Under the Microscope

Digital PCR: a new DNA quantiﬁcation tool
used as a reference method for characterising standards
while applications in microbiology include monitoring viral
load and detecting bacteria or rare mutant alleles.
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The concept of using limiting dilution combined with end-point PCR
and Poisson statistics was ﬁrst introduced in 1992 by Sykes et al.1
from Flinders Medical Centre, South Australia, who measured the
amount of rearranged immunoglobulin heavy chain to quantify
leukemic cells using a small set of 10 reactions. The term ‘digital
PCR’ was later coined by Vogelstein and Kinzler in 19992, reﬂecting
the ability of digital PCR to transform the more familiar exponential
real-time PCR signal into a digital readout. However, until the

Digital polymerase chain reaction (PCR) is a quantitative

availability of commercial platforms based on microﬂuidic and/or

PCR technique with potential to be more accurate and pre-

emulsion technology, advances in digital PCR were limited due to

cise than real-time quantitative PCR without the need for a

the technical challenges and costs associated with conducting a

standard curve. The digital PCR sample/reaction mix is ran-

large number of independent reactions.

domly distributed into a large number of partitions, such
that some partitions contain no copies of the nucleic acid
template and others contain at least one copy. Following
thermal cycling, partitions containing ampliﬁed product can
be distinguished by the increased ﬂuorescence generated
from the probe. Quantiﬁcation is achieved by counting the
number of positive and negative partitions, followed by
Poisson modelling to account for partitions containing more
than one template molecule. The partitioning process effec-

Today there are several commercial platforms that automate the
partitioning process, splitting the sample into close to 1000 and
up to 1,000,000’s of individual partitions. Depending on the platform, the partition volume is in the nanolitre to picolitre range,
thus maintaining the total reaction volume in the microlitre range
typically used in real-time PCR assays. Following thermal cycling, the
fraction of positive partitions is determined using a chip image
reader or by streaming emulsion droplets past a droplet reader.

tively reduces competition between very similar templates

Digital PCR offers certain advantages over real-time quantitative PCR

resulting in increased sensitivity for detection of rare

due to three key features (Fig. 1). First, the counting process

mutants in a wild-type background. Digital PCR has been

fundamental to digital PCR is independent of a DNA calibrant and

Sample

Real-time qPCR

Digital qPCR

Relative to calibrant

Absolute counting

Ct value

35

30

25

20

Log (calibrant copy number)
Figure 1. Traditional real-time vs digital quantitative PCR.
17 8

10 . 1071 /MA130 59

MICRO BIOLO G Y A UST R ALIA NOV EMBE R 20 13
*

Under the Microscope
utilises end-point PCR data. This has the potential to improve

metrology institutes to assign the concentration value of nucleic

reproducibility between laboratories and across time, reduce the

acid reference materials8. For instance, we have recently prepared a

impact of inhibitors and enable traceability to the International

DNA reference material calibrant for real-time PCR assays detecting

System of Units. Second, since conﬁdence in the Poisson modelling

toxic cyanobacteria. In the short term, increased use of this

improves with increasing partition number, commercial platforms

technology to characterise nucleic acid reference materials will

can generate very precise data enabling discrimination of samples

facilitate the availability of appropriate reference materials to

with small differences in template amount. Last, partitioning effec-

support real-time quantitative PCR measurements in clinical and

tively reduces competition between very similar templates, increas-

research laboratories.

ing the sensitivity of detecting rare mutants in a wild-type
background. A recent study on human immunodeﬁciency virus in
over 300 clinical samples concluded that digital PCR provided
improved sensitivity and precision over real-time PCR and was also
less sensitive to mismatches in the primer and probe sequences3.
However, accurate digital PCR quantiﬁcation requires independent
partitioning of molecules and successful ampliﬁcation in partitions

Currently, implementation of digital PCR in clinical and research
laboratories is limited predominantly due to cost and logistics of a
high throughput workﬂow. If second generation digital PCR instruments can overcome these limitations, digital PCR could be integrated into routine testing laboratories alongside or replacing realtime PCR for speciﬁc applications.

containing the target sequence. DNA containing concatemers or
linked copies must be digested prior to analysis; otherwise the true
copy number will be underestimated since linked copies will partition together. Recently published ‘The digital MIQE guidelines:
Guidelines for Minimum Information for Publication of Quantitative
Digital PCR Experiments’ contain a checklist for designing and
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recording digital PCR experiments4.
While digital PCR is an absolute measurement technique, this does
not obviate the need to conduct a thorough method validation
process using well-characterised standards or DNA reference materials with a known number of copies of target DNA. As for real-time
PCR, primer design is critical for assay selectivity and thermal cycling
conditions must be optimised to maximise the difference in ﬂuorescence intensity between negative and positive partitions. Generally, amplicon cannot be recovered from individual partitions so if
any partitions do not fall clearly within the negative or positive
population, it is difﬁcult to determine whether this is due to nonspeciﬁc ampliﬁcation, inefﬁcient ampliﬁcation from damaged template or other reasons. This ambiguity is particularly critical for rare
mutation detection as misclassiﬁcation of partitions could lead to a
false positive result. Hence, data generated from analysis of DNA
standards should be used to determine the assay limit of detection
and controls should be used for ongoing assessment of the method
performance.
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To assess the use of digital PCR as a reference method, the National
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