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Allele-specific PCR is considered to
be the most straightforward approach
for the detection of SNPs (8,9). Howev-
er, its application remains rather limited,
mainly because of insufficient reliabili-
ty. Indeed, under suboptimal conditions,
allele-specific primers tend to amplify
both matched and mismatched alleles,
thus leading to an overestimation of the
proportion of heterozygotes. Tremen-
dous efforts have been undertaken to
overcome this disadvantage. Conven-
tional improvements include rigorous
optimization (i.e., minimization) of the
concentration of the key PCR compo-
nents (primers, nucleotides, magnesium
chloride, DNA polymerase, DNA tem-
plate, etc.), careful adjustment of the
annealing temperature and cycling con-
ditions, introduction of additional desta-
bilizing mismatches into the primers se-
quence, etc. (9). Importantly, all these
modifications eventually aim to increase
the stringency of PCR up to its limits,
thus negatively affecting the total PCR
yield. As a result, the tiny window of
optimal conditions lies between nonspe-
cific and unsuccessful amplification;
hence, researchers often prefer to avoid
allele-specific PCR if other, even more
expensive and laborious options are pos-
sible (4). Recent developments in the
real-time monitoring of allele-specific
PCR have substantially improved its re-
liability (3,8); however, even this kinetic
format requires tedious optimization of
reactions. Furthermore, the cost of high-
throughput instrumentation and reagents
is often incompatible with the budget of
academic and medical diagnostic labo-
ratories. Thus, the need for improve-
ment of conventional approaches re-
mains significant (3).

The best conditions for nonspecific
mispriming occur in the very first cy-
cles of allele-specific PCR, when the
DNA template is subjected to an excess
of PCR components. Once mismatched
product has appeared, it undergoes per-
fectly efficient amplification because its
polymorphic nucleotide already corre-
sponds to the primer, not to the original
DNA template. Hence, the specificity
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of priming during the initial rounds of
PCR is vital for the success of the
method. This accuracy can be achieved
by very stringent PCR conditions; how-
ever, that excessive PCR stringency be-
comes undesirable in the later cycles
when significant accumulation of the
PCR product is expected. The ideal way
to improve allele-specific PCR would
involve the creation of a flexible deposit
of a key PCR component so that the
availability of the limiting PCR mol-
ecule is being adjusted to the growing
amount of PCR template. Surprisingly,
this goal can be achieved by a very sim-
ple option, namely the addition of the
oligonucleotide complementary to the
allele-specific primer (Figure 1).

Under conditions of the usual allele-
specific PCR format, the priming effi-
ciency depends on the rate of two pro-
cesses, such as primer annealing and
primer extension (11). Primer annealing
is not a major limiting factor, as the ex-
cess of either matched or mismatched
oligonucleotide ensures nearly constant
engagement of the corresponding se-
quence in the DNA template. Thus, the
specificity of allele-specific PCR main-
ly depends on the difference in primer
extension for the matched versus mis-
matched nucleotides (Figure 1, left).

This difference itself may often be in-
sufficient to discriminate between alter-
native alleles (1).

The PCR conditions change if the
bulk of allele-specific primer is bound to
the complementary oligonucleotide
(Figure 1, right). The DNA template is
no longer constantly occupied by the
primer because the latter is diverted to
the excess of competitor. However, since
the duplexes in the annealing conditions
are not stable and undergo repeated as-
sociation/dissociation, the chance of
temporary annealing to DNA template
still remains. Further fate of the primer
heavily depends on whether its 3’ nu-
cleotide matches or mismatches. In the
case of a match, even temporary hy-
bridization to the DNA template is fol-
lowed by immediate primer extension
because of the residual activity of the
Tag DNA polymerase at the annealing
temperatures. Thus, the matched primer
is extended and loses the ability to disso-
ciate from the template. On the contrary,
the extension of the 3’ mismatched
primer is compromised, thus increasing
its chances to dissociate from the DNA
template before the elongation occurs.
Noticeably, the association/dissociation
between allele-specific primer and its
corresponding complementary oligonu-
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Figure 1. Schematic representation of conventional allele-specific PCR (left) and allele-specific PCR
with reversible deposition of allele-specific primers by complementary oligonucleotides (right).
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cleotide is absolutely reversible because
neither of the partners undergoes any
modification. Therefore, the absolute
amount of allele-specific primer remains
sufficient to support effective DNA tem-
plate amplification even in the later
stages of PCR. Overall, the proposed de-
sign is expected to secure the specificity
of allele-specific PCR over a broader
range of conditions and without affect-
ing the PCR yield.

