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Summary: We examined the influence of electrophoretic conditions on the detectability of small sequence altera-
tions in DNA fragments by single strand conformation polymorphism (SSCP) analysis. Three acrylamide concentra-
tions, 7.5, 14 and 20%, were selected, and all three gel types were prepared with four different Tris/borate/EDTA
buffer concentrations. In addition, all these twelve gels were prepared both with and without 10% glycerol. All
electrophoretic runs were performed at ambient temperature of 20-24 °C. The resulting 24 different electrophoretic
conditions were used for the SSCP analysis of DNA fragments of exons 5, 7 and 8 of the human p53 gene; the
results were evaluated primarily in relation to detectability of mutants. Six out of the 24 conditions permitted the
detection of all mutants. For practical reasons, 14% acrylamide, 44.5 mmol/1 Tris, 44.5 mmol/1 boric acid, 1 mmol/1
EDTA, pH 8.0, with and without addition of glycerol was chosen as the most suitable. These "selected conditions"
were applied in the SSCP analysis of an arbitrarily chosen set of mutant DNA fragments with single base exchanges,
and all but one of seven mutants were detected in the gel system containing glycerol.

Our results indicate that the set of "selected conditions" is of broad applicability, permitting the detection of even
small sequence differences like single base exchanges with high reliability. It should prove especially useful in
screening for unknown mutations.

Introduction type and mutant target DNA are electrophoresed side
_ . . - ^ „ . by side, a sequence difference of the mutant may beTechniques for the detection of naturally occurring . , , ,.~ . r , . r ,M „ ι . revealed by different migration of one or both of thegene mutations are of great importance to research in .0

 f . \. _ _ . , mutant single strands. For detection of the amphfica-genetics, and a large variety of methods is currently . . . . ,. . , . . , .0 ' . , ,,v „, . . ι j · tlon products m the gel, radioactive labelling during
employed (reviewed in I.e. (1)). No single method is . rr- *· *· * η Λ u * j-,. , , „ . . , , the amplification reaction followed by autoradiogra-applicable to all situations; m each case the most ,. . , ..*T , . 1 , 1 , phy, o r non-radioactive methods such a s silver-stainingsuitable method for the respective problem has to be . u . , . ., ,, . j , j ι _, ο (3) or ethidium bromide staining (4) may be em-selected. Probably the most widely used method for
detecting small alterations of known genes is the sin-
gle strand conformation polymorphism analysis, SSCP, Orita et al. (2) used a polyacrylamide gel of 5 or 6%,
introduced in 1989 by Orita et al. (2). The DNA and found that bands were best resolved when the gel
segment of interest is amplified by polymerase chain contained 10% glycerol and was run at room temper-
reaction (PCR), the strands of the PCR product are ature. According to recent publications on SSCP analy-
separated by denaturation, then submitted to gel elec- sis of p53 exons, most authors use conditions very sim-
trophoresis under non-denaturing conditions. The two ilar to those of Orita et al. (2), i.e. 5-8% polyacryl-
single strands assume individual three-dimensional amide, 5-10% glycerol and a temperature between 4 °C
conformations which cause them to migrate differently and room temperature. As we had obtained good band
during electrophoresis. If the PCR products of wild- resolution in gels of 20% polyacrylamide in the absence

of glycerol, we decided to conduct a systematic study
on the effects of the concentration of acrylamide, the

') This work was supported in part by a grant of the Dr. Johannes- concentration of buffer for gel preparation and the pres-
Heidenhain-Stiftung. ence of glycerol.
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Materials and Methods
Deoxyribonucleic acid preparation

Wild-type DNA was prepared from peripheral leukocytes of a heal-
thy volunteer. DNA with mutations in the p53 gene was from a
cultured epithelial cell line, HaCaT, with known mutations in exons
5 and 8 (5, 6), from a cell line derived from breast carcinoma
which had an unknown mutation in exon 8, and from the tissue of
a colorectal carcinoma, which had an unknown mutation in exon
7. DNA was extracted from samples by methods similar to those
described by Sambrook et al. (7).

