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Purpose: Most of the kits or reagents available for testing for mutations in the cystic fibrosis transmembrane

conductance regulator gene include testing for the 5/7/9T polypyrimidine tract, but these methods only screen for

three variants in this region: 5T, 7T, and 9T. Although such commercial products may not have been designed to

screen for rare alleles of the polypyrimidine tract, we demonstrate that at least one of them (Tag-It™ Cystic Fibrosis

Kit, Tm Bioscience, Toronto, Ontario, Canada) has enough sensitivity to differentiate samples with rare alleles by

describing how this product allowed us to detect a previously uncharacterized 11T allele. Methods: A total of 139

banked and anonymized clinical samples from carrier adults and children with cystic fibrosis (The Hospital for Sick

Children, Toronto, Canada) were tested and analyzed using the Tag-It™ Cystic Fibrosis Kit. Results: Two samples

displayed allelic ratios for the polypyrimidine tract that were significantly different from the other samples and did

not correspond to values expected to be seen for samples with 5T, 7T, or 9T alleles. Further tests with sequencing

and an extended Tag-It™ assay confirmed the presence of an 11T allele. Conclusion: Although commercial

products used in cystic fibrosis testing may not have been designed to screen for rare alleles of the polypyrimidine

tract, we demonstrated that at least the Tag-It™ assay may have enough sensitivity to differentiate samples with

such rare alleles, which can then be further analyzed for clarification. Genet Med 2006:8(2):125–128
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Cystic fibrosis (CF) is one of the most common autosomal
recessive disorders among whites, with a prevalence of ap-
proximately 1 in 3200 live births.1,2 This incidence varies
depending on the ethnic group being screened.3,4 CF is
caused by mutations in the 230-kb cystic fibrosis transmem-
brane conductance regulator (CFTR) gene located on the long
armof chromosome 7.5,6 Althoughmore than 1300CFTRmu-
tations have been reported to date,7 most of them are rare. In
fact, only approximately 25 of these mutations have an allelic
frequency of at least 0.1% in the general U.S. population.8

The demand for CF carrier screening has increased dramat-
ically in response to recommendations made in 2001 by the
American College of Medical Genetics, the American College
ofObstetricians andGynecologists, and theNational Institutes
ofHealth.8 These guidelines outline a standard screening panel
covering 25 pan-ethnic CF-causing mutations with an allelic
frequency greater than or equal to 0.1% in the general U.S.
population, as well as four CFTR variants that are included as
reflex tests. The guidelines have recently been revised9 to re-
duce the recommended panel to 23 mutations.

One of the four variants recommended as reflex test is the
5/7/9T polypyrimidine tract in intron 8 just 5= of exon 9. It
modulates in cis the phenotypic consequences of the R117H
mutation; R117H/5T is associated with CF, and R117H/7T is
associated with congenital bilateral absence of the vas
deferens.10,11

To meet the accuracy and throughput demands now re-
quired by CF testing laboratories, diagnostic companies have
developed various products, including ELUCIGENE CF-
Poly-T (Tepnel Diagnostics, Abingdon, Oxon, UK), INNO-
LiPA CFTR (Innogenetics, Gent, Belgium), and the Tag-It™
Cystic Fibrosis Kit (Tm Bioscience, Toronto, Ontario, Can-
ada). Most of the available products include testing for the
5/7/9T polypyrimidine tract, but thesemethods only screen for
three variants in this region: 5T, 7T, and 9T. Recently, a 3T, 6T,
and 10T allele have been reported,12,13,14,15 showing that other
alleles, although rare, exist and may affect the diagnosis of
patients.
Although commercially available products only screen for

5T, 7T, and 9T, some may still possess enough specificity to
allow for the detection of unusual alleles. Indeed, during the
analytic validation of the Tag-It™ Cystic Fibrosis Kit, a Food
and Drug Administration-cleared kit that screens for the three
main poly T alleles (as well as another 39 mutations in the
CFTR gene), two samples showed an unexpected behavior that
may be the result of the presence of a previously uncharacter-
ized 11T allele.
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MATERIALS AND METHODS

Although this test is described in detail elsewhere,16 it is use-
ful to briefly present the basic elements of the Tag-It™ assay.
Starting with genomic DNA (e.g., extracted from whole blood
or blood spots), a single polymerase chain reaction generates
16 amplimers that are subjected to allele-specific primer exten-
sion (ASPE) with 86 tagged primers. As alleles are extended,
they incorporate biotin-deoxycytidine triphosphate for detec-
tion. Tagged products are sorted by hybridization to a univer-
sal bead array consisting of 86 color-coded microspheres. Re-
porter signal is detected on a Luminex xMAP instrument
(Luminex Corporation, Austin, TX) providing median fluo-
rescence intensities (MFIs) for each allele. This same type of
assay, although with a much lower level of multiplexing, has
also been used to detect a panel of thrombophilia-associated
single-nucleotide polymorphisms.17 The data analysis per-
formed for the polypyrimidine tract starts with the MFIs ob-
tained for the 5T, 7T, and 9T alleles. These values are then
transformed into net MFIs by subtraction of the MFI values of
a polymerase chain reaction negative control sample (a net
MFI is set to 0 if the subtraction leads to a negative value) and
used to calculate allelic ratios where allelic ratio � net MFI for
an allele/sum of the net MFIs for all three alleles.
Allelic ratios represent the fraction of the total net MFI

signal attributed to the presence of a particular allele. By
definition, an allelic ratio is between 0 and 1 (included), and
the sum of the 5T allelic ratio (5T-AR), the 7T allelic ratio
(7T-AR), and the 9T allelic ratio (9T-AR) is equal to 1. An
allele is considered to be present if its allelic ratio is at least
0.30 (if all three alleles have an allelic ratio of at least 0.30,
the data analysis algorithm provides a “No Call” to mark the
ambiguous result).
A sample that is homozygous for the 7T allele will have a

7T-AR at approximately 1, and 5T-AR and 9T-AR at approxi-
mately 0. Similarly, a sample that has both the 7T and the 9T
alleles will have 7T-AR and 9T-AR at approximately 0.5, and
5T-AR at approximately 0.