To test this hypothesis, we selected
the G/A polymorphism in -308 nu-
cleotide of the TNF-a gene. The true
genotypes were determined by PCR-
RFLP genotyping (5), which is unlikely
to produce false results. The allele-spe-
cific PCR included two allele-specific
primers [5-ATAGGTTTTGAGGGGC-
ATGG-3’ (primer G) and 5’-ATAGGT-
TTTGAGGGGCATGA-3’ (primer A);
the variable nucleotide is underlined],
and the common primer 5-TCTCGGT-
TTCTTCTCCATCG-3" (10). In our
hands, the conventional allele-specific
PCR retained specificity only under
very stringent conditions, which in-
cluded a low concentration of primers
(0.125 uM) and magnesium chloride
(1.0 mM), a high annealing tempera-
ture (60°C), and a low number of PCR
cycles (n =30) (Figure 2). When any of
the mentioned parameters was relaxed,
the nonspecific reaction occurred (Fig-
ure 2, left column). On the contrary, in-
creasing the PCR stringency led to the
absence of the product (data not
shown). Thus, the range of conditions
for this allele-specific PCR was very
narrow, and the reproducible genotyp-
ing could not be achieved.

Next, the same reactions were run in
the presence of complementary deposi-
tory oligonucleotides (5-CCATGCCC-
CTCAAAACCTAT-3’ for primer G and
5-TCATGCCCCTCAAAACCTAT-3’
for primer A; 3-fold excess as compared
to the concentration of allele-specific
primers). With this modification, relax-
ation of any of the mentioned above
critical parameters did not result in non-
specific amplification (Figure 2, right
column). Moreover, allele-specific PCR
retained the specificity even when sev-
eral PCR variables were driven into
suboptimal range simultaneously (Fig-
ure 2, lower panel). Thus, the deposition
of allele-specific primers by comple-
mentary oligonucleotides evidently in-
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creased the reliability of the method.
The degree of excess of the “deposi-
tory” oligonucleotides turned out not to
be critical. Under moderately stringent
conditions, significant improvement of
allele-specific PCR specificity was al-
ready achieved with the 1:1 ratio, and
the reactions remained successful even
with the 5- to 10-fold excess of the com-
petitor (data not shown). Perfect match-
ing between the allele-specific primer
and the complementary oligonucleotide
also was not a prerequisite, as essential-
ly the same results were obtained both
with corresponding and mismatched
primer/competitor pairs (data not
shown). The latter observation is ex-
pected because a single mismatch in the
terminating nucleotide is unlikely to af-
fect considerably the kinetics of associ-
ation/dissociation of 20-mer duplexes,
especially if one of the partners is pre-
sent in excess. This fact substantially in-

creases the flexibility of the suggested
assay: the synthesis of just one of the
depository oligonucleotides should be
sufficient for both allele-specific reac-
tions, and the choice of the terminating
nucleotide could be determined not by
match/mismatch considerations, but
rather by avoiding the undesirable side
effects (formation of primer dimers,
secondary structures, etc.). At least in
theory, this “universal” competitor may
simply lack the counterpart of the vari-
able base, thus being somewhat shorter
than the allele-specific primers.

