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Detection of known mutation by proof-reading PCR
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ABSTRACT its 3 terminal nucleotide aligned with the putative mutation site;
however, the terminal’®H group, which is required for the
Proof-reading PCR (PR-PCR) is designed to detect formation of the next phosphodiester bond, is replaced by a
known mutations within genomic DNA. It differs from blocking group that prevents oligonucleotide extension unless it
standard PCR approaches in that one of the two is removed. If the blocked nucleotide is mispaired, it will be
primers has its 3 ' end aligned with a putative mutation removed by the proof-reading activity, permitting primer extension
site, and has its 3 '-OH replaced by a blocking group. and subsequent target DNA amplification. In contrast, if the 3
Distinguishing a mutant gene from wild-type depends terminal nucleotide is faithfully paired with the template DNA,
upon preferential removal of the blocked 3 ' terminal the blocked nucleotide will be removed inefficiently, if at all, and
nucleotide by the polymerase proof-reading activity target DNA amplification will be minimal. Thus, differential
when it is mismatched with the template. Preferential amplification is achieved as a consequence of the varying
removal of the blocked nucleotide allows subsequent efficiencies of removing the blocked nucleotide. A small
extension and selective amplification, and provides difference in amplification efficiency during in a single cycle is
the basis for distinguishing mutant from normal genes. greatly magnified over 35 cycles, such that the overall difference
This method has been used here to detect a transition in amplification can be visualized by ethidium bromide staining
mutation within the P53 gene of HaCaT cells with after agarose gel electrophoresis.
verification by direct sequencing of the selectively A known mutation inP53 of HaCaT cells was targeted for
amplified DNA. detection by PR-PCR. The HaCaT cell line was established from

a human squamous carcinoriadnd is a compound heterozygote

An ever increasing number of genes that cause inherited awith two different mutanP53alleles 8). The mutation targeted
acquired diseases continue to be cloned. Many of these disedsesletection was a dinucleotide substitution CC to TT at codon
are a consequence of defined mutations where rapid detection281—282 in exon 8. There are no mutations in exon 5 through 9
DNA-based diagnosis is becoming increasingly important foof P53of human fibrosarcoma HT1080 celty.(Since PR-PCR
monitoring disease, for better defining informed therapeutiselectively amplifies alleles with a mismatch at thdl8cked
options, for counseling and for establishing prevention strategiericleotide, the targeted mutant allele in HaCaT cells should be
Several approaches including restriction enzyme analysis of P@rhplified with the reverse primer ‘W’ that hybridizes perfectly
products {), allele-specific PCR (AS-PCR) and its derivativeswith the wild-type allele but not with the mutant. In contrast, the
(2,3) and combined chain reaction (CCR)) (have been normal allele should be amplified with reverse primer M that is
developed to detect known mutations in genomic DNA. Here wa perfect match with the mutant but not wild-type allele. Our
describe a specialized modification of PCR, proof-reading PCRrediction was that PR-PCR should amphfy3of HaCaT cells
(PR-PCR), for detecting known mutations. with either primer W or primer M because each of these primers

Fidelity of DNA replicationin vivois achieved, in part, by the forms a mismatch with one of the two alleles because of the
proof-reading activity of the DNA polymerase. When an errantompound heterozygosity at this locus. HoweRB8in genomic
nucleotide is incorporated and forms a mismatch with th®NA of HT1080 cells should be amplified only with primer M
template, it is removed by & ® 5 exonuclease proof-reading because the blocked@nd of this primer forms a mismatch with
activity associated with the polymerase. Some thermostabiiee template.
DNA polymerases have proof-reading activity, a characteristic Since Taqg DNA polymerase does not have the required
desirable for accurate DNA amplification and for PCR amplificatiorproof-reading activity for PR-PCR, it cannot excise the 3
of long DNA sequence$6). The thermostable DNA polymerase blocking group, thereby preventing amplification. As shown in
most widely used for PCR is Taq polymerase, which lackBigure2a, Tag DNA polymerase can only ampig3of HaCaT
proof-reading activity. cells with an unmodified wild-type but not Blocked primer,

