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The discovery of specific restriction endonucleases 
(Smith and Wilcox 1970) made possible the isolation of 
discrete molecular fragments of naturally occurring 
DNA for the first time. This capability was crucial to 
the development of molecular cloning (Cohen et al. 
1973); and the combination of molecular cloning and 
endonuclease restriction allowed the synthesis and iso­
lation of any naturally occurring DNA sequence that 
could be cloned into a useful vector and, on the basis 
of flanking restriction sites, excised from it. The avail ­
ability of a large variety of restriction enzymes (Rob­
erts 1985) has significantly extended the utility of these 
methods. 

The de novo organic synthesis of oligonucleotides 
and the development of methods for their assembly 
into long double-stranded DNA molecules (Davies and 
Gassen 1983) have removed, at least theoretically, the 
minor limitations imposed by the availability of natu­
ral sequences with fortuitously unique flanking restric­
tion sites. However, de novo synthesis, even with auto­
mated equipment, is not easy; it is often fraught with 
peril due to the inevitable indelicacy of chemical re­
agents (Urdea et al. 1985; Watt et al. 1985; Mullenbach 
et al. 1986), and it is not capable of producing, inten­
tionally, a sequence that is not yet fully known. 

We have been exploring an alternative method for 
the synthesis of specific DNA sequences (Fig. 1). It in­
volves the reciprocal interaction of two oligonucleo­
tides and the DNA polymerase extension products 
whose synthesis they prime, when they are hybridized 
to different strands of a DNA template in a relative 
orientation such that their extension products overlap. 
The method consists of repetitive cycles of denatura­
tion, hybridization, and polymerase extension and 
seems not a little boring until the realization occurs that 
this procedure is catalyzing a doubling with each cycle 
in the amount of the fragment defined by the positions 
of the 5' ends of the two primers on the template DNA, 
that this fragment is therefore increasing in concentra­
tion exponentially, and that the process can be contin­
ued for many cycles and is inherently very specific. 

The original template DNA molecule could have 
been a relatively small amount of the sequence to be 
synthesized (in a pure form and as a discrete molecule) 
or it could have been the same sequence embedded in 
a much larger molecule in a complex mixture as in the 
case of a fragment of a single-copy gene in whole hu­
man DNA. It could also have been a single-stranded 

DNA molecule or, with a minor modification in the 
technique, it could have been an RNA molecule. In any 
case, the product of the reaction will be a discrete dou­
ble-stranded DNA molecule with termini correspond­
ing to the 5' ends of the oligonucleotides employed. 

We have called this process polymerase chain reac ­
tion or (inevitably) PCR. Several embodiments have 
been devised that enable one not only to extract a spe­
cific sequence from a complex template and amplify 
it, but also to increase the inherent specificity of this 
process by using nested primer sets, or to append se­
quence information to one or both ends of the s e ­
quence as it is being amplified, or to construct a s e ­
quence entirely from synthetic fragments. 

MATERIALS AND METHODS 

PCR amplification from genomic DNA. Human 
DNA (1 µg) was dissolved in 100 µI of a polymerase 
buffer containing 50 mM NaCl, 10 mM Tris-Cl (pH 7.6), 
and 10 mM MgCJ2• The reaction mixture was adjusted 
to 1.5 mM in each of the four deoxynucleoside triphos­
phates and I µM in each of two oligonucleotide primers. 
A single cycle of the polymerase chain reaction was 
performed by heating the reaction to 95°C for 2 min­
utes, cooling to 30°C for 2 minutes, and adding 1 unit 
of the Kienow fragment of Escherichia coli DNA poly­
merase I in 2 µl of the buffer described above contain­
ing about 0.1 µI of glycerol (Kienow was obtained from 
U.S. Biochemicals in a 500Jo glycerol solution contain­
ing 5 U / µl). The extension reaction was allowed to pro­
ceed for 2 minutes at 30°C. The cycle was terminated 
and a new cycle was initiated by returning the reaction 
to 95°C f�r 2 minutes. In the amplifications of human 
DNA reported here, the number of cycles performed 
ranged from 20 to 27. 

Genotype analysis of PCR-amplified genomic DNA 

using ASO probes. DNA (1 µg) from various cell lines 
was subjected to 25 cycles of PCR amplification. Ali­
quots representing one thirtieth of the amplification 
mixture (33 ng of initial DNA) were made 0.4 N in 
NaOH, 25 mM in EDTA in a volume of 200 µ1 and 
applied to a Genatran-45 nylon filter with a Bio-Dot 

- spotting apparatus. Three replicate filters were pr1-
pared. ASO probes (Table 1)  were 5'-phosphorylated
witµ [>-.-32P]ATP and polynucleotide kinase and puri­
fied by spin dialysis. The specific activities of the
probes were between 3.5 and 4.5 µCi/pmole. Each filter
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