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Many studies have reported the presence of bacterial DNA contamination in commercial Taq DNA poly-
merase reagents. This is the first report of the presence of phage-like DNA sequences in certain commercial
Taq DNA polymerase reagents. Precautions are needed when using amplification reagents with exogenous
DNAs.

PCR is a highly sensitive technique widely used for rapid
detection of specific DNA sequences, with numerous applica-
tions in basic research, clinical diagnosis, and microbial iden-
tification. This technique can amplify a single copy of template
DNA 106- to 107-fold, causing small amounts of endogenous
DNA to be potentially a serious contamination problem (3, 8,
14, 18, 20). The highly conserved bacterial 16S rRNA genes are
among the widely used PCR targets for identification and de-
tection of microorganisms (5, 7, 10, 11, 21, 22). Our laboratory
has also been utilizing broad-range PCR amplification of the
highly conserved 16S rRNA gene sequence to detect the pres-
ence of prokaryotic agents in cultures of various clinical spec-
imens. In a study, we observed that PCR amplification using
the pA/pH primer pair of the 16S rRNA gene sequence (2, 4)
produced several DNA bands with sizes different from the
expected target of approximately 1.5 kb. Characterization of
these PCR products and further PCR study revealed they were
amplified from commercial Taq DNA polymerase reagents
apparently contaminated with trace amounts of bacterial
phage-like DNAs.

In a routine experiment using the highly conserved 16S
rRNA gene primers pA (AGAGTTTGATCCTGGCTCAG)
and pH (AAGGAGGTGATCCAGCCGCA) designed by Ed-
wards et al. (4) and used by others (6, 12, 13), we observed a
number of unexpected PCR products with sizes ranging from
100 bp to more than 2.0 kb, in addition to the expected 1.5-kb
band amplified from the 16S rRNA gene (Fig. 1, band D). PCR
amplification conditions were 95°C for 2 min followed by 45
cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 1 min and
a final 10-min extension step at 72°C. The PCR annealing
temperature was set at a stringent parameter to reduce side
product formation. Side products or secondary products, not
uncommonly seen in PCR studies, were often ignored. How-
ever, we selected three PCR products (Fig. 1, bands 3A, 3B,
and 7C) for further study. These three unexpected PCR prod-
ucts were gel purified, cloned, and sequenced. The resulting

sequences were aligned with sequences in the GenBank data-
base. A small portion of DNA sequence 7C (nucleotides 190 to
2031) showed 81% homology to the tail fiber gene of Pseudo-
monas phage gh-1. The deduced amino acid sequence of a
segment (nucleotides 210 to 2031) of the 7C sequence showed
partial homology to the tail fiber protein of enterobacterial
phage T7 (88%). Nucleotide sequences 3A and 3B showed no
significant match or homology to sequences previously depos-
ited in GenBank. However, deduced amino acid sequences of
3A and 3B showed partial homology to tail tubular protein B
(72%) and putative DNA ligase (55%) of Pseudomonas phage
gh-1, respectively.

Four different primer pairs were designed from the phage-
like DNA sequences 3A, 3B, and 7C; among these four primer
sets, two primer pairs (3B-1 and 3B-2) were derived from
sequence 3B (Table 1). When these primer sets were used to
detect the phage-like DNAs in our cultures by PCR, we found
PCR bands of expected sizes were generated from all of our
culture samples. However, we noticed PCR amplification
against water samples serving as negative controls also pro-
duced prominent positive results. All the PCR products were
confirmed to be the phage-like DNA sequences by nucleotide
sequencing. This repeated finding led us to further study the
nature of the phage-like DNA sequences and reexamine our
PCR system. We specifically compared, in parallel, the PCR
using Taq DNA polymerase reagents from different commer-
cial sources.

Taq DNA polymerases from five different commercial lots
were tested. Three lots were from one company (company A),
and the other two lots were two different brands from a second
company (company B). All five lots of polymerase enzymes
together with the accompanying reagents were tested against
the four primer pairs derived from phage-like DNA sequences.
PCR was performed against deionized water samples with or
without UV treatment, which has been shown to reduce false-
positive PCR signals (15, 17). Cloned 3A, 3B, or 7C DNA was
added into one of each group of reaction tubes to serve as the
positive controls for the respective primer set. No exogenous
DNA template was added in any other PCR tubes. The reac-
tion cocktail consisted of 1� buffer (100 mM Tris-HCl, pH
8.3), 200 �M deoxynucleoside triphosphate, 2.5 mM MgCl2, 25
pmol of each primer, and 1.25 U of Taq DNA polymerase. In
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the PCR study, the same PCR cocktails were used with differ-
ent Taq polymerases. PCR amplification conditions were 95°C
for 10 min, 45 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C
for 1 min followed by a final 10-min extension step at 72°C. The
phage-like DNAs were amplified from all three lots of DNA
polymerase from company A by the 3A primer set (Fig. 2A).
Moreover, two lots of enzyme reagents from this company
tested positive by all four primer sets examined (Fig. 2A). In
comparison, Taq DNA polymerase of two brands from com-
pany B did not amplify the phage-like DNAs in these water
samples when tested against the same four primer pairs (Fig.
2B). Only the tubes of positive controls with cloned 3A, 3B, or
7C DNA for each of the respective primer sets had positive
PCR products. Since the companies provided their own buffer
and MgCl2 solutions, we also tested the buffer solutions that

