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Purpose:Most cystic fibrosis mutation screening methods do not detect large exon deletions or duplications in the

cystic fibrosis transmembrane regulator gene. We looked for such mutations in congenital bilateral absence of the

vas deferens patients in whom routine screening assays had identified only one or no cystic fibrosis transmem-

brane regulator gene mutations. Methods: DNA samples from 48 men with congenital bilateral absence of the vas

deferens were tested for exonic deletions and duplications in the cystic fibrosis transmembrane regulator gene

using a laboratory-developed semiquantitative fluorescent PCR assay. Results: Semi-quantitative fluorescent PCR

identified a large deletion in one (2%) of the 48 patients. This patient, previously characterized as carrying only the

IVS8-5T mutation, was found to have a deletion of exons 22-24 of the cystic fibrosis transmembrane regulator

gene. In a second patient with the IVS8-5T mutation, we identified a one-base pair insertion in exon 17b that

disrupted the reading frame. Conclusions: Analysis of the cystic fibrosis transmembrane regulator gene for exon

deletions and duplications should be included for complete study of CBAVD patients, especially those considering

assisted reproduction. Genet Med 2006:8(2):93–95.
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Congenital bilateral absence of the vas deferens (CBAVD) is
an atypical presentation of cystic fibrosis (CF).1 Mutations in
the cystic fibrosis transmembrane regulator (CFTR) gene are
recognized in about 85% of CBAVD cases2,3 and are present in
15% of patients with obstructive azoospermia.4 Studies indi-
cate that in CBAVD patients harboring compound heterozy-
gous CFTR mutations, the mutations are of the mild/severe
type, while mutations of a homozygous or compound het-
erozygous severe/severe class are not detected.2,5,6 This is op-
posite to the detection of twomutations (homozygous or com-
pound heterozygous) that convey severe phenotype in classic
CF.7,8 In some CBAVD patients only one CFTR mutation can
be detected, and it could be of the kind that presents with a
severe or a mild phenotype.3,5

Several studies have shown that panel testing of the most
common CFTR mutations will not detect mutations in a sig-
nificant proportion of CBAVD patients.5,9 Extensive screening
for mutations in CFTR exons using denaturing gradient gel
electrophoresis (DGGE) followed by DNA sequencing will in-
crease the CFTR mutation detection frequency, however,
CFTRmutationswill still not be detected in a subset of CBAVD
patients.3,4 This could be due to the presence of mutations
within introns not analyzed by the testing method or to the
contribution of another gene to CBAVD. The latter possibility

may be supported by a family study inwhich two brothers both
carry �F508 and share identical haplotypes. One brother has
CBAVD, while the other fathered children (confirmed by pa-
ternity testing).10

Large rearrangements might be another cause of failure to
detect CFTR mutations in patients with CBAVD. Most CFTR
genotyping methods will not detect large mutations in the
form of exon deletions or duplications, and the presence of
such mutations has previously been described.11 In this study,
we used a newly developed test for deletions and duplications
in the CFTR gene to investigate CBAVD patients with one or
noCFTRmutations identified by standard screeningmethods.

MATERIALS AND METHODS

DNA samples

Forty-nine anonymized DNA samples from CBAVD pa-
tients were studied. Initially, limited mutation panel testing
was performedon these samples and twenty-four sampleswere
previously determined to harbor one mutation (Group 1) and
25 samples were from patients with no identified CFTRmuta-
tions (Group 2). Genotypes from Group 1 were as follows:
�F508/wt (N � 13), 5T/wt (N � 7), �F508/5T (N � 1),
G551D/wt genotype (N � 2), and N1303K/wt (N � 1). All
samples were consequently analyzed using the CF-OLA ver-
sion 3.0 kit (Applera), which detects 32 CFTR mutations, and
the results were identical to initial genotyping data (data not
shown). One sample from Group 2 consistently failed to am-
plify, presumably because of degraded or poor-quality DNA,
and was excluded from the analysis.
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Semi-quantitative fluorescent PCR (SQF PCR)

In this assay, a singlemultiplexSQFPCRreaction isused for the
detection of single or multiple exon deletions and duplications.
Primers and PCR conditions are described in detail elsewhere.12

