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Eliminating false positives in a qPCR assay for the
detection of the uidA gene in Escherichia coli
Richard Kibbee, Natalie Linklater and Banu Örmeci

ABSTRACT
Due to contaminant Escherichia coli DNA present in recombinant Taq polymerase reagents, it is not
possible to reliably detect low levels of E. coli in samples using the quantitative polymerase chain
reaction (qPCR) assay. Native Taq polymerase was successfully used in this study to detect ﬁve uidA
gene copies (5 fg of genomic DNA) of the uidA gene.
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SHORT COMMUNICATION
During the development of a rapid 2-step quantitative poly-

the literature to clean up commercial reagents of the con-

merase chain reaction (qPCR) assay to detect and quantify

taminant bacterial DNA: (1) ultraﬁltration; and (2) DNase

Escherichia coli (E. coli) using the uidA gene, positive reac-

I enzyme treatment. Ultraﬁltration methods (proposed by

tions were consistently being observed in the non-template

Mohammadi et al. () and Yang et al. ()) were not

control (NTC) samples. Investigation into the cause of the

tried due to the unknown potential reduction of components

false-positive reactions determined that there was contami-

in the reagents and the effect this may have on the qPCR

nant E. coli DNA in the recombinant polymerase reagents

assay. Ultraﬁltration was also shown to decrease PCR sensi-

being used. This contamination meant that it was not poss-

tivity in one account (Mohammadi et al. ), but not in

ible to reliably detect low levels of E. coli in the sludge and

another (Yang et al. ). The second method, using

wastewater samples being tested. It was previously

DNase I enzyme to treat the polymerase reagents, was

reported that many commercial qPCR reagents contained

tested. Both a commercial DNase I kit (AMPD1 from

contaminant genomic DNA from bacterial sources includ-

Sigma) and a published DNase I cleanup method (Tondeur

ing E. coli (Tseng et al. ; Shannon et al. );

et al. ; Silkie et al. ) were tested.

however, this may not be well known in the research com-

In this study, the DNase I treatment showed complete

munity. E. coli is the most commonly used indicator

PCR inhibition with the Silkie et al. () cleanup

bacteria for the assessment of water, wastewater and

method and false positives still present with the commercial

sludge treatments, and the presence of contaminant geno-

kit from Sigma (Figure 1(a–b). and Table 1). The DNase I

mic DNA can particularly be an issue when PCR-based

enzyme that was used by Silkie et al. () in the DNase

methods are used due to false positives. To increase the

I cleanup method was no longer available and another

sensitivity and conﬁdence in the qPCR assay for detecting

source was tested. This alternative DNase I reagent may

low levels of E. coli, it was necessary to eliminate the

be the cause of the difference in results found. Reﬁned

contaminant DNA from the PCR reagents.

DNase I treatment methods have also been published, how-

Efforts were taken to clean up the recombinant polymer-

ever, these reﬁned methods are more difﬁcult to use since

ase reagents. Two types of methods have been proposed in

they must ﬁrst assess the quantity of contaminant DNA
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(a) Ampliﬁcation for the comparison of DNase I treatment methods showing the mean CT values of 6 series of reactions, from left to right: CT of 25.76 (black) represents the
positive control, E. coli K12 template of 1.167 × 104 uidA gene copy number-untreated; CT of 36.41 (dark red) represents the non-template control (NTC)-untreated; the next 2
sets are lumped together at ∼CT 40, these represent the NTC (green) and test – E. coli K12 template of 1.167 × 104 uidA gene copy number (blue) – commercial method from
Sigma. The Silkie et al. (2008) method completely inhibited the qPCR reaction as shown by the ﬂat line (red/navy blue) at 0 relative ﬂuorescence units (RFU) (10^3). Refer to
Table 1 for complete data. (b) Melt peak analysis for the comparison of DNase I treatment methods showing consistent melting temperatures for all positive signal reactions
conﬁrming ampliﬁcation speciﬁcity to the uidA gene 166 bp amplicon. The black lines represent the positive controls, E. coli K12 template of 1.167 × 104 uidA gene copy
number, dark red lines represent the NTC untreated; green lines represent the NTC and blue lines for the test – commercial method from Sigma. The Silkie et al. (2008) method
completely inhibited the qPCR reaction as shown by the red/navy blue line at 0 – d(RFU)/dT. Please refer to the online version of this paper to see this ﬁgure in colour: http://
www.iwaponline.com/jwh/toc.htm.

per reagent and then a customized decontamination proto-

With the DNase I cleanup methods giving poor

col must be developed (Corless et al. ; Heininger et al.

results, a 3-step qPCR protocol was developed using a

). It was decided not to try the reﬁned methods due to

native Taq polymerase guaranteed to be free of contami-

the additional costs, procedural steps and time, and

nant E. coli DNA. Native Taq DNA polymerase is

expertise required.

recommended by manufacturers for use in special PCR
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CT values for Figures 1(a) and (b): comparison of DNase treatment methods on
the Ssofast Supermix Taq polymerase. All reactions were run in quadruplicate

Treatment/

qPCR

Genomic units

Mean

CT Std.