Polymerase chain reaction

DNA segments of the p53 gene

We used the same primers as Unsal et al. (8) and Chozick et al.
(9); these represent sequences flanking exons 5, 7 and 8 of the
p53 gene (10), and were synthesized by MWG-Biotech (Ebersberg,
Germany). The sequences were

E5f: 5'-TTCCTCTTCCTGCAGTACTC-3',
E5r: 5'-TGCTCACCATCGCTATCTGA-3',
E7f: 5'-GTGTTGTCTCCTAGGTTGGC-3',
E7r: S'-CAAGTGGCTCCTGACCTGGA-S1,
E8f: 5'-CTGAGTAGTGGTAATCTACTG-3',
E8r: 5'-TGCTTQCTTACCTCGCTTAGT-3'.

The size of the expected PCR products was 206, 139 and 156 base
pairs, respectively. Genomic DNA (1 μσ) was amplified in a 50 μΐ
reaction mixture containing 1.25 U Taq DNA polymerase (Phar-
macia, 27-0799-01), 100 pmol of each primer, 20 nmol of each
deoxyribonucieoside triphosphate, 1.5 mmol/1 MgCk, 50 mmol/1
KC1,10 mmol/1 Tris/HCl, pH 9.O. The reaction mixtures were over-
laid with 50 μΐ of mineral oil and then subjected to PCR amplifica-
tion consisting of one cycle of 94 °C for 5 min, 56 °C for l min,
72 °C for l min and 34 cycles of 94 °C for l min, 56 °C for l min,
72 °C for l min in a Thermal Cycler (Perkin-Elmer Cetus, N801-
0150).

For sequence determination, the PCR products were purified using
a QIAquick PCR purification kit (QIAGEN, Hilden, Germany) and
directly sequenced by using forward and reverse PCR primers to
identify or confirm mutations. Sequencing was done by MEDI-
GENE (Martinsried, Germany) by fluorescence-based dideoxy-ter-
mination methods using an Applied Biosystems Model 373 auto-
mated DNA sequencer.

DNA segments of the human -globin gene and the
gene responsible for X-chromosomal adrenoleukodystrophy

The general applicability of the "selected conditions" was exam-
ined by performing SSCP analyses of a 233 base pair fragment
specific for intron 2 of the human -globin gene (amplification as
described by Braun et al., (11)) and of segments of 202, 213, 239
and 227 base pairs of exons 1, 5, 6 and 9 of the gene responsible
for X-chromosomal adrenoleukodystrophy (amplification condi-
tions and the sequences of these novel mutants will be published
elsewhere in detail).

Electrophoresis

The electrophoresis apparatus was a Hoefer dual vertical slab unit
SE 600 without a cooling system. The slab gels (140 X 160 X 1.5
mm) with 75, 140 or 200 g/1 total acrylamide concentration (acryl-
amide : bisacrylamide = 37.5 : 1) in Tris/borate/EDTA buffer
pH 8.3
(44.5 mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/1 EDTA
89.0 mmol/1 Tris; 89.0 mmol/1 boric acid; 2 mmol/1 EDTA

133.5 mmol/1 Tris; 133.5 mmol/1 boric acid; 3 mmol/1 EDTA
178.0 mmol/1 Tris; 178.0 mmol/1 boric acid; 4 mmol/1 EDTA)
were prepared both with and without 10% glycerol. In the 200 g/1
gel incomplete polymerization was observed at sites where the gel
was in contact with the comb. This problem could be overcome by
a 3% spacer gel which was used routinely with all types of slab

gel. In all experiments the electrophoresis buffer in the tanks was
Tris 44.5 mmol/1; boric acid 44.5 mmol/1; EDTA 1 ramol/l, pH 8.3.

The PCR reaction mixture (2 or 4 μΐ) was diluted with 20 μΐ of
95% formamide in water, 20 mmol/1 Na^EDTA, 0.5 g/1 bromophe-
nol blue, heat denatured at 96 °C for 5 min and immediately chilled
in ice.

