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These recommendations for quality improvement of cystic fibrosis genetic diagnostic testing provide
general guidelines for the molecular genetic testing of cystic fibrosis in patients/individuals. General
strategies for testing as well as guidelines for laboratory procedures, internal and external quality
assurance, and for reporting the results, including the requirements of minimal services in mutation
testing, the nomenclature for describing mutations, procedures to control false-positive amplification
reactions and to validate tests, and guidelines to implement a quality system in a molecular diagnostic
laboratory are reviewed. European Journal of Human Genetics (2000) 8, S1-S24.

Keywords: guidelines; recommendations; genetic testing; cystic fibrosis; quality assurance; mutation testing

Introduction

To perform a molecular genetic diagnostic test is a complex
process. Errors in one of the steps in this process may affect
the results and therefore the conclusions. Because the results
of a genetic test can have serious implications for an
individual and possibly for his relatives, it is important that
the error rate of genetic tests should be reduced to an
absolute minimum. Therefore good internal quality control
systems for the whole procedure, from blood sampling to the
delivery of the written report, should be worked out in each
genetic diagnostic laboratory. This may require the imple-
mentation of good laboratory practice (GLP) procedures and
some form of accreditation of laboratories able to demon-
strate that they master all the parameters which affect
results.
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Obviously, genetic testing should be done in the context of
appropriate genetic counselling. Laboratories offering genetic
testing should work in close association with clinical geneti-
cists and cystic fibrosis (CF) experts to ensure that the
appropriate tests and the appropriate information are pro-
vided to the patients requesting these services.

The purpose of the present document is to define strategies
and principles which increase the likelihood of CF testing in
Europe being provided accurately and precisely. This docu-
ment was prepared within the framework of the European
Concerted Action on Cystic Fibrosis (BMH4-CT96-0462) and
is based on the experience gathered by this concerted action
on the facilities, procedures and modus operandi in the
different countries (for membership of ECCACF see Appen-
dix 2). More than 150 laboratories participated in this
project; 90 actually formally approved this document; the
others did not voice their approval or dissent. Although these
recommendations focus on genetic testing for cystic fibrosis,
the major issues of the recommendations are also applicable
to other genetic disorders and are based on a series of



previously published documents. They also provide the basis
for the organisation of an internal quality control system in
a genetic laboratory. The implementation of these guidelines
will require specific efforts from individual laboratories. In
addition, it is proposed that regional, national or supra-
national agreements are made between laboratories and
health authorities in order to structure these services opti-
mally to the benefit of the population serviced.

Recommendations on the strategy for CF testing
Minimal services in mutation testing

It is advisable to organise the services on two levels in a
particular region or country. There are very large numbers of
CF mutations in the European population. Whilst it would be
desirable to have a mutation detection rate superior to 95%,
the molecular heterogeneity of CFTR gene defects in Europe
and the variation in frequency from one population to
another make this goal unachievable for all countries with
the current technology. For this reason, it is important to
know the ethnic or geographic origin of the patient under
investigation and, if possible, of the parents and
grandparents.

Tables 1 and 2 (see Appendix 2) give a summary of the data
currently available in the literature. Table 1 does not give
accurate frequencies for all regions and all mutations. It is not
advisable to use these mutation frequencies for risk calcula-
tion. The data from the local population should be used. In
several countries (Denmark, Sweden, Switzerland and Israel)
a detection rate of 90% of the mutations (with a limited set of
mutations, each with a frequency of over 1% in the
population) is achieved.

In another seven countries (Belgium, Czech Republic,
Estonia, Ireland, The Netherlands, Ukraine, UK), 80 to 90% of
the mutations (each with a frequency of over 1% in the
population) can be routinely detected.

Pilot studies have been carried out in several countries
where the spectrum of CF mutations is well known (Bulgaria,
France, Greece, Italy and Spain). For these countries, by
extending mutation analysis to mutations with relative
frequencies less than 1%, detection levels of over 80 or 90%
are achieved. In countries where these levels of detection
have not yet been reached we suggest:

« apilot study to determine the most frequent mutations
in the respective national populations and/or in their
various regions;

= once this is known, test for these mutations or at least
for the mutations with a frequency of more than 1% in
that population.

To this end, international collaboration should be
sought.

In addition to be able to detect CFTR mutations with a
frequency of over 1% (including deletions), a molecular
genetics laboratory should type the 5T allele (IVS8-6) if
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patients are investigated for infertility.* Also, each CF labo-
ratory should be able to perform segregation analysis using
intragenic polymorphic markers (Table 3).

Analysis of other phenotypes possibly related to CFTR
mutations (Azoospermia, CBAVD, disseminated bronchiecta-
sis, pancreatitis, nasal polyposis, etc) is not encouraged at
present but if done should not be restricted to the set of
mutations used for typical cystic fibrosis.

Practical organisation in level 1 and level 2 laboratories
should ideally be decided in consensus with the various
laboratories of a particular region or country. If a consensus
cannot be reached, the regional or national authorities could
mediate to achieve a consensus. A network of the two testing
levels would comprise:

e Level 1 (local), at which rapid, standardised, and cheap
assays should be performed, with the emphasis on tests
which are relevant for a diagnostic or therapeutic
decision;

e Level 2 (national or European) extends the analyses
towards more detail and organises training.

At level 2, databases with patient and mutation informa-
tion could be set up, if desired. More sophisticated and new
techniques could be explored, evaluated and validated for
implementation in level 1 testing laboratories. External
quality assessment trials should focus on level 1 activities and
be supported by level 2.

Criteria for testing laboratories
The following minimal criteria should be met for a laboratory
to attain level 1 status:

« provision of an 80-90% mutation detection level for its
region;

e quality accreditation by an independent official orga-
nisation, or at least able to demonstrate that it follows
good laboratory practice (GLP) rules;

e proof of regular participation in specialised training
sessions by all its personnel;

e regular participation (at least once a year) in external
quality assessment schemes;

e appropriate turn-round time to provide results to a
clinician (eg maximum 5-10 working days for prenatal
and neonatal diagnosis).

A level 2 laboratory should be active in CFTR research, and
its excellence recognised at the international level. It should
be part of a network of recognised European centres.

The tasks of a level 2 laboratory are to:

e perform additional mutation screening for less com-
mon mutations on incompletely characterised samples
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(a reference laboratory should have the capacity to
detect any CFTR mutation);

« help level 1 laboratories perform the pilot studies;

« implement and update novel technologies for muta-
tion detection;

* maintain and make available reagents, control DNAs
and cell lines;

« train personnel in CFTR gene mutation analysis;
« organise and co-ordinate quality assessment schemes.

National authorities are encouraged to identify these
facilities.

A European network of diagnostic laboratories involved in
CF mutation analysis would benefit the overall service. Such
a network would create a number of interesting opportuni-
ties: expertise and expensive infrastructure could be cen-
tralised, the overall effect would cut the cost per sample, and
a large number of different diagnostic methods could be
offered.

To become a level 2 laboratory the following additional
criteria should be met:

« demonstrate that enough scientific expertise and the
necessary infrastructure is available on site;

« work according to good laboratory practice (GLP)
procedures and be quality accredited at national and/
or European level to perform genetic tests.

At level 2, the mutation detection rate should be increased to
a level at which virtually all mutations can be detected. This
should be achieved using additional mutation-specific meth-
ods and/or generic methods, followed by confirmation of the
mutation by sequencing. Moreover, functional testing of the
patient (rectal chloride transport (ICM), nasal potential
difference (NPD)), or at the protein and RNA expression level,
could be organised at level 2, as the network will comprise
laboratories able to perform these complex tests.

At present the organisation of genetic services differs from
country to country. A good overview of medical genetic
services in 31 countries is given by R Harris,?> an updated
version for France is in preparation (M Goossens (1999),
personal communication).

Methods

A wide range of techniques are used to identify mutations
and polymorphisms in the CFTR gene. There is no gold
standard for routine testing. All available methods have
disadvantages and require considerable skill and experience
to perform. There is no standardisation or general preference
as to which method(s) should be used, but laboratories
should be aware of the limitations of the methods applied
and know which mutations are not identifiable by the
method used. This means that individual laboratories need to
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choose a method which is suited to their experience and
project in hand.® It is also important to know the cost of a
specific technique. Table 4 gives an overview of the total time
required and actual costs for materials of the most used CFTR
mutation detection methods. This information is based on a
cost comparative study organised by the European Concerted
Action on CF.

It is not practicable and usually irrelevant to try to force
genetic laboratories to use one or more specific methods.
More specifically with regard to CF testing, apart from the
most prevalent mutation, AF508, most of the alleles are rare
or even private. Fewer than 10 of the known CFTR mutations
each account for 1-3% of the carriers in the European
population; other mutations are relatively more common in
other ethnic groups. Therefore, analysis of numerous muta-
tions is required to obtain satisfactory carrier detection
levels.* Based on published manuscripts®>” and the results of
a survey of the various CF molecular genetic laboratories
(European Concerted Action BMH4-CT96-0462, unpublished
data (M Macek Jr, C Deltas, P Pachecco, (1999), personal
communication)) we recommend a minimal number of
mutations be assembled for each ethnic population (or
region) to ensure detection of disease mutations in at least
80% of all carriers and patients (Tables 1 and 2).

CF mutation detection methods can be divided into two
groups: mutation detection (test DNA sample for presence or
absence of one specific mutation), and mutation scanning
methods (screen sample for any deviation from the standard
sequence). The features of all CFTR mutation detections
currently applied are summarised in Table 5. The list is not
exhaustive and will need updating when new technology
becomes available. Moreover, new methods will need valida-
tion. An overview of mutations tested by available commer-
cial kits is provided in Table 6.