RESULTS

In a study of 139 banked and anonymized clinical samples
from carrier adults and childrenwith CF that were provided by
The Hospital for Sick Children (Molecular Genetics Labora-
tory, Department of Pediatric Laboratory Medicine, Toronto,
Canada), the ranges described in Table 1 were observed. The
genotype for all samples was confirmed by bidirectional
dideoxy dye-terminator sequencing.
Two samples within the study (samples 97 and 101) exhib-

ited allelic ratio values somewhat similar to the samples with a
7T/7T genotype (observed in 41 samples) or a 7T/9T genotype
(observed in 61 samples), but nevertheless significantly outside
of the observed ranges, as shown in Table 1.
After the study, we took advantage of the flexibility inherent

to the Tag-It™ assay that allows the easy expansion of the panel
of mutations being screened. By incorporating ASPE primers
for an 11T allele and a 13T allele and two additional Luminex®
bead populations, the Tag-It™ assay was easily expanded to
allow for screening of these two poly T alleles. The expanded
assay was then used to reanalyze samples representing all six
possible combinations of the 5T, 7T, and 9T alleles, as well as
samples 97 and 101. The analysis of the results shown in Table
2 indicates a 7T/11T genotype for samples 97 and 101 (al-

Table 1
Allelic ratio ranges and values from a 139-sample study

Samples Genotype 5T-AR 7T-AR 9T-AR

1 sample 5T/5T 0.98 0.02 0.00

4 samples 5T/7T 0.54–0.57 0.42–0.45 0.01–0.01

4 samples 5T/9T 0.49–0.53 0.01–0.02 0.45–0.49

41 samples 7T/7T 0.02–0.03 0.92–0.97 0.01–0.06

61 samples 7T/9T 0.01–0.02 0.43–0.50 0.49–0.55

26 samples 9T/9T 0.01–0.02 0.02–0.04 0.95–0.97

Sample 97 7T/11T 0.03 0.85 0.12

Sample 101 7T/11T 0.02 0.85 0.13

AR, allelic ratio.

Table 2
Allelic ratio ranges and values from a follow-up study with an expanded assay

Samples Genotype 5T-AR 7T-AR 9T-AR 11T-AR 13T-AR

1 sample 5T/5T 0.95 0.03 0.01 0.00 0.01

1 sample 5T/7T 0.53 0.45 0.01 0.00 0.00

1 sample 5T/9T 0.43 0.02 0.54 0.01 0.00

2 samples 7T/7T 0.02–0.02 0.96–0.96 0.01–0.01 0.00–0.00 0.00–0.00

2 samples 7T/9T 0.02–0.02 0.41–0.44 0.53–0.56 0.00–0.01 0.00–0.01

1 sample 9T/9T 0.01 0.02 0.95 0.01 0.01

Sample 97 7T/11T 0.02 0.55 0.06 0.34 0.02

Sample 101 7T/11T 0.02 0.57 0.06 0.34 0.02

AR, allelic ratio.
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Fig. 1. Automated sequence traces clearly confirming the new 11T allele. (a), Sample 97, forward direction, with the 11T starting at base 65. (b), Sample 101, forward direction, with the
11T starting at base 68. (c), Sample 97, reverse direction, with the corresponding 11A starting at base 221. (d), Sample 101, reverse direction, with the corresponding 11A starting at base 231.
The 11T allele is preceded by a TG tract of length 9, whereas the 7T allele is preceded by a TG tract of length 11. (e), Automated sequence trace in forward direction of a 9T/9T sample for
comparison.

11T allele in the poly-T tract of the CFTR gene
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though samples 97 and 101 exhibit higher crossover signal on
the 9T allele than the other samples, the 9T-AR remains well
below the threshold of 0.30 for the allele to be considered
present). Bidirectional sequencing confirmed that both sample
97 and sample 101 have genotype 7T/11T (Fig. 1).Note that for
Table 2, the sum of the net MFIs of the five alleles screened in
this extended assay is used as the denominator in the calcula-
tion of allelic ratios. This explains the significant decrease in
the 7T-ARbetween the two studies when the netMFIs have not
significantly changed (data not shown). Note also that the 11T
and 13T ASPE primers have not undergone any optimization
work, explaining the 11T-AR further away from the ideal value
of 0.5 when the 11T allele is present.

DISCUSSION

Although 2 of the 139 samples of the study exhibited this
7T/11T genotype, it was revealed to us after the study that the
two samples come from the same individual, who was also
homozygous for the �F508 mutation (the most common of
the CF mutations), without any indication of unusual pheno-
type (for aCF case). Looking at the poly(TG) repeat that is 5= of
the polypyrimidine tract, and that also influences splicing of
exon 9,18 indicates that the sample is 11TG-7T and 9TG-11T.
The frequency and phenotypic significance, if any, of this
newly discovered 11T allele have yet to be established.
Although commercial products used in CF testing may not

have been designed to screen for rare alleles of the polypyrimi-
dine tract, we demonstrated that at least the Tag-It™ assaymay
have enough sensitivity to differentiate samples with such rare
alleles, which can then be further analyzed for clarification. In
addition, the Tag-It™ platform is open because universally
tagged beads are commercially available (FlexMAP™ beads,
Luminex Corporation), making it possible for any laboratory
to develop their own assay to complement the Tag-It™ prod-
ucts available.
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