Downloaded from genome.cshlip.org on June 20, 2026 . Published by Cold Spring Harbor Laboratory Press

A rapid, simple method for detecting PCR failure.
M J Pallen, L H Puckey and B W Wren

Genome Res. 1992 2: 91-92
Access the most recent version at doi:10.1101/gr.2.1.91

References This article cites 4 articles, 1 of which can be accessed free at:
http://genome.cshlp.org/content/2/1/91.full.html#ref-list-1

License

Email Alerting  Receive free email alerts when new articles cite this article - sign up in the box at the
Service top right corner of the article or click here.

CRISPR and RNAI Genetic Screening. | LEARN
Your new superpower. MORE

CELLECTA

To subscribe to Genome Research go to:
https://genome.cshlp.org/subscriptions

Copyright © Cold Spring Harbor Laboratory Press


http://genome.cshlp.org/lookup/doi/10.1101/gr.2.1.91
http://genome.cshlp.org/content/2/1/91.full.html#ref-list-1
http://genome.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=protocols;10.1101/gr.2.1.91&return_type=article&return_url=http://genome.cshlp.org/content/10.1101/gr.2.1.91.full.pdf
http://genome.cshlp.org/cgi/adclick/?ad=58174&adclick=true&url=https%3A%2F%2Fcellecta.net%2Ffxlscreen-genres-2301-468x68
https://genome.cshlp.org/subscriptions
http://genome.cshlp.org/
http://www.cshlpress.com
http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 20, 2026 . Published by Cold Spring Harbor Laboratory Press

IR B e e sy .

A Rapid, Simple
Method for
Detecting

PCR Failure

Mark ). Pallen,
Loretto H. Puckey, and
Brendan W. Wren

Department of Medical Microbiology,
St. Bartholomew’s Hospital Medical
College, London, EC1A 7BE, UK

The polymerase chain reaction (PCR)
holds great potential for the rapid and
sensitive detection of pathogenic micro-
organisms.” There has been much in-
terest in detecting and preventing false-
positive PCR results owing to product
carry-over®; however, less attention has
been paid to false-negative reactions.
These can result from defective PCR re-
agents, mistakes in setting up the PCR,
or from inhibitory substances present in
the sample. To distinguish true negative
reactions from failed PCRs, we have de-
vised a simple method in which an ad-
ditional artificial template is incorpo-
rated into the amplification mixture.
This template is constructed by engi-
neering a small deletion in the usual
PCR product. The control template is
amplified by the same primers as the test
fragment, but can be distinguished from
it by mobility on electrophoresis. Using
such an approach, there are three possi-
ble outcomes to a PCR: (1) no DNA is
amplified in the PCR (the assay has
failed); (2) the control, but not the test,
fragment is obtained (the assay has
worked, and the sample is negative); (3)
the test fragment, with or without the
control fragment, is obtained (the assay
has worked, and the sample is positive).

We have applied this technique to
two different PCR assays—one for the
detection of toxigenic Corynebacterium
diphtheriae),”® the other for the identifi-
cation of pathogenic yersinias.¥ We
constructed the control template in both
cases by creating a deletion in the central
portion of the natural PCR product (see
Fig. 1).

METHODS
Assay for Toxigenic C. diphtheriae

Three 100-u.l reactions were set up, using
a boiled-cell preparation from a toxi-
genic strain of C. diphtheriae as template.
Amplification conditions have been de-
scribed elsewhere.® After amplification,
the PCR product was digested with Rsal
for 2 hr in the amplification buffer at
37°C. The digests were pooled, ethanol-
precipitated, and electrophoresed on a
3% agarose gel. The two fragments (128
and 65 bp) flanking the central portion
(42 bp) were gel-purified, ethanol-pre-
cipitated together, then ligated over-
night in a 20-pl volume. PCR was re-
peated under the same conditions as
above, using 5 ul of the ligation mix as
template. Although the 65-bp fragment
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FIGURE 1 Strategy for constructing control
template.