Indications for testing in cystic fibrosis and related
disorders

Whilst the quality of the laboratory method is a prerequisite
for accurate testing, setting the correct indication is an
integral part of the successful test. The CFTR gene is large
(230 kb) with numerous mutations (>900) and potentially
functionally important polymorphisms (>300).% Neverthe-
less, strategies are available now which allow one to arrive at
a reliable diagnosis or to rule out with high probability the
presence of disease or of heritable mutations.

Combination of analysis of the CFTR gene for mutations,
which in all cases should aim to identify mutations on more
than 80% of chromosomes, by sweat chloride tests, nasal
potential difference (NPD) measurements and measurements
of rectal chloride transport (ICM) provide in the majority of
cases reliable diagnostic tools. Nevertheless, clinicians may
frequently establish a diagnosis of CF by sweat testing
alone.



Classic CF
(typical Pl + pulmonary symptoms)
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Meconium lleus  Positive family
(neonatal screening anamnesis

see also section 5)
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see flow chart 2
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CF . .
walit - observe clinical course and adapt
decisions, as function of it
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Figure 1 Classical CF in newborns.

> 3 months of age

sweat test ( Gibson Co oke pilocarpine
iontophoresis sweat test)

\

30-60 mmol/l CI-
see flow chart 3

> 60 mmoi/i Cl-
(on at least two occasions )

diagnosis confirmed

— In the context of counseling of the family
{or for epidemiological or research purposes)

DNA analysis
(> 80% of mutations)

/
2 CFTR mutations 0-1CFTR mutation
l upon request by family

CF intragenic haplotypes

Figure 2 Classical CF in children, adolescents, or adults with
typical CF symptoms.

Since facilities for some or all of these assays may not be
available in every region or country in Europe it is recom-
mended that health authorities provide the means to set up
or develop centres which can provide reliable and accurate
testing for CF, including at least one centre for NPD and/or
ICM measurements.

In the following pages strategies and decision procedures
are represented in the form of flow charts for diagnosing
typical and atypical CF cases efficiently and justifiably, as well
as the approach to be followed for relatives, individuals, or
couples in the general population.

Classic CF The decision tree for classic CF diagnosis
distinguishes between testing children younger than 3
months (Figure 1) older than 3 months and adults with
classic CF symptoms (Figure 2), and those with borderline
sweat test results (Figure 3).
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* Borderline sweat test (30-60 mmol/l CI')
* Typical CF phenotype (Pl}

DNA analysis (test for
common CFTR mutations)

—

2 CFTRmutations 0-1 CFTR mutation

referral to
reference center

CF NPD
positive ambiguous
(intermediate range
+ polyposis)
CF
ICM thorough gene screening
l (sequencinf) if negative
CF/no CF
ne ICM
CF/no CF

Figure 3 Children, adults with typical CF symptoms but
borderline sweat test.

Exceptional cases of cystic fibrosis would be:

< de novo mutation; (in fact 6 cases are known with a new
mutation of paternal origin. Also cases of non-pater-
nity have been identified.

e complex alleles (to be confirmed by pedigree analysis)
composed of different polymorphisms with functional
repercussions;

e uniparental disomy;

e genetic heterogeneity cannot be excluded (there is
probably <1% of patients with typical clinical CF
including positive sweat test).

Atypical CF A series of diseases is associated with an
increased frequency of CF mutations. The more frequent are
described here with the current most appropriate procedure
for CFTR testing.

Clinically atypical CF would be:

= pancreas sufficiency (1-20% in different populations);

< highly variable clinical manifestations such as atypical
asthma, nasal polyposis, CBAVD (Figure 4), bronchiec-
tasis, pancreatitis in children (Figure 5) and adults,
liver cirrhosis, and diffuse panbronchiolitis (Japan,
China).

In adults of reproductive age with pancreatitis no CFTR
mutation analysis is advised at present because of insufficient
knowledge of mutations, and ascertainment of risk is not
possible from the available data. In the foreseeable future,
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tests for the entity-associated CFTR sequence variations/
mutations and genetic counselling/testing of the family will
be available. In adults >50 years of age definitely no
diagnostic CFTR mutation analysis is advised (no correlation
with the clinical symptoms), unless requested for genetic
counselling in the family.

Other diseases with increased frequency of mutations (eg
pulmonary diseases, infertility, etc) should be handled as in
Figure 6.

Relatives of CF patients In addition to standard genetic
counselling for genetic diseases the following approach is
proposed:

(1) Parents: when genetic counselling is requested, a test
can be done for the mutations found in the index case;
otherwise screen for common mutations (> 80%)

(2) Siblings (adults, sexually active sibs/relatives): ideally
testing should be done only on request of the individ-
ual and not of the parent. Screening for common
mutations or segregation of intragenic polymorphisms
should be pursued if the mutations are not found. An
exception may be in the case of siblings with mild or
atypical CF symptoms, or with chest X-ray abnor-
malities. Sweat testing of sibs is routine in many

CBAVD
clinical symptom: infertility

l

CFTR genetic analysis important

in reproductive decisions

test> 80% typical alleles including
TGnln(e.g., by sequencing)

v

2 CFTRsequence variations 0 - 1 CFTR sequence variations

N

Test partner for carriership
Counseling

Figure 4 Congenital absence of vas deferens (CBAVD).
Family history

Positive Negative

l |

strong evidence Test > 80% of CF mutation
for non-CFTR (including common CF mutations
origin for this entity)

Counseling of
family / test parents when mutations are found

Figure 5 Pancreatitis in children.
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Characterize typical clinical manifestations of the subject
(pulmonary function testing, X-ray,chest spermiogram, sweat

test, bacteriology, etc.)

N

CFTR mutation analysis
(> 80% cut-off analysis)

l

NPD, ICM

/ N\

positive Negative: stop

if positive :
test partners i
and counsel counsel

Figure 6 Other diseases with increased frequency of
mutation (COPD, infertility, etc).

clinics. No information regarding carrier status should
be communicated to third parties without consent of
the testee.

3

~

Prenatal diagnosis (on request and after genetic coun-
selling): it is essential to have an index case available in
the extended family (high risk of carriership) so that
the carrier status of the parents can be assessed. In case
two mutations are not identified the CF haplotypes
should be reconstructed. Prenatal diagnosis can be
offered based on the confirmation of parental muta-
tion/haplotype (including biochemical assays). Where
only one parent is related to the index case and a
mutation cannot be identified in the other parent, the
various options available — no prenatal diagnosis,
prenatal exclusion of the single mutation — should be
discussed during counselling. If echogenic bowel is
identified by foetal sonography, testing of the foetus
for CF mutations should be considered.

Individuals without family history The purpose of carrier
testing is to provide individuals with informed reproductive
options:

« information should be provided to all couples, prefera-
bly before pregnancy starts about the frequency of CF
carriers and the possibility of being tested for
carriership;

e the provision of information should be recorded;

e on request by any adult or adolescent (potentially
sexually active people) appropriate information about
the disease and its genetic aspects should be provided,
as well as the possibility and the limits of testing.

Individuals found to be carriers should be referred to an
authoritative genetic or CF clinic.

Infertile couples For in vitro fertilisation (IVF) procedures
and for sperm donors, genetic counselling and systematic
screening for common CF mutations (>80%) should be
considered.



Neonatal screening Various approaches or variants of the
same procedure for neonatal testing exist in different regions
of Europe. For the sake of completeness a standard procedure
is given. As more data are obtained on the use of the PAP
(Pancreas Associated Protein) test, its more general use
should be considered in the future. This is an alternative or
supplement to the IRT (Immonoreactive Trypsin) test (see
Figure 7).

Risk Calculation

More than 900 mutations have been described in the CFTR
gene. In a given population not all mutations can be
identified by most diagnostic tests. Risk calculation® may
therefore be required in order to determine the remaining
risk when no mutations are found.

It should be noted that frequencies of CFTR mutations
found in CF carriers (q) of a given population might be
different from the frequencies of CFTR mutations among CF
patients in that population. Formulas and figures are pre-
sented only for individuals or couples with no family history
of CF and no consanguinty. For each situation an extensive
and a simplified formula is given. The simplified formulas are
easier to use and the error, compared with the mathemat-
ically more correct ones, is very small. This error might be
even smaller than the error of the input parameter g (q varies
from 1/20 to 1/30 in the Caucasian population, and is not
precisely known for the majority of the populations).

The sensitivity of the test determines the proportion of all
CF patients in a given population who can be detected by the
test (Figure 8). The higher the sensitivity of the test, the
higher the proportion of CF patients in whom a mutation
can be identified on both CFTR genes.

When a test with a sensitivity of less than 100% is used, a
negative result does not necessarily mean that this individual

Sequential testing:
IRT (and/or PAP) if positive
> 80% of CF allele screening

PR

2 CFTR mutations 1 CFTR mutation no CFTR mutation

l

CF recall for IRT
(other cut-off
point)

&

positive

no further action

negative

sweat test

PN

positive negative

CF genetic counseling
and testing of parents

Figure 7 Neonatal screening.
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is not a carrier. The risk for an individual of being a carrier
when no mutation has been identified expressed in function
of the sensitivity of the test, is given in Figure 9. The higher
the sensitivity of the test, the lower the risk for an individual
of being a carrier when no mutation is identified.

Only those couples comprising partners who are both
carriers of a CFTR mutation, have a 1 in 4 risk of having CF
children. A test with a sensitivity less than 100% will not
detect all these couples (Figure 10).

