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Effect of single mismatches at 3'—end of primers
on polymerase chain reaction

*Simsek M, Adnan H
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ABSTRACT: Objective and Method — To investigate the effect of three different mismatches (G/T, G/A or G/G) at the 3o
end of a primer to amplify a 268 bp (base pair) region of the human e-globin gene using different annealing temperatures
(45 to 65<). Results — The primer with the G/T mismatch was as efficient as the normal primer (G/C match) in the
amplification of a 268 bp product at all temperatures tested. However, the primers having G/A or G/G mismatches at the 3'-
end did not produce any specific polymerase chain reaction (PCR) fragment at all the annealing temperatures used, except a
barely detectable 268 bp product for the G/G mismatch at 45 and 50<C. Conclusion— We conclude that our PCR system was
refractory to amplification when one of the primers contained a G/A or G/G mismatch at the 3e-end with template DNA.
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and powerful method by which specific sequen-
ces of template DNA can be amplified more
than a million fold using 2030 cycles of DNA synthe-
sis.! Each cycle requires three stages: first, denaturation
of DNA at high temperature (90-94°C), second,
annealing of oligonucleotide primers at a lower temp-
erature (usually at 40 to 60°C), and finally, extension of
primers at 72°C by faq DNA polymerase, a heat stable
enzyme. Most of the DNA polymerases used in PCR
lack an intrinsic 3' to 5' exonuclease activity.? Thus,
oligonucleotides with a mismatch at the 3'-end may be
extended and serve as primers in the polymerase chain
reaction (PCR). The efficiency of such primers would
depend on many factors, including the nature of the
mismatch, the kinetics of association and dissociation
of primer-template DNA duplex at the annealing and
extension temperatures, and the effect of a mismatch
on the stability of the duplex DNA formed.
Several investigators have begun to evaluate the

Polymerase chain reaction (PCR) is a sensitive

possible effects of mismatches in their primers.>> It
has been shown that a single mismatch at or near the
terminal 3' base of a primer affects PCR more
dramatically than those single mismatches located
internally or at 5' end.® Using primers with one or
more mismatches near the 3' end, allele specific ampli-
fication (ASA) has been developed’ for the detection
of mutations in genetic diseases.

In this study, we have evaluated the effect on
PCR, of three different mismatches (G/T, G/A and
G/G) located at the 3'—terminal end of ptimers which
were used to amplify a small region in the human 3-
globin gene.

METHOD

DNA ISOLATION

Miller’s salting-out procedure® was used to isolate
genomic DNA from whole blood with ethylene-
diamine tetra acetic acid (EDTA) as anticoagulant. The
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nuclei of white blood cells were isolated after lysis of
cells with a non-ionic detergent. The isolated cell nuclei
were suspended in a buffer containing an ionic
detergent (SDS) and proteinase K which digests the
proteins associated with chromosomal DNA. All the
proteins were precipitated using high salt concentra-
tion (salting out) and the DNA in the supernatant was
recovered by precipitation with ethanol. The amount
of DNA obtained was around 5-10 pg per 0.5 ml
whole blood.

DNA amplification by Polymerase Chain Reaction.

A small region (286 bp) of human B—globin gene
was amplified using a pair of primers which were either
completely complementary to the globin gene, or had a
single mismatch at the 3'—end. Genomic DNA was
amplified in 50 pl reaction volumes with 25 pmoles of
each primer, 1 unit of ampliZag DNA polymerase
(Perkin-Elmer Cetus Inc.), 200 uM each of the four
deoxynucleoside triphosphates, and a buffer containing
10 mM Tris pH 8.3, 50 mM KCI, 0.01% gelatin, and 1
mM MgClz (unless otherwise mentioned). All amplifi-
cations were started by the addition of the Taq DNA
polymerase at 94°C (hot start) and continued for 30
cycles in a DNA thermal cycler (Hybaid Inc.) Each
cycle of amplification contained the following steps:
DNA denaturation: 2 minutes at 94°C, primer anneal-
ing: 2 minutes at 50°C, and primer extension: 3 min-
utes at 72°C. The PCR products were separated by
electrophoresis on 2.5% agarose gels and detected by
staining with ethidium bromide (0.5 pg/ml) for 15
minutes in electrophoresis buffer (40 mM tris acetate
pH 8.0 and ImM EDTA). A polaroid land camera
(MP4 Kodak) was used to take pictures of the gels
over a UV trans-illuminator in dark room.