The present approach has something
in common with so-called “competi-
tive” variations of allele-specific PCR
(2,6-8). In particular, several investiga-
tors suggested adding both allele-spe-
cific primers in the same tube so that
the matched and mismatched oligonu-
cleotides would compete with each oth-
er (2,8). However, in this case, the ratio
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Figure 2. Deposition of allele-specific primers by complementary oligonucleotides broadens the
range of conditions for allele-specific PCR. Representative homozygous and heterozygous genotypes
of the TNF-o gene were amplified by the conventional allele-specific PCR protocol (left column), or in
the presence of a 3-fold excess of the corresponding depository oligonucleotide (right column). The orig-
inal reactions (upper panel) included 50 ng genomic DNA, 0.5 U heat-activated 7ag DNA polymerase, 10
mM Tris-HCI (pH 8.3), 50 mM KCl, 5% glycerol, 1.0 mM MgCl,, 200 uM dNTP, 0.125 uM each primer
in a final volume of 10 uL and were carried out for 30 cycles of 95°C for 35 s, 60°C for 60 s, and 72°C
for 50 s after an initial activation of the polymerase at 95°C for 10 min. Upon subsequent relaxation of
the PCR conditions (lower panels; see details at the right), conventional allele-specific PCR failed to de-
termine the genotypes correctly, whereas the modified protocol retained the specificity. See also the ex-

ample of RFLP genotyping of the same DNA samples.
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between “competitor’” and allele-specif-
ic primer approaches only 1:1, which
may be insufficient in certain situations
(1). Furthermore, the allele-specific
products should be distinguished (e.g.,
by a difference in length or fluorescent
color), which requires additional effort
(2,8). A potentially more powerful solu-
tion involves the introduction into the
sequence of competitor non-extendable
3’-end nucleotide (e.g., dideoxy-NTP)
(6). However, in the first rounds of
PCR, such a “competitive blocker” may
fully occupy minute amounts of specif-
ic DNA template, thus significantly re-
ducing the PCR yield even for the spe-
cific allele. This puts some limitations
on the ratio among competitive blocker,
specific primers, and target DNA se-
quence (6,7). Another disadvantage is
attributed to purely technical reasons:
the production of competitive blockers
is not routine for most manufacturers,
so the addition of the ddNTP to the 3’-
end of the primer is often done by re-
searchers themselves using expensive,
troublesome, and difficult-to-control
enzymatic synthesis (7). Contrary to the
methods described above, our modifi-
cation appears to be a very simple pro-
cedure. Moreover, it does not affect the
availability of the relatively underrepre-
sented original DNA template. On the
contrary, it creates a reversible, specific
depository for the excessive component
of the PCR amplification, namely for
allele-specific primers. Therefore, the
reaction remains favorable for both
specificity and sensitivity over a rela-
tively wide range of conditions.

In summary, this report demonstrates
that the deposition of allele-specific
primers by an excess of complementary
oligonucleotides evidently increases the
reliability of allele-specific PCR. In
contrast to previously described proce-
dures (8,9), the suggested protocol of
allele-specific PCR does not require an
extensive optimization of the reaction
conditions. Notably, the concentration
of complementary oligonucleotides
may vary within a significant range
without affecting the success of allele
discrimination. Further experiments are
required to determine how the peculiari-
ties of each particular genotyping assay
(i.e., nucleotide composition of poly-
morphic sequence, primers length, etc.)
would affect the suitability of this tech-

nique. If proven to be widely applicable,
then the proposed modification may
substantially facilitate SNP genotyping,
either alone or in combination with oth-
er allele-specific PCR improvements.
Its contribution could be especially
valuable for the conventional allele-spe-
cific PCR protocol, which includes dou-
ble-tube allele-specific amplification
followed by gel visualization of the
product. Furthermore, the addition of
complementary depository oligonucleo-
tides may also simplify the optimization
of the modern high-throughput methods
of direct allele discrimination.
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Construction of a Broad
Host Range Cloning
Vector Conferring
Triclosan Resistance

BioTechniques 33:490-492 (September 2002)

