found - 1 retyping gave the expected result

For CM 12, the results of the screening of S1251N are not included in this table. The samples CM15 (AF508/AF508) and
CM18 (wild/wild) were correctly typed in all 40 laboratories. Sample CM17 (H,0) was typed as a AF508 heterozygote in 1
laboratory. — = No screening for this mutation.
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subsequent analysis of other mutations in the
blind trial, and even of the AF508 mutation
by a different assay in this CM17 sample,
showed no amplification.

Sample CM10 (AF508/G542X) was cor-
rectly typed in 33/40 laboratories, i.e. §2.5%
(table 4). Two laboratories found R553X in-
stead of G542X, for which no comment was
given. In 1 laboratory, this sample failed to be
amplified in the first screening. After retyp-
ing, the correct result was clearly obtained
when the sample was diluted 1 in 50. The fail-
ure of amplification in the blind trial was
explained by the fact that they only dealt with
cells from cheek scrapings and therefore had
no experience with concentrated DNA sam-
ples. Nevertheless, they were able to type the
other 8 (concentrated) samples correctly. Lab-
oratory B was able to find the AF508 but not
the G542X allele. Retyping of the sample with
their optimized SSCP method clearly identi-
fied the G542X allele. Two laboratories could
find the G542X but not the AF508 allele. One
laboratory explained the error through an ad-
ministrative mistake. Here the AF508 allele
was recognized; however, the result was mis-
represented on the list summarizing the data
of the CM samples. No answer was obtained
from the second laboratory. Finally, laborato-
ry A found neither AF508 nor G542X with
their ARMS assay. Analysis of this sample
with other techniques gave the expected re-
sult.

Sample CM11 (AI507/wild) was correctly
typed in 32/40 laboratories, i.e. 80% (table 4).
In one, the AISO7 allele was described as a
possible AI5S07. This result was probably
based on a PAGE heteroduplex assay in
which unfamiliar heteroduplexes were ob-
served. Five laboratories interpreted the
AI507 allele as a AF508 allele. One of these
laboratories used a heteroduplex assay in
which very faint heteroduplex bands were ob-
tained, such that they were not able to detect

the characteristic AIS07/wild heteroduplexes.
The second laboratory used a dot blot assay in
which the oligonucleotide probe for the
AF508 mutation unfortunately also detected
the AIS07 mutation; however, the signal ob-
tained with the AF508 oligonucleotide probe
compared to that obtained with the wild-type
oligonucleotide probe was much weaker. Both
laboratories found the expected results after
retyping. The results in two other laboratories
were based on a PAGE heteroduplex assay
which did not, at least in these cases, discrimi-
nate between the AF508 and AIS07 muta-
tions. The fifth laboratory was laboratory A
where, after retyping, the correct genotype
was obtained. In one laboratory, the AIS07
allele was not found. After retyping, a weak
positive result was obtained. Here, the AI507
mutation was screened with a AISO7/AF508
ARMS test. Comparison with previous results
of other samples led them to conclude that the
AI507 mutation was missed due to a de-
creased sensitivity of the kit after prolonged
(1.5 years) storage. In 1 laboratory, the AI507/
wild sample was interpreted as a AIS07/
AF508 sample; no comment was received on
the discrepancy. Finally, laboratory B ob-
served a different SSCP pattern for a frag-
ment that contained exon 21 of the CFTR
gene, compared to control samples. Since
exon 21 and its exon-intron junctions were
completely sequenced, the presence of a poly-
morphism can be excluded. Moreover, it was
stated that this analysis was performed by
means of SSCP which at that time was still not
completely optimized. Retyping of the sample
with an optimized SSCP method clearly iden-
tified no aberrant SSCP pattern for this frag-
ment.

