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F-SSCP: Fluorescence-based Polymerase
Chain Reaction-Single-strand Conformation
Polymorphism (PCR-SSCP) Analysis

Reiko Makino, Hiromichi Yazyu,' Yosuke Kishimoto, Takao Sekiya, and Kenshi Hayashi

Oncogene Division, National Cancer Center Research Institute, Tokyo 104, Japan; 'R & D Division,

A fluorescence-based method for
polymerase chain reaction—single-
strand conformation polymorphism
(PCR-SSCP) analysis, F-SSCP, was de-
veloped in which the target sequence
is amplified by the PCR using fluores-
cent primers. The amplified products
are then heat-denatured and applied
to a water-jacket controlled gel in an
automated DNA sequencer. The sep-
arated strands are detected as laser-
excited fluorescence at the bottom of
the gel, and mutations are detected
as shifts in the position of the peaks
in the fluorogram. The system does
not involve radioactivity, and the
conditions of electrophoresis are
more strictly controlled than in the
previous system, which relied on am-
bient air-cooling to maintain the gel
at a constant temperature. The na-
ture of the output data allows direct
quantitative interpretation, and so
the relative abundance of each allele
in a mixture of two or more alleles
can easily be estimated. The applica-
tion of F-SSCP for detection of muta-
tions and loss of heterozygosities of
p53 in tumor tissues is reported.
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Pharmacia (Japan), Tokyo 141, Japan

Polymerase chain reaction—single-
strand conformation polymorphism
analysis (PCR-SSCP) is a rapid and effi-
cient method for the detection of muta-
tions and polymorphisms in genomic or
¢DNA sequences.” In the original
method, the target sequence is amplified
and radioisotopically labeled simulta-
neously and then separated by polyacry-
lamide gel electrophoresis in a single-
stranded state.® Mutations are detected
as mobility shifts caused by a change in
the conformation of single-stranded am-
plification products. Potential uses for
this method in clinical DNA diagnosis
include detection of germ-line muta-
tions of various genes responsible for ge-
netic diseases and detection of somatic
mutations of oncogenes/anti-oncogenes
in cancerous tissues.®" Use of a radioiso-
tope is, however, a disadvantage, espe-
cially in clinical tests or in analyses of
large numbers of samples. Several
groups have demonstrated that SSCP
analysis can be performed by electro-
phoresis in small gels with detection of
the bands by silver-staining.?=> These
nonradioactive methods are convenient
for detecting some mutations but are not
likely to be sensitive enough for detec-
tion of mutations in general because of
the small size of the gels.

We describe here a nonradioactive
high-resolution ~PCR-SSCP  method,
F-SSCP, in which fluorescence-labeled
primers are used in the PCR. A procedure
for fluorescence-labeling of the PCR
product and detection of bands of dou-
ble-stranded DNA in polyacrylamide gel
illuminated with UV-light has been de-
scribed.®® However, the sensitivity of
this method is not high enough for de-

tecting amounts of DNA that are suitable
for SSCP analysis. Therefore, we used an
automated DNA sequencer for the detec-
tion. Use of this automated sequencer
also permitted strict control of the gel at
any desired temperature, and thus sepa-
ration could be reproduced at any ambi-
ent condition. Moreover, the results can
be interpreted quantitatively because the
bands are detected as peaks in the fluo-
rogram and their heights are propor-
tional to the intensity of the fluores-
cence in a wide dynamic range. The
direct entry of data into a computer al-
lows objective interpretation of the re-
sults; also, data on multiple samples can
be processed for further analysis with a
reduced possibility of error. These fea-
tures are especially important for pedi-
gree analysis and linkage studies of poly-
morphic DNA markers detected by SSCP
analysis.