The 1 in 4 risk is much higher than the risk for a random
couple who have not been tested (Figure 11). When both
partners test negative, the risk for any of their children is
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Figure 8 Proportion of all CF patients in a given population
in which a mutation can be identified on both mutant CFTR
genes (2), on only one mutant CFTR gene (1), and in which
no mutation can be identified on any CFTR gene (0), all in
function of the sensitivity of the test. Formula for 2 mutations
found to be positive: P = $% Formula for 1 mutation found to
be positive: P = 25(1-S); Formula for no mutation found to be
positive: P = (1-S)% with P = proportion of CF patients; S =
sensitivity of the test, ie proportion of mutant CFTR alleles in a
given population that can be identified with the test.
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Figure 9 Risk for an individual of being a carrier when no
mutation is identified with the test, as function of the
sensitivity of the test. The risk is given for carrier frequencies of
1/20, 1/25 and 1/30 in a given population. R = q(1-S)/[q(1-S)
+ (1-9)] (proportion of individuals that test negative but are
in fact carriers compared to all individuals that test negative,
both the carriers with a negative test result and individuals
that test negative because they are truly no CF carriers) with R
= risk of being a carrier; S = sensitivity of the test, ie
proportion of mutant CFTR alleles in a given population that
can be identified with the test; g = carrier frequency in a
given population.

Risk of an individual being a carrier when no mutation is
identified with the test; simplified formulais R = g (1-S).
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Figure 10 Proportion of couples in a given population,
assuming a carrier frequency of 1/25, where (2) both partners
will test positive for a mutation in function of the sensitivity of
the test; (1) only one partner will test positive for a mutation;
(0) both partners will test negative, in function of the
sensitivity of the test. Formula both partners positive (Figure
10a): P = (Sg)% Formula one partner positive (Figure 10b): P
= (259(q(1-8))/(a(1-S) + (1-q))) + 2Sq(1-q) (= proportion of
couples where ‘negative’ partner is a carrier + proportion of
couples where ‘negative’ partner is no carrier) Formula both
partners negative (Figure 10c): P = (q(1-S)/(q(1-S) + (1-q)))*
+ (29(1-S)(1-a)/(a(1-S) + (1-q))) + (1-9)* (= proportion of
couples where both ‘negative’ partners are carriers +
proportion of couples where one ‘negative’ partner is a carrier
+ proportion couples where both ‘negative’ partners are no
carriers) with P = proportion of couples; S = sensitivity of the
test, ie proportion of mutant CFTR alleles in a given population
that can be identified with the test; q = carrier frequency in a
given population. The proportion of couples in which both
partners test positive (2) is small and varies from 1/1724
(sensitivity 0.60) to 1/625 (sensitivity 1.00).

Proportion of couples in a given population when only one
partner tests positive, Simplified formulae is P = 2Sq(1-S)q +
25q(1-q) (= proportion of couples where ‘negative’ partner is
a carrier + proportion of couples where ‘negative’ partner is
no carrier) Proportion of couples in a given population when
both partners test negative, simplified formula is P = ((1-S)q)?
+ 2(1-S)q(1-g) + (1 - q)® (= proportion of couples where
both ‘negative’ partners are carriers + proportion of couples
where one ‘negative’ partner is a carrier + proportion couples
where both ‘negative’ partners are no carriers).
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Figure 11 Risk for the children in a population with a carrier
frequency of 125, in which only one partner tests positive for
a mutation (1) both partners test negative (0). When both
partners test positive for a mutation, the risk is 1/4. The risk is
also shown when no test (nt) is performed.

Formula one partner positive:

Poy ( 259°(1-9)/(q(1-9) + (1-9)) )
(259°(1-5)/(9(1-5) + (1-9))) + 25q(1-q)

(risk that both mutant CFTR genes are transmitted* proportion
of couples in which one partner tests positive and the
‘negative’ partner is still a carrier compared with all couples in
which one partner tests positive)

Formula both partners negative:

Py ((QU -5)/(@(1-8) + (1-q)))? \
@1-$)/(a(1-8) + (1-q)))? + 2q(1-8)(1-0)/(q(1-S) + (1-q)) + (1-9)%
(risk that both mutant CFTR genes are transmitted* proportion
of couples where both partners test negative and are in fact
carriers compared to all couples where both partners test
negative). 9
Formula when no test (nt) is performed:R = (risk that

both mutant CFTR genes are transmitted* risk that both
partners are carriers (no test performed)).

With R = risk; S = sensitivity of the test, ie proportion of
mutant CFTR alleles in a given population that can be
identified with the test; q = carrier frequency in a given
population. The risk for each of the children in couples where
both partners test negative (0) is small and varies from
1/14190 (sensitivity 0.60) to 0 (sensitivity 1.00). When both
partners test positive for a mutation, the risk is 0.25 (not
shown).

Risk for each of the children where one partner tests positive,
simplified formula is R = (1-S)g/4 (risk that ‘negative’ partner is
still a carrier* risk that both mutant CFTR genes are
transmitted) Risk for each of the children when both partners
test negative. R = ((1-S)q)?/4 (risk that both ‘negative’ partners
are still carriers* risk that both mutant CFTR genes are
transmitted).

lower than when no test is performed. If only one of the
partners tests positive, again the risk will depend on the
sensitivity of the test (Figure 11). Since the test can be
negative either because the mutation is not detected or
because the partner is not a true CF carrier, the risk for their
children can be either lower or higher than the risk for a
random non-tested couple. Only at very high sensitivities
will the risk for couples, in whom only one partner tests
positive, be lower than the risk for random untested couples.
At lower test sensitivities, the risk will be higher than when



0,02
o
o 0,015 |
t
o 0,01
&
& 0,005
0 +—rrrr—— T
o ~r [oe] N (o] Q <t «©Q o [(o] (o]
© © © N~ N~ © © © O O O
o o o o [w) o o o o o ~
Sensitivity

Figure 12 Proportion of couples, with only one partner who
tests positive for a mutation, that have a real risk of having CF
children, ie the couples where the partner that is negative for
the test is still a CF carrier. A carrier frequency of 1/25 is
assumed.

p= 259°(1-5)/(q(1-S) + (1-9))
(259%(1-5)/(a(1-S) + (1-q))) + 25q (1-q)

(proportion of couples with one partner who tests positive but
where the ‘negative’ partner is still a carrier compared to all
couples with one partner who tests positive) with

P = proportion of couples, with only one partner who tests
positive, that have a real risk of having CF children;

S = sensitivity of the test, ie proportion of mutant CFTR alleles
in a given population that can be identified with the test;

g = Carrier frequency in a given population.

Proportion of couples, with only one partner testing
positive, that have a real risk of having CF children, simplified
formulae P = 2592(1-S)/(2Sq?(1-S) + 2Sq(1q)) (proportion of
couples with one ‘positive’ partner in which the ‘negative’
partner is still a carrier compared to all couples in which one
partner tests positive).

no test is performed. For this reason routine screening of
couples in the population might be problematic. Indeed, the
proportion of couples with only one partner who tests
positive is about 1/20-1/25. They will have an increased risk
after testing, although only a minority of such couples has a
real risk of having CF children. The proportion of these
couples who have a real risk of having CF children is given in
Figure 12. This proportion is again determined by the
sensitivity of the test.

In the majority of couples, no mutation will be found
(Figure 10). If the test has a 100% sensitivity, they will have
no risk of having CF children. If the test has a lower
sensitivity, there is still a very small risk of having CF children
(Figure 13).

Conclusion

The recommendations described here are an attempt to
provide written suggestions for the quality improvement of
CF testing in Europe. While it may be difficult for a number
of laboratories to fulfil all the criteria for a level 1 or 2
laboratory in a short time, the approval of these recom-
mendations by the many laboratories involved in CF testing
suggests that at least the awareness exists that quality
assessment is possible and necessary. Guidelines, as the word
indicates, attempt to be a guide to better quality, not laws
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Figure 13 Proportion of couples, with both partners testing
negative, that have no risk of having CF children, either
because only one or both partners are truly no CF carriers.

A carrier frequency of 1/25 is assumed.

_ (29 (1) (1-0)/(q (1-S) + (1-q))) + (1-0)?

(A(1-S)/(a(1-9) + (1-q)))* + 2q(1-S)(1-9)/(q(1-S) + (1-q)) + (1-9)°
(proportion of couples where both partners test negative with
one or both partners truly none carriers compared to all
couples where both partners test negative) with P = proportion
of couples, where both partners test negative, that truly have
no risk of having CF children; S = sensitivity of the test,
ie proportion of mutant CFTR alleles in a given population that
can be identified with the test; q = carrier frequency in a given
population.

Proportion of couples, where both partners test negative,
and who truly have no real risk of having CF children,
simplified formulae:

p = (-0 + 2(1-S)q(1-a)
(1-9)* + 2(1-S)q(1-q) + ((1-9)9)?
(proportion of couples in which both partners test negative in

which one or both partners are truly no carriers compared to
all couples in which both partners test negative).

which must be respected and adhered to at the risk of
punishment. The Steering Committee of the Concerted
Action also hopes that by publishing these recommendations
many laboratories will be able to use the document to obtain
improved facilities and equipment from their authorities,
and that regional, national or supra-national exchanges and
discussions will lead to the evolvement of a free collaborative
network for CF testing to the benefit of patients, families and
the general population.
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Appendix 1

More detailed guidelines about laboratory methods, organi-
sation and reporting are given here. These guidelines are
based as much as possible on existing internationally availa-
ble documents. Aspects which particularly pertain to CF have
been highlighted or have been added.

Methods
There are three essential steps in mutation screening: the
DNA extraction, DNA banking, and the mutation testing
method.

DNA extraction A number of methods exist for the
preparation of nucleic acid samples for molecular genetics
analysis. Since this stage can have a significant impact on the
quality of the final results, care should be exercised to ensure
that a validated protocol is followed, independent of whether
the extraction method was developed in-house, obtained
from the literature, or purchased as a kit from a manufacturer.
Protocols that have been either developed in-house or as a
modification of a manufacturer’s kit should be validated (see
further). Protocols that follow exactly a validated published
method should undergo thorough performance verifica-
tion.*®** Written procedures of the methods used for DNA
purification, including the sources of all components used,
should be kept. Complete references should be included in
standard operating procedure manuals. Changes in any of
the procedures or source of components should be docu-
mented and approved by the laboratory, with date and
initials recorded.™

The ideal method of DNA isolation in a molecular
diagnostic laboratory must be simple, fast, safe and economi-
cal, but also precise and reliable. It must yield a high quality
and quantity of high molecular weight DNA.

