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Aberrant DNA methylation is a common epigenetic alteration found in colorectal adenomas and cancers and plays a
role in cancer initiation and progression. Aberrantly methylated DNA loci can also be found infrequently present in
normal colon tissue, where they seem to have potential to be used as colorectal cancer (CRC) risk biomarkers. However,
detection and precise quantification of the infrequent methylation events seen in normal colon is likely beyond the
capability of commonly used PCR technologies. To determine the potential for methylated DNA loci as CRC risk
biomarkers, we developed MethyLight droplet digital PCR (ddPCR) assays and compared their performance to the
widely used conventional MethyLight PCR. Our analyses demonstrated the capacity of MethyLight ddPCR to detect a
single methylated NTRK3 allele from among more than 3125 unmethylated alleles, 25-fold more sensitive than
conventional MethyLight PCR. The MethyLight ddPCR assay detected as little as 19 and 38 haploid genome equivalents
of methylated EVL and methylated NTRK3, respectively, which far exceeded conventional MethyLight PCR (379 haploid
genome equivalents for both genes). When assessing methylated EVL levels in CRC tissue samples, MethyLight ddPCR
reduced coefficients of variation (CV) to 6–65% of CVs seen with conventional MethyLight PCR. Importantly, we showed
the ability of MethyLight ddPCR to detect infrequently methylated EVL alleles in normal colon mucosa samples that
could not be detected by conventional MethyLight PCR. This study suggests that the sensitivity and precision of
methylation detection by MethyLight ddPCR enhances the potential of methylated alleles for use as CRC risk
biomarkers.

Introduction

Colorectal cancer (CRC) is the third most common cancer
and the second leading cause of cancer-related death in the
United States.1 The risk of CRC varies among people; those peo-
ple with a personal or family history of colon polyps or CRC
(excluding defined cancer family syndromes) can have a >10%
lifetime risk of CRC.2-7 It appears that this increased risk is at
least partly related to the effect of genetic variants and/or a field
cancerization phenomenon, or ‘field effect’, in which the normal
colon is primed to develop polyps or CRC.8-10 Biomarkers that
can identify and accurately risk-stratify individuals have the
potential to be used in personalized cancer prevention programs,
which improve the effectiveness of CRC prevention and early
detection.

Aberrantly methylated genes hold promise as risk biomarkers
for colorectal cancer.11,12 For example, methylated mir342/EVL
and other genes have been detected at higher frequency in the
normal colon of people with CRC compared to average risk indi-
viduals, suggesting that they may indicate a field cancerization
process.10,11,13 However, the potential of methylated genes as
effective colon cancer risk biomarkers has not been fully realized
and we postulate that this is because the methylated alleles pres-
ent in normal colon mucosa are present at levels that are often
below the detection limits of current PCR technologies. A more
precise and sensitive method to detect low levels of methylated
DNA would allow a better determination of whether methylated
genes can be used as field effect markers. Droplet digital PCR
(ddPCR) is a new technology that has the potential to precisely
detect nucleic acid targets in various clinical specimens,14,15 but
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there are no published studies of its application to detecting
methylated alleles.

In this study, we developed a MethyLight-based ddPCR assay
to accurately quantify methylated NTRK3 and methylated EVL
in tissue samples. We demonstrated that MethyLight ddPCR has
a 25-fold lower limit of quantification (LOQ) and 20-fold lower
limit of detection (LOD) than conventional MethyLight PCR.
MethyLight ddPCR significantly improved precision and quanti-
fication to detect methylation in primary CRC tissues and nor-
mal colon mucosa biopsies. Our study shows the potential of
MethyLight ddPCR-based assays to assess the use of methylated
alleles as biomarkers for field cancerization and for the early
detection of CRC.

Materials and Methods

Sample acquisition and preparation
Normal and matched cancer samples were collected from the

Cooperative Human Tissue Network and ColoCare colon cancer
cohort study (FHCRC). Normal colon mucosa biopsies were
obtained from healthy subjects who underwent screening colo-
noscopy at the University of Pittsburgh Medical Center follow-
ing protocols approved by the local IRB committee. Tissue
samples were snap frozen in liquid nitrogen and transferred to a
¡80�C freezer for long-term storage. Stool samples were
obtained from the EDRN GLNE CVC at the University of
Michigan (PI Dean Brenner) following IRB approved protocols.