Sample CM 12 carried the AF508 mutation
on one allele and the S1251N mutation on its
second allele. The S1251N mutation also car-
ried F508C, which is a known polymorphism.
The main interest of this sample was to inves-
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tigate if the F508C polymorphism could be
misinterpreted as a true CF disease mutation.
For this reason, the data will focus on the
AF508 and F508C mutations (table 4). Nev-
ertheless, this sample was screened for the
S1251N mutation by 4 contributing groups,
which were all able to detect it. With regard to
the AF508 and F508C mutations, the samples
were correctly scored in 34/40 contributing
laboratories, i.e. 85%. Four were able to de-
tect the F508C mutation itself. One recog-
nized a strange heteroduplex in a PAGE hete-
roduplex assay. One defined the presence of a
variant, although they could not define it, and
this was most probably based on the presence
of unfamiliar heteroduplexes in a PAGE hete-
roduplex assay. One recognized that the wild-
type allele gave a weaker signal than expected
which would also indicate the presence of a
variant, but it was not interpreted as such.
Finally, one scored the sample as heterozy-
gous for a deletion. Unfamiliar heterodu-
plexes in a PAGE heteroduplex assay most
probably prevented this laboratory from de-
fining the actual deletion mutation. Five of
the 40 contributing laboratories interpreted
the F508C mutation as a true CF disease
mutation. Three interpreted the samples to be
derived from compound heterozygotes for the
AF508 and AI507 mutations. In the first, the
test was based on a PAGE heteroduplex assay,
where strange heteroduplexes were neverthe-
less recognized. No comment was given by
them. In the second laboratory, a AI5S07/
AF508 ARMS test was used. A possible expla-
nation for this false-positive result, proposed
by them, was the relative lack of specificity of
the primer which might detect not only AI507
and AF508, but also F508C. The third labora-
tory which concluded a AF508/AI507 geno-
type was laboratory B. Again, retyping of the
sample with their optimized SSCP method
clearly identified the expected genotype. One
laboratory interpreted the sample to be de-

rived from a AF508 homozygote, on the basis
of an allele-specific oligonucleotide (ASO)
test. In this test, a strong signal was obtained
with the oligonucleotide probe that detected
the AF508 mutation, like a AF508 homozy-
gote, but a weak but definite signal was also
obtained with the oligonucleotide probe that
detected the wild-type allele. At that time, the
CM12 sample was typed as AF508/AF508.
Retyping with temperature gradient gel elec-
trophoresis (TGGE) gave the expected geno-
type. Although this type of error occurred only
once in this study, one of the laboratories,
which typed the CM12 sample correctly, did
comment that they had erroneously typed a
AF508/F508C-S1251N patient as a AF508
homozygote in the past with an ASO assay.
The final laboratory typed the sample as
R553X/AI507, for which no comment was
provided. Finally, a remarkable result was ob-
tained in one laboratory that did not recog-
nize the AF508 allele, but did detect the
F508C allele. They commented that the
AF508 was in fact detected during their first
analysis, but was not reported due to an
administrative mistake.

Sample CM13 (W1282X/wild) was cor-
rectly typed in 37/40 laboratories, i.e. 92.5%
(table 4). However, 3 could not exclude that
the mutant allele carried R1283M, since their
assays could not discriminate between these
mutations. One laboratory did not find the
W1282X allele, for which no comment was
given. A second laboratory obtained a very
faint AF508 and S1251N signal, besides
W1282X, for which no comment was given.
Finally, laboratory B again observed a differ-
ent SSCP pattern for a fragment that con-
tained exon 21 of CFTR, compared to control
samples.

Sample CM14 (AF508/N1303K) was cor-
rectly typed in 37/40 contributing laborato-
ries, i.e. 92.5 % (table 4). Laboratory A failed
to detect the AF508 mutation. Retyping of
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this sample with other techniques gave the
expected result. Two laboratories failed to de-
tect the N1303K mutation. One of them was
laboratory B, which obtained the expected
genotype after retyping. The second laborato-
ry did not comment on their discrepancy.

Sample CM16 (AF508/1717-1G—A) was
correctly typed in 37/40 laboratories i.e.
92.5% (table 4). In two laboratories, the 1717-
1G—A mutation was not detected. One of
these used SSCP. No comment was received
for the failure to detect the 1717-1G—A mu-
tation. The second laboratory used an ARMS
assay. Retyping of the sample resulted in the
identification of the 1717-1G—A mutation.
The failure to detect this mutation in the first
screening was explained by a nonoptimal ex-
tension temperature in the ARMS reaction,
which, however, did not prevent a signal be-
ing obtained for the positive control. Finally,
in laboratory A, the AF508 mutation was not
detected.

