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ABSTRACT 
 
We analysed a DNA sample from a father and child 
who were both heterozygous for a 7 base pair inser- 
tion in the MEST gene differentially-methylated 
promoter region, previously shown by PCR analysis 
of bisulphite-treated DNA to be on the methylated 
allele in the unaffected father and the unmethylated 
allele in the affected child. PCR from genomic DNA 
was then carried out using a commercial PCR kit 
with its recommended initial DNA denaturation step 
of 2 minutes. Subsequent sequence analysis showed 
that only the non-methylated allele had been ampli- 
fied, the father appearing to be homozygous normal 
and the child appearing to have a homozygous 7 b.p. 
insertion. The PCR protocol was then modified in 
order to use a longer DNA denaturation stage prior 
to the addition of the polymerase enzyme. Upon do- 
ing so, both the methylated and non-methylated al- 
leles were then identifiable by sequencing with the 
mutation appearing in its expected heterozygous 
form. These results highlight the fact that the methy- 
lation status of DNA can affect the denaturation rate 
prior to PCR and result in allele drop-out, showing 
that the standard protocols of commercial kits should 
be used with caution when working with methylated 
regions of DNA. 
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1. INTRODUCTION 

Due to the high GC content of differentially-methylated 
regions (DMRs), the PCR amplification of these sites 
from untreated genomic DNA often involves the use of 

special polymerase enzymes or kits which often do not 
have “hotstart” capabilities. We regularly use the Fail- 
safeTM system (Epicentre Biotechnologies, Madison, Wis- 
consin, USA) which has as its standard protocol an ini-
tial DNA denaturation step of 1 - 2 minutes following 
the addition of the polymerase enzyme.  

Recently, we identified a two-generation family with a 
7 b.p. insertion in the MEST gene differentially-methy- 
lated promoter region (c.1-99_1-93insdupGGGCTGC). 
This insertion was shown by previous PCR analysis of 
bisulphite-treated DNA to be on the methylated chro- 
mosome in the unaffected father and on the non-methy- 
lated chromosome in the affected child (data not shown). 
PCR from genomic DNA was then carried out on both 
individuals using the FailsafeTM system. However, sub- 
sequent sequencing analysis showed that the child ap- 
peared to be homozygous for the 7 b.p. insertion whilst 
the father only had the normal allele, indicating that only 
the non-methylated chromosome had been amplified 
during PCR in each case. The PCR protocol was then 
modified to include an extra DNA denaturation stage 
prior to the addition of the enzyme in order to also create 
a PCR product from the methylated chromosome.  

2. MATERIALS AND METHODS 

PCR analysis of the MEST DMR was initially carried 
out using the FailsafeTM PCR system with FailsafeTM 
Buffer G and the standard supplied protocol which has a 
suggested pre-PCR denaturation time of 1 - 2 minutes at 
92˚C - 98˚C (we used 2 minutes at 94˚C). Subsequent 
PCR was performed using a modified protocol which 
added an extra 2 - 10 minutes of DNA denaturation to 
the start of the protocol, prior to the addition of the Fail- 
safeTM polymerase enzyme. The primers used in the 
nalysis were aaccagcacaccccggca (forward) and aatgcg-  a  
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Figure 1. Sequence chromatograms of the PCR products from the father (forward and reverse) that had undergone an 
initial total denaturation time of 10 minutes (A) or 12 minutes (B). 

tgccgcctgtcg (reverse) with a PCR annealing temperature 
of 60˚C. 

3. RESULTS  

After increasing the length of DNA denaturation prior to 
polymerase enzyme addition, the methylated allele from 
the MEST DMR was then identifiable at the sequencing 
stage, with the methylated allele starting to appear after a 
total of 12 minutes of DNA denaturation prior to the 
PCR cycles. Results from the father are shown in Figure 
1.  

4. DISCUSSION 

The methylation status of genomic DNA has been pre- 
viously shown to have an influence on DNA denatura- 
tion [1], but there are no previous reports of it having an 
affect on the PCR analysis of differentially methylated 
genomic regions. In the two individuals studied here, the 
preferential amplification of a single allele was clearly 
proven to be methylation-specific and not sequence- 
specific. These results were obtained by using a com- 
mercial kit and following its standard supplied protocol. 
It was only by adapting the standard protocol that we 
were able to amplify the methylated allele in the DMR 
of the MEST gene, an increase in the initial DNA dena- 

turation step being necessary for the amplification of 
both non-methylated and methylated alleles.  

The data presented here offer a cautionary tale by 
highlighting the fact that commercial PCR kits with 
short initial DNA denaturation protocols can be affected 
by the methylation status of genomic DNA, leading to 
potential allelic drop-out. Such commercial kits are ideal 
for GC-rich regions, but great care should be taken if 
working with known methylated regions. However, the 
phenomenon of DNA denaturation being influenced by 
its methylation status may allow selective amplification 
of the non-methylated homologue in differentially me- 
thylated regions if required, although the timing of the 
denaturation process would have to be highly optimised 
to suit the specific sequence and primers used.  
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