• f
Electrophoresis was performed at room temperature (20-24°C),
two gels containing the same acrylamide concentration being run
in one chamber. The electrophoresis running times without glycerol
were 4-6 h for 75 g/1 at 150 V, 14 h for 14 g/1 at 105 V and 14 h
for the 200 g/1 gels at 180 V. DNA bands were visualized by stain-
ing the gels according to the method of Riesner et al. (12): the gel
was shaken for 3 min in ethanol/acetic acid/water (30 + 10+60
by vol.), incubated for 20-45 min in 1 g/1 silver nitrate, then for
20 min in 15 g/1 sodium hydroxide, 0.1 g/1 sodium borohydride,
1.5 g/1 formaldehyde. The staining was stopped by transferring the
gel into 5% acetic acid. A standard of double^stranded DNA
(821 705, Boehringer, Mannheim, Germany) was applied to all
gels.

Results

The effects of various electrophoresis conditions on the
mobilities of single stranded PCR products of exons 5,
7 and 8 of the p53 gene were investigated, with a view
to finding conditions which might be generally applica-
ble in SSCP analysis. Three acrylamide concentrations
were selected, 75, 140 and 200 g/1; all three types of gel
were prepared with four buffer concentrations (cf. sec-
tion "Electrophoresis")» and each of these twelve gels
was prepared without or with 10% glycerol. Thus, a total
of 24 different electrophoresis conditions was evaluated.
The DNA molecules investigated were the PCR pro-
ducts of wild types and mutants of exons 5, 7 and 8 of
human p53 gene.

Effects of temperature

It is well known that the temperature at which the non-
denaturing polyacrylamide gel electrophoresis of single
stranded DNA fragments is performed has a significant
influence on the band pattern. In the present study the
temperature effect was not investigated systematically,
but all electrophoretic runs were carried out at room
temperature, i.e. in the range of 20-24 °C. However,
as several control experiments (results not shown here)
demonstrated, it is essential that ambient temperature is
within the range given; otherwise the band patterns may
change dramatically. If the room temperature was signif-
icantly higher than the upper limit (> 25 °C) it was nec-
essary to use a thermostated electrophoretic unit in order
to reproduce the same band patterns.

Migration rate of double stranded DNA

Influence of the various conditions on electrophoretic
mobility was judged by the migration rate of double
stranded DNA of a standard chain length, which was
included in all electrophoretic rtins. As expected, an
increase of the acrylamide concentration caused a
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lowering of the migration rate of the double stranded
DNA fragments. When comparing gels of identical
buffer concentrations and without glycerol, the migra-
tion rate in 200 g/1 gels was less than one third of that
in the 75 g/1 gels. Addition of 10% glycerol to the gels
reduced the migration rate significantly: in 75 g/1 gels
to one half and in 140 and 200 g/1 gels even to one third.
Consequently, the running time for 200 g/1 polyacryl-
amide gels in the presence of glycerol became unaccept-
ably high, e. g. the 200 base pairs DNA migrated 7 cm
in about 32 h.

The buffer concentration of the gels had a moderate ef-
fect on the migration rate. When the buffer concentra-
tion was increased (cf. section "Electrophoresis") while
applying the same voltage to the electrophoresis cham-
ber, the migration rates were reduced by 6 to 17%, with
the highest reduction in 75 g/1 gels without glycerol.

Migration of single stranded DNA

The migration rates of single stranded DNA (ssDNA)
fragments under non-denaturing conditions depend on
the individual base sequences which cause the strands
to assume specific secondary structures under the re-
spective conditions. In our experience, no reliable pre-
diction of the migration behaviour of ssDNA is possible,
for example, the ssDNA molecules may migrate slower
or faster than double stranded DNA (dsDNA) of iden-
tical chain length, though, in all examples presented
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Fig. 1 Influence of electrophoretic conditions. The figure shows
an extreme example of the dependence of band patterns on electro-
phoretic conditions. PCR products of wild-type and mutant exon 7
of the human p53 gene were denatured and subjected to electropho-
resis in two different gel systems.
a) 75 g/1 acrylamide, 178.0 mmol/i Tris; 178.0 mmol/1 boric acid;
4mmol/l EDTA, 10% glycerol;
b) 140 g/1 acrylamide, 44.5 mmol/1 Tris; 44.5 mmol/1 boric acid;
1 mmol/1 EDTA; no glycerol. Double stranded DNA (size indi-
cated) in the samples shows as an intense band at the bottom of
each lane.

here, the migration rate of ssDNA was lower than that
of the corresponding dsDNA molecules.