Triclosan is an antimicrobial found
in deodorants, toothpaste, hand lotions,
and acne treatments, along with many
other household products and is an ef-
fective inhibitor of both Gram-positive
and Gram-negative species (8). Recent-
ly, there has been increased research
into the mechanisms whereby bacteria
become resistant to the antimicrobial
effects of triclosan. McMurry et al.
(10,11) identified the enoyl-acyl carrier
protein (ACP) reductase, Fabl, as the
main intracellular enzyme target of tri-
closan in E. coli. It has also been
shown, for example, that some bacteria
contain orthologous enoyl-ACP reduc-
tases, namely FabL and FabK, which
are not inhibited by triclosan (6,7).
Bacteria that contain these alternate en-
zymes are able to tolerate higher con-
centrations of triclosan than those bac-
teria that have only the Fabl-type
enoyl-ACP reductase (6,7).

The construction of a vector with a
triclosan resistance determinant would
make triclosan a useful addition to the
selection agents that are currently avail-
able. Triclosan is effective against a
range of bacteria at less than 10 ppm
(8). In E. coli, even mutants with in-
creased resistance are still inhibited at
approximately 10 ppm triclosan (10,
11). Triclosan is also nontoxic to hu-
mans (3,8). These characteristics make
triclosan an attractive selective agent.
However, no cloning vectors are cur-
rently available with triclosan resis-
tance determinants. Here we report the
construction of a broad host range plas-
mid that is amenable to blue-white
screening and that contains a triclosan
resistance marker.

The enoyl-ACP reductase gene fabL
(6), including the promoter, was ampli-
fied by PCR from Bacillus subtilis
chromosomal DNA using the primers
YgaABam (5-GGATCCTTAAACG-
AGCAGTGAGCGTCCGCCGTC-3")
(6) and YgaABam3 (5’-GGATCCCC-
CTTTAAAGTTCTTGCCA-3"). Both

primers were designed with BamHI
sites (in bold) on the 5" ends. PCR
product was ligated into pGEM-T®
Easy (Promega, Madison, WI, USA)
and transformed into One-Shot™ (In-
vitrogen, Carlsbad, CA, USA) chemi-
cally competent cells following the
manufacturers’ instructions. Clones
containing the fabL insert were identi-
fied through gel electrophoresis of
BamHI-digested plasmid. The fabL
fragment was purified from the agarose
gel and ligated into BgllI-digested
pBBR1-MCS2 (9). The ligation reac-
tion was electroporated into E. coli S17
cells, and transformants were selected
on LB agar containing 50 ppm kana-
mycin and 10 ppm triclosan. Several
transformants were obtained, and three
were analyzed by restriction digest
with HindIIl. All contained fabL in the
same orientation. This new vector was
called pBBRT (Figure 1).

E. coli S17 containing pBBRT was
streaked on LB containing up to 10 000
ppm triclosan to determine the level of
resistance. Also, growth curves of E.
coli S17 with or without pPBBRT were
determined in liquid LB medium at var-
ied concentrations of triclosan. In a 96-
well microplate, overnight culture of
either S17 or S17 pBBRT was inoculat-
ed into LB containing 0-100 ppm tri-
closan. Absorbance at 600 nm was
measured over time in a MicroQuant™
(Bio-Tek® Instruments, Winooski, VT,
USA) spectrophotometer with KC Ju-
nior™ software (Bio-Tek Instruments).

E. coli S17 pBBRT was able to grow
in liquid media containing up to 25
ppm triclosan. At 50 ppm and higher,
growth of S17 pBBRT was slow, al-
though not completely inhibited (data
not shown). The parental E. coli S17
strain has a minimum inhibitory con-
centration of less than 1 ppm (data not
shown). On LB agar plates, however,
S17 pBBRT was able to grow in the
presence of up to 10000 ppm triclosan,
whereas the parent strain could not
grow on plates containing 2 ppm tri-
closan. The tolerance of higher tri-
closan levels by S17 pBBRT on the
plate may be due to diffusional con-
straints of the excess triclosan, as tri-
closan is only soluble to approximately
10 ppm in water (4). To demonstrate
the utility of this construct in other or-
ganisms, pBBRT was also transferred
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