Discussion

The aim of this study was to investigate the
mode of screening of CFTR mutations among
different laboratories throughout Europe. The
main interests were: (1) which CFTR muta-
tions are routinely screened; (2) what tech-
niques are used for this screening and (3)
more important, how accurate is this screen-
ing?

Much care had to be taken in preparating
and distributing the samples, so that every
laboratory received the correct samples, free
of contamination. As a control, all laborato-
ries who found a different genotype for one or
more samples were asked to retype the discre-
pant samples. From all the laboratories that
retyped the original samples, 10 out of 15
(67%) found the expected genotype. This in-
dicated that they indeed received the correct

samples and that these were free of contami-
nation.

Most laboratories only screened for the
most common CFTR mutations. Even the
limited number that made use of more labo-
rious techniques, such as DGGE/TGGE and
SSCP, only analyzed a limited number of
exons and their exon-intron junctions.

The techniques used were quite variable.
Errors in typing were observed when the
ARMS, SSCP, heteroduplex, or ASO assay
was used (assays given in decreasing order of
error rate). However, it should be noted that 6
of the alleles wrongly typed with an ARMS
assay occurred in a single laboratory and 5 of
the alleles wrongly typed with a SSCP assay
occurred in another single laboratory. Some
assays were used more frequently than others
(table 1), and thus the chance that a particular
error will be observed with them will be high-
er. Finally, it was not always possible to iden-
tify the assay in which a particular error
occurred. For these reasons, it is impossible to
draw significant conclusions about the accu-
racy rate of the different assays.

Only 25/40 laboratories, i.e. 62.5%, typed
all samples correctly, and only 2 of the 9 sam-
ples, i.e. 22%, were correctly typed in all 40
laboratories. Five laboratories (12.5%) actual-
ly typed the F508C polymorphism as a CF
disease mutation and 5 other (12.5%) inter-
preted the AISO7 mutation as a AF508 muta-
tion.

This incorrect result was not always due to
technical reasons. In 2 cases, there was an
administrative mistake. Such an error is nev-
ertheless important. If the most common
CFTR mutation AF508, present on 6/16 al-
leles analyzed, was investigated individually,
it was not found on 9/240 tested AF508 CFTR
alleles. This would result in a false-negative
result for the AF508 mutation of 3.75%. How-
ever, 3/9 mistypings occurred in the same lab-
oratory, and this false-negative rate could,
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therefore, be an overestimate. Nevertheless,
the percentages of correctly typed samples
were much lower than expected, especially
since only the most common CFTR muta-
tions were included in this study, which are
well known to the CF community. It is clear
that the accuracy of CFTR typing should be
improved.

Since only isolated samples were provided,
it is possible that some of these incorrect typ-
ings would have been recognized by the labo-
ratories themselves when relatives of these
individuals, from whom the DNA samples
were obtained, had been investigated. Indeed,
in most cases when CF patients, or their rela-
tives, are analyzed, DNA of relatives, such as
the parents, are available. However, for car-
rier screening programs [ 14], most people who
want know their carrier status will present
individually, and for these purposes our study
will be quite representative.

While the results of this quality control
investigation are somewhat disappointing, it
is clear, however, that those who participated
have been able to identify technical or proce-
dural problems in their laboratories and that
their testing services will have been improved
by this experience. That such a quality control
raises the standards of molecular genetic anal-
ysis is proven by the British experience. In the
United Kingdom, such quality control testing
has been operational for more than 3 years.
For this reason, these laboratories seem to be
more accustomed to the idea of quality con-
trol, because 21/40 laboratories (52.5%), that
courageously submitted to the test, were of
British origin. Of the 34 wrongly typed CFTR
alleles in this study, only 7 occurred in labora-
tories from the United Kingdom: 1 laboratory
wrongly typed sample CM10 as AF508/
R553X and the CM 16 sample as AF508/wild,
for which no comment was given; a second
wrongly typed sample CM 10 as G542X/wild,
for which no comment was given; a third

