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In the United States the most com-
mon cystic fibrosis (CF) alleles known
are F508, G551D, G542X, R553X, and
N1303K. These mutations comprise
~85% of U.S. CF alleles, and their de-
tection along with analysis of XV-2C
and KM-19 restriction fragment
length polymorphisms (RFLPs) can
enable the determination of CF sta-
tus. To facilitate studies for deter-
mining CF carrier status, we devel-
oped methods to detect each of these
mutations and RFLPs by direct PCR
amplification of dried blood spots
collected on newborn screening
(Guthrie) cards. Following collection,
samples were protected from con-
tamination by individual plastic
bags. One-mm? segments of filter pa-
per were added directly to 100-pl
PCR reactions containing 1/16 mm
spermidine. Three initial cycles at
96°C, then 55°C, for 3 min were per-
formed to free DNA and minimize in-
hibition by other related materials.
Next, 1 unit of Taq polymerase was
added and a 2-min extension was car-
ried out at 72°C, followed by 33 am-
plification cycles using denaturing,
annealing, and extension tempera-
tures and times optimal for each
primer set. Then, 35 pul of each reac-
tion was run on 8% acrylamide gels
directly or 1% agarose gels following
digestion; genotypes were inferred
by ethidium bromide staining of
gels. Guthrie blood spots of 250 CF
probands and their parents were
screened and the frequencies of all
five mutations as well as the XV-2C
KM-19 RFLP haplotypes were deter-
mined. Our data indicate: (1) direct
PCR amplification provides a simple,
rapid, and inexpensive method to de-
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termine CF genotypes directly from
dried blood spots and (2) these
methods provide special advantages
regarding ease and convenience of
sample collection, shipment, analy-
sis, and storage

Dried blood spot technology facili-
tated the historical development of neo-
natal screening programs. The recent
identification of the most common cys-
tic fibrosis (CF) mutation, the deletion of
the phenylalanine codon at position 508
(F508) in the cystic fibrosis transmem-
brane conductance regulator (CFTR)
gene, has allowed rapid molecular ge-
netic analysis of CF patients. With the
continuing characterization of new mu-
tations within the CFTR gene, there will
be a demand to identify simultaneously
carriers of the most prevalent mutations.
In the United States, the most common
CF alleles are F508, GS551D, GS542X,
RS553X, and N1303K. These mutations
comprise 85% of U.S. CF alleles, and
their identification combined with anal-
ysis of XV-2C and KM-19 RFLPs can en-
able determination of CF status. We de-
veloped methods to detect directly each
of these mutations and RFLPs by direct
PCR amplification of a small piece of a
single dried blood spot collected on new-
born screening cards. These methods are
rapid and accurate and facilitate sample
collection, shipment, and storage.

METHODS

Following collection, samples were pro-
tected from contamination by placing
them in individual plastic bags. A small

piece (1 mm?) was cut from each filter
paper blood spot and added directly to a
100-p1 PCR reaction containing 1/16 mm
spermidine; 1 mm of each oligonucle-
otide primer flanking the exon or intron
relevant for each mutation or polymor-
phism; 10 mum Tris (pH 8.0); 50 mm KCl;
1.5 mm MgCl,; 0.001% gelatin; and 200
mM of each deoxynucleotide phos-
phate.”? Instead of heating the samples
6 min at 94°C as usual for genomic DNA
templates, the whole PCR reaction was
heated for 3 min at 96°C and then cooled
for 3 min at 55°C. This two-step incuba-
tion was repeated three times to free
DNA and minimize inhibition by re-
leased proteins and heavy metals.®
Next, 1 unit of Tag polymerase was
added and a 2-min extension was done
at 72°C followed by 33 amplification cy-
cles using denaturing, annealing, and
extension temperatures and times opti-
mal for each primer set.*~%7® Upon
completion, a 10-min extension period
was done at 72°C and the products were
cooled on ice. Next, 35 pl of each reac-
tion mixture were run directly on non-
denaturing polyacrylamide gels in 1x
TBE (Tris-borate-EDTA, pH 8.0) for 1 hr
at 100 mV and 2 hr at 300 mV, directly
(FS08), or in 1% Seakem Agarose (FMC)
following restriction endonuclease di-
gestion (GSS1D, RSS3X, KM19, and
XV2C). Genotypes were inferred follow-
ing ethidium bromide staining of gels
and exposure to UV light. G542X and
N1303K were detected by allele-specific
hybridization techniques, following
standard protocols.>® Guthrie blood
spots of 250 CF probands and their par-
ents were screened, and the frequencies
of all five mutations as well as the XV2C/
KM19 RFLP haplotypes were deter-
mined.
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FIGURE 1 Factors influencing PCR reaction yields. The effect of varying cycle number is shown
in lanes 1 and 2 at 30 and 33 cycles, respectively. The utility of spermidine addition is seen in
lanes 3 and 4 without and with 1/16 mM spermidine, respectively. Effect of varying the initial
denaturation condition is shown in lanes 5 and 6 at 94°C for 6 min versus 96°C/55°C for 3 min
x 3. The utility of adding Chelex is shown in lanes 7 and 9 (without) versus 8 and 10 (with 5%

suspension of Chelex).

RESULTS

We have derived conditions that enable
specific and reproducible amplification
of segments of the CFTR gene that con-
tain five different mutations and two
RFLPs. These conditions included (1) us-
ing three initial denaturing/annealing
cycles of 96°C and 55°C and adding the
enzyme after the incubation step; (2)
adding spermidine or Chelex to the PCR
amplification reactions; and (3) increas-
ing the number of PCR cycles (see Fig. 1).