DNA extraction
DNA was extracted from tissue samples using the NucleoSpin

Tissue kit (Macherey-Nagel Cat #740952) and treated with
RNase A (Life Technologies Cat #EN0531) following the man-
ufacturer’s instructions, after extraction, DNA samples were
loaded on a 1.5% agarose gel to check the quality of the DNA
and make sure there was no contamination with RNA. DNA
concentration was measured using NanoDrop 1000 spectropho-
tometer (Thermo Scientific, Wilmington, DE). Stool DNA was
extracted from stool samples as previously published with the
exception that DNA capture probes were not used.16

Bisulfite conversion and recovery
DNA samples (500 ng) were bisulfite converted using the EZ

DNA Methylation Kit (ZymoResearch Cat #D5002) following
the manufacturer’s instructions. The bisulfite-converted samples
were eluted in a 20-mL volume and stored at ¡80�C until
needed.

MethyLight ddPCR
The MethyLight ddPCR reaction mixture consisted of the 2X

ddPCR Supermix for Probes (BioRad Cat #186–3010), and
locus specific primers and probes. The primer and probe sequen-
ces for methylated EVL (NP_057421) and methylated NTRK3
(NM_002530) were designed using ABI PrimerExpress software
Version 5.0.17 (Applied Biosystems, Life Technologies), and syn-
thesized with a FAM reporter. We determined the relative

amounts of each sample through a C-LESS-C1 assay,18 which
amplifies the total amount of DNA in a PCR reaction. The
C-LESS probe was synthesized with a VIC reporter. A complete
list of all MethyLight primer and probe sequences is provided in
Table 1. The location of CpGs in the MethyLight primers and
probes and the amplicon for methylated NTRK3, methylated
EVL and C-less-C1 assays is provided in Figure S1. The primer
and probes were used at final concentrations of 900 and 250
nmol/L, respectively. Various amounts of bisulfite-converted
DNA were used in a final volume of 20 mL. Each 20-mL PCR
reaction was loaded into the Bio-Rad DG8 disposable droplet
generation cartridge (BioRad, Hercules, CA). A volume of
70 mL of droplet generation oil was loaded into adjacent oil
wells. The microfluidic chip was loaded into a droplet generator
(BioRad, Hercules, CA). The resulting water-in-oil droplets were
pipette-transferred from the outlet well to a 96-well polypropyl-
ene plate. The plate was heat-sealed with PX1TM PCR Plate
Sealer (BioRad, Hercules, CA), placed on a T100TM Thermal
Cycler (BioRad, Hercules, CA) and amplified to the endpoint.
The thermal cycling conditions were 95�C for 10 min then 40
cycles of 95�C for 15 s and 60�C for 1 min (2.5�C/s ramp rate)
with a final 10 min hold at 98�C. After PCR amplification, the
96-well PCR plate containing droplets was loaded into a QX200
droplet reader (Bio-Rad). The ddPCR system partitions the
20 mL PCR reaction into an average of 15,000 nanoliter droplets
and each droplet from each well of the plate was read with a 2-
color fluorescence reader to determine how many droplets were
positive for the methylated NTRK3 or EVL(in FAM), as well as
for the control reaction C-LESS-C1(in VIC). All methylation
quantification experiments included no-template-controls
(NTC) wells, which contained all the components of the reaction
except for the DNA template, control wells containing 2,000 pg
of 100% methylated EpiTect Methyl control DNA (QIAGEN
Cat #59655) and 2,000 pg of 100% unmethylated EpiTect
Unmethyl control DNA (QIAGEN Cat #59665). No amplifica-
tion signal was detected in NTC wells. Data was analyzed using
the QuantaSoft software version 1.4.0.99 (BioRad, Hercules,
CA). The number of methylated DNA molecules was measured
as concentrations, i.e., the methylated NTRK3 or EVL copies per
mL of PCR mixture.

Table 1. Primer and probe sequences used in MethyLight assays

Assay Primer/probe Primer/probe sequence (50 to 30) References

NTRK3 Forward CGGCGTTCGCGATGGT Ref.16

Reverse ACCTTTAAAACGCCGAACGAT
