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An Assessment of Air As a Source of DNA Contamination Encountered When
Performing PCR
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Sensitive molecular methods, such as the PCR, can detect low-level contamination, and careful technique is
required to reduce the impact of contaminants. Yet, some assays that are designed to detect high copy-
number target sequences appear to be impossible to perform without contamination, and frequently,
personnel or laboratory environment are held responsible as the source. This complicates diagnostic and
research analysis when using molecular methods. To investigate the air specifically as a source of contami-
nation, which might occur during PCR setup, we exposed tubes of water to the air of a laboratory and clean
hood for up to 24 h. To increase the chances of contamination, we also investigated a busy open-plan office
in the same way. All of the experiments showed the presence of human and rodent DNA contamination.
However, there was no accumulation of the contamination in any of the environments investigated,
suggesting that the air was not the source of contamination. Even the air from a busy open-plan office was a
poor source of contamination for all of the DNA sequences investigated (human, bacterial, fungal, and
rodent). This demonstrates that the personnel and immediate laboratory environment are not necessarily to
blame for the observed contamination.
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As one of the most sensitive methods available for de-
tecting nucleic acids, the PCR is at risk of being affected
by low levels of contamination. This susceptibility is
compounded by the fact that PCR functions by gener-
ating billions of copies of the DNA sequence that is
being analyzed. Consequently, conducting the PCR re-
action generates products, which if not handled care-
fully, may contaminate later reactions.1 As PCR has
developed over the last 20 years, specific practices have
been introduced to reduce laboratory contamination,
including physical separation of the different stages of
the procedure,2 incorporating enzymatic3 or irradia-
tion4 steps to remove contaminating molecules, and
generating a careful approach to identify contamination
risk during sampling, sample processing, and analysis.5

Despite this, PCR can detect low levels of extraneous

template DNA, which may be described as a contami-
nant, and the targeting of certain sequences are more
likely to be affected by contamination than others.

Detecting the 16S ribosomal sequences for broad spe-
cies bacterial detection can be difficult to perform without
detecting low levels of background contamination.6–8 This
is partly because the enzymes involved in the reaction are
generated using recombinant techniques in bacteria, and it
is difficult to purify the enzyme completely free of DNA.8

The laboratory environment has also been blamed for the
source of contaminating 16S rDNA.9 As the ribosomal
sequences are frequently multicopy, their increased abun-
dance compounds the problem. Bacterial and fungal DNA
has also been found to contaminate the reaction during
sampling and extraction procedures necessary prior to
DNA analysis.10–13

High-copy DNA targets are also problematic when
detecting human DNA, for example, Alu14 or mitochon-
drial15 sequences. It has been assumed frequently that the
contamination source is the laboratory environment inhab-
ited by humans performing the work.16,17 This type of
contamination has often caused problems, especially when
trying to detect low copy-number DNA.15 Human DNA
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contamination has proved a major source of criticism in
specialist fields such as ancient DNA detection.18

Here, we ask whether the laboratory working environ-
ment is likely to be the source of high copy-number DNA
contamination. To address this question specifically, we
investigated contamination by high copy-number human
DNA sequences from the air of different environments
over a 24-h period.

MATERIALS AND METHODS
Exposure Experiment

UltraPure� DNase/RNase-free distilled water (1 ml; In-
vitrogen, Carlsbad, CA, USA) was added to 63 1.5 ml
nonstick microtubes (Alpha Laboratories, Eastleigh, UK).
The tubes were placed at three different locations: a UV-
sterilized/hepa-filtered PCR hood; a bench in the pre-PCR
laboratory; and on a desk at the entrance to an open-plan
office shared by 14 people. Three tubes were left open for
each time-point: 0 min, 5 min, 15 min, 30 min, 60 min,
360 min (6 h), and 1440 min (24 h). At the end of each
time-point, aliquots of the samples were made for all sub-
sequent reactions and stored at �20°C for no more than 2
weeks. Aliquots of 5 �l of the exposed water were added to
the respective real-time PCR reactions.

Real-Time PCR

Four real-time PCR reactions (Tables 1 and 2, Supple-
mental Material) were used in this study to examine if
the level of contamination increases with the length of
exposure time in different environments. Reaction des-
ignations are author-denoted or taken from the appro-
priate original reference. Reactions were designed to
follow the Minimum Information for Publication of
Quantitative Real-Time PCR Experiments guidelines
(see Table 3, Supplemental Material).19 Reactions tar-
geted human high copy-number DNA (Alu-J; Alu J
short interspersed nuclear element), mouse high copy-
number DNA (B1; B1 short interspersed nuclear ele-
ment), bacterial DNA (16S rDNA; bacterial 16S ribo-
somal sequence), or fungal DNA (ITS2; fungal
ribosomal internal-transcribed spacer 2 region). Primers
were synthesized by Sigma-Aldrich (Cambridge, UK)
and purified using the manufacturer’s salt-free purifica-
tion. All real-time PCR reactions were set up manually
and conducted in 12.5 �l vol using a Rotorgene 6000
thermocycler and associated 100 �l tubes (Corbett Re-
search, Cambridge, UK). Reactions were optimized by
varying temperatures, times, and primer concentrations,
and PCR amplification efficiencies were estimated using
dilution series (described below), according to the for-
mula E � 10(�1/slope)� 1. Table 1 in the Supplemental
Material refers to the different Taq polymerase sources

used in the different reactions, which were run for 45
cycles using assay-specific optimal parameters (Table 2,
Supplemental Material) and were considered negative if
no DNA accumulated before Cycle 40. All reagents—
primer, water, tubes, and pipette tips—were newly pur-
chased and not opened before performing the experi-
ments.