Synthesis of DNA primers

Two sets of oligonucleotide primers were synthe-
sised using a DNA synthesizer (Pharmacia, Gene As-
sembler Special 4). One set completely matched the
template DNA while the other had an upstream pri-
mer with a mismatch at its 3'—end. If the A residue in
the ATG initiation codon is taken as position 1 in the
human globin gene, the down—stream primer (HG—
P2) was complementary to the sense strand (positions
54 through 73), and had the following sequence: 5'—
CAACTTCATCCACGTTCACC-3'. The upstream
primer (HG-P1) complemented the anti-sense strand
of the B—globin gene (from position —195 to —176)
with the following sequence: 5'—~AAGAGCCAAGG-
ACAGGTAC-3'. The three different upstream
primers (HG-P1a, HG-Pls, HG-P1r) with a single
mismatch were identical to the sequence of the HG—
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P1, except that they had an A, G or T residues,
respectively replacing the terminal C at their 3'—end.
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FiGure 1. The effect of Magnesium
concentration on PCR.

The reaction conditions were as described in the
‘methods’ section, using normal primers, except the
variation in Mg” concentration. After 30 cycles of
amplification, the PCR products were separated by
electrophoresis on a 2.5% agarose gel (at 90 volts for
60 minutes) and detected by staining with ethidium
bromide. The arrow shows the position of a specific
PCR product (268 bp). Lane M contained DNA size
markers. Lane 1 was negative control (without any
template DNA added) in the PCR amplification. The
reactions in lanes 2 to 6 contained different
concentrations of Mg” ions: lanes 2 & 3 (0.5 mM),

RESULTS

The primers used in this work specified the ampli-
fication of a 268 bp region of the human B—globin
gene. Before studying the effect of mismatches at the
3'—end of ptrimers, an optimization for MgCly was
carried out since any PCR amplification is known to be
very sensitive to magnesium ion concentration.” Using
the normal primers, it was found that a detectable 268
bp PCR product was amplified at different Mg*2 ion
concentrations ranging from 0.5 to 4.0 mM in 0.5 mM
increments (data not shown). However, above 1.5 mM
concentration, there were too many nonspecific pro-
ducts, and furthermore, the desired 268 bp product
decreased in quantity with increased Mg*? ion con-
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EFFECT OF SINGLE MISMATCHES ON PCR
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Ficure 2. The effect, on PCR, of single mismatches between the 3’ base of a primer and template DNA at two temperatures

The arrows indicate the position of the specific 268 bp PCR product. In both panels, lane M contained DNA sized markers. Lane
1 was negative control and lane 5 the positive control containing normal pair of primers. Lanes 2, 3 and 4 contained the

mismatched ptimers, ending with G/A, G/T and G/G, respectively.

centration. Figure 1 shows a duplicate titration of
magnesium ions at 0.5 to 1.0 mM range. There were
no detectable non-specific products and the best
amplificaton of the 268 bp product was achieved at 1.0
mM MgCl; concentration (figure 1, lanes 6 &7).

