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Figure 1  (A) Nested PCR. Second round uses separate reaction with new, unigue set of

in-nested primers (white triangles). Smaller second round product obtained.

(B) Semi-nested PCR. Second round involves addition of single in-nested primer (white
triangle). At least two products can be obtained. (C) Semi-nested PCR with blocking
oligonucleotide. Second round involves addition of single in-nested primer (white triangle)
plus a primer complementary to one of the first round primers (grey triangle).

Methods

FRESH TISSUE EXTRACTIONS

RNA was extracted from frozen mouse liver
tissue using a standard RNA extraction
protocol’ and stored at —20°C for subsequent
reverse transcriptase PCR (RT-PCR).

RNA was also extracted from a section of
murine ear epidermis containing approxi-
mately 40 cells. The 6 ym section had been
histochemically stained with a technique that
involves a 15 minute post-reaction fixation step
using paraformaldehyde. RNA extraction was
performed using the commercially available
reagent, TriZOL (Life Technologies, Paisley,
Scotland). The fixed tissue was first digested
using proteinase K treatment for one hour
at 50°C. The proteinase K (Sigma, Poole,
Dorset) was used at a final concentration of
100 pg/ml in PK buffer (10 mM Tris-HCI,
pH 7.8; 5 mM EDTA, pH 8.0; 0.5% sodium
dodecyl sulphate). A reverse transcriptase kit
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Figure 2 Semi-nested PCR. The method was first tested
on high copy number “control” cDNA prepared from
BALB/c mouse liver. The PCR was carried out with (lane
2) or without (lane 1) the blocking oligonucleotide in the
second round. Note that the spurious bands present in lane
1 were removed, and the intensity of the correct band was
increased (lane 2) when the blocking oligonucleotide was
used. RNA was extracted from microdissected murine ear
epidermis and subjected to RI-PCR. The cDNA was
amplified with (lane 4) or without (lane 3) blocking
oligonucleotide in the second round. The initially stronger
unwanted first round band (lane 3) was converted to the
correct size product when blocking oligonucleotide was
added to the reaction. Lanes 5 and 6 were the “No DNA”
controls. M, phi-X marker (200 ng).

(SUPER RT, HT Biotechnology Ltd, Cam-
bridge) was then used for both extracts. The
reaction was performed in a total volume of
25 pul containing 1 X reaction buffer (50 mM
Tris-HCI; 50 mM potassium chloride; 4 mM
dithiothreitol; 10 mM magnesium chloride),
1 mM deoxynucleotides (dNTPs), RNasin,
approximately 1000 pmol random hexamer
(Pharmacia Biotech, St Albans), 20 U SUPER
RT enzyme, and mRNA template.

The target sequence used was that of
glucose-6-phosphate dehydrogenase (G6PD),
a low copy number mRNA of the order of one
copy per cell in the rat liver.* The cDNA prod-
uct was placed in a first round PCR reaction
with 0.2 pM each of primers A, (TATCCTAC-
CATCTGGTGGCT) and C, (TCGGAACT-
GCAGTCTCACTT) which flank exons 4 to 9
(fig 2), 1x Taq buffer (Promega; 50 mM
potassium chloride, 1.5 mM magnesium chlo-
ride, 10 mM Tris-HCI, pH 9.0, and 0.1% Tri-
ton X-100), 0.2 mM dNTPs, and 0.5 ul Taq
DNA polymerase (Promega, Southampton,
5 U/ul). For each PCR a “no DNA” control
was also included. All samples were overlaid
with sterile oil (Sigma).

A “false” hot start at 80°C for about 30 sec-
onds was used, followed by 15 cycles of three
steps: denaturation for 30 seconds at 95°C,
annealing at 56°C for 60 seconds, and
extension at 72°C for two minutes.

After the 15 cycles of the first round the
samples were placed on ice and 2 pl of a premix
containing the following were added through
the oil: 1 pl in-nested primer A, (CTTTGAC-
CTTCTCATCACGG) at a concentration of
300 ng/ul, 0.5 pl oligonucleotide F, (120 ng/pl;
complementary to C,), and 2.5 U Taqg DNA
polymerase. A further 35 cycles were then run.
A final step of five minutes at 72°C was used to
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Figure 3 Polyacrylamide
gel of PCR products using
primers spectfic for the ret
gene. Lane 1, single round
of 35 cycles; lane 2,
semi-nested system without
blocking oligonucleotide;
lane 3, semi-nested system
with blocking
oligonucleotide. Addition of
the blocking oligonucleotide
pushed the reaction from
the production of two weak
bands to a single, strong
band. The “No DNA”
control showed no product
(not shown). M, phi-X
marker (200 ng).

allow for completion of polymerisation on par-
tial products. PCRs were performed on various
dilutions of the cDNA to provide an estimate of
sensitivity of the technique. The highest
dilution from which reliable amplification was
obtained was 1:3, representing G6PD mRNA
from about 15 cells.