DNA banking Isolated material must be stored at 4°C or
frozen. Excess DNA sample material should be stored at a
temperature not higher than 0-5°C to ensure long-term
stability. Concerning DNA stability and storage we refer to
the literature.’®>'* An optimal storage procedure would
involve aliquoting of the DNA solution in one primary stock
solution frozen at -80°C, and multiple portions for sub-
sequent analyses stored at 4°C and/or —20°C. This procedure
avoids repeated freeze/thaw cycles and minimises the possi-
bility of DNA contamination.

Cystic fibrosis mutation testing methods A wide range of
mutation testing methods*®>2* is currently used in diagnostic
laboratories.?® The most frequently used mutation detection
methods for cystic fibrosis are heteroduplex analysis, restric-
tion enzyme analysis, reverse dot-blot, the commercial kits
INNO-LiPA CF2 (Innogenetics nv, Gent, Belgium), Elucigene
CF4 and CF12 (AstraZeneca Diagnostics, Abingdon, Oxford-
shire, UK), and OLA Cystic Fibrosis Assay (PE Applied
Biosystems, New Jersey, USA). Single strand conformation
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polymorphism (SSCP), denaturing gradient gel electrophor-
esis (DGGE), two-dimensional DNA electrophoresis, and
sequencing are mostly used as CF mutation screening
methods.”® The ideal method for mutation testing in a
molecular diagnostic laboratory must be rapid and cheap,
allow automisation, 100% efficiency and avoid the use of
radioactivity and toxic reagents.

Whatever the methods used in a diagnostic laboratory, it is
important that they are thoroughly validated (see test
validation and characterisation). Written standard operating
procedures, including the sources of all components, should
be kept. Changes in any of the procedures or source of
components should be documented and approved, with date
and initials recorded.*?

Laboratory organisation

Quality system A quality system for a molecular genetics
laboratory should be directed at all fundamental aspects of its
function. This means the setting-up of a quality system
according to a molecular genetic translation of the criteria of
good laboratory practices as developed by the OECD, the
EN 45001 standard (the general criteria for the operation of
testing laboratories) or 1SO 17025, which are accepted in the
European Union as the present standard. A quality system
also includes the obligation to join external quality assess-
ment schemes, and to make use of their results. Information
about the requirements for a quality system is described in
the literature.**%"~2°

Because the methodology of molecular biological diag-
nostics is constantly changing, no general standard can at
present be defined. We suggest the guidelines formulated by
the National Committee for Clinical Laboratory Standards
(NCCLS) and the European Concerted Action (BMH-
CT93-1673) (Eucromic)® be followed. A guide to funda-
mentals of quality assessment of molecular amplification
methods in clinical diagnostics has recently been published
by M Neumaier.®* These guidelines describe in detail reagent
quality control, equipment calibration and maintenance,
proficiency testing, training of technical staff, internal and
external quality control.

Specimen types, specimen identification and access Collec-
tion and identification of the specimens are (often) carried
out by non-laboratory personnel. Written procedures for
proper collection, packing, shipment and handling of speci-
mens are recommended by all the guidelines,”*****® docu-
ments, and quality assessment authorities consulted.*?3*
Based on a review of these guidelines, we propose imple-
mentation of the following items.
(1) Specimen types
Since genetic analysis in cystic fibrosis is PCR-based, a
minimal amount of DNA is required in the vast majority
of cases. Unless extensive analysis is expected or planned,
a mouthwash sample (or a buccal scrape sample in the
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case of a baby) is sufficient. Otherwise a small volume of
blood (2-5ml) in EDTA will provide enough DNA for

extensive analysis.

Prenatal diagnosis of cystic fibrosis is usually carried
out on a chorionic villus sample taken during the first
trimester of pregnancy. The samples should be checked
by microscopic inspection and dissected immediately.
Ideally they are independently prepared samples, which
should all be tested. This minimises the potential prob-
lem of maternal cell contamination of the sample.

Amniocytes can also be used for molecular genetic
analysis — either directly spun down from amniocentesis
sample or after 10-14 days culture. Direct analysis should
be carried out with caution, as the foetal cells are
invariably contaminated with maternal cells. Tissue
culture of the cells can either remove/reduce maternal
complication or result in overgrowth of maternal fibro-
blasts. The analysis of a few polymorphic markers (CA
repeats or STR) can identify the presence of contamina-

tion when compared with maternal DNA.

(2) Specimen identification

The specimen container should be clearly marked with a
unique patient identifier, such as a hospital patient
identification number. In most situations, the patient’s
name is not sufficient, although the combination of
patient name and birth date is generally enough to
prevent identification errors. The container should also
be labelled with the date and time that the specimen was

acquired.

(3) Request forms

All specimens should be accompanied by a request form
which contains as much of the following information as

possible

Patient’s name

Date of birth

Date of collection
Gender

Ethnicity (if applicable)

Place of birth of patient, parents and grandparents
Unique identifier found on the specimen

container
Specimen type (blood, amniotic fluid, etc)

Reason for requesting the test, based on clinical

information

Relevant clinical or laboratory information, includ-

ing sweat test results

Pedigree (recommended for all cases)
Referring physician or health professional
Weeks of gestation (for prenatal diagnosis)
Biling information (if applicable)

European Journal of Human Genetics
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®)

(6)

)

Criteria for rejecting specimens™®
It is recommended that each laboratory has written
criteria for acceptance or rejection of specimens.

Rejection of specimens is strongly recommended if
either the specimen or the request form lacks sufficient
information for the laboratory or clinician to uniquely
identify the specimen, or lacks other information neces-
sary to determine if the specimen or test requested is
appropriate for answering the clinical question. It is also
strongly recommended that improperly handled or trans-
ported specimens should be rejected.

Other conditions for accepting or rejecting specimens
are left to the discretion of the laboratory. Given the
power of gene amplification techniques, it is difficult to
set an arbitrary minimum cellular content or volume for
specimen acceptance, but it is recommended that each
laboratory develops its own standards. It is recommended
that prenatal specimens, especially chorionic villus sam-
ples, be assessed for maternal cell contamination; this is
done morphologically and by PCR-based DNA analysis.

Accessing specimens

Each specimen should be assigned a unique laboratory
identifier when accepted for testing. This identifier
should be linked with the unique patient/family identi-
fier and with other identifiers, such as those for individ-
ual electrophoretic gels or blots that may be used in the
laboratory. The unique laboratory identifier should dif-
ferentiate between specimens from different patients,
between different specimens submitted from the same
patient, and between specimens, from different patients
of the same family.

Specimen transport and storage

Each laboratory should establish criteria based on its own
experience in successful extraction of analysable DNA
from the various sample types. In general, frozen tissue
should be transported on dry ice, fresh tissue on wet ice,
and fixed or dried tissue at room temperature. Amniotic
fluids should be transported at room temperature which
allow the establishment of cell cultures. DNA can be
extracted from whole blood stored at room temperature
for a week or more.™ Frozen tissue can be stored at -70°C
indefinitely; fixed or dried samples can be stored at room
temperature for variable periods depending on the
laboratory’s experience.

Specimen retention

A primary issue regarding specimen retention involves
ethical and legal considerations such as specimen owner-
ship, confidentiality, and informed consent.

Until universal recommendations are adopted or reg-
ulations are implemented, each laboratory should estab-
lish its own policy regarding specimen retention and the
use of archived specimens or stored DNA (anonymisation



when used in research etc). Such policies will need to be
in compliance with institutional regulations that may
exist with federal and/or state regulations as they become
implemented.

Controlling false-positive nucleic acid and target amplifica-
tion reactions A significant challenge facing the diagnostic
amplification of nucleic acids is the occurrence of false-
positive results due to contaminating nucleic acids. The
ability of amplification techniques to produce large numbers
of copies of a sequence from minute quantities of nucleic
acid necessitates that extreme care should be taken to avoid
false-positive results due to transfer of DNA between
samples.

(1) Laboratory design

Ideally, three physically separate areas of the laboratory
should be available for reagent preparation, specimen
preparation, and amplification and product detection.
The reagent preparation area, for those laboratories using
only commercially available Kits, is considered to be at
the site of manufacture. In laboratories where enzymatic
or chemical means of inactivating amplified products are
used, the demands for physical separation of pre- and
postamplification procedures may be somewhat reduced,
but good laboratory practice should still be diligently
exercised.

(a) Workflow
Specimens should be processed in an area of the
laboratory that is isolated from amplification and
detection areas. Ideally, the specimen preparation
area should be under positive pressure to other
areas of the laboratory. If the specimen preparation
area cannot be maintained at a positive pressure to
other areas of the laboratory, specimen preparation
should be performed in a class Il biological safety
cabinet to prevent contamination. The pre- and
postamplification laboratories should be served by
separate ventilation systems. Also, the postamplifi-
cation area should be under negative pressure.
Traffic of personnel should be from the specimen
preparation area, with a change of laboratory
coats, to the pre- and postamplification areas.
Laboratory coats should be dedicated to specific
areas and changed when going in and out of each
area. With the introduction of commercially
licensed tests and new methods, some of these
requirements may be reduced. However, if con-
tamination becomes a problem, then separate
areas of the laboratory should be devised to
accommodate these different processing stages.
(b) Containment devices

In the event of separate laboratory space not being
available to segregate pre- and postamplification
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activities, a class 11 biological safety cabinet should
be used as a containment device for specimen
preparation. Class | safety cabinets do not provide
protection for material contained within them.
Dead-air boxes with ultraviolet light attachments
can provide a clean bench area for specimen
preparation in a dedicated specimen preparation
laboratory; UV lamps lose energy efficiency over
time.