Briefly, samples were analyzed using two SQF PCR reactions and
samples were analyzed twice. In the first reaction, primers repre-
senting the CFTR promoter and all 27 exons were amplified in a
single reaction. Forward primers were labeled with FAM orHEX
fluorescent dyes for analysis on ABI 3100 capillary instrument
(Applied Biosystems). In the second SQF PCR reaction, fluores-
cently-labeled primers representing the promoter and exons 1-4,
in addition to fragments upstream of the CFTR promoter were
included in a single PCR reaction. Included in each SQF PCR
reaction are three fragments representing the three internal con-
trol fragments from three different genes on different chromo-
somes for comparison and signal normalization. The internal
control fragmentswere fromHexosamindase (Tay-Sachs), Factor
VandFactor II genes.Cycling conditionswere established tobe in
the linear phase of PCR. Amplified fragments were separated on
an automated ABI 3100 instrument (Applied Biosystems) and
data were analyzed using GeneMapper® software (Applied Bio-
systems). Thismethod identifiesCFTRmutations bydetecting an
approximate 50% drop in signal from deleted exon(s), and an
approximate 30-50% increase in the signal of the duplicated ex-
on(s).

Multiplex ligation-dependent probe amplification (MLPA)

MLPA (MRC-Holland, Amsterdam, Holland; catalog #
P091), an assay designed to detect exon deletions and
duplications,13 was used to confirm mutations identified by
SQF PCR. Only samples suspected of harboring rearrange-
ments were analyzed for confirmation. MPLA was performed
according to the manufacturer’s instructions; fragment and
data analyses were performed as described for SQF PCR.

DNA sequencing

DNA sequencing was performed essentially as described by
Strom et al. (2003),14 except that DNA purification post-PCR
was done using exonuclease-calf intestinal alkaline phospha-
tase digestion, and post Dye-Term reaction DNA was purified
by ethanol precipitation and resuspended in Hi-Di form-
amide. Sampleswere resolved on anABI 3730 automatedDNA
analyzer and datawere analyzed using SeqScape software (both
from Applied Biosystems).

RESULTS

Using the SQF PCRmethod, we detected a large CFTR exon
deletion in one (2%) of the 48 samples tested: one sample from
Group 1 had a deletion of exons 22, 23, and 24 of the CFTR
gene (Online only - Fig. 1A,B), as shown by the drop in the
signal of representative fragments when compared to a sample
with no deletions. The presence of this large deletion was con-
firmed by MLPA (Online only - Fig. 1C). This sample had
previously been characterized as harboring the IVS8-5T/7T al-

leles. No exon duplications were detected in other Group 1
patients.
Samples were also analyzed for possible deletions or dupli-

cations using a separate SQF PCR reaction that included frag-
ments of the promoter, exons 1-4 and three fragments within
� 5,000 bp upstream of the CFTR promoter and ATG start
codon. Samples did not show any large promoter deletions or
duplications within the regions analyzed (data not shown).
SQF-PCR also led to detection of a point mutation in an-

other Group 1 sample. This specimen displayed a decrease of
exon 17b signal and concurrent presence of a second peak im-
mediately adjacent to the lower exon 17b fragment (Online
only - Fig. 2). An insertion of one base in exon 17b was sus-
pected, as this would explain the presence of the two adjacent
presumptive exon 17b-related fragments. DNA sequencing us-
ing forward- and reverse-strand primers confirmed the pres-
ence of a heterozygous, one-base-pair insertion of adenosine in
exon 17b at position 3372 (Genbank ID #NM000492), leading
to disruption of the CFTR reading frame. The patient also car-
ries the IVS8-5T/7T alleles.
A third sample, from Group 2, displayed a reproducible

drop in exon 19 fragment signal. Because the degree of signal
reduction was not as great as would be expected from an exon
deletion (data not shown), we suspected a polymorphism in
the forward or reverse primer binding site of the exon 19 frag-
ment. DNA sequence analysis identified a 3617G�Theterozy-
gous base change that led to a R1162L mutation. This base
change, located 4 bases from the 3=-end of the exon 19 forward
primer, was described by Fanen et al. as a polymorphism,15 and
was detected in a patient with asthma16 and in a patient with
chronic pancreatitis.17 The R1162 residue is conserved across
many species,16 and analysis of the effect of R1162L mutation
on CFTR protein using the PolyPhen algorithm (http://www.
bork.embl-heidelberg.de/PolyPhen/) suggested that this vari-
ant is probably damaging. The possibility exists that this mu-
tation is of low penetrance.