PARAFFIN WAX EMBEDDED MATERIAL

Single 5 um tissue sections mounted on glass
slides were put through three five-minute
xylene and three five-minute ethanol washes,
followed by at least five minutes in DEPC-
treated water. Entire sections were scraped off
and placed in PK buffer. Proteinase K was
added to a final concentration of 100 pg/ml,
and the samples were incubated at 50°C for
three hours. Extraction was then carried out as
described for histochemically treated and fixed
tissue.

All subsequent steps were as described
except: (1) primers for a different gene were
used. In this case, first round primers (R,
GACCTGGAGAAGATGATGGT and R,
AAGAGGAGAGACTACTTGGA (fig 3))
spanning a 127 base pair region around the
exon 18/19 junction of the ret gene were used.
The in-nested primer (R,, AAGAGGAGA-
GACTACTTGGA) was designed across the
junction to prevent the amplification of ge-
nomic DNA in the unlikely event that DNA
contamination was present, and an oligonucle-
otide complementary to R, (0-R,) was also
added in the nest. In this case, the 3' primer was
biotinylated in preparation for sequencing.
This should make no difference to the ability of
the primer to work in the PCR reaction. (2) Of
the RNA extracted, either the entire amount,
or half of the total was used in the RT reaction.
(3) Of the cDNA produced, not more than 1 pl
was used in the PCR. Using more template
caused the reaction to become overloaded, and
no distinction between a PCR with and
without the blocking oligonucleotide could be
made.

GELS

All products were run on 10% or 12%
polyacrylamide gels in 1 xTris buffered
EDTA. From each sample an aliquot of 4 pl
was loaded onto the gel, with 1 pl loading
buffer (0.25% wt/vol xylene cyanol, 0.25%
wt/vol bromophenol blue, 40% wt/vol sucrose).
Samples were run for between three and a half
and four hours at 120 V. Gels were stained for
5 to 10 minutes in a 50 pg/ml solution of ethid-
ium bromide to visualise the bands. Gels were
then photographed using a thermal imager and
an ultraviolet light box.

Results

The presence of the additional blocking oligo-
nucleotide in the second round successfully
cleared spurious bands from the “control”
cDNA sample (fig 2). In the case of the fixed
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tissue sample, it served to force a reaction
favouring the unwanted first round product
towards one favouring the desired second
round product (fig 2). In the paraffin wax
embedded sample, absence of the blocking oli-
gonucleotide gave two weak bands at each of
the expected positions (127 base pairs and 106
base pairs) (fig 3). Addition of the blocking oli-
gonucleotide yielded a single, strong band at
the lower position (106 base pairs). A single
round of 35 cycles gave no product (fig 3, lane
1). This band has been sequenced in five cases
(different samples) and has been shown to be
the predicted sequence (data not shown).

Discussion

The advantages of the semi-nested PCR are
twofold. First, by removing one of the first
round primers from the second round reaction,
spurious bands were eradicated and the correct
size product was obtained. Second, by running
a short first round, and by adding second
round reagents directly, all the first round
products were available as templates for the
second round. This made for a more efficient
reaction, and as no first round product was
removed, no contamination of the environment
occurred. The system also made the PCR
reaction very sensitive in that it could amplify
very low levels of template, a great advantage
when paraffin wax embedded archival material
is used.

We conclude that this is a worthwhile
advance and provides an easy and efficient
means to amplify low copy number target
sequence without having to deal with spurious
bands or with unwanted contamination. This is
especially relevant when an increased number
of cycles is used to amplify extremely small
amounts of target (50 cycles in the second
round have been used with the same results,
data not shown). This technique has been used
effectively to amplify very small amounts of
cDNA from either fresh or paraffin-embedded
material. The products are entirely suitable for
direct sequencing.
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amounts of RNA based on the
semi-nested polymerase chain
reaction.
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