Generation of Standard Curves

Human genomic DNA, Balb/c mouse cDNA, and Can-
dida dubliniensis DNA were used as templates for PCR
reactions with the Alu-J, B1, and ITS2 primers, respec-
tively (Table 1, Supplemental Material). The PCR prod-
ucts of the Alu-J, B1, and ITS2 reactions were cloned into
plasmid vectors [Alu-J: pGEMTeasy vector (Promega,
Southampton, UK); B1 and ITS2: pCR4 TOPO (Invitro-
gen, Paisley, UK)], following the manufacturers’ instruc-
tions. Recombinant plasmids were isolated using the QIA-
prep Spin Miniprep kit (Qiagen, Crawley, UK), quantified
with the NanoDrop Spectrophotometer ND-1000 (Nano-
Drop Technologies, Wilmington, DE, USA) at OD260,
and sequenced using the 3730XL genetic analyzer along
with the AB SeScanner software (Applied Biosystems,
Warrington, UK). The resulting sequences were compared
with those stored in the Genbank database using the
BLAST alignment software to confirm the presence of the
Alu-J, B1, and ITS2 sequences. Tenfold dilutions of the
linearized plasmids (500–5�107 copies/reaction) were
used as a standard curve in all real-time PCR reactions. The
lowest dilution in these reactions was higher than we nor-
mally perform as a result of the endogenous contamination
being �50 or �5 copy standards that we would usually
include. This is an inherent problem when investigating
contamination of this kind, and thus, copy-number estima-
tion must be made that is outside of the range of the
standard curve.

Escherichia coli DNA was used as the template for the
standard curve in the 16S real-time PCR assay by preparing
a fivefold dilution series from 80–5�105 copies/reaction.

Statistical Analysis

Distribution of contaminating DNA results was assessed by
D’Agostino and Pearson Omnibus Normality test, and
distributions were considered not normal when P �
�0.05.

RESULTS
Real-Time PCR

Alu-J reactions, performed with water, exposed to different
environments for different periods of time, produced a
product in all time-points, including Time 0. When all
data were compared, there was a mean copy number of 71
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copies/reaction, but the data were not distributed normally
(Figure 1). There was no associated increase in the amount
of Alu-J DNA detected with time, although there were two
increased results: one at 6 h from the laboratory bench and
one at 24 h from the open-plan office (Figure 2, A), which
were outside of the 3.09 SD from the mean (99.8% con-
tained in interval). If we omit these two outliers, the distri-
bution becomes normal with a mean of 61 copies/reaction
and a coefficient of variation (CV) of 18.79% (Fig. 1).

Detection of 16S rDNA bacterial contamination was
less frequent than with the Alu-J reaction (Fig. 2, B). The
38 exposure samples that did yield a result had a mean of
eight copies/reaction. 16S rDNA contamination did not
increase over time in any of the environments. When the
same samples were analyzed using the mouse B1 element
primers, all time-points yielded a result that had a normal
distribution with a mean and CV of 95 copies/reaction and
12.29%, respectively (Fig. 1). Furthermore, as with the
Alu-J and 16S rDNA reactions, there was no increase in
mouse DNA contamination with time (data not shown).

Contamination assessment using the broad-spectrum
fungal ITS reaction demonstrated that where it occurred, it

was sporadic, occurring four times in the 63 reactions
performed for all exposure samples. Approximate copy
numbers in the four contaminated cases were approxi-
mately one, four, four, and seven copies/reaction, and no
trend with replicates or time was observed (data not
shown).

Sequencing Analysis

Sequence analysis confirmed that the molecules being am-
plified by the respective primer sets were Alu or B1 se-
quences (Figure 3).

DISCUSSION AND CONCLUSION

In this study, we investigated if the air of three different
environments was a contamination source of four DNA
sequences. Frequently, it is assumed that contamination
from these selected high-abundance sequences, such as the

FIGURE 2

Effect of exposure to air from clean hood (E), laboratory (�), and
open-plan office (�) on the detection of (A) Alu-J DNA sequences
and (B) 16S rDNA.

FIGURE 1

All Alu-J and B1 experimental data plotted from all exposure exper-
iments. (A) Total spread of Alu-J results; (B) spread of Alu-J results
minus outliers; (C) spread of B1 results.
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human Alu element, are from the environment. If the
environment were the source of observed contamination,
then the experiment would have measured an accumula-
tion of contaminants over time so that tubes left open for
longer would be contaminated with more DNA than those
left open for a shorter period of time.