DISCUSSION

In this study, SQF PCR identified a large exonic CFTR dele-
tion in one of 48 (2%) patients with isolated CBAVD in whom
standard screening techniques had detected only one or no
mutations. The deletion of exons 22-24 in this patient is pre-
dicted to remove the second nucleotide-binding domain
(NBD2) and is therefore is predicated to severely influence
CFTR protein function. Although the patient also carries the
IVS8-5T allele, the phase of these alleles could not be deter-
mined. However, we have detected in two independent pa-
tients with classic CF symptoms a deletion of exons 22-24 who
also harbor the �F508 mutation and the IVS8-7T/9T (F.M.H.
data not shown). Since the �F508 almost always occurs on the
IVS8-9T chromosome, it can be concluded that in our CBAVD
proband, similar to the two CF cases, the deletion of exon
22-24 occurs on the IVS8-7T chromosome.
Even though we did not identify exon duplications in the

DNA from the cohort of CBAVD patients we analyzed, we
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recently detected a large tandem duplication of exons 6b-10 in
a classic CF patient.18 Therefore the SQF PCR method can
detect both exon deletions and duplications.
Recently, Niel et al. described the complete deletion of one

copy of the CFTR gene and the presence of R117H(-7T) on the
other chromosome in a 37-year-old man with CBAVD.19 This
situation is predicted to result in reduced CFTR channel func-
tion due to the R117H allele,8 and indeed this patient did not
have pancreatic insufficiency or lung disease.19 A second
CBAVDpatient in that study harbored�F508 and a deletion of
exons 17-17b; however, this individual displays classic CF
symptoms.
The CFTR SQF PCRmethod described here may also detect

mutations in the form of single base-pair insertions or dele-
tions in the majority of the exons. The second case we describe
involved a heterozygous insertion of one base pair in exon 17b.
In this case, the insertion changed the reading frame and led to
the introduction of a stop codon 74 codons downstream. This
would remove part of the second transmembrane domain
(TM2), as well as NBD2, of the CFTR protein and is thus pre-
dicted to be a severe mutation. This mutation occurred in a
patient harboring the IVS8-5T allele. The phase of the alleles is
unknown. The 3372insA mutation appears to be novel, as it is
not listed in the CFTR mutation database (http://www.genet.
sickkids.on.ca/cftr/).
Because most comprehensive studies of CFTRmutations in

CBAVD and obstructive azoospermia to date did not scan for
large DNA rearrangements,5,6,9,10 the prevalence of such mu-
tations may be underestimated. Indeed, common CFTR mu-
tation panels have been shown to be inadequate in cases of
obstructive azoospermia.9 Our results also point toward the
importance of testing for large exonic deletions and duplica-
tions in cases of CBAVD in which no (or only one)mutation is
identified by standard techniques. In our study, the exon 22-24
deletion would not have been detected by common screening
approaches, including DNA sequencing, DGGE, and SSCP. If
the proband’s partner carries a CF mutation, any offspring
conceived via assisted reproductive technology could receive
two CFTR mutations.
In screening CBAVD patient for mutations in the CFTR gene,

the decision to start with the college panel is an obvious one as it
detects themost frequentmutations. Testing for the IVS8-5T can
be done concurrent to panel testing or following that. What fol-
lows if further testing is needed is a decision of the doctor and the
patient. Should a more comprehensive, time-consuming, and
more expensive DNA sequencing test be requested, since this
method can detect all point mutations and few base pair inser-
tions and deletions, or should they choose to order, for example,
the SQFPCRmethod,which gives faster results, is less costly, and,
inourmethod, candetect largeexondeletionsorduplicationsand
in most exons, single or few base pair insertions deletions, as de-
scribed above. One can also decide to order dHPLC rather than
apply full sequencing, but dHPLCwill not detect large exon dele-
tions or duplications, and a negative result on dHPLC does not
rule out the presence of point mutations not detected under the
conditions of the instrument, andDNA sequencingmight still be

required. If one were to devise a step-wise strategy, the only com-
mon elements of the strategy is to test on theACMG/ACOGpan-
els or expanded panels. What follows next is the sole decision of
the doctor and the patient.
In summary, using SQF PCR we detected a large CFTR de-

letion not identified by standard screening in a patient with
CBAVD. The results presented here and elsewhere11,19 high-
light the importance of including screening for CFTR exon
deletions and insertions in cases of CBAVD, especially for cou-
ples considering assisted reproductive technology.
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