The effect of electrophoretic conditions on the quality
of separation of ssDNA molecules was judged from the
appearance (diffuseness) and number of bands of the
PCR products. Typical examples are shown in the fig-
ures, but it has to be added that the effects described
here are not always equally clear for all PCR products
and were generally better recognizable in the polyacryl-
amide gels themselves than in the photographs.

The number of discrete bands of the same PCR product
varied with the electrophoretic conditions. For example,
in the case of exon 7 we observed between three and
four for the wild-type, and between three and eight
bands for the mutant (fig. 1). The varying number of
bands obviously reflects the fact that different electro-
phoretic conditions can significantly affect the numbers
of coexisting conformations and/or their separation.

In 75 g/l gels the bands had, in general, a more diffuse
appearance than in the gels of higher acrylamide con-
centrations. Increasing the buffer concentrations in the
75 g/1 gels (without glycerol) as indicated in section
"Electrophoresis" improved band separation (fig. 2) and,
especially for mutant 2 of exon 8, increased the number
of bands. On the other hand, for the wild-type exon 5
(no figure shown) the increase from 44.5 mmol/1 Tris;
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Fig. 2 Influence of different buffer concentrations in polyacryl-
amide gels without glycerol on the electrophoretic behaviour of
ssDNA fragments. PCR products of wild type and two mutants of
exon 8 of the human p53 gene were denatured and applied to 75
g/1 polyacrylamide gels without glycerol. The gels contained dif-
ferent concentrations of buffer:
a) 44.5 mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/l EDTA
b) 89.0 mmol/1 Tris; 89.0 mmol/l boric acid; 2 mmol/1 EDTA
c) 133.5 mmoi/1 Tris; 133.5 mmol/l boric acid; 3 mmol/1 EDTA
d) 178.0 mmol/1 Tris; 178.0 mmol/1 boric acid; 4 mmol/1 EDTA
Double stranded DNA (size indicated) in the samples shows as an
intense band at the bottom of each lane.
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Fig. 3 Influence of different buffer concentrations, in polyacryl-
amide gels containing glycerol, on the electrophoretic behaviour of
ssDNA fragments. PCR products of wild type and two mutants of
exon 8 of the human p53 gene were denatured and applied to 75 g/1
polyacrylamide gels containing 10% glycerol. The gels contained
different concentrations of buffer:
a) 44.5 mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/1 EDTA;
b) 178.0 mmol/1 Tris; 178.0 mmol/1 boric acid; 4 mmol/1 EDTA.
Double stranded DNA (size indicated) in the samples shows as an
intense band at the bottom of each lane. The ladder of a size marker
of double stranded DNA is also shown.
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Fig. 4 Influence of the presence of glycerol in polyacrylamide
gels on the electrophoretic behaviour of ssDNA fragments. PCR
products of wild type and two mutants of exon 8 of the human p53
gene were denatured and applied to 140 g/1 polyacrylamide gels
prepared in 44.5 mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/1
EDTA.
a) 10% glycerol present in the gel;
b) gel without glycerol.
Double stranded DNA (size indicated) in the samples shows as an
intense band at the bottom of each lane. The ladder of a size marker
of double stranded DNA is also shown.

44.5 mmol/1 boric acid; 1 mmol/1 EDTA to 89.0 mmol/1
Tris; 89.0 mmol/1 boric acid; 2 mmol/1 EDTA improved
band separation, but a further increase to 133.5 mmol/1
Tris; 133.5 mmol/1 boric acid; 3 mmol/1 EDTA had no
clear effect, while the further increase resulted in a sig-
nificant deterioration with the mutant becoming indistin-
guishable from the wild-type exon 5.