typed sample CM10 as water because the
DNA in this sample was too concentrated and
they therefore did not obtain any amplifica-
tion; a fourth typed sample CM11 as AF508/
wild because their heteroduplex test could not
discriminate between the AF508 and AI507
mutations, and finally, the fifth typed sample
CM12 as AF508/A1507, although strange he-
teroduplexes were obtained in their heterodu-
plex test. A significantly lower error rate of
1.96% (95% confidence interval (CI): 0.49-
3.43%) was observed in the United Kingdom
laboratories compared to 8.36% (95% CI:
5.28-11.44%) in laboratories on the Euro-
pean continent, which is believed to be a
direct consequence of their participation in
the quality control scheme of the United
Kingdom. It should be noted, however, that a
significantly lower average number of CFTR
mutations were routinely screened in these
laboratories: 6.90 (95% CI: 5.27-8.53) com-
pared to more than 12.32 (95% CI: 9.75-
14.89) on the European continent.

A second round of quality control will have
to be set up in the future to confirm an
improvement in quality. Moreover, this type
of quality control should eventually be imple-
mented on a routine basis in diagnostic labo-
ratories. In the meantime, we would like to
acknowledge the genuine interest of all partic-
ipants in this trial and the constructive atmo-
sphere in which all steps of the procedure
could be taken.

Acknowledgements

This study was supported by the European Con-
certed Action on Cystic Fibrosis.

243



Appendix
Study Participants

Belgium

P. Cochaux,

Laboratoire de Génétique Moléculaire
Hospital Erasme-Batiment C

808 Route de Lennik

B-1070 Brussels

H. Cuppens and J.J. Cassiman
Center for Human Genetics
University of Leuven
Gasthuisberg

Herestraat 49

B-3000 Leuven

J. Poncin
Laboratoire de Biologie Moléculaire

Centre de Génétique
Université de Liége
CHU Sart Tilman
Tour de Pathologie
B-4000 Liége

W. Lissens

Department of Medical Genetics
AZ-VUBrussel

Laarbeeklaan 101

B-1090 Brussels

France

M. Claustres and M. Desgeorges
Laboratoire de Biochimie Génétique
Institut de Biologie

Boulevard Henri IV

F-34060 Montpellier

E. Denamur and J. Elion
Laboratoire de Biochimie Génétique
Hopital Robert Debré

48 Bd. Sérurier

F-75019 Paris

M. Goossens

Laboratoire de Biochimie
INSERM U19

Hospital Henri Mondor
F-94010 Créteil

244

Germany

R. Bruckner, O.V. Guericke
Universitit Magdeburg
Med. Fakultit

Inst. Humangenetik
Leipziger Strasse 44
D-39120 Magdeburg

E. Schroder

Inst. fiir Humangenetik und
Anthropologie

Med. Einrichtungen der
Heinrich-Heine-Universitit
Universititsstrasse 1
D-40225 Diisseldorf

