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Purpose: To determine the carrier frequency of the 3199del6 cystic fibrosis (CF) mutation in individuals heterozygous

for I148T in a large-scale CF testing population. Methods: DNA samples from 439 consecutive I148T-heterozygous

individuals were screened for the 3199del6 mutation using a laboratory-developed test. Results: Genotyping revealed

four samples heterozygous for the 3199del6 mutation (0.9%). The four samples positive for 3199del6 had an IVS 8

genotype of 7T/9T. The 3199del6 mutation was not observed after genotyping of 348 random, anonymous samples.

Conclusion: The 3199del6 mutation occurs in 0.9% of individuals positive for the I148T mutation and � 0.07% of

chromosomes that are wild type for the ACMG panel mutations. Genet Med 2004:6(2):108–109.
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Cystic fibrosis (CF) is the most common life-limiting auto-
somal recessive disease among Caucasians, with an incidence
of approximately 1 in 3200.1,2 It also affects smaller propor-
tions of all other ethnic groups and populations. TheAmerican
College ofMedical Genetics (ACMG) and American Society of
Obstetricians and Gynecologists (ACOG) have recommended
a 25-mutation panel for population-based CF carrier screen-
ing. These recommendations used an allele frequency thresh-
old of 0.1% in affected patients for inclusion into the panel.
Recent studies demonstrated that I148T, one among the 25-
mutation panel, occurs � 100 times more frequently in a car-
rier-screened population and therefore is probably not a dis-
ease-associated mutation.3,4 Subsequently, Rohlfs et al.5

detected a 6-bp deletion, 3199del6, in seven of eight affected
patients who were positive for I148T and a classic mutation,
but did not detect the deletion in 8 healthy patients with I148T
and a classic mutation. The haplotype containing I148T and
3199del6 also included the IVS-8 9T allele. Our data has con-
firmed that I148T compound heterozygotes are asymptomatic
in the absence of 3199del6.3

Thus far, there have been no large prospective studies to
determine the frequency of 3199del6 in individuals positive
for I148T. Information to date indicates that the 3199del6
mutation is not frequent enough to warrant inclusion in a
pan-ethnic CF panel.5 This study analyzed 439 consecutive
individuals who tested positive for one copy of the I148T

variant, and the data provides the most accurate estimate of
the occurrence of the 3199del6 mutation in I148T-positive
individuals.

MATERIALS AND METHODS
DNA samples

All samples were submitted to our laboratory for CF DNA
analysis. Because the test indication is not routinely provided,
we are unable to definitively determine how many tests were
requested for carrier screening versus diagnoses. However,
based on the reproductive ages of the majority of the tested
individuals, carrier screening is the probable indication in
most cases. Samples containing I148T for which residual DNA
remained were anonymized and analyzed for 3199del6. In ad-
dition, 348 consecutive, non-CF screened samples were ano-
nymized and analyzed for 3199del6.

Specimens and DNA extraction

Genomic DNA was extracted from EDTA or ACD-antico-
agulated whole-blood specimens using the MagAttract DNA
BloodM96 Kit (Qiagen, Foster City, CA) according to the rec-
ommendations of the manufacturer.

DNA sequencing

Single exon DNA sequencing was performed as described
previously.6

ACMG panel CF testing

CF testing was performed using CF Genotyper Version
3.0 Analyte Specific Reagent (Celera Diagnostics) using an
ABI 3100 automated DNA sequencer per the manufacturer’s
recommendations.
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Detection of 3199del6 mutation

A laboratory-developed test using the Promega ReadIT
genotyping system was used to detect the 3199del6 mutation.
Exon 17a of the CF transmembrane regulator (CFTR) gene was
amplified from genomic DNA using the following primers:
5'-TTGTCGCAGTTTTACAACCCTA-3' (with three 5' phos-
phorothioate linkages) and 5'-GTTGCTGTGAGGTTTG-
GAGGA-3'. A 2-�L aliquot of each sample DNA was added to
11.5 �L 2X PCR Master Mix (Promega Corp, Madison WI)
containing 0.50 �mol/L each primer. PCR amplification was
performed under the following conditions: one cycle of 5 min-
utes at 95°C; 31 cycles of 0.5 minutes at 94°C, 0.5 minutes at
62°C, and 1 minute at 72°C; and one cycle of 10 minutes at
72°C, followed by a 4°C hold. All PCR amplifications were
performed in a MJR PTC-200 thermocycler (MJ Research,
Watertown, MA).