The effect of glycerol in 75 g/1 gels is shown in figures
3a and 3b, which differ from figures 2a and 2d in that
the gels contained 10% glycerol. In the gels with both
low buffer concentrations, the bands became somewhat
less diffuse and better separated (lanes Wild-type exon
8 and Mutant 2 exon 8 in figs. 2a and 3a), but in both
high buffer concentrations, band separation deteriorated
significantly (figs. 2d and 3b).

In 140 g/I gels (fig. 4) the bands were sharper than in
75 g/1 gels and, without glycerol (fig. 4b), the best band
separation being seen at both lower buffer concentra-
tions. Addition of 10% glycerol (fig. 4a) improved band
separation in the 140 g/1 gels at all buffer concentrations.

In the 200 g/l gels (fig. 5) the band sharpness was fur-
ther improved. However, as in the 140 g/1 gels, we ob-
served that closely adjacent bands tended to become less
well separated when the buffer concentration was raised;
this is clearly shown in figures 5a (44.5 mmol/1 Tris;
44.5 mmol/1 boric acid; 1 mmol/1 EDTA) and 5d (89.0
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Fig. 5 Influence of different buffer concentrations in 200 g/1
polyacrylamide gel on the electrophoretic behaviour of ssDNA
fragments. PCR products of wild type and two mutants of exon 7
of the human p53 gene were denatured and applied to the gels. The
gels were prepared without glycerol, and they contained different
concentrations of buffer:
a) 44.5 mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/1 EDTA
b) 89.0 mmol/1 Tris; 89.0 mmol/1 boric acid; 2 mmol/1 EDTA
c) 133.5 mmol/1 Tris; 133.5 nimol/1 boric acid; 3 mmol/1 EDTA
d) 178.0 mmol/1 Tris; 178.0 mmol/1 boric acid; 4 mmol/1 EDTA
Double stranded DNA (size indicated) in the samples shows as an
intense band at the bottom of each lane.
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mmol/1 Tris; 89.0 mmol/1 boric acid; 2 mmol/1 EDTA).
Raising the acrylamide concentration to 200 g/1 did not
improve band separation significantly, but had the disad-
vantage that migration rates of single and double
stranded DNA molecules were drastically reduced, espe-
cially in the presence of glycerol, and, in addition, it
was observed that many weak and unexplained bands
became visible.

Taken together, when judging the separation capabilities
of the 24 different electrophoretic systems by band
sharpness, by the number of distinct bands, and by elec-
trophoresis running time, the optimal conditions are 140
g/1 acrylamide gels with a buffer concentration of 44.5
mmol/1 Tris; 44.5 mmol/1 boric acid; 1 mmol/1 EDTA;
or 89.0 mmol/1 Tris; 89.0 mmol/1 boric acid; 2 mmol/1
EDTA; addition of 10% glycerol to these gels can im-
prove the sharpness and separation of bands.

Distinction of mutant and wild-type exons

In order to judge which gel system is best suited for
SSCP analysis the most relevant criterion has to be
whether the PCR products of mutants and wild type can
be distinguished with certainty. In the present study, 24
electrophoretic conditions were evaluated for their sensi-
tivity in detecting mutants of three exons of human p53.
The mutants used in this study were:

(i) one each of exon 5 and 8 from HaCaT cells (5, 6)
which represent a C —» single base exchange in codon
179 of one allele (exon 5) and a CC—>TT two base
exchange in codons 281—282 of the other allele
(exon 8);

(ii) one mutant of exon 7 from the tissue of a colorectal
carcinoma (type of mutation unknown); and

(iii) one mutant of exon 8 from a mamma carcinoma
cell line with a G —* A single base exchange in codon
280 which was identified by sequence determination of
the PCR product.