MATERIALS AND METHODS

Primers

The primer sequences for amplification
of p53 regions are shown in Table 1. The
oligonucleotides were labeled at their §'
ends with fluorescein-derivatives by two
different methods, i.e., by the Fluore-
Prime method (Pharmacia) and with the
Oliglow system (ABI). In the FluorePrime
method, fluorescein phosphoramidite
was used in the last coupling cycle dur-
ing the synthesis of p53 primers with a
DNA Synthesizer 380B (ABI), and the
time of coupling was extended to 3 min
as suggested previously.”” The fluores-
cein-labeled primers, eluted with ammo-
nia, were dried and solubilized in 0.1 M
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TABLE 1 Primer Sequences

Name of primer Sequence

Fam7U2 Fam-Oliglow-TCATCACACTGGAAGACTCC
Fam8L2 Fam-Oliglow-GTTCCGTCCCAGTAGATTAC
F702 F-TCATCACACTGGAAGACTCC

F702G F-GTCATCACACTGGAAGACTCC

F8L2 F-GTTCCGTCCCAGTAGATTAC

F5U1 F-GTTCCTCTTCCTGCAGTACTC

FSL1 F-GCAAATTTCCTTCCACTCGG

Fam-Oliglow is a derivative of fluorescein attached to the 5’ end of an oligonucleotide GAA-
GAAGC. F is carboxyfluorescein linked to the 5'-nucleotide via a linker and a phosphate. Posi-
tions of primers in the p53 gene sequence were described previously.® Fragment lengths am-
plified were: Fam7U2-Fam8L2, 155 bp; F7U2-F8L2, 139 bp; F7U2G-F8L2, 140 bp; F5U1-F5L1,

326 bp.

triethylamine acetate; the full-length oli-
gonucleotides with attached fluorescein
were purified by passage through an
Oligonucleotide Purification Cartridge
(ABI) according to the protocol recom-
mended by the supplier. Some primers
synthesized had extra nucleotides at
their 5’ ends and were coupled with flu-
orescein-phosphoramidite as shown in
Table 1. For the Oliglow system,
“Splint”’ sequences (14-mer) were syn-
thesized to obtain 8 nucleotides at the 5’
ends that were complementary to “‘Fam-
Oliglow” and 6 nucleotides at the 3’
ends that were complementary to §'
ends of p53 primers. The pS3 primers,
Fam-Oliglow, and Splint were ligated at
concentrations of 20, 60, and 40 pmoles
in 10 pl. The ligation products were used
for the PCR without purification.

PCR and SSCP

The target sequences were amplified by
the PCR in § pl of solution containing
0.1 uM concentrations of the two fluores-
cent primers, 10 uM concentrations of
dATP, dCTP, dGTP, and TTP, S0 ng of
human genomic DNA, and 0.125 unit of
AmpliTaq (Perkin-Elmer Cetus) in the
buffer recommended for the enzyme.
The mixtures were subjected to PCR as
described previously.® The products
were diluted with 100 pl of formamide
dye solution, heated at 80°C for 5 min,
and applied (2 pl/lane) to the SSCP gel®
fitted to an automated DNA sequencer
(ALF, Pharmacia). Intron 7 was analyzed
using gel without glycerol, and exon 5
was analyzed using gel containing 5%
glycerol. During electrophoresis at 30 W,
the temperature of the gel was kept at
25°C with a built-in water jacket con-

nected to an external thermostat-regu-
lated water circulator. Conventional
PCR-SSCP analyses were performed in
the conditions for the PCR as described
above, except that 1 pCi of [a-*?P]dCTP
(Amersham) was added. Subsequent pro-
cedures were as described previously.®

RESULTS
Labeling by the FluorePrime Method

The nucleotide adjacent to fluorescein in
the FluorePrime labeling method seems
to affect the intensity of fluorescence of
the bands in F-SSCP. Examples are
shown in Figure 1, in which the poly-
morphism in intron 7 of p53 was ana-
lyzed with the DNA of an individual het-
erozygous for this locus.”® In this

system, the lower strand of the PCR
product has been shown to move faster
than the upper strand (data not shown).
Using an upper-strand primer, F7U2,
which has T at its 5’ end, and a lower-
strand primer, F8L2, which has G, the
signal of the upper strand was much
weaker than that of the lower strand
(Fig. 1a). This reduction of the signal was
overcome by inserting an extra G at the
5’ end of the upper-strand primer (Fig.
1b). The reason for this effect of the 5’
nucleotide is unknown. Perhaps bonds
between some nucleotides and fluores-
cein are unstable during the heating cy-
cles in the PCR, or the efficiency of flu-
orescence emission is influenced by the
interaction between fluorescein and the
neighboring bases. To avoid possible re-
duction of signal intensity, in subse-
quent experiments we used primer se-
quences having G at their 5’ end.

