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Recent developments in PCR tech-
niques provide the opportunity to quan-
tify low copy numbers of specific nu-
cleic acid sequences by quantitative,
real-time PCR (1). The use of quantita-
tive, real-time PCR is spreading due to
its accuracy and relative simplicity. As a
consequence, the number of laborato-
ries equipped with an optical thermal
cycler is increasing. The use of an appa-
ratus for more than one single purpose
is desirable because this would elimi-
nate the need for purchasing costly ex-
tra equipment. For instance, optical
thermal cyclers are also being used to
perform melting curves in SNP differ-
entiation (2), PCR product differentia-
tion (3), and G+C mol % content esti-
mates in microorganisms (4). Here we
suggest a nonstandard use of an optical
thermal cycler as a fluorescent plate
reader and its application to the estima-
tion of nucleic acid concentrations. This
is achieved by using a dsDNA-specific
fluorescent dye, SYBR® Green I (Mol-
ecular Probes, Eugene, OR, USA) (5). 

Estimates of DNA concentration are
a necessary step in molecular biology.
DNA concentration has been estimated
in solution either from its absorbance at
260 nm or fluorescently with the use of
specific dyes (6). Fluorescent estimates
of DNA concentration offer a higher
sensitivity than absorbance measure-
ments so that lower quantities of DNA
are needed. The availability of DNA is
often a limiting factor, and fluorimetric
determinations can be performed with
much lower amounts of DNA than ab-
sorbance measurements. 

In this report, we present the use of
an optical thermal cycler, the iQ iCy-
cler® thermal cycler (Bio-Rad Labora-
tories, Hercules, CA, USA), to esti-
mate the concentration of dsDNA. The
iQ iCycler is designed to obtain fluo-
rescence emission from selected wells
during PCR, although the accompany-
ing software is flexible enough to al-
low for single temperature cycles. It
can be used as a high-throughput alter-
native for estimating DNA concentra-
tions in a 96-well plate format as well
as a few tube measurements. This was
achieved by designing a simple pro-
gram for the software accompanying
the iQ iCycler. Measurements were
performed us-
ing a program
at a constant
temperature for

1 min at 25ºC, four cycles with two
steps for 12 s each at 25ºC, obtaining
fluorescence measurements during the
second steps, and a final 1 min at 25ºC.
These steps resulted in three estimates,
which were averaged to obtain the fi-
nal estimate of dsDNA in the solution.
Figure 1 outlines the protocol used for
these measurements. The dsDNA was
measured in a 50-µL solution com-
posed of 1 µL DNA solution at the ap-
propriate dilution, 44 µL TE buffer, pH
8.0 (6), and 5 µL SYBR Green I
(1:100 000 final concentration). The
use of TE at pH 8.0 maximizes the flu-
orescence by SYBR Green I because
this dye presents its highest fluores-
cence emission at that pH. 

In Figure 2, we present a plot of flu-
orescence measurements for known
DNA concentrations of genomic DNA
from E. coli K12 (CECT 433) and
Pseudomonas aeruginosa PAO1
(CECT 4122). Dilutions of the genom-
ic DNA were tested at DNA concentra-
tions ranging from 10-8 to 0.5 µg/µL.
Linear relationships between fluores-
cence and DNA concentration oc-
curred at a 5-fold range between 0.1
and 10-6 µg/µL. A regression line for
the linear range between DNA concen-

Figure 1. Outline of the protocol presented in this study. The final con-
centration of SYBR Green I was 1:100 000.

Figure 2. Plot showing fluorescence measurements by an iQ iCycler optical
thermal cycler versus DNA concentration in an 8-fold range. The linear rela-
tionship was obtained for a 5-fold range between 0.1 and 10-6 µg/µL. Filled
squares correspond to genomic DNA from P. aeruginosa, and open squares cor-
respond to genomic DNA from E. coli. Data points for each replicate were aver-
aged from three measurements. Each data point is the average of two replicates
(resulting from three measurements each), and error bars are within the symbols.
The coefficient of variation ranged between 0.2% and 3.5%.
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tration and measured fluorescence of
the data shown in Figure 2 was ob-
tained [Bartlet’s nonparametric Model
II regression analysis (7)] and was rep-
resented by the equation: Log(DNA) =
-13.50 + 4.25 Log(Fluorescence). This
equation can be used to estimate the
concentration of DNA in a solution
from fluorescence measured, follow-
ing the protocol outlined above.

Although estimating DNA concen-
trations might look trivial, the outcome
of several experiments depends on the
accurate determinations of DNA in the
samples or stock DNA preparations.
PCRs can be inhibited by excessive
DNA concentrations, and no amplifica-
tion product will be obtained if DNA is
below the amplification threshold. Con-
centrations of genomic DNA are tricky
to estimate because of the viscosity of
the concentrated solutions and the un-
evenness of long DNA in more diluted
solutions. This easy and accurate proto-
col will facilitate the estimation of DNA
concentrations. In our laboratory, we
perform serial dilutions of genomic
DNAs over several orders of magnitude
to obtain an accurate estimation of
DNA concentrations in stock solutions.
The use of a 96-well plate or a multi-
tube approach facilitates this strategy,
and the iQ iCycler optical thermal cy-
cler can easily be used for this purpose.
The protocol outlined in this study
avoids the need to purchase costly fluo-
rescence plate readers, learn how to use
an extra apparatus, and simultaneously
saves precious bench space. 
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Modified 3′′-End
Amplification PCR for
Gene Expression Analysis
in Single Cells
BioTechniques 34:712-716 (April 2003)

For years, gene expression has been
widely studied in most fields of biolo-
gy. It has been used to address molecu-
lar mechanisms controlling basic cell
functions and their alterations, includ-
ing cell division, cell differentiation,
apoptosis, and various infectious
processes. In the vast majority of such
studies, carried out by conventional
techniques such as Northern blotting or
RT-PCR, only the mean gene expres-
sion within large populations of cells
was analyzed, and cell-to-cell variabili-
ty was not taken into account. Remark-
ably, several independent studies using
in situ detection techniques have re-
cently pointed to the existence of im-
portant intercellular variability in gene
expression, both in prokaryotic and
mammalian cells. Altogether, the data
strongly argue for a stochastic-based
process of gene expression (1–4). To
further our understanding of cell physi-
ology, there is an increasing need to
evaluate intercellular variability of
gene expression in a large number of
cell types and physiological situations.
To this end, several techniques have re-
cently been developed, each with vari-
ous advantages and limitations (5).

In the course of our work, we used
the 3′-end amplification PCR (TPEA-
PCR) procedure, which has proven to
be an efficient tool for studying gene
expression in various mammalian cell
lines at the single-cell level. Although
this technique is not quantitative, it al-
lows virtually all the mRNAs se-
quences present in a single cell to be
amplified, including those present at
low copy number (6). This RT-PCR re-
lies on two successive amplifications.
First, cell lysate-containing mRNAs are
reverse-transcribed, followed by a non-
specific amplification, using primers
designed to amplify all polyadenylated
mRNAs. Second, there is a gene-spe-
cific amplification of up to 40 aliquots
of the first amplification product. Thus,
it is theoretically possible to detect up