(2) Laboratory practice

Specific laboratory practice should be implemented to
minimise the occurrence of false-positive results. These
include the preparation of reagents and solutions, the
correct use of pipettes, the use of laboratory coats and
gloves and procedures for manipulation of reaction
tubes. In addition, special care should be taken in the use
of appropriate controls.**3>%"

(3) Selection and preparation of controls
A positive control that amplifies weakly but consistently
should be selected. The use of dilute positive controls
prevents the unnecessary generation of large amounts of
amplified product that can result in contamination.

Applicable reagent controls should be included with
each amplification batch run. These controls contain all
necessary components of the reaction without the addi-
tion of template nucleic acid or human DNA.

Negative controls should be dispensed last so that they
reflect the state of the reagents added.

Assays based on presence or absence of PCR products must
include known control primers yielding a positive result
to check for proper amplification and sizing of the PCR
products and to ensure that a negative result is accurate.
This should include a positive result with control primers
detecting a spiked additive or a constitutive
component.

When specimens are analysed for sequence variation,
controls containing all alleles to be detected must be
included.

Assays in which the result is based on fragment size
must include size markers (sequencing ladders, etc)
covering the range of expected results during gel
electrophoresis.

Assays based on changing of electrophoretic mobility must
include appropriate controls to ensure correct inter-
pretation. New samples should be confirmed by alter-
native methods. Any unexpected result requires a repeat
of the assay. Procedures for the analysis of possible new
mutations should be available.

Test validation and characterisation For most tests
performed in general clinical laboratories the process of test
validation is fairly straightforward and can be done according
to well established guidelines.®® However, the unique aspects
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of genetic testing make the validation of genetic tests a
challenge in many instances. Validation of a clinical
laboratory test should be on both analytical and clinical
levels. Analytical validation involves determination of the
various parameters themselves, such as accuracy, precision,
analytical range, sensitivity, specificity, detection limit,
interferences, and recovery.®® Clinical validation refers to
determination of the predictive value of the test, or the
probability that a person with a positive test result will have
or will develop the disease.*®

Test validation should be conducted before a new test is
introduced for clinical use. The test should be subjected to
literature review and to analytical and laboratory/clinical
correlation studies. This means characterisation of the
detected mutations, establishing the performance properties
of the test to ensure the test’s ability to provide consistent
and reliable results, establishing the clinical utility of the test,
defining aspects of the procedure which should be carefully
regulated to maintain test performance, and defining the
limitations of the test.

Such validation is necessary to assure the safe and effective
application of a genetic test for its intended use. Each
laboratory should develop its own validation protocol. We
recommend the recently published practical guide for the
validation of genetic tests by E Prence™ be followed and
used.

Safety Training and use of safe laboratory practices are
essential for the protection of all personnel. Good Laboratory
Practices? and the Commission on Laboratory Accreditation
of the College of American Pathologist*® recommend a
general safety file in each laboratory. This document should
describe safety measures concerning infective samples,
dangerous chemicals, radiation and electronic danger, and
instructions for proper cleaning of the laboratory.

Reports

Reports of the results Genetic test results should be
communicated to the referring physician or genetic
professional and to any physician designated by the patient.
Reports of test results should be issued in a standardised
form, clearly intelligible to the non-specialist. In general, the
laboratory should not directly report on the results to the
patient: the laboratory should ensure that the clinician
reporting to the patient has a full understanding of the
results and the underlying clinical meaning of the result. The
laboratory report should include:

collecting date

nature of the sample

name of the individual

date of birth/place of birth

laboratory identification number of patient and sample

date of report
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reason for testing

the genotype and/or haplotype established for the
individual

interpretation of the data (should relate to the reason for
testing prenatal diagnosis, carrier testing, the sensitivity of
the test, etc)

the signature of the laboratory director or other
authorised individual and his/her name

It is recommended that along with this information, the
following be included: the family number (if it has been
assigned), and a pedigree with the genotype information
indicated if applicable (eg linkage study).***

Nomenclature for designation of mutations A systematic
common nomenclature is essential for the deposition of
mutations into computerised databases and their subsequent
accessibility to the research and clinical community.
Databases of mutations in genes are required for efficient
access by clinicians and researchers. Clinical geneticists can
identify and study patients with the same mutations and
perhaps provide prognostic information. Researchers can
readily determine whether a specific mutation has been
described.™®

It is obvious that the most unambiguous nomenclature
system is based on genomic DNA. However, length
polymorphisms may create a problem in the numbering of
nucleotides. Therefore a reference sequence standard needs
to be established. We recommend the nomenclature system
suggested by the Ad Hoc Committee on Mutation
Nomenclature®® and Antonarakis et al.**

Thanks to the electronically available database set up by
L-C Tsui,® the nomenclature of cystic fibrosis mutations is
universally accepted. Although the nomenclature for CF is
simple, results of the European quality control trials
(Dequeker and Cassiman®®) demonstrated that a significant
number of laboratories violated the nomenclature rules.
Based on earlier published documents,” %3244 e describe
in the following the major issues of the CF mutation
nomenclature system.

(1) General recommendations
A single letter code is used for designating amino acids.
Nucleotides are designated as DNA bases, not as RNA
bases. Nucleotides are designated in the sense strand (eg
ATG for a methionine codon). With this nomenclature
system, mutation designations starting with a letter refer
to an amino acid and the number refers to a codon
position. In contrast, mutation designations starting with
a number refer to a nucleotide position in the coding
sense strand, and subsequent letters refer to DNA bases.
Nucleotide changes are indicated by arrows. Superscripts
and subscripts should not be used, and there should be



@
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no spaces between the numbers and letters in a mutation
designation.

Missense and nonsense mutations
Missense and nonsense mutations are described in terms
of the change in the gene product. A missense mutation
is designated by the number of the amino acid position
and the single-letter abbreviations of the amino acids
involved. The abbreviation for the normal amino acid
precedes the number, and the mutant amino acid follows
the number, with no spaces between. For example,
G551D indicates that the glycine residue at position 551
in the protein has been replaced by an aspartic acid
residue. If different nucleotide substitutions lead to the
same amino acid substitution, such as that occurring at
S549 in the CFTR gene, the mutation designation should
include the nucleotide change, within parenthesis,
immediately following the designation for the amino
acid substitution. Using the cystic fibrosis gene example,
this would be S549R(1777 A/C), or S549R(1778 T/G).
Nonsense mutations are designated similarly, except
that X represents a termination codon. For example,
G542X indicates that the glycine residue at amino acid
position 542 has been replaced by a termination codon.

Insertions and deletions

Insertion or deletion mutations are designated by a
nucleotide number of the sense strand, followed by ins
(for insertion) or del (for deletion). The nucleotide
position is the one preceding an insertion, or the first
that is deleted. The exact nucleotides are specified if only
one or two are involved. For example, 441delA indicates
the deletion of deoxyadenylic acid at nucleotide
position441. The ‘name’ 241delAT indicates the deletion
of deoxyadenylic acid at nucleotide position 241, and the
deletion of deoxythymidylic acid from nucleotide
position 242. Mutations involving both substitution and
asmall insertion or deletion can be designated by the first
altered base, followed by the nucleotide change. For
example, 2183AA-G indicates replacement of AA at
nucleotide positions2183 and 2184 in the normal
sequence by G in the mutant allele.
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In-frame deletions

Deletions of single amino acids result from deletions of
three bases and are represented by a A followed by the
single-letter code of the amino acid and its position, eg
AF508 is the deletion of phenylalanine (F) at pos-
ition 508. An acceptable alternative is ‘Delta’, ‘delta’ or
‘del’. It has been proposed to write amino acid deletions
in the future as amino acid codon del e.g. F508 del.**

Complex deletions/insertions

There are several mutations which involve the deletion
or insertion of four or more bases and these are usually
named as the number of bases which are deleted or
inserted, eg 1461ins4 which is the insertion of four bases
(in this case AGAT) after base 1461, and 1949del84 which
is the deletion of 84 bases from base 1949. There are some
much larger deletions which remove one or more
complete exons, eg CFTRdel2 which is the deletion of
exon 2.

Splicing mutations

These are (usually) the substitution of a base in the splice
acceptor site (an AG dinucleotide at the 3' end of the
intron) or the splice donor site (a GT dinucleotide at the
5'end of the intron), both of which are highly conserved
in human genomic DNA. The position of the mutated
base is numbered from the first or last base in the exon, as
intronic bases are not themselves numbered. Thus the
mutation 621 + 1G > T is the substitution of a guanine
by a thymidine at the first base in intron 4 (the last base
of exon4 being numbered621 and the first base of
intron4 being 621 + 1). Similarly, 621 + 2T>C is a
substitution at the second base in intron 4. Numbering of
the acceptor site bases is from the 5' end of the exon, eg
1717-1G > A is the substitution of the last base of
intron10 (a guanine) by an adenine. Some splicing
mutations are quite distant form intron/exon
boundaries, eg 3849 + 10kbC > T.

Other nomenclature rules

Nomenclature rules suggested for larger deletions and
insertions, splicing mutations, mutations in the
noncoding sequence and the more complex mutations
are addressed by the Ad Hoc Committee on Mutation
Nomenclature.*°
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Appendix 2
Members of the ECCACF connected with a genetic
diagnostic laboratory

Austria

K Huber (Zentrallabor Donauspital, Vienna), PM Kroisel
(Institut fur Medizinische Biologie und Humangenetik, Uni-
versitdt Graz, Graz), G Utermann, HG Kraft, J Loffler (Institut
fur Medizinische Biologie und Humangenetik, Innsbruck), A
Weinhéusel (CCRI Labor Professor Haas, Vienna).