We then examined possible muta-
tions in exon S of the p53 gene in the
DNA from bladder cancer tissues (Fig. 2)
using an upper-strand primer, FSUI,
which has the fluorescein moiety at-
tached to an extra G residue (Table 1). As
shown in Figure 2, DNA from normal tis-
sue gave two peaks, indicating the posi-
tions of the two separated strands of the
normal allele. DNA from cancerous tis-
sue gave four peaks, two in the same po-
sitions as the peaks of the normal allele
but with reduced heights and the other
two in different positions from the nor-
mal ones. This finding indicates that in

FIGURE 1 Effects of nucleotides adjacent to the fluorophore on fluorescence intensity. Intron 7
of the p53 gene was amplified and analyzed by F-SSCP. DNA from normal tissue of an individual
heterozygous with respect to polymorphism in this intron was examined. The upper-strand
primers in the PCR were F7U2, which has a T at the 5’ end (a), and F7U2G, which has an extra
G at the 5’ end (b). F8L2, which has an intrinsic G at the 5’ end, was used as a lower-strand primer

in both amplification reactions.
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FIGURE 2 Mutation and loss of the normal allele in bladder cancer tissue. Exon 5 of the p53 gene
in bladder cancer tissue (b) and normal tissue (a) was analyzed by F-SSCP with primer F5U1,
which has an extra G at the 5’ end, and primer FSL1, which has an intrinsic G at the 5’ end. The
two peaks in a correspond to complementary strands of normal allele. Arrowheads indicate
positions of strands of a mutated allele. Gel containing 5% glycerol was used for electrophoresis.

most cells, the normal allele was lost,
and the remaining allele carried the mu-
tation in the examined region.

Labeling by the Fam-Oliglow
Method

Figure 3 shows a comparison of F-SSCP
using Fam-Oliglow-labeled primers and
conventional PCR-SSCP for analysis of
polymorphism in intron 7 of the p53
gene® in lung cancer specimens ob-
tained surgically. In the conventional
PCR-SSCP, decrease of one allele in the

cancerous tissues was seen as a reduction
in band intensity of the strands. In
F-SSCP, this decrease is demonstrated
more convincingly as smaller peaks of
these alleles. We found that the relative
peak heights of alleles in F-SSCP were re-
producible to within 10% in different
amplifications (black and green in Fig.
3a and Table 2). Thus, F-SSCP data can be
quantitatively interpreted with confi-
dence. Loss of heterozygosity was appar-
ent in both cancerous tissues (blue and
red in Fig. 3a), even though a significant
amount of the normal allele was seen.

PO =

FIGURE 3 Loss of heterozygosity of the p53 intron 7 in cancerous tissues. Both primers were
labeled with Fam-Oliglow and analyzed by F-SSCP (a). In b, both primers with Fam-Oliglow label
were used in the PCR containing [a-*?P]dCTP and analyzed by the conventional SSCP as de-
scribed in the text. The DNA samples examined were from lung cancer tissue of patient 1 (red in
a and lane 1 in b), normal tissue of patient 1 (black in a and lane 2 in b), lung cancer tissue of
patient 2 (blue in g and lane 3 in b), and normal tissue of patient 2 (green in a and lane 4 in b).
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TABLE 2 Quantitativity of Relative
Peak Heights

Peak 1 Peak 2
Sample (cm) (cm) Ratio
1 4.0 4.8 0.83
2 4.0 4.8 0.83
3 3.8 4.7 0.81
4 4.1 4.7 0.87

DNA from normal tissues of 4 individuals was
analyzed using Fam7U2-Fam8L2 primer
pairs, and the peak heights of the first two
peaks were measured. The value of each peak
is in centimeters in the chart after subtraction
of background.