Efficient proof-reading by the thermostable DNA polymerasendicating the requirement for proof-reading activity for PR-PCR.
is an essential element for PR-PCR (E)gAfter denaturation of PR-PCR was tested for its ability to distinguish the noRBal
the target, the two primers are annealed with target sequencaltele from a mutant allele containinga CC to TT transition in one
One of the two primers used for amplification is designed to hawaf the HaCaT chromosomes. The HT1®&B, which has two
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Figure 1. Schematic diagram of PR-PCR. As with standard PCR, two primers Figure 2. Detection of knowrP53mutations by PR-PCRa) Inability of Taq
are used for amplification; however, with PR-PCR the termir@H8 of one DNA polymerase (GIBCO-BRL) to extend a primer with a blockéd 3
of the primers is replaced with a blocking group (x) which prevents exponential nucleotide. PCR was carried out with Tag DNA polymerase with H&G8T
amplification in the absence of removal of the blocked terminal nucleotide. To as a target sequence. Bl and OH designate identical primers that differ only in
effect excision of the blocked nucleotide, PR-PCR requires use of a DNA their -G-NH> blocked (Bl) and normal (OH)'&nds. All reactions were
polymerase with proof-reading activity. If the blockeédhBcleotide forms a performed in 5Qul containing 1.25 U Taq enzyme in 20 mM Tris-HCI (pH 8.4),
mismatch with the template, the blocked nucleotide will be removed by the 2.0 mM MgCh, 100ug/ml acetylated BSA, 25 mM KCl and 0.2 mM each of
proof-reading activity allowing primer extension and amplification of the target NTP. Denaturation was carried out at°@4for 30 s and annealing and
sequence. If the blocked Bucleotide hybridizes faithfully with the template, ~ elongation was performed at G5 for 1, 2, 4 or 6 min. Forward primer:
the blocked nucleotide will be removed inefficiently, impeding exponential CGTTCACCGAGGACTGGACC; Reverse primer: AGATTCTCTTCCTCT-
amplification. GTGCGCCGG.lf) PR-PCR detection of a genomic dinucleotide substitution
in P53using Pfu polymerase (Stratagene, La Jolla, CA). Three blocking groups,
-Pi (Perkin-Elmer), -g-NH» and -G-SH (Glenn Research), were compared for
efficacy for detection of a CCTT mutation in genomi®53 of HaCaT cells.

normal alleles at the site targeted, was used as a control. Thr&mplate HT and Ha represent pre-amplified DNA contairi#sg from
HT1080 and HaCaT cells respectively. External primers p53 Pi and p53 P2 are

bIO.Ckmg cheml_strles, -3-Nj -Cg-SH and. -R were tested for complementary to nucleotides 14 086-14 106 and 14 69614 950AB3he
efficacy. Selective amplification was achieved with each of thesgene, respectively. W and M designate the diagnostic primers that match
blocking groups (Fig2b). faithfully with wild-type and mutant alleles, respectively. The W primer is the
As predicted, HaCaP53 was amplified with either blocked wild-type reverse primer presented in the (a) legend above. The mutant reverse
Wild-type or blocked mutant primer becalP&Sis heterozygous primer, M, is identical but with the' G replaced with AA. The reaction
S o . conditions were as above except that Taq polymerase was replaced with 2.0 U
at this site. In Con_traSt' HT108%3 was ampln‘led Only with Pfu. As predicted, HT108853 amplification is prevented using wild-type
blocked mutant primer because HT1080 cells have two normarimer blocked with any of the three blocking grougy.dentification of a
alleles at the targeted site (Figh). Although each of the'3  single nucleotide transition (€T) by PR-PCR. Wild-type (W) or mutant (M)