Belgium

P Cochaux (Génétique Moléculaire, Hopital Erasme, Brus-
sels), P Hilbert (IPG Biologie Moléculaire, Gerpinnes), W
Lissens (Center for Medical Genetics, AZ-VUB, Brussels), G
Matthijs (Molecular Diagnostic Laboratory, Center for
Human Genetics, Leuven), L Messiaen (Centrum Medische
Genetica, UZ-Gent, Gent), K Storm (Center for Human
Genetics, University of Antwerp, Antwerp), C Verellen-
Dumoulin (Center for Human Genetics, UCL, Brussels).

Bulgaria
I Kremensky (Laboratory of Molecular Pathology, Sofia
Medical University, Sofia).

Croatia

G Janackovic (Division of Molecular Medicine, Laboratory of
Molecular Oncology, Ludjel Boskovic Institute, Zagreb), J
Sertic (Laboratory for Molecular Diagnosis, Clinical Hospital
Centre Zagreb, Zagreb).

Cyprus
C Deltas (Molecular Genetics, The Cyprus Institute of
Neurology and Genetics, Nicosia).

Czech Republic
M Macek Jr (CF Center, Molecular Genetic Laboratory,
Institute of Biology and Medical Genetics, Prague).

Denmark
M Schwartz (Department of Clinical Genetics, University of
Copenhagen, Copenhagen).

France

T Bienvenu, M Delpech (Laboratoire de Biochimie et Généti-
que Moléculaire, Hopital Cochin, Paris), E Bieth (Laboratoire
de Génétique Médicale, Hopital Purpan, Toulouse), P Blouin,
A Cheyrou (Laboratoire Ruffie et Associés, Bordeaux), JP
Bonnefont, L Thuillier (Biochimie Génétique, Hopital
Necker-Enfants Malades, Paris), D Bozon (Biochimie Pédia-
trique, Lyon), J-C Chomel (Laboratoire de Génétique Cellu-
laire et Moléculaire, CHU de Poitiers, Poitiers), C Claval (Pol
Bovin, Unité de Biologie Cellulaire, Hopital Maison Blanche,
Reims), M Claustres (Laboratoire de Génétique Moléculaire,
Institut de Biologie, Montpellier), | Creveaux (Biochimie
Meédicale et Biologie Moléculaire, Faculté de Médicine, Cler-
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mont-Ferrand), J-M Costa (Molecular Biology Laboratory,
American Hospital of Paris, Neuilly-sur-Seine), V David
(Laboratoire de Génétique Moléculaire, CHU Pontchaillou,
Rennes), E Denamur (Laboratoire de Biochim Génétique,
Hopital R Debré, Paris), V Dumur, G Lalau (Laboratoire de
Biochimie et de Biologie Moléculaire, Hopital Calmette,
Lille), D Feldmann (Laboratoire de Biochimie, Hopital A
Trousseau, Paris), C Ferec (Molecular Genetics, Brest), M
Goossens, E Girodon (Molecular Genetics, Hospital Henri
Mondor, Créteil), A Iron (Laboratoire de Biochimie, Centre
Hospitalier Pellagrin, Bordeaux), P Jonveaux (Laboratoire de
Génétique, CHU Brabois, Vandoeuvre-les-Nancy), P Lewin
(CERBA Laboratoire, Cergy Pontiére), J Lunardi (Biochemie
de I’AND, CHU Grenoble, Grenoble), MC Malinge (Service de
Génétique, CHU Angers, Angers), P Malzac (Laboratoire de
Biologie Moléculaire Appliqué, Service du Professeur Mattei,
Marseille), H Mittre (Laboratoire de Biochemie B, CHU av.
Georges Clemenceau, Caen), A Mantel (Hormonologie et
Biologie Moléculaire, Hopital de Bicétre, Le Kremlin Bicétre),
J-P Moisan (Laboratoire de Génétique Moléculaire, Institut de
Biologie, Centre Hospitalier Universitaire, Nantes), Y Morel, F
Cabet/Bey-Omar (Biochimie Endocrinienne et Moléculaire,
Hopital Debrousse, Lyon), E Mornet (SESEP, Centre d’Etudes
de Biologie, Prénatale, Université de Versailles-St-Ouentin,
Versailles), JP Muh, C Gendrot (Biochemie et Biologie
Moléculaire, CHU Brettoneau, Tours).

Germany

J Arnemann (Laboratory of Molecular Genetics, Frankfurt), C
Aulehla-Scholz (Institut fur Klinische Genetik, Frauenklinik
Berg, Stuttgart), | Bauer (University of Rostock, Children’s
Hospital, Department of Medical Genetics, Rostock), | B6hm
(Gemeinschaftspraxis, Dr Ovens-Raeder/Dr C Waldenmaier,
Munich), T Eggermann (Division of Clinical Genetics, Uni-
versity of Tubingen, Tubingen), R Fahsold (Gemeinschaft-
spraxis Prager und Junge, Dresden), PC Fink (Zentralkranken-
haus St Jurgen Straf3e, Institut fur Laboratoriumsmedizin,
Bremen), W Friedl, M Jungck (Institut fur Humangenetik,
Universitat Bonn, Bonn), U Froster (Institut fir Human-
genetik, Universitat Leipzig, Leipzig), D Glaser (Laborpraxis
Dres. Mehnert, Medizinische Genetik Neu-Ulm), A Golla, T
Meitinger (Abteilung Medizinische Genetik, Munich), M
Hagemann (Institut fiir Humangenetik und Medizinische
Biologie, Martin-Luther-Universitdt Halle-Wittenberg, Halle/
Saale), U Hammer (Molecular Diagnostics, Klinikum der
Friedrich-Schiller-Universitat Jena, Jena), K Held (Institut fir
Immunologie, Pathologie und Molekularbiologie, Hamburg),
W Hoppner, P Matthiesen (Gemeinschaftspraxis Leidenber-
ger, Weise under Partner, Department Molecular Diagnostic,
Hamburg), S Jakubiczka (Otto-von-Guericke-Universitét,
Institut fur Human Genetik, Madgeburg), B Janssen (Institut
fur Humangenetik, Heidelberg), H-G Klein (Facharzt fur
Laboratoriumsmedizin, Medizinische Genetik, Planegg/Mar-
tinsried), P Kozlowski (Institut fiir Praenatal Medizine und
Genetik, Dusseldorf), C Kraus (Institut fur Humangenetik,



Erlangen), K Kutsche (Institut fir Humangenetik, Uni-
versitat-Krankenhaus Eppendorf, Hamburg), F Laccone (Insti-
tute of Human Genetics, Gottingen), L Liibbe (Carl-Thiem-
Klinikum Institut fir Pathologie, Cottbus), E Meese
(Department of Human Genetics, University of Saarland,
Homburg/Saar), U Miller, K Atland (Institute of Human
Genetics, Justus-Liebig-University, Giessen), E Natt (DNA-
Diagnostik, Institut fiir Humangenetik, Freiburg), C Nevinny-
Stichel, (Gemeinschaftspraxis Dr W Bieger, Munich), B Pabst,
S Arps (Labor Dres. med. Fenner, Hamburg), U Pantke
(Humangenetische Praxis, Giessen), K Potschick, E Spitzer, R
Grosse (Praxis fur Humangenetik, Berlin), J Reiss (Justus-
Leibig-Universitat Giessen, Institut fir Humangenetik, Gies-
sen), H Roth (Institut fir Medizinische Genetik, Osnabriick),
W Schmidt, U Peters (Institut fir Immunologie, Pathologie
und Molekularbiologie, Hamburg), E Schroder (Institute fur
Humangenetik, Disseldorf), G Schilter (Humangenetik,
Karlsruhe), H Skaldny (Praxis Dr Greiner, Mannheim), P
Steinbach (Abteillung Medizinische Genetik, Universitat
Ulm, Ulm), M Stuhrmann (Institut fir Humangenetik,
Medizinische Hochschule Hannover, Hannover), G Wild-
hardt (Universitait Mainz, Mainz), K Wilke (Westfalische
Wilhelms-Universitat, Institut fir Humangenetik, Minster),
R Yamamoto (Gemeinschaftspraxis fiir Labormedizin, Dr
Eberhard und Partner, Dortmund), C Ziihlke (Humangenetik,
Medizinische Universitat zu Liibeck), Laboratorium Dr Jung
(GmbH, Cologne), Labor fiir Préanatale Diagnostik (Linden),
Gemeinschaftspraxis fur Laboratoriumsmedizin, Prof Dr med
Michael Giesing und Partner (Recklinghausen).

Hungary
K Németh, A Varadi, G Fekete (Molecular Genetics 2nd
Department of Pediatrics, SOTE, Budapest).

Ireland
D Barton (National Centre for Medical Genetics, Our Lady’s
Hospital for Sick Children, Dublin).

Israel
D Abeliovich (Department of Human Genetics, Jerusalem).

