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Two decades after the original demonstration of digital PCR, Bio-Rad’s QX100™ and QX200™
Droplet Digital PCR (ddPCR™) Systems have finally made this method widely accessible, facile,
and affordable. ddPCR partitions traditional PCR reactions into tens of thousands of highly
uniform nanoliter-sized droplets and performs end-point PCR. Target molecules of interest

can then be counted as PCR-positive and PCR-negative droplets in the droplet reader and
their concentration in the sample computed without reliance on a standard curve.

Here we showcase the use of ddPCR for detection of DNA methylation in bisulfite-converted
genomic DNA (gDNA) samples. We demonstrate unprecedented sensitivity, linearity, and
robustness of DNA methylation detection by ddPCR in the SNRPN promoter, a model system
for an imprinted gene involved in neurological disorders.

Introduction

DNA methylation is one of the most studied epigenetic
modifications. DNA methylation plays an important role in

a number of physiological processes as well as common
diseases such as cancer and neurodegenerative disorders.
In mammals, DNA methylation occurs at the C5 position of
cytosine in CpG dinucleotide sequences, which are mainly
concentrated in regions known as CpG islands. Methylation
in CpG islands within gene promoters usually leads to gene
silencing. Recent data have shown a correlation of DNA
methylation and disease status. However, there is an unmet
need for a sensitive yet robust method to analyze DNA
methylation in clinical samples.

We chose SNRPN as a model gene for methylation detection
by ddPCR since it is a known imprinted gene. The maternal
SNRPN gene is methylated (silenced), whereas only the
paternal gene is expressed. We developed a ddPCR protocol
for detection of methylation sites in the SNRPN promoter
based on bisulfite-converted gDNA samples. Our method

is very sensitive, linear, and robust, and is suitable for low
concentrations in biological samples.

Methods and Results

High- and low-methylated rat gDNA controls were
purchased from EpigenDx. gDNA from primary rat neurons
(Life Technologies Corporation) and cell lines from American
Type Culture Collection (9L/lacZ, B35, and L2) were prepared

using the MINI Genomic DNA Kit from IBI Scientific. Up to
500 ng of gDNA was bisulfite converted using the EZ DNA
Methylation-Lightning Kit (Zymo Research Corporation).
Converted DNA (1-3 pl) was subjected to ddPCR in duplicate
reactions using the primers/probes shown in Figure 1 and
ddPCR Supermix for Probes (No dUTP) (Bio-Rad) on a QX100
ddPCR System with an annealing temperature of 52°C. DNA
methylation detection results are shown in Figures 2 and 3.

>chr1:111592360-111593159 (reverse complement)
ACTTCTTGGGAACTATTTTTAATTTTTTAAAAATATATTCAGAAATAG-
GTAATTGTATCCATTAGCCCAGATTGACAGCTATTATTTTTTTTTTTA-
AATACTTGCTCAAATTTCCTTAGTAGGAACTCTGAAGATCAGATAGCT-
GACTTTTGACAGGACATTGCAGTCAGAGAGTGACATGGA-
CCCCTGCATTGCGGCAAAAATGTGCGCATGTGCAGCCCTTGCC-
[TTGGACGCATGCGTAGGGAGCAGCACGAAAAACCTGAGCCATT-
GCGGCAAGTCTAGCGCAGAGAGTAGAGGGTGCtggagatgccagac-
ggttggttctgaggagagattttgcaacgcaatggagcgagg

Forward primer: AGTtAGAGAGTGAIATGGA
Reverse primer: CAACACCCTCTACTCTCT

Methylated probe: FAM-TTGGACGIATGCGTAGG
Nonmethylated probe: HEX-TTGGAtGtATGtGTAGGGAG

Fig. 1. Primer and probe design. Forward and reverse primers were designed
to bind sequences (underlined above) flanking known methylation sites in the
rat SNRPN promoter. A FAM-labeled probe was designed to bind methylated
and a HEX-labeled probe to bind nonmethylated CpG sites in the promoter DNA
(black box, covering two CpG sites). CpG methylation sites are shown in red.
The C in CpGi is resistant to bisulfite conversion and remains a cytosine upon
bisulfite treatment. Blue font indicates cytosines that will be changed to
uracil/thymidine by bisulfite treatment.
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Fig. 2. Sensitivity of methylation detection by ddPCR. High- and low-methylated control gDNA were mixed according to the percentages indicated in B and
C (methylated sample, %) and subjected to bisulfite conversion and ddPCR. A, 2-D ddPCR analysis plot; B, concentration measurement of methylated and
nonmethylated promoter DNA in mixed samples; C, ddPCR can detect levels of SNRPN promoter methylation as low as 0.5% (and 1.75 copies/ul as shown in B).
R? value shows good correlation between expected and measured percentages of methylated DNA.
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Fig. 3. Detection of DNA methylation in rat primary neurons and cell lines. gDNA samples were bisulfite converted and analyzed by ddPCR in two
independent experiments (runs 1 and 2). Levels of methylated (FAM) and nonmethylated (HEX) DNA from run 1 (A) and run 2 (B) are shown. Duplicate
experiments and repeated runs 1 and 2 show a very similar measured percentage of methylated DNA.

Summary
= Highly methylated control DNA contains ~20%
nonmethylated sites

= Detection of methylated DNA using ddPCR is a highly
robust and reproducible method

= At least 0.5% of methylated SNRPN promoter DNA can
be detected by ddPCR using 150 ng of bisulfite-converted
9gDNA per well
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Conclusions

We designed a ddPCR duplex assay to detect two adjacent
methylation sites in the SNRPN promoter. Using high- and
low-methylated control gDNA, we show that our method
can detect amounts as low as 0.5% methylated DNA in
the background of a nonmethylated control DNA. We also
demonstrate superior sensitivity, linearity, and robustness
of DNA methylation detection by ddPCR. Mixed cortical
neurons show 56-60% of SNRPN promoter methylation,
which indicates that our method is suitable for measuring
methylation in biological samples with low concentrations.
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Visit bio-rad.com/web/ddPCRMethylation
for more information.
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EZ DNA Methylation-Lightning is a trademark of Zymo Research Corporation. FAM is a trademark of Applera Corporation.

The QX100 or QX200 Droplet Digital PCR System and/or its use is covered by claims of U.S. patents, and/or pending U.S. and non-U.S.
patent applications owned by or under license to Bio-Rad Laboratories, Inc. Purchase of the product includes a limited, non-transferable
right under such intellectual property for use of the product for internal research purposes only. No rights are granted for diagnostic uses.
No rights are granted for use of the product for commercial applications of any kind, including but not limited to manufacturing, quality
control, or commercial services, such as contract services or fee for services. Information concerning a license for such uses can be

obtained from Bio-Rad Laboratories. It is the responsibility of the purchaser/end user to acquire any additional intellectual property rights
that may be required.
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