Amplicon interrogation

A 6-�L aliquot of diluted PCR product (1:4 in nuclease-free
water) was digested with 25 U bacteriophage T7 Gene 6 exo-
nuclease and 0.5 U calf alkaline intestinal phosphatase at room
temperature for 30 minutes. After digestion, 10 �L of 0.06
mol/L NaOH was added to each sample and incubated for 3
minutes. Samples were analyzed in three separate reactions
using wild-type (5'-GCTCTCAACATAATAAAAGCCAC-
TAT-3'), mutant (5'-TCTCAACATAATAAAAGCCACTGG-
3'), or no probe, respectively. The probes were diluted in 50
mmol/L Tris, 10 mM Mg2Cl to a final concentration of 10
pmol/�L. Interrogation reactions consisted of 10 �L ampli-
con, 20 �L READIT master mix (2X READIT reaction buffer,
0.2 �mol/L ADP, 2 mmol/L sodium pyrophosphate, 2 U
READase Polymerase, 0.1 U READase Kinase), and 100 pmol
probe (diluted in 50 mmol/L Tris, 10 mmol/L MgCl).
ENLITEN Luciferase Reagent (30 �L, Promega Corp) was then
injected into each well. Luminometer data were processed us-
ing the READIT Calculator program. Relative response ratios
(RRR) were calculated from the raw data to determine
genotypes.

RESULTS

Whenever a sample submitted for analysis was determined
to be homozygous or heterozygous for I148T, the referring
physician was contacted and urged to request single-exon
DNA sequencing for exon 17a to determine if the individual
also carried 3199del6. Simultaneously, the automated ReadIT
assay was developed, but without a positive genomic control
available, the automated assay could not be validated. Eventu-
ally, an individual was discovered through single-exon se-
quencing who carried both 3199del6 and I148T and this sam-
ple was then used to validate the automated assay.

Once the assay was optimized, screening for the 3199del6
mutation was performed on all I148T-positive samples for
which residual DNA was available. DNA from 439 individuals
who were positive for one copy of I148T underwent analysis
for the 3199del6 mutation. Of the samples tested, four het-
erozygotes for the 3199del6 mutation were detected for a rate
of 0.9% of this subset of I148T-positive samples. All 3199del6-
positive samples had an IVS8 status of 7T/9T, consistent with
the observation that 3199del6 occurs solely on I148T/9T chro-
mosomes, although phase could not be established. Because
these samples were anonymized, no clinical or ethnic data were
available. Analysis of 348 random, anonymized samples sub-
mitted for testing other than CF screening did not detect any
3199del6 alleles, indicating that the mutation is found pre-
dominantly in the haplotype with I148T/9T.

Before December 2002, we did not store data regarding the
IVS8 9T genotype in our database. Since that time, 830 speci-
mens were heterozygous positive for I148T and only 122
(14.7%) were negative for the 9T allele. Although phase cannot
be assessed without family studies, it is likely that I148T, like
delta F508 occurs primarily in a haplotype including 9T.

DISCUSSION

In a series of 335,204 consecutive CF DNA tests submitted
primarily for carrier screening, 1,136 individuals were detected
with at least one copy of I148T (data submitted elsewhere).
Because 3199del6 occurs with a frequency of 0.9% in individ-
uals heterozygous for I148T, we can estimate that 10 individ-
uals that were positive for I148T would carry 3199del6. Thus,
based on a previously-reported CF mutation frequency of
7.7% for the I148T variant,3 3199del6 would account for about
0.07% of CF mutations and would not reach the threshold of
0.1% established by the ACMG. These data suggest that I148T
can be removed from the ACMG screening panel.
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