As shown by the summary of results in table 1, detect-
ability of mutants was best in gels with 140 and 200
g/1 acrylamide. Six out of 24 conditions permitted the

unambiguous detection of each of the mutants. Due to
the long running time needed in 200 g/1 gels, however,
this gel type was excluded for routine studies. Of the
three remaining sets of conditions we normally use 140
g/1 gel, prepared in buffer 44.5 mmol/1 Tris; 44.5 mmol/1
boric acid; 1 mmol/1 EDTA with and/or without 10%
glycerol. For these "selected conditions" it was shown
that electrophoresis running time can be reduced without
quality loss to only three hours by raising the applied
voltage up to 600 V. Due to the large buffer volume of
4 1 in the lower chamber of the apparatus used, thermo-
stating of the electrophoretic unit was only necessary
when the ambient temperature rose above « 25 °C, even
at this high voltage. A further voltage increase up to
1000 V without cooling caused severe "smiling" of the
electrophoretic bands.

The "selected conditions" (with and without glycerol)
were examined for their general applicability for detect-
ing gene mutations by SSCP analysis. The examples in-
vestigated were PCR products of exons 1, 5, 6, and 9 of
the gene responsible for X-chromosomal adrenoleukod-
ystrophy with chain lengths of 202, 213, 239 and 227
nucleotides, and PCR products (233 nucleotides) of in-
tron 2 of the gene of the haemoglobin ß-chain. All of
these mutants have single base exchanges. As shown in
figure 6a, of all these arbitrarily chosen examples only
one pair of different PCR products, the two wild types
nt 666 T/T and nt 666 T/C of the haemoglobin ß-chain
(fig. 6a, lanes 1 and m), could not be distinguished in
the gel system with glycerol. In the gel without glycerol
differences were detected in only two sets of PCR pro-
ducts (fig. 6b, lanes a and b, and lanes d and e in com-
parison with lane c).

Discussion

SSCP analysis makes use of the fact that single stranded
DNA molecules assume distinct three-dimensional
structures which cause different electrophoretic mobili-
ties in non-denaturing polyacrylamide gels. In many
cases, exchange of a single base results in a change in
migration behaviour. In comparison with the corre-

Tab. 1 Number of mutants distinguishable from wild-type exons
under the 24 electrophoretic conditions. One mutant each of exons
5 and 7, and two mutants of exon 8 of human p53 were analysed
by SSCP. The numbers in the last two lines indicate how

many of the total of four mutants were distinguishable from the
corresponding wild-type DNA segment under the respective set of
electrophoretic conditions.

Acrylamide

Tris*)
Boric acid*)
EDTA*)

With glycerol
Without glycerol

75 g/1

44.5
44.5

1

3
3

140 g/1

89.0
89.0
2

3
3

133.5
133.5

3

2
3

178.0
178.0

4

2
3

44.5
44.5

1

4
4

89.0
89.0
2

3
3

133.5
133.5

3

2
4

178.0
178.0

4

3
3

200 g/1

44.5
44.5

1

2
4

89.0
89.0
2

2
3

133.5
133.5

3

2
4

178.0
178.0

4

3
4

*) mmol/1



130 Teschaucr el al.: Conditions for single strand conformation polymorphism (SSCP) analysis

spending double stranded DNA, which migrates mainly
according to chain length, the two complementary single
stranded molecules generally show significantly dif-
ferent migration. The electrophoretic mobility of the sin-
gle strands, both absolute and relative to one another,
can be influenced by electrophoretic conditions like pore
size of the polyacrylamide gel, buffer concentration and
presence of additives like glycerol. Probably any pair of
wild type and mutant can be distinguished by carefully
adjusting the electrophoretic conditions, and in many
cases it will even be possible to adjust the conditions in
such a way that the exact type out of a variety of dif-
ferent mutations in a DNA segment can be identified.
However, when screening for unknown genetic mut-
ations, the number of different conditions must be kept
to a minimum.