Italy

E d’Alcamo (Servizio Talassemia, Unita di Ricenca Piera
Cutino, Palermo), A Amoroso (Medical Genetics, Children
Hospital, Trieste), C Arduino (Centro Genetica Medica,
Torino), M Bartolozzi (Sezione Genetica Medica, Grosseto), M
Benettazo, PF Pignatti (Institute of Biology and Genetics,
University of Verona, Verona), G Cabrini (Molecular Pathol-
ogy, Cystic Fibrosis Centre, Verona), A Cantu-Rajnoldi (Anat-
omia ed Istologia Patologica, Sez. Genetica Molecolare,
Milan), G Cossu (Centro Genetica Medica, Ozieri-Sassari),
Dagna Bricarelli, P Scartezzini (Laboratoire Genetica Umana,
Genoa), M Ferrari (Unit of Genetics and Molecular Diag-
nostics, HS Raffael, Milano), M Furbetta, A Angius, M Stasi
(Genetica Moleculare, Istituto di Pediatria Clinica Sociale e
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Preventiva, Perugia), P Gasparino (Medical Genetics Service,
IRCCS Casa Sollievo, S Glovanni Rotondo), MN Lizzio
(Genetica Molecular, Clinical Pediatrics, Catania), M Lucar-
elli (Cystic Fibrosis Centre Laboratory, University of Rome Li
Sapienza, Rome), G Novelli (Human Genetics, Tor Vergata
University, Rome), L Picci, M Scarpa (Molecular Genetics
Laboratory, Padua), MC Rosatelli, A Cappai, A Cao (Genetica
Moleculare, Istituto di Clinica e Biologia Dell’eta’ Evolutiva,
Cagliari), F Salvatore (Department of Biochemistry and
Medical Biotechnology, Naples), T Santostasi (Laboratoria
Fibrosi Cystica, Centro Riferimeno, Bari), P Simi (UO Cit-
ogenetica e Genetica Moleculare, Instituto Clinica Pediatrica
Universita via Roma, Pisa), C Toffili (Diagnosi Prenatale
Molecolare Geneticamedica, Ferrara), F Torricelli (Unita
Operativa Citogenetica e Genetica, Florence), G Uzielli
(Centre for Human Genetics and Molecular Medicine,
Florence).

Latvia
V Kroshkina (Department of Medical Biology and Genetics,
Medical Academy of Latvia, Riga).

Macedonia Republic

G Efremov (Macedonian Academy of Science and Arts,
Research Center for Genetic Engineering and Biotechnology,
Skopje).

Norway

| Eftedal (Beate Skinningsrud, Department of Medical Genet-
ics, University Hospital of Trondheim, Trondheim), K Eiklid
(Department of Medical Genetics, Ulleval University Hospi-
tal, Oslo).

Poland

J Bal (Department of Genetics, National Research Institute of
Mother and Child, Warsaw), M Witt (Institute of Human
Genetics, Polish Academy of Sciences, Poznan).

Portugal
P Pacheco (Centro de Genetica Humana, Instituto Nacional
de Saude Dr Ricardo Jorge, Lisbon).

Russia
N Petrova, EG Ginter (Laboratorium of Genetic Epidemiol-
ogy, Research Centre for Medical Genetics, Moscow).

Slovak Republic
L Kadasi (Genexpress, Bratislava).

Slovenia

R Komel, K Vouk (Medical Centre for Molecular Biology,
Institute of Biochemistry, Ljubljana), M Ravnik-Glavac (Labo-
ratory of Molecular Pathology, Medical Faculty, Ljubljana).
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Spain

G Antinolo (Unidad de Genetica Medica y Diagnostico
Prenatal, Hospital Universitanio Virgen del Rocio, Sevilla), A
Arnaiz-Villena (Sesvicio de Immunologia Hospital Universi-
tario 12 de Octubre, Madrid), M Beneyto (Unidad de
Genetica y Diagnostico Prenatal, Hospital Universitario La
Fe, Valencia), J Benitez (Mercedes Robledo, Genetics Depart-
ment, Madrid), M Carrera (Centro de Patologia Celular y
Diagnostico Prenatal, Instituto Universitario Dexeus, Barce-
lona), X Estivill, T Casals (Centre de Genetica Medica |
Molecular, Hospital Duran | Reynals, Barcelona), M Fernan-
dez-Burriel (Unidad Genetica, Hospital Materno-Infantil,
Canary Islands), G Glover (Centro de Bioquimica y Genetica
Clinica, Espanardo, Murcia), J Molano (Unidad Genetica
Molecular Bioquimica, Hospital La Paz, Madrid), A-M Palacio
De Parada (Centro de Analisis Geneticos C.A.G.T., Zaragoza),
JL San Millan (Unidad de Genetica Molecular, Hospital
Ramon y Cajal, Madrid), J Telleria-Orriols, J Alonso (Depart-
ment Pediatria, Facultdad de Medicina, Valladolid), D Valve-
rde (Laboratorio Analisis Clinicos Lema Y Bandin, Vigo,
Pontevedra).

Sweden
U Kristofferson (Department of Clinical Genetics, Lund).

Switzerland

M Hergersberg (Institut Fur Medizinische Genetik, Uni-
versitat Zurich, Zurich), S Liechti-Gallati (Leiterin Moleculare
Humangenetik, Universitéts-Kinderklinik, Berne), M Morris
(Molecular Diagnostic Laboratory, Division of Medical
Genetics, Geneva), F Thonney, F Schordenet (Génétique
Moléculaire, Division de Génétique Médicale, Lausanne).

The Netherlands

JJP Gille, LP ten Kate (Clinical Genetics, Vrije Universiteit,
Amsterdam), DJJ Halley, AMW van den Ouweland (Depart-
ment of Clinical Genetics, Erasmus University, Rotterdam), H
Scheffer (Department of Medical Genetics, University of
Groningen, Groningen).
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United Kingdom

A Buckingham (Kennedy-Galton Centre, DNA Laboratory,
Harrow), A Curtis (Northern Genetics Service, Human Genet-
ics Department, Newcastle-upon-Tyne), J Dodge (Depart-
ment of Child Health, University of Swansea, Swansea), R
Elles, M Coleman (Regional Molecular Genetics Laboratory,
St Mary’s Hospital, Manchester), L Ellis (DNA Laboratory, St
James’s University Hospital, Leeds), A Gardner (Regional
Cytogenetics Centre, Southmead Hospital, Bristol), A Gilfil-
land (Human Genetics Unit, Molecular Medicin Centre,
Western General Hospital, Edinburgh), C Graham (Regional
Molecular Genetics Laboratory, Belfast City Hospital Trust,
Belfast) K Kelly (DNA Laboratory, Department of Medical
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Table 1 Mutations found at a frequency higher than 1% in Europe®”’

Country

Albania dF508 (70.0)

Austria dF508 (63.7) G542X (2.1) R1162X (1.9)  G551D (1.1)

Belarus dF508 (63.0) N1303K (2.7) G542X (2.1) W1282X (1.7)

Belgium dF508 (75.5) N1303K (2.9) G542X (2.7) W1282X (1.5) S1251N (1.3) 1717-1G>A (1.1)

Bulgaria dF508 (61.0) N1303K (409) G542X (3.6) R347P (2.0) 1677delTA (2.0) R1070Q (1.5) W1282X (1.3) G1244V+5912L (1.0)
Croatia dF508 (64.5) N1303K (3.6) (542X (3.3) G551D (1.1)

Cyprus dF508 (46.7) L346P (16.7) 1677delTA (6.7)

Czechia dF508 (71.6) G551D (4.0) N1303K (3.0)  G542X (2.2) 1898+1G>A (2.0) 2143delT (1.2) CFTRdele2,3(21kb) (4.6)

Denmark dF508 (87.2) 394delTT (1.9) N1303K (1.0)

Estonia dF508 (54.0) 394delTT (15.0)

Finland dF508 (46.2) 394delTT (28.8)

France dF508 (66.8) G542X (3.1) 1717-1G>A (1.6) N1303K (1.4)

Germany dF508 (73.2) R553X (2.7) R347P (1.3) G551D (1.3) N1303K (1.2) G542X (1.2) 3849+10kbC>T (1.2) CFTRdele2,3(21kb) (1.5)
Greece dF508 (52.2) 621+1G>T (4.5) G542X (3.9) N1303K (3.3) 2183AASG (1.8) 2789+45G>A (1.8)  E822K (1.6) R117H (1.2) R344W (1.2) 3272-26A>G (1.0) R1158X (1.0) GB5E (1.0)
Hungary dF508 (54.7) G542X (2.2) N1303K (1.0)

Ireland dF508 (72.7) G551D (6.9) R117H (2.0) G542X (1.0)

Israel dF508 (32.2) W1282X (36.2) G542X (5.4) 3849+10kbC>T (4.6) 405+1G>A (3.8) N1303K (3.0) Q359K+T360K (1.9) S549R (1.1)

Italy dF508 (51.1) G542X (4.8) N1303K (4.8)  2183AA>G (2.7) R1162X (2.4) 1717-1G>A (2.1)  W1282X (1.2) R553X (1.2)

Latvia dF508 (54.2) 3849+10kbC>T (12.5) N1303K (8.3)  W1282X (4.2)

Lithuania dF508 (30.9) R553X (4.8) N1303K (2.4)

Macedonia dF508 (56.0) G542X (3.3) N1303K (2.6)  621+1G>T (1.9) 3849+10kbC>T (1.9) 457TAT>G (1.3) V1397E (1.3)

North Africa dF508 (32.0) N1303K (10.2) W1282X (8.2)  711+1G>T (7.5) G542X (4.8) R1162X (2.7) L227R (1.4) S549R (1.4) S549N (1.4) S549 (1.4) G551D (1.4) S945L (1.4)
Northern Ireland  dF508 (68.0) G551D (5.1) R117H (4.1) R560T (2.9) G542X (2.2) 621+1 G>T (2.2) di507 (1.7)

Norway dF508 (66.7) 394delTT (4.2) R117H (3.0) G551D (1.2)

Poland dF508 (52.9) 3849+10kbC>T (2.6) G542X (2.5) N1303K (1.7) 1717-1G>A (1.7) R553X (1.0) CFTdele2,3(21kb) (2.0)

Portugal dF508 (52.3) R1066C (3.5) G542X (2.3) R334W (2.0) AS61E (2.0) 3272-26A>G (1.5)  N1303K (1.5)

Romania dF508 (27.0)

Russia P dF508 (45.0) W1282X (2.1) N1303K (1.6)  1677delTA (1.6) 2143delT (1.0) CFTRdele2,3(21kb) (7.5)