blocked primers tested gave similar amplification patterns, thegrimers blocked with a £NH 3' blocking group were used to amplf53
NA of HT1080 cells (HT) or HaCaT cells (HA) using Pfu polymerase. The

did show differences, T“_OSt significantly in ease of excision b HT1080P53was amplified with blocked mutant primer, but not with blocked
3 - 5" exonuclease activity. Of the three blockers testefiSHC iid-type primer, whereas HaCa53 was amplified with both due to
was the most easily removed; vils the most resistant, and heterozygosity at this site. Forward primer: CGTTCACCGAGGACTGGAC;
-Cs-NH»was intermediate (data not shown). Chemical structureReverse primer: AGATTCTCTTCCTTGTGCTGCCG.

charge or interaction with template and DNA polymerase may all

contribute to these differences.

To establish that PR-PCR can detect single nucleotide mutatioi$ie PR-PCR products were purified and subjected to automated
PR-PCR was used to identify the-T transition at codon 282 sequencing. The DNA sequence confirmed that the ampilification
(nucleotide 14513) &530f HaCaT cells (Fig2c). As expected, was selective (Fig). Only the mutant allele was amplified with
P53from both HaCaT and HT1080 DNAs was amplified whernthe 3 blocked wild-type primer, while the wild-type allele was
the blocked mutant primer was complementary to the HaCadmplified with the 3blocked mutant primer. Thus, PR-PCR can
mutant allele. However, only HaC&b3was amplified when the detect a known mutation in genomic DNA efficiently and with
blocked primer was wild-type. Again, HaCBb3amplification  high precision.
with blocked mutant primer was expected since HaRaJis The introduction of PCR has made possible the selective
heterozygous, with one of the alleles having wild-type sequenaenplification and analysis of specific DNA sequences from very
at the targeted site. To verify selectivity of DNA amplification bysmall amounts of DNA. An additional challenge has been the
PR-PCR, HaCaT genomic DNA was amplified with eitherability to selectively amplify a mutant sequence from a mixed
wild-type or mutanP53 primer blocked at its respectiveeéhd.  population of mutant and wild-type DNAs. One approach that has
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a HaCaT P33 amplified with blocked mutant primer the accumulative effect over multiple cycles is very large. An
4;1, additional difference is that in PR-PCR, the actual primer elongation
TagpT a7 COTGagQGAGACCGAgGOACAGAGEA JGAGA starts at the potential mutation site instead of the neighboring
fl N N N h N N nucleotide as in AS-PCR. Furthermor_e, the proof-reading activity of
W,ﬂe Pn \ h : ( ,fﬁ [ = || Pfu DNA polymerase makes it less likely for unwanted mutations
M ] I’ I [ || | ll'lll.\‘ i, I ‘ ! to be introduced than with Taq or other thermostable polymerases
l:\ 'l H r{ '|| | im.'i:.;l.j 1 fly that lack proof-reading activity. Given the increasing demands for
(| ,i. | '*'ﬂfﬁ' - ﬁ'.’” b flﬁt DNA diagnostics for research, forensics and the clinical setting,
Al AL AL R development of reliable DNA testing methods that are accurate,
b. HaCaT P53 amplified with blocked wildtype primer sensitive, rapid, non-toxic and amenable to automation remains
G a continuing challenge. To this end, the strategy employed by

PR-PCR provides a promising approach because amplification

GCCTGICCIRGGAGAGAT [GGCGCACAGAGGA AG AGA

f R T "N can be designed to be highly selective, and because procedures
:'\J1 ﬁli" W\| ' I ". bl "' .| and manipulations are simple.
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Figure 3. Sequence verification of PR-PCR selective amplification. Genomic Foundation.

P53from HaCaT cells was amplified by PR-PCR. The products were purified

by Wizard Magic miniprep kit (Promega) and sequenced using an ABI DNA
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