Apparent partial loss of one allele of the
pS3 gene in surgical specimens of can-
cerous tissues is often observed.® The
remaining normal allele is likely to be
due to contamination of the cancer spec-
imen with the attached normal tissue or
with infiltrating lymphocytes.

DISCUSSION

Several commercial kits are available for
labeling oligonucleotides with fluores-
cent dye. Among these, the FluorePrime
method is probably the most conve-
nient. In this method, fluorescein phos-
phoramidite is used at the last cycle of
synthesis by the DNA synthesizer. The
labeled oligonucleotides are easily freed
from unlabeled oligonucleotides by pas-
sage through a column containing re-
versed-phase resin. In the Oliglow
method, a common oligonucleotide that
carries a fluorophore is ligated to prim-
ers with the desired sequence. This
method requires an extra oligonucle-
otide, called Splint, which supports the
two oligonucleotides for ligation. The
Oliglow method has the advantage that
primers already available can be used.
We observed a reduced intensity of
fluorescence of fragments having a T at
their 5’ end. We do not know if this is
true for other sequences. In our case, in-
sertion of an extra G was effective for
enhancing the fluorescence intensity.
The reason for this difference in the flu-
orescence intensity is unknown.
Detection of the fluorescent bands
with the automated sequencer is quanti-
tative over a wide range of fluorescence
intensities. We showed here that loss of
heterozygosity of the p33 gene in a can-
cer specimen obtained surgically can be
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detected even in the presence of a signif-
icant amount of normal alleles, presum-
ably derived from contaminating nor-
mal tissues. Use of fluorescent primers in
the PCR and detection of the products
with the sequencer should also be useful
in applications of the PCR other than
F-SSCP, e.g., in detecting infections by
amplification of a viral or bacterial ge-
nome in clinical samples and in detect-
ing cancer cells in the blood by re-
verse transcription and amplification of
mRNAs specifically expressed in cancer
cells.

In SSCP analysis, temperature of the
gel must be strictly controlled during
electrophoresis to obtain reproducible
results. For this reason, we chose the
Pharmacia ALF automated DNA se-
quencer, which was the only commer-
cially available fluorescence-based se-
quencer equipped with water-jacketted
electrophoresis apparatus. Using this se-
quencer, we sometimes observed a small
lane-to-lane difference in mobility, al-
though these variations are usually neg-
ligible when comparing alleles in nearby
lanes. Mobilities can be normalized be-
tween lanes by including an internal
standard fragment labeled with a differ-
ent fluorescent dye in each lane. For this,
an instrument that is capable of distin-
guishing two or more colors is required.
The currently available Applied Biosys-
tems DNA Sequencer has this capability,
but its gel plate is not temperature con-
trollable.

F-SSCP requires an expensive ma-
chine. However, its running cost is con-
siderably lower than conventional radio-
isotopic PCR-SSCP, if many samples are
to be analyzed in a long period. Unlike
the conventional method, the primers
do not need to be periodically labeled
once they are synthesized.

Direct entry of the data into a com-
puter is advantageous when a large num-
ber of PCR products must be analyzed. In
human genome mapping, it is proposed
that polymorphic markers be analyzed
through the CEPH core family DNA and
mapped by linkages among the mark-
ers.9 It is generally believed that many
of these polymorphisms will be identi-
fied by PCR-based techniques, such as
detection of length polymorphisms of
CA repeats™® or other polymorphisms
detectable by PCR-SSCP analysis."? In
these analyses, more than 400 individu-
als must be genotyped for each polymor-
phic marker, and the data must be trans-

ferred for linkage analysis. This task is
currently done largely by eye for inter-
pretation of patterns of X-ray film and by
hand for entry of the data through a key-
board for linkage analysis by programs
such as LINKAGE."® The whole process
should become much easier and less er-
ror-prone when the data are entered di-
rectly into a computer, interpreted there,
and processed for calculation. Future de-
velopment of software for the auto-
mated sequencer for use in F-SSCP anal-
ysis should include allele identification,
an interface for transfer of data to other
applications, and, possibly, normaliza-
tion of the mobility in each lane.
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