There was no detectable increase over time with the
16S reaction. Because of the recognized problem of rDNA
contamination,6–8 we chose the Amplitaq Gold enzyme
from Applied Biosystems, as it is reported to have only �10
copies of 16S template/5 units Taq polymerase, so it is
likely that this is what was being picked up by the data
presented in Figure 2, B. Where our assay detected nothing
in 25 of 63 samples, it is likely that we were at the limit of
detection of this particular reaction. These data demon-
strate that it is actually quite difficult to contaminate an
open tube with bacterial DNA from the air, even if it is left
open for 24 h in a busy office.

The same phenomenon was observed when measuring
human DNA. The Alu sequence is a repeat that comprises
10% of the human genome, so within every cell, there are
over 1 million copies of this sequence.14 It is generally
assumed and has been reported that the inability to perform
a PCR reaction negative for this amplicon is because this
sequence is so numerous that ambient DNA is present in
the air or water.16 Furthermore, this has been suggested to
be “an intrinsic phenomenon of an environment inhabited
by humans that includes laboratory area, reagents and
equipment.”17 Our data suggest that at least in our hands,
this is not correct. If the air from the laboratory area (or
open-plan office with 14 people in it) were the source, then
we would have seen an accumulation in the amount of this
contamination over time. This was not the case, leading us
to conclude that the air in these environments was not the
source of most of the reported contamination.

We reported two occasions of an Alu measurement,
which fell outside the 99.8% interval: one at 6 h and one at
24 h, where the results were �585 and �194 copies/
reaction, respectively. None of the other respective repli-
cate samples displayed comparable quantities of contami-

nating DNA. These two examples of higher copy-number
contamination represent the only cases of environmental-
sourced contamination in our hands. This would have
occurred during the experiment or from the user and/or
equipment during the manipulation of the tubes. Either
way, the infrequency of this increased measurement dem-
onstrates that contamination of human DNA was rare. If
these two statistical outliers are omitted, the findings of
contamination were very consistent (Fig. 1), with a mean of
61 copies/reaction and a CV of 18.79%. This CV repre-
sents a highly reproducible measurement with low error
that further supports the notion that the source of the
“effective laboratory background” was not derived from the
air, the users, or their equipment. This is because the
variation associated from DNA falling from a pipette dur-
ing tube manipulation (for example) would be considerably
more variable. To obtain replicates deliberately with such a
CV by quantitative PCR requires careful experimental
procedure (skilled pipetting, freshly thawed samples, etc.),
and thus, we speculate that the low error of the observed
effective laboratory background can only be explained if
this contamination were already present in one or more of
the reaction components that made up the master mix.

Identification of the source of this contamination
would be a complicated and expensive set of experiments to
perform, as a result of the fact that there are a vast number
of suppliers of various reagents (which would need to be
investigated to avoid prejudice), and any method used to
remove contaminating DNA (enzymatic digestion, UV
treatment, etc.) will have a detrimental effect on some of
the constituent components of the PCR reagents (e.g.,
primers, dNTPs). We have performed preliminary experi-
ments using UV radiation, which suggest the molecular
grade UltraPure� DNase/RNase-free distilled water (In-
vitrogen, Carlsbad, CA, USA) was not the source of the
observed contamination (data not shown), but we feel that
responsibility for identification and subsequent publica-
tion of the presence of contaminating DNA from molecu-
lar grade reagents rests with the suppliers.

Our final observation was the presence of the rodent

FIGURE 3

Sequences derived from PCR reactions from 0-
and 1440-min exposure reactions with Alu-J (A)
and B1 (B) primers. Boxes depict location of the
primers.
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B1 element in all samples. There was no occasion of an
increase above the effective laboratory background during
the experiment. The CV was even less variable than with
the Alu at 12.29%, with a mean of 95 copies/reaction. As
with the Alu data, both observations support the reagents as
the source of contaminating DNA, and we predicted that
the mouse B1 element contamination was most likely a
result of the hot-start mAb used to inactivate the Taq
polymerase used by this reaction. Again, information about
contaminating mouse DNA should be provided by the
suppliers.

In conclusion, the absence of accumulation of contam-
inating DNA over time demonstrates that the air is unlikely
to be the source of the observed high copy DNA sequence
contamination, as speculated previously.16,17 Additionally,
the low copy-number variation observed by the ubiquitous
contamination supports the finding further that this must
have been present in one or more components of the master
mix. Further work would be required to identify which
component(s) contained contaminants; we did not do this,
as the remit of our study was to investigate the air specifi-
cally as a contamination source and whether this was the
cause of the contamination by high copy-number se-
quences, as has been assumed frequently. Laboratory air
was not the source of the reported contamination in our
hands, and we would advise researchers to include their
reagents as a potential contaminant source when investigat-
ing PCR contamination.
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