M. Stuhrmann

Abteilung Humangenetik
Med. Hochschule Hannover
Postfach 61 01 80

D-30623 Hannover

Ttaly

G. Cabrini

Laboratory of Biochemistry and
Molecular Genetics

Cystic Fibrosis Center
Ospedale Civile Maggiore
Piazzale Stefani 1

[-37126 Verona

A. Carbonara

Dept. di Genetica, Biologia e
Chimica Medicina

CNR CII/CIOS

Univ. di Torino

Via Santena 19

1-10126 Torino

P. Maceratesi

Chair of Human Genetics

Tor Vergata University of Rome
Rome

P.F. Pignatti
Biologia e Genetica
Strada le Grazie
1-37134 Verona

The Netherlands

D. Halley

Afdeling Klinische Genetica
Dr. Molewaterplein 50
NL-3015 GE Rotterdam

H. Scheffer

Department of Medical Genetics
Antonius Deusinglaan 4
NL-9713 AW Groningen

Portugal

J. Lavinha and P. Pacheco
Dept. de Genética Humana
Inst. Nacional de Saude
Av. Padre Cruz

P-1699 Lisboa

Sweden

M. Anvret

Department of Clinical Genetics
Karolinska Hospital

S-171 76 Stockholm

Switzerland

S. Liechti-Gallati
Laboratory of Molecular Genetics
Institute of Clinical Pharmacology

University of Bern
Murtenstrasse 35
CH-3010 Bern

United Kingdom

M. Schwarz

Coordinator for the MGQA Committee
Regional Molecular Genetics
Laboratory

Paediatric Genetics Unit

Royal Manchester Children’s Hospital
Hospital Road

Manchester M27 1HA

Cuppens/Cassiman

CFTR Quality Control



0000000060000 00It0000t0E00000000000000000000000000000000000000000000R000rRI00000000000000000000000000000RRREARSROROOOSRTE

—

References

Boat TF, Welsh MJ, Beaudet AL:
Cystic Fibrosis; in Scriver CR,
Beaudet AL, Sly WS, Valle D (eds):
The Metabolic Basis of Inherited
Disease. New York, McGraw-Hill,
1989, pp 2649-2680.

Riordan JR, Rommens JM, Kerem
BS, Alon N, Rozmahel R, Grzelczak
Z, Zielenski J, Lok S, Plavsic N,
Chou JL, Drumm ML, Ianuzzi MC,
Collins FS, Tsui LC: Identification
of the cystic fibrosis gene: Cloning
and characterization of complemen-
tary DNA. Science 1989;245:1066-
1073.

Kerem BS, Rommens JM, Bucha-
nan JA, Markiewicz D, Cox TK,
Chakravarti A, Buchwald M, Tsui
LC: Identification of the cystic fi-
brosis gene: Genetic analysis.
Science 1989;245:1073-1080.

Tsui LC: Mutations and sequence
variations detected in the cystic fi-
brosis transmembrane conductance
regulator (CFTR) gene: A report
from the Cystic Fibrosis Genetic
Analysis Consortinm. Hum Mutat
1992;1:197-203.

Tsui LC: The spectrum of cystic fi-
brosis mutations. Trends Genet
1992;8:392-398.

6

The Cystic Fibrosis Genetic Analy-
sis Consortium: Population varia-
tion of common cystic fibrosis mu-
tations. Hum Muytat 1994;4:167-
177.

Ferrie RM, Schwarz MJ, Robertson
NH, Vaudin S, Super M, Malone G,
Little S: Development, multiplex-
ing, and application of ARMS tests
for common mutations in the CFTR
gene. Am J Hum Genet 1992;51:
251-262.

Rommens J, Kerem BS, Greer W,
Chang P, Tsui LC, Ray P: Rapid
nonradioactive detection of the ma-
jor cystic fibrosis mutation. Am J
Hum Genet 1990;46:395-396.
Cuppens H, Buyse I, Baens M, Ma-
rynen P, Cassiman JJ: Simultaneous
screening for 11 mutations in the
cystic fibrosis transmembrane con-
ductance regulator gene by multi-
plex amplification and reverse dot-
blot. Mol Cell Probes 1992;6:33-
39.

Costens B, Fanen P, Goossens M,
Ghanem N: A rapid, efficient, and
sensitive assay for simultaneous de-
tection of multiple cystic fibrosis
mutations. Hum Mutat 1993;2:
185-191.

11

12

13

14

Glavac D, Dean M: Optimization of
the single-strand conformation poly-
morphism (SSCP) technique for de-
tection of point mutations. Hum
Mutat 1993;2:404-414.

Gasparini P, Bonizzato A, Dognini
M, Pignatti PF; Restriction site gen-
erating-polymerase chain reaction
(RG-PCR) for the probeless detec-
tion of hidden genetic variation: Ap-
plication to the study of some com-
mon cystic fibrosis mutations. Mol
Cell Probes 1992;6:1-7.

Cheadle JP, Meredith AL, Al-Jader
LN: A new missense mutation
(R1283M) in exon 20 of the cystic
fibrosis transmembrane conduc-
tance regulator gene. Hum Mol
Genet 1992;1:123-125.

Watson EK, Mayall ES, Lamb J,
Chapple J, Williamson R: Psycho-
logical and social consequences of
community carrier screening pro-
gramme for cystic fibrosis. Lancet
1992;340:217-220.

245