contained only 15 bp of the 29-bp up-
stream primer sequence (14 bp was lost
in the Rsal digestion) this did not pre-
vent amplification. A DNA fragment 42
bp smaller than the normal template was
obtained. The truncated primer-binding
site was reconstituted in this PCR, so that
in all subsequent amplifications, the
primer-binding sites of the control frag-
ment were identical to those in the nat-
ural template. Two rounds of gel purifi-
cation and repeated amplification of the
fragment were then carried out. The fi-
nal PCR was diluted in water in a series
of three 1000-fold dilutions. One micro-
liter of each of these dilutions was used
as template in 100-pl reactions, under
the same conditions as before. The PCR
with the 10°%-fold dilution gave a product
of approximately equal intensity to the
fragment of the diphtheria toxin gene
amplified in a conventional PCR, and so
this dilution was used in future studies.
In a pilot study, 1 pl of a 10%fold dilu-
tion of the amplified fragment was used
as control template in an assay of six tox-
igenic and five nontoxigenic strains of C.
diphtheriae (see Fig. 2).

Assay for Pathogenic Yersinias

A similar approach was applied to the
construction of a control template for a
PCR assay for the identification of patho-
genic versinias. In this case, the natural
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FIGURE 2 PCR assay of six toxigenic strains
(lanes 1, 2, 4, 5, 6, and 8) and five nontoxi-
genic strains (lanes 3, 9, 10, 11, and 12) of C.
diphtheriae, showing control PCR products
(206 bp) and/or test products (248 bp). Lane 7
contains molecular weight markers (1 kb lad-
der, GIBCO BRL, Paisley, UK).

591-bp PCR product was digested with
Hinfl, to give end-fragments of 114 bp
and 350 bp, with an internal fragment of
127 bp. The two end fragments were li-
gated together to produce a 464-bp con-
trol template. This control fragment was
then incorporated in an assay of five
pathogenic and three nonpathogenic
strains of Yersinia (see Fig. 3).

RESULTS AND DISCUSSION

In both studies, the control fragment
was clearly amplified in all the negative
reactions. Although, in general, smaller
fragments are amplified more efficiently
than larger ones, the presence of the
control fragment did not interfere with
the amplification of the larger natural
PCR product in the positive reactions.
Indeed, in some of the positive reactions
in the C. diphtheriae assay, the conven-
tional template appears to have been
synthesized in preference to the control.
Why this happens is not clear—the arti-
ficial template may be at a disadvantage
compared to the natural template be-
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FIGURE 3 PCR assay of five pathogenic strains
(lanes 1, 2, S, 6, and 8) and three nonpatho-
genic strains of Yersinia, showing control PCR
products (464 bp) and/or test products (591
bp). Lane M contains molecular weight mark-
ers (100-bp ladder, GIBCO BRL, Paisley, UK).
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cause it has ragged ends produced dur-
ing its synthesis by PCR, or, alterna-
tively, partially synthesized strands from
the control DNA might anneal to the
longer strands of the natural template
and then be extended, causing the
smaller fragment to be “incorporated”’
into the larger one.

Another phenomenon, which one
might anticipate, but which has not
been observed empirically, is the forma-
tion of heteroduplexes between the nat-
ural and control templates. Presumably,
even at the end of the PCR, the DNA
strands still bind preferentially to the
primers, which are then extended in the
final 10-min extension step, rather than
to the other DNA strands.

This approach to controlling PCRs
has been shown to be robust; since the
initial study, the internal control has
been used in over 200 PCR assays for the
diphtheria toxin gene (data not shown).
It has proven invaluable in distinguish-
ing between negative results due to
failed reactions and negative results
from isolates that lack the diphtheria
toxin gene. The fact that this approach
also worked with the PCR assay for
pathogenic yersinias suggests that it
should be generally applicable to any
PCR assay in which the amplification
product contains two or more compati-
ble restriction sites.
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