The present study examined whether a single set of
SSCP analysis conditions might suffice to detect gene
mutations in any DNA segment (chain length below 300
base pairs) with high sensitivity. Exons 5, 7 and 8 of the
human p53 gene were chosen as model DNA molecules,
and PCR products of the wild-type exons (206, 156 and
139 nucleotides in length) were compared with one or
two mutant exons by SSCP analysis. Two of these mu-
tants had single base exchanges, one a double base ex-
change and one a non-identified alteration in exon 7. Of
the 24 different sets of electrophoretic conditions only
six permitted the unequivocal detection of all mutants
(tab. 1). Interestingly, detection of all mutants was only

achieved when gel slabs with high acrylamide concen-
trations, 140 or 200 g/1, were used, whereas a screening
of current publications on SSCP analysis of p53 mutants
showed that gels with acrylamide concentrations in the
range of 60-80 g/1 are much more often employed. Ta-
ble 1 further indicates that, in the' 140 and 200 g/1 gels,
the concentration of the buffer used for gel preparation
has no significant influence on mutant detectability. Ad-
dition of 10% glycerol decreased the detectability of mu-
tants of p53 exons in several of the sets of electropho-
retic conditions, especially in 75 and 200 g/1 gels (tab.
1). On the other hand, in SSCP studies on other DNA
fragments, we observed better detectability in the pres-
ence of glycerol. Therefore, we routinely perform SSCP
screening both with and without addition of glycerol.
When the "selected electrophoretic conditions" (140 g/1
acrylamide, 44.5 mmol/1 Tris; 44.5 inmol/1 boric acid;
1 mmol/1 EDTA, without and with glycerol, ambient
temperature between 20 and 24 °C) were tested in the
SSCP analysis of an arbitrarily chosen set of mutant
DNA fragments, the outcome was entirely satisfactory:
all but one of seven mutants were detected when glyc-
erol was present in the gel (fig. 6a).
In conclusion, by evaluating 24 different sets of electro-
phoretic conditions for their ability to distinguish wild-
type and genetically altered DNA by SSCP analysis, the
clear result was obtained that a better distinction is
achieved when gels with high acrylamide concentra-
tions, i. e. 140 or 200 g/1, are used. As the electrophore-
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Fig. 6 SSCP analysis of DNA segments of the human ß-globin
gene and the gene responsible for X-chromosomai adrenoleuko-
dystrophy using the "selected conditions".
A 233 base pair fragment specific for intron 2 of the human ß-
globin gene and segments of 202, 213, 239 and 227 base pairs of
exons, 1, 5, 6 and 9 of the gene responsible for X-chromosomal
adrenoleukodystrophy were prepared, denatured and applied to 140
g/1 polyacrylamide gels with 44.5 mmol/1 Tris; 44.5 mmol/1 boric
acid; 1 mmol/1 EDTA. Gel A contained 10% glycerol, gel B was
without glycerol.
In lanes a to i, PCR products corresponding to segments of the
gene responsible for X-chromosomal adrenoleukodystrophy were
applied:
a) wild-type exon 1;
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b) mutant exon 1;
c) wild-type exon 5;
d) wild-type and mutant exon 5 (heterozygosity);
e) mutant exon 5 (homozygosity);
f) wild-type exon 9;
g) mutant exon 9;
h) wild-type exon 6;
i) mutant exon 6.
In lanes j to m, PCR products corresponding to a segment (233
base pairs) of intron 2 of the human ß-globin gene were applied:
j) IVS-2 nt 745 C> T;
k) IVS-2 nt 745 C> T / WT nt 666 -
) WT nt 666 T/T;

m) WT nt 666 T/C.
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sis running time is significantly longer in 200 g/1 gels,
the 140 g/1 gels may be preferred. In the experiments
with p53 mutants no clear-cut effect was found for the
addition of 10% glycerol, but, when studying a series of
PCR products of other genes, the distinguishability of
DNA fragments with single base exchanges was tremen-
dously improved by adding glycerol to the gel. Thus,
glycerol may, depending on the respective example, im-
prove or decrease the detectability of mutations. It is
therefore advisable to perform the SSCP analysis both
with and without glycerol addition. Though it is clear
that no single set of electrophoretic conditions can guar-

antee the detection of all mutations of any gene, our
results indicate that the described set of "selected condi-
tions" is in general quite reliable in detecting even small
differences like single base exchanges in DNA frag-
ments up to chain length of at least 200 to 300 nucleo-
tides. These conditions should therefore prove particu-
larly useful in screening studies for unknown mutants.
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