Russia M dF508 (54.5) N1303K (2.6) 2143delT (2.0)  2184insA (2.0) W1282X (2.0) G542X (1.8) 3849+10kbC>T (1.8) CFTRdele2,3(21kb) (8.4)
Slovakia dF508 (59.4) G542X (5.6) R553X (3.4) N1303K (3.0) R347P (1.7) CFTRdele2,3(21kb) (4.6)

Spain dF508 (54.4) G542X (7.7) N1303K (2.5)  1811+1.6kbA>G (1.5) R1162X (1.3) 712-1G>T (1.1) 1609delCA (1.0)

Sweden dF508 (73.3) 394delTT (9.7) 3659delC (3.0)  175insT (2.4) T3381(1.2)

Switzerland dF508 (43.2) R553X (24.2) 3905insT (14.7)  G542X (3.2) 1717-1G>A (2.1) K1200E (2.1)

The Netherlands  dF508 (74.4) A4SSE (3.3) 1717-1G>A (1.5) G542X (1.3) R553X (1.2)

Turkey dF508 (34.8) N1303K (6.4) 1677delTA (2.8) E92X (2.8) R347H (2.8) G542X (2.8) K68N (1.4) 2043delG (1.4) 2183AA>G (1.4) 2789+5G>A (1.4)
Ukraine dF508 (50.0)

United Kingdom  dF508 (75.3) G551D (3.1 G542X (1.7)

Yugoslavia dF508 (66.3) G542X (5.3)

Sources: Deltas C., Doerk T., Graham C., Macek M. Inr., Pacheco. P. (Personal communication, January 1999).
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Table 2 Overview of total sensitivity for mutations found at

a frequency higher than 1% (January 1999)

Country Total No. % mutations
sensitivity % mutations not found
Albania 70 1 28.1
Austria 68.8 4 35
Belarus 69.5 4 29.5
Belgium 85 6 8.4
Bulgaria 77.3 8 14.5
Croatia 72.5 4 25
Cyprus 90 8 10
Czechia 88.6 7 4.9
Denmark 90.1 3 4
Estonia 69.4 2 13.5
Finland 75 2 21.2
France 72.9 4 17.5
Germany 83.6 8 16.4
Greece 74.5 12 13.7
Hungary 57.9 3 41.1
Ireland 82.6 4 13.9
Israel 88.2 8 8.4
Italy 70.3 8 22.7
Latvia 79.2 4 20.8
Lithuania 38.1 3 66
Macedonia 68.3 7 50
North Africa 73.8 12 24.5
Northern Ireland 86.2 7 13.8
Norway 75.1 4 23.8
Poland 64.4 7 31.1
Portugal 64.8 7 27.7
Romania 27 1 57.3
Russia (sint Petersburg) 58.8 6 52.8
Russia (Moscow) 75.1 8
Slovakia 7.7 6 21
Spain 69.5 7 17.9
Sweden 89.6 5 7.3
Switzerland 89.5 6 9.5
The Netherlands 81.7 5 13.5
Turkey 58 10 41.1
Ukraine 50 1 49.1
United Kingdom 80.1 3 13.9
Yugoslavia 71.6 2 26.4

Table 3 Intragenic polymorphisms in the CFTR gene
Polymorphic locus Reference

IVS6a-GATT Dork et al.*®
1001+11C T Cuppens et al.*®
IVS8-CA Morral et al.*’

Tn (5T-7T-9T)

TUB9 (intron 9 1525-61 A or G)

M470vV
T854T
IVS17B-TA
IVS17B-CA

TUB18 (intron 18 3601-65 A or C)
TUB20 (intron 20 4006-200 A or G)

Q1463Q

Cuppens et al.*®

Dork et al.*®

Dork et al.*®, Cuppens et al.*
Dork et al.*®, Cuppens et al.*®
Morral et al.*’
Morral et al.*’

Dork et al.*®
Dork et al.*®

Cuppens et al.*®

Table 4 Cost comparative study for the most frequently used CFTR mutation detection methods (January 1999)

Mutation detection method Time scheme Price of material and No. mutations
supplies for analysing

Working time Waiting time Total time 5 samples
INNO-LiPA CF2 40min-2h 6h-8h 6h40min-10h 157.3-200 Euro 8 mutations
Elucigene CF12 30min-2h 5h30min-6h 6h-8h 157.3-200 Euro 12 mutations
OLA cystic fibrosis assay 1h30min-3h 4h30min-10h30min  7h-12h30min 237.5-275 Euro 31 mutations
Restriction enzyme analysis 1h15min-2h 5h-10h 7h-13h 16.2-21.3 Euro 1 mutation
Heteroduplex analysis 30min-1h 6h-8h 7h-12h15min 10-12.5 Euro 1 or 2 mutations
DGGE 1h30min-2h 6h-20h 8h-22h 20-22.5 Euro 1 exon or multiplex
SSCP 2h30min-3h 10h-22h 12h30min-25h 16.2-18.7 Euro 1 exon

These results were obtained from the comparative study of the actual cost and hands-on time for different CF mutation detection techniques.
The data obtained from the workshop on DNA extraction and CF mutation detection technique held in Leuven, September 1996 were compared
with the information obtained from a detailed questionnaire which was sent to laboratories which participate in the European Quality control
trial 1998 (except for the OLA kit).

For each technique, the total working time and the costs were evaluated. The total time for the different techniques was divided into the work-
ing time i.e. the time needed for one person to do the practical work, and the waiting time, i.e. the time when the samples are in a machine or
during a chemical reaction without any handling by a person. The costs for the CFTR mutation detection techniques were costs for material and
supplies. Material and supplies were valued on the basis of replacement prices (Western European prices).

European Journal of Human Genetics
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Table 5 Features of the most common CF mutation detection techniques (January 1999)

Mutation specific methods

Heteroduplex Useful for small deletions/insertions

Analysis Mostly used for dF508/d1507
Other insertions/deletions eg 394delTT, 1461insAGAT
Visualisation with either ethidium bromide or silver staining
Cheap, easy to use

Restriction Ideally used for confirmation, verification or mutations detected by other methods
Enzyme Analysis Can be used for local specific mutation

Testing of relatives for ‘family’ mutations

Used in restriction generating PCR

Specificity not absolute

Relatively expensive

ARMS Allele-specific PCR, useful for isolated (local specific) mutations
Result may rely on a absence of PCR product
Can be useful in determining maternal contamination
May be applied to pooled samples, in a research setting only!
Difficulty in designing primers
Cheap once primers have been designed

RG PCR Useful for isolated (local specific) mutations
May be useful for certain applications

Reverse/Normal Dot Blots Developed according to local population frequencies
Useful for large numbers of samples
Visualisation/labelling methods
Difficult to establish initially
May require radioactivity

INNO-LiPA See Table 6 for mutations tested
INNO-LiPA CFTR12 and INNO-LiPA CFTR17+Tn (latter includes polyT)
INNO-LiPA will distinguish heterozygotes (Wild-type probes included for every mutation detected)
No special equipment required, except for a shaking waterbath
More robust with respect to methodology
High specificity
Sensitivity generally high (European-wide) but not locally variable
Relatively expensive (although not per mutation)
Labour costs reduced
Automatable with the auto-LiPA

Elucigene See Table 6 for mutations tested
Elucigene does not generate normal alleles for mutations except dF508
More robust with respect to methodology
Elucigene may be sensitive to DNA sample type
High specificity
Sensitivity generally high (European-wide) but not locally variable
Relatively expensive (although not per mutation)
Labour costs reduced

OLA See Table 6 for mutation tested
OLA will distinguish heterozygotes
Requirement fo expensive equipment ABI 310 or 377
More robust with respect to methodology
High specificity
Sensitivity generally high (European-wide) but not locally variable
Relatively expensive (although not per mutation)
Labour costs reduced
Generic methods

SSCP Cheap, once established
DGGE Difficult to set up (primer design)

High pick-up rate, especially when multiplexed
Sequencing For absolute confirmation of new findings

Exclusion of polymorphisms
Polymorphisms

For Prenatal Diagnosis where one or no mutations have been found
For assessment of maternal cell contamination

PolyT interpretation — TGm

For confirmation of zygosity

Exclusion of uniparental disomy

European Journal of Human Genetics
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Table 6 Mutations detected by commercial Kits
(November 1999)

INNO-LIiPA
CF2:

CFTR12:

CFTR17+Tn:

Elucigene
CF4:
C12

CF20:

CF Poly-T
OLA

CF OLA assay:

dF508, dI507, G542X, 1717-1G>A, G551D,
R553X, W128X, N1303K

dF508, dI507, G542X, 1717-1G>A, G551D,
R553X, W1282X, N1303K, S1251N, R560T,
3905insT, Q552X

394delTT, G85E, 621+1G>T, R117H, 1078delT,
R347P, R334W, E60X, 2183AA>G, 2184delA,
711+5G>A, 2789+5G to A, R1162X,
3659delC, 3849+10kbC>T, 2143delT, A455E,
(5T/7T/9T)

dF508, 542X, G551D, 621+1G>T

dF508, G542X, G551D, N1303K, W1282X,
1717-1G>A, R553X, 621+1G>T, R117H,
R1162X, 3849+10kbC>T, R334W
1717-1G>A, G542X, W1282X, N1303K,
dF508, 3849+10kbC>T, 621+1G>T, R553X,
G551D, R117H, R1160X, R334W, A455E,
2183AA>G, 3659delC, 1078delT, dI507,
R345P, S1251N, E60X

5T/7T/9T

dF508, F508C, dI507, Q493X, V520F,
1717-1G>A, G542X, G551D, R553X, R560T,
S549R, S549N, 3849+10kbC>T, 3849+4A>G,
R1162X, 3659delC, W1282X, 3905insT,
N1303K, G85E, 621+1G>T, R117H, Y122X,
711+1G>T, 1078delT, R347P, R347H, R334W,
A455E, 1898+1G>A, 2183AA>G, 2789+5G>A
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