had the same ingredients and similar pH as well as MgCl2
solutions by swapping them with other companies’ polymerase
reagents in the PCR study. The buffer and MgCl2 solutions
from each company made no difference in the results produced
by each of the polymerase reagents tested.

Different sequences of the primer sets designed from differ-
ent gene fragments often exhibited different sensitivities in
detecting the respective genes by PCR. The 3A primer set
appeared to be the most sensitive primer set in detecting the
trace amount of contaminating phage-like DNAs among the
four primer sets tested in this study. On the other hand, each
lot of the commercial Taq DNA polymerase could be contam-
inated by different amounts of the phage-like DNAs. Com-
pared to lots 1 and 2, lot 3 was apparently contaminated with
less of the phage-like DNAs that could be detected only by
PCR with the more sensitive 3A primer set.

The presence of DNA contamination surrounding Taq DNA
polymerase was previously reported in many PCR studies (1, 9,
16, 19, 20). Most of the contamination reported was exogenous
bacterial DNA. Precautions were called for in PCR detection
of bacterial ribosomal DNA (rDNA) sequences in samples
using the highly preserved 16S rDNA primer sets for broad-
range amplification. Our study is the first report of finding
bacterial phage-like DNA in some commercial Taq DNA poly-
merase reagents. Interestingly, the phage-like DNA was acci-
dentally discovered in studies that used a previously reported
broad-range primer set for amplifying 16S rDNA. Initial am-
plification of the phage like DNAs was likely due to, by chance,
partial annealing between the “mismatched” primer set and
the trace amount of phage-like DNAs in certain reaction tubes.
However, presence of these contaminating DNAs in the Taq
DNA polymerase became evident after PCR amplification

FIG. 1. PCR products amplified from primary cultures using universal 16S rRNA gene primers pA and pH. PCR products were run on a 1.5%
agarose gel with Tris-acetate-EDTA buffer. Lane 1, 100-bp DNA ladder; lanes 2 to 13, PCR products from cultures of clinical samples. The bands
of interest, 3A (663 bp), 3B (422 bp), and 7C (2.0 kb), were eluted from the gel, cloned into the pGEM T vector, and sequenced. The size of the
expected 16S rRNA gene PCR product was approximately 1.5 kb (band D).

TABLE 1. Primers designed from the cloned DNA sequences (3A,
3B, and 7C) and their respective PCR product sizes

Primer Sequence

Expected
size (bp)
of PCR
product

3A F 5� AGGACCCCTTCGTCACGC 3� 264
3A R 5� CGCTGAGGACATCTCGGC 3� 264

3B-1 F 5� ACCGCCGACCTGCTGAAACG 3� 270
3B-1 R 5� CAACCGTCTTCCTTGACC 3� 270

3B-2 F 5� AGCCTAAGATGAGCACCATTCG 3� 188
3B-2 R 5� TTGTAGACCCACTTGTCGCCCTG 3� 188

7C F 5� AAGCACGGGACCTTACTACG 3� 207
7C R 5� ACCAGCAGATGCCTCACAGG 3� 207
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with certain phage-specific primers. The phage-like DNAs
were amplified in all specimens when the contaminated re-
agents were used. It is important to note that, although our
study showed the prevalence of contamination by bacterial
phage-related DNAs in the Taq DNA polymerase reagents
from one particular company, it does not exclude the possibil-
ity of contamination by other kinds of DNAs or genes in the
reagents of other commercial brands.

Scientists in a wide variety of fields use the highly sensitive
PCR technique. Identification of exogenous DNA contamina-
tion in Taq DNA polymerase reagents as well as notification of
the potential problems due to contamination of the reagents
should be important to the scientific community. The tainted
amplification reagents, even with only trace amounts of DNA,
can produce artificial results that can be extremely confusing
and misleading. It could also be very time-consuming for the
scientist to follow up on the artificial products.

Nucleotide sequence accession numbers. The DNA se-
quences determined in this study were deposited in the Gen-

Bank database under the following accession numbers: 3A,
AY587125; 3B, AY587126; 7C, AY587127.

We thank Douglas J. Wear and Shimin Zhang for their constructive
discussion and kind help in manuscript preparation.
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