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A proportional analysis method using non-kinetic real-time PCR
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Abstract

Prompted by increasing interest in proportional analysis of genetic types, we developed a simple assay technique for deter-
mining the ratio of a specific target gene in the total genes that can be amplified with the same PCR primer. The key feature
of this method is that the following two tasks are performed in a single-tube real-time PCR system: task 1, PCR amplification
of the total genes including the target using a labeled PCR primer, with concurrent monitoring of the total copy number of the
PCR product; task 2, detection of the signal of the target gene at each cycle of amplification, using a labeled nucleotide probe.
In principle, the ratio of the target gene to the total genes is represented by the signal detected in ‘task 2’ at the cycle in which
the PCR product reached a prescribed copy number (assessed by ‘task 1’).
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The variation ratios among genes with similar
sequences contained in a nucleotide sample are cur-
rently estimated by two methodologies: quantification
of each component in the mixture using a real-time PCR
method (Higuchi et al., 1993; Heid et al., 1996; Wittwer
et al., 1997; Kurata et al., 2001); and enumeration
of the components in the mixture after PCR amplifi-
cation using a ‘non-real-time’ method, e.g., quantita-
tive dot blot hybridization, restriction fragment length
polymorphism analysis, denaturing gradient gel elec-
trophoresis, etc. (Saiki et al., 1986; Theophilus et al.,
1989; Liu et al., 1997). Real-time PCR uses equipment
that can fluorescently monitor the amount of product
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during each PCR cycle, and the initial copy number of
the template is calibrated versus the PCR kinetics, using
the cycle number at which the PCR product reaches a
prescribed amount. Kinetic real-time PCR is a very
useful technique for its wide dynamic range of cali-
bration. However, this method requires two separate
quantifications (one for the target and another for the
total) for a single assay of genetic ratio, using a sepa-
rate calibration curve for each quantification employing
specific external standards. Moreover, the efficiency of
PCR amplification is easily influenced by all compo-
nents of the assay system, and the fluctuation in PCR
efficiency often causes large errors in quantification
(Heid et al., 1996). ‘Non-real-time’ methods require
differentiation, identification, and quantification of the
target gene in PCR products, and in most cases,
these processes are time-consuming and require special
skills.

A 16S rRNA gene is the most frequently used target
for microbial quantification and community analysis
(Zhang and Fang, 2006). This target is present in all
bacteria, and its sequence contains conserved and vari-
able regions between different taxonomy levels. The
universal primers or probes for amplifying or detecting
a certain range of bacteria (e.g., all bacteria, specific
phylum, or specific genus) can target the conserved
regions, and the primers or probes for determining a
specific group of bacteria (e.g., specific genus, species,
or strain) can target the variable regions of the 16S
rRNA gene sequences. 16S rRNA-based community
analysis has been utilized for various purposes, includ-
ing quality control and improvement of food fermenta-
tion (Giraffa, 2004); health-control of gastrointestinal
tract in humans (Vaughan et al., 2005) and farm ani-
mals (Castillo et al., 2006); water and marine product
hygiene (Thompson et al., 2004; Wullings and van der
Kooij, 2006); diagnosis at medical facilities (Horz et
al., 2005; Sakamoto et al., 2004); and characterization
of microbial consortia which have degrading activity
for specific chemical compounds (Lee et al., 2005;
Limpiyakorn et al., 2005; Liu et al., 2006; Nakatsu
et al., 2005; Yu et al., 2005). Most such work has been
conducted using the kinetic real-time PCR or ‘non-real-
time’ methods referred to above.

Here, we introduce a new simple method for esti-
mating the ratio of a target DNA to the total (designated
proportion-deductive PCR, or PD-PCR) that is applica-
ble for ratio analysis of 16S rRNA genes. When a mix-

ture of templates is amplified with the same primer, the
ratio of the product from each component in the mixture
reflects the initial ratio of the component. No matter
how many copies of initial templates are contained in
unknown DNA samples, the initial ratio of a specific
template can be estimated by measuring the copy num-
ber of its product at the cycle in which the total PCR
product is increased to a prescribed copy number. This
method does not involve a kinetic comparison, and the
quantification is not in principle influenced by the PCR
efficiency.

We used a model system composed of two tem-
plates (templates A and B) and measured the ratio
‘(template A)/(templates A plus B)’ for evaluating
PD-PCR (Fig. 1). The templates A and B were PCR
products of 16S rRNA genes with approx. 1500 bps
amplified from bacteria (Microlunatus phosphovorus
NM1 and Escherichia coli K12, respectively) phylo-
genetically distant from each other. Using a labeled
primer as the indicator for total PCR product and a
labeled probe as the indicator for the product from
the specific template, PD-PCR can be performed using
real-time PCR equipment. As the indicators, we used
fluorescently labeled nucleotides whose fluorescence
intensity quantitatively quenches under hybridization
to the DNA with complementary sequences (Kurata
et al., 2001). A nucleotide probe labeled with BOD-
IPY FL (green fluorescence dye) was designed so that
the probe would hybridize to a unique region of the
plus strand of the template A sequence and report the
abundance of the template A product by quenching
of green fluorescence (QProbe, Fig. 1, step at 60 ◦C).
Also, a pair of primers amplifying approx. 330 bps of
the templates A and B, containing the target region
of the QProbe in the template A, was designed. The
reverse primer was labeled with TAMRA (red fluores-
cence dye), which reports the yield of total PCR product
by quenching of red fluorescence (QPrimer, Fig. 1,
step at 72 ◦C). Practically, the measurement of abso-
lute copy numbers of the PCR products is not needed
for estimation of the genetic ratio, but we used the
calibration curves showing the relationships between
the fluorescence data and the initial ratio of the tem-
plates. The ratio of the specific template is in principle
determined by a single-tube reaction using only one
calibration curve, and the experimental procedure can
be conducted as easily as the usual real-time PCR
assays.
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