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Subcloning PCR products for plasmid
sequencing or performing asymmetric
PCR for direct sequencing of single-
stranded products is quite time-
consuming.'! Therefore, we have de-
veloped a protocol to sequence double-
stranded PCR products directly by
incorporation-sequencing with ther-
molabile DNA polymerases.?) Prob-
lems arising from strand reassociation
or formation of secondary structures
are avoided by the addition of single-
strand DNA-binding protein (SSB; see
ref. 3) to the DNA immediately after

heat denaturation.®® Using SSB rather
than other single-stranded DNA
(ssDNA) binding proteins, for example,
the gene 32 protein of T4 (gp32), ex-
ploits its extremely stable conforma-
tion in solution and the observation
that the overall binding of SSB to
ssDNA is less sensitive to ionic strength
and therefore involves fewer ionic in-
teractions than the gp32:ssDNA com-
plex.®® Likewise, labeling at 10°C fur-
ther reduces the risk of secondary
structure formation that might impede
the polymerase and cause it to "pause”

FIGURE 1 Direct sequencing of double-stranded PCR products. DNA sequences generated
with the Sequenase 2.0 kit (USB) using the protocol as detailed in the text: (a) without the
addition of SSB during primer annealing and labeling; (b) without SSB but replacing dGTP by
7-deaza-GTP in the labeling and termination reactions; (c) omitting SSB during primer an-
nealing; and (d) as described with SSB being present throughout primer annealing and label-
ing. The 593-bp PCR product of the K5 gene generated with 22-mer primers located at
nucleotides 3-24 and 573-595, respectively,(f” was sequenced using the upstream primer. Ar-
rowheads mark areas of abnormal chain termination.
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at these regions in the template. Addi-
tion of SSB apparently also does not re-
quire primers that hybridize to the end
of the template; rather, the primer may
be located anywhere along the DNA
strand to be sequenced, thus allowing
the use of nested primers (our observa-
tion).

PROTOCOL

Adjust 1.5 pmoles of gel-purified PCR
product (e.g., 500 ng of a 500-bp frag-
ment) to a volume of 7 pl in H,0 and
heat at 95°C for 5 min. Quickly chill
on ice and add 2 ul of sequencing buff-
er (200 mm Tris-HCI, pH 7.5, 100 mM
MgCl,, 250 mM NaCl), 1.5 pmoles of
sequencing primer (for example, one of
the PCR primers), and 1 ug SSB (from
U.S. Biochemical) for a volume of 10
ul. Anneal the primer at 37°C for 15
min and chill on ice again.

To the annealed mixture add 1 pl of
100 mM DTT, 2 wl of a solution of
dGTP, dTTP, and dCTP (1.5 uM each),
and S5 uCi [3S]dATPaS (1000 Ci/
mmoles). Heat the tube to 10°C (we
use the thermal cycler) and add 2 ul Se-
quenase 2.0 or T7 DNA polymerase
[1.8 U/ul] (diluted in 10 mMm Tris-HC],
pH 7.5, § mm DTT, 0.5 mg/ml bovine
serum albumin). Label for 4 min.

Transfer 3.5 ul of the labeling reac-
tion to each of the termination mix-
tures (2.5 ul of dATP, dTTP, dGTP, and
dCTP 80 uM each, 50 mM NaCl, and 8
uM of the respective ddNTP; pre-
warmed to 37°C). Stop the reaction by
adding 4 ul of 95% formamide, 20 mM
EDTA, 0.05% bromphenol blue, and
xylene cyanol. Add 1 ul proteinase K
(0.1 mg/ml) and incubate for at least
20 min at 65°C.

Using a 40-cm-long 6% polyacryla-
mide gel containing 50% (wt/vol) urea
run in a discontinuous buffer sys-
tem,®) at least 250 bp can be read.
Thus, the sequence of a 500-bp PCR
product can be determined on a single
gel by sequencing with both PCR
primers.

Figure 1 shows part (nucleotides
5-65 on the gel) of the 5’upstream
nontranslated sequence of the human
KS keratin gene (see ref. 6; nucleotides
34-94). Please note the elimination of
regions with banding in all four lanes
when SSB is present both during
primer annealing and labeling (Fig. 1d)
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as well as the concurrent increase of
band intensities in all tracks.
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