To study the effect of mismatches at the 3'—end of pri-
mers, we attempted to amplify the 268 bp DNA frag-
ment at different annealing temperatures, from 45 to
065°C using a normal downstream primer (HG-P2)
together with a single mismatch containing upstream
primer (HG-P1a, HGP1T or HG-P1G). Having a G
residue in the template DNA at the corresponding
position, each of these primers would normally form
19 normal base pairs with the template, but in this
case, resulted in a mismatch of G/A, G/T or G/G at
the 3' terminal end, respectively. Figure 2 shows some
representative results obtained with different primers at
50 and 65°C. At both annealing temperatures, when
normal primer pairs were used (figure 2, lane 5) the
desired 268 bp DNA fragment was amplified satis-
factorily without any detectable non-specific products.
Interestingly, the ptimer with a G/T mismatch
produced similar results (figure 2, lane 3). However,
the results obtained with the primers containing either
a G/A or G/G mismatch were entirely different. The
ptimer with the G/A mismatch (figure 2B, lane 2)
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showed no detectable 268 bp product at 65°C, a fairly
distinct but a smaller PCR product than 268 bp at
50°C, but was undetectable at 65°C (Lanes 4 in figure
2B and 2A respectively).

DISCUSSION

We have studied here the priming efficiency of a
20 nucleotide long primer set which provided three
different single mismatches (G/T, G/A and G/G)
with the template DNA used. The G residue was lo-
cated in the template (3-globin gene) while T, A or G
were at the 3'—end of the primers.

Our results showed that the G/T mismatch
primed the synthesis of a 268 pb specific PCR product,
almost as efficiently as the normal primer (HG-P1)
which contained a G/C match at the 3'—end.
However, the priming efficiency of the primers with
G/A or G/G mismatches was extremely poor, and
resulted in the production of no specific PCR fragment
that was detectable by staining with ethidium bromide.

The results obtained with all three mismatches
were essentially the same as in figure 2 at different
annealing temperatures tested (45 to 65°C) except that
the specific PCR product (268 bp) was barely detect-
able for the G/G mismatch at 45, 50 and 55°C but for
the G/A mismatch, no specific product was detectable
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at all at any of the tested annealing temperatures. The
G/A mismatch, however, produced a faitly strong and
distinct product at 45°C, sized <200 bp and was not
produced at all at higher annealing temperatures (figure
2B, lane 2). We concluded that it must be a non-speci-
fic PCR product formed possibly due to dimerization
of the primers.?

The priming efficiency of mismatched primers
has already been studied by various groups. Our result
with G/T mismatch agrees with that of Kwok!! who
showed that a single mismatch of T/T, T/C or T/G at
3'—end had no effect on the priming efficiency of their
ptimers. The same group also studied a A/G mis-
match, and our results agree with theirs. However, our
tesults with the G/G mismatched primer (figure 2,
lane 4) contradict some of the published work. For
example, Newton!? reported that a single G/G mis-
match had very little effect on the priming efficiency of
their primers, while we could get only a barely detect-
able specific PCR product at 45-55°C, and none at 60
or 65°C.

One potential application of mismatched primers
has been towards identification of point mutations in
genetic diseases. Using ASA primers which differed
only by one base at 3'—end, like ours, Okayama’ was
able to detect three different point mutations in pati-
ents with an O1-antitrypsin deficiency. However, their
results were contradictory to ours, as well as many
other studies reported!®!! in that 10 of the 12 possible
mismatches, including a G/T mismatched ptimer,
were all refractory to any detectable amplification.

However, it is difficult to make a direct compari-
son of the results reported with vatious 3' mismatched
primers, due to differences in the PCR amplification
conditions, especially the length and concentration of
primers. In some studies, the primers were too short
(12-16 bases)!? and hence a 3'—mismatch may have
more dramatic effects both on the stability of primer-
template dublex and the extension of mismatched
primer by DNA polymerase. On the other hand, if the
primers are too long, like 30 bases used by Ehlen and
Dubeau,!3 the effect of 3'—mismatch on PCR may be
minimal. The primers used in this work were inter-
mediate in size (20 bases long), a size commonly used
by many research groups.

CONCLUSION
In summary, our upstream primers resulting in an
A/G ot G/G mismatch at the 3'—end with template
DNA were refractory to amplification. But the same
primer, when ended with a T/G mismatch, showed no
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refractoriness, and was as efficient as the normal
primer for the amplification of a 268 bp DNA of the

human [3-globin gene.
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