Conditions designed to optimize the
yield were used to amplify segments of
the CFTR gene that contain the FS08,
GS551D, R553X, G542X, and N1303K mu-
tations as well as as the KM19 and XV2C
RFLPs (see Figs. 2-5). Analysis of 750
blood spot samples from 250 CF
probands and their parents were done.
The yields of PCR amplification products
from filter paper-derived and isolated ge-
nomic DNA were very similar and no dis-
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crepancies in genotypes were noted
among the 250 patient samples analyzed
from both types of templates.

DISCUSSION

The use of dried blood spots for CF anal-
ysis has been previously reported by
other investigators.®®-'2> The microex-
traction procedure previously de-
scribed® ' is personnel intensive and
therefore would be a costly component
of any high-volume DNA diagnostic pro-
gram based on dried blood spots. Nelson
et al."" described a procedure that in-
corporates the need for incubation and
boiling the samples, which is time-con-
suming and may lead to contamination.
In our hands, we could not get the same
specificity and sensitivity compared to
our method. The procedure described by
Schwartz et al. for the phenylketonuria
gene’® used a constant heating of the
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FIGURE 2 Agarose gel electrophoresis of patient samples assayed for G551D and R553X muta-
tions. (Lanes 1 and 14) $X174/Haelll molecular weight markers; (lanes 2-12 and 16-25) patient
samples digested with Hincll. The larger, uncut fragment in lane 19 may correspond to the
GS51D or R553X mutations. This sample was subsequently digested with Mbol and found to be
heterozygous for the G551D mutation; the rest of the samples are homozygous for the normal
allele. Lane 13'is a negative control (no DNA).

sample for 7 min at 97°C and in our
hands gave a reliable yield only for am-
plification of small PCR fragments,
which would be useful for the detection
of F508 (98 bp) but not for the other mu-
tations and polymorphisms. Using our
protocol, we were able to amplify frag-
ments as large as 2000 bp (data not
shown) starting from a small piece of fil-
ter paper.

We have developed a method for de-
tecting five CFTR gene mutations and
two RFLPs from a single spot on a Guth-
rie card (Figs. 1-5). A total of 750 sam-
ples were evaluated with this optimum
protocol and our results indicate that
PCR reaction yields can be increased by
the use of three initial denaturing/an-
nealing cycles of 96°C and 55°C and add-
ing the enzyme after the incubation
step, addition of spermidine or Chelex to
the PCR amplification reactions, and in-
creasing the number of PCR cycles. Two
advantages of this method are that it: (1)
eliminates the need for tedious and
time-consuming methods for extracting
DNA from individual blood spots, and
(2) increases the number of potential
mutations that can be determined from
a single card. Our results demonstrate
that direct PCR amplification from Guth-
rie blood spots can provide a rapid, sim-
ple, and inexpensive method to screen
directly for the presence of 85% of CF
alleles in the United States and to esti-
mate the carrier status for the remaining
15% of CF alleles. On the basis of the size
of the average blood spot on a Guthrie
card, more than 25 alleles of CFTR could
potentially be screened from a single
blood spot. Thus, this method coupled
with multiplex CF mutation screening
methods theoretically should enable nu-
merous mutations to be detected on a
single lane of an acrylamide gel, starting
from a small piece of a single dried blood
spot, without using radioactive isotopes.

The efficiency and yield of PCR am-
plification using filter paper is increased
by alternating heating and cooling
steps.® A single longer heating incuba-
tion or different times and temperatures
of the heating—cooling cycle resulted in
poor amplification. Adding the enzyme
immediately after the incubation step
prevents pre-PCR mispriming and
primer dimerization and improves the
amplification of genes that occur in low
copy number."® Adding larger amounts
of filter paper was detrimental to the
PCR reaction, probably because of the
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FIGURE 3 Slot-blot hybridization analysis of PCR-amplified products using allele-specific oligo-
nucleotide probes for the G542X mutation. Patient samples numbered 35, 37, and 42 are het-
erozygous for the mutant allele whereas the remainder are homozygous for the normal allele.
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FIGURE 4 Slot-blot hybridization analysis of
PCR-amplified products using allele-specific
oligonucleotide probes for the N1303K muta-
tion. (Lane 1) Positive control for heterozy-
gosity of the N1303K mutation; (lanes 2-6)
patient samples, all showing homozygosity
for the normal allele; (lane 7) control repre-
senting a PCR reaction including all reagents
except genomic DNA.
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FIGURE 5 Acrylamide gel electrophoresis of
patient samples assayed for XV2C/Tagl and
KM19/Pst] RFLPs. (Lanes 1 and 6) BioVentures
molecular weight markers; (lane 2) XV2C PCR
product; (lane 3) XV2C/Taql; (lane 4) KM19
PCR product; (lane 5) KM19/Pstl.
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presence of larger amounts of Taq poly-
merase inhibitors, such as hemoglobin.
Therefore, we recommend the use of
1-mm? pieces in a 100-p] PCR reaction to
prevent such inhibitory effect. Chelex
and spermidine were chosen because of
their ability to improve the yield of PCR
amplification reactions.'* Both were
helpful, especially in the minority of
samples (~5%) that were refractory to
PCR amplification, even under optimum
conditions of heating—cooling.

Use of direct PCR analysis of Guthrie
blood spots offers significant advantages
over other screening methods, including
reduction of the time needed, therefore
increasing the number of samples that
could be handled conveniently. This ap-
proach may be automated, using direct
automated sequencing by asymmetric
PCR,'® and thereby increasing the fea-
sibility of large-scale screening for CF.
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