Method

reaction

(uidA gene)

CT

Dev.

Silkie et al.

E. coli
control

4

1.167 × 10

0.00

1.167 × 104

39.49
39.05

0.229

1.167 × 104

25.76

0.093

36.41

0.124

NTC

–

0.00

Sigma
DNase I

E. coli
control

Untreated

E. coli
control

NTC

∼29.5a

NTC
a

–

0.375

Estimates based on E. coli control.

applications where genomic DNA may interfere with
ampliﬁcation speciﬁcity or when the target amplicon is
within the E. coli genome. However, the use of native
Taq polymerase in qPCR is normally not recommended
due to its lower thermal stability eliminating the option
of designing a 2-step qPCR assay and increasing the

Figure 2

|

0.8% Agarose gel of the 166 bp amplicon (Bej et al. 1991) in triplicate Lane
1: 50 bp ladder; Lane 2 was intentionally left empty; Lane 3–5: Genomic DNA
isolated from E. coli ATCC 23631.

qPCR run time. However, sensitivity preceded over
extended qPCR assay run times leading to the develop-

25 μL reaction had 2.5 μL 10× PCR buffer, 0.5 μL of

ment of the method described herein.
This qPCR protocol detects and quantiﬁes a 166 bp seg-

10 mM deoxynucleotide triphosphates (dNTPs), 1.25 μL of

ment of the uidA gene in E. coli (Figure 2). Genomic DNA

50 mM MgCl, 0.625 μL (0.10 μM) of each primer, 0.5 μL

was isolated from an overnight pure culture of E. coli K12

(1 U/μL) native Taq polymerase, 1.25 μL of EvaGreen dye,

(ATCC 23631) using the PowerSoil DNA Isolation Kit

1 μL of 10 μg/μL bovine serum albumin (BSA), 50 ng of

(MO BIO Laboratories, Inc., CA, USA). The quantity and

genomic DNA template topped up to 25 μL with DNA

quality of the E. coli genomic DNA was determined using

free water.

the Varian CARY-100 BIO UV-VIS spectrophotometer by

This protocol was free of false-positive reactions in the

measuring the absorbance at 260 nm with the purity deter-

NTCs in several standard curves and positive control

mined by analyzing the 260:280 nm ratio. A set of 20-mer

runs, and gave expected threshold cycle (CT) values

0

0

primers, UAL-1939 (5 -TATGGAATTTCGCCGATTTT-3 )
0

0

when

compared

with

recombinant

PCR

reagents

and UAR-2105 (5 -TGTTTGCCTCCCTGCTGCGG-3 ), was

(Figure 3). All standard curve dilutions and NTCs were

used to amplify a 166 bp region of the uidA gene of E. coli

done in triplicate and the mean CT values are shown in

(Bej et al. ). Instead of the rapid 2-step qPCR with an

Figure 3 and Table 2. The assay with melt curve analysis

W

initial denaturation of 2 minutes at 98.0 C followed by 49
W

cycles of 2 seconds at 98.0 C, and an annealing/elongation

has increased in time by approximately 30 minutes due
to the lower denaturation temperature and the need for

temperature of 57.2 C, a 3-step program was used. The

separate annealing and elongation steps in the protocol.

3-step qPCR protocol consisted of an initial 3 minute

By eliminating the contaminant E. coli DNA from the

W

W

denaturation at 95.0 C followed by 49 cycles of denaturaW

W

tion at 95.0 C for 10 seconds, annealing at 59.2 C for 20
W

seconds and an elongation at 72.0 C for 15 seconds. Each
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ﬁve copies of the uidA gene (Figure 3) compared with
variable sensitivities of 10–1,000 gene copy numbers
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reported in the literature (Silkie et al. ; Hospodsky
et al. ; Blainey & Quake ) and seen in our experiments prior to the new protocol.
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Figure 3

|

Comparison of native (red) and recombinant Taq polymerase (blue) with the
same PCR parameters has shown that both have a similar sensitivity with a
detection limit of ∼10 genomic units. The NTC (green) signal is due to primerdimerization and is differentiated in the melt curve analysis (not shown). In an
effort to show the direct comparison of both types of polymerase, the protocol
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