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Abstract

The amplification refractory mutation system (ARMS), which has also
been described as allele-specific PCR (ASP) and PCR amplification
of specific alleles (PASA), is a PCR-based method of detecting
single base mutations (Newton et al., 1989). ARMS has been applied
successfully to the analysis of a wide range of polymorphisms, germ-
line mutations and somatic mutations. The technique has the ability to
discriminate low-levels of the mutant sequence in a high background
of wild-type DNA (Billadeau et al., 1991). In an ARMS PCR the
terminal 3'nucleotide of one of the PCR primers coincides with the
target mutation. Most applications of the method rely on ‘end-point’
analysis, utilising the classic gel-electrophoresis method. However,
end-point analysis can only assess the presence or absence of mutant
or wild-type sequences and does not give an indication of the ratio
of mutant to wild-type in a mixed population of DNA. Here we
describe a real-time PCR adaptation of ARMS, quantitative ARMS,
that allows measurement of the size of the population of each variant
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in a mixture. A method for the detection of human hepatitis B virus
mutations that confer resistance to the antiviral lamivudine is described
as an example.

Introduction

PCR can be adapted in many ways to facilitate the analysis of DNA.
Several different strategies are used for the detection of single point
mutations. Current methods rely on target amplification, usually by
PCR, followed by the identification of DNA variants using probes,
restriction endonucleases, ligases or polymerases.

In ARMS, the primer pair is designed so that one of the 3' ends
coincides with a variant nucleotide in the target sequence. When
the primer mismatches the template the frequency of extension is
very low and consequently the effective number of sequence copies
available for amplification is greatly reduced. ARMS PCR exploits a
thermostable polymerase that lacks 3' exonuclease activity (usually
Taq polymerase). Such enzymes extend primers bound to their target
sequences very inefficiently when the 3' base is mismatched. Because
the 3' exonuclease activity required for mismatch repair is not present,
the extension of such primers in PCR is a rare event and amplification
is retarded (Figure 1). However, once mismatch extension has occurred
amplification proceeds normally from the newly synthesised target
strand. Thus an important principle of ARMS is that non-matching
(i.e. non-matching at only the 3' end of one primer) template may
be amplified. The factors that contribute to this apparent ‘failure’ of
ARMS are that when very high numbers of template molecules are
added to the reaction, amplification is likely to proceed because the
small proportion of mismatched primer extensions reach the sensitivity
threshold of the reaction. Second, certain mismatches are extended
more efficiently than others so that proportion extended in each PCR
cycle varies.

Detection of a single nucleotide mutation at a predetermined point in

a target sequence can be achieved by running the ARMS PCR with
a single primer pair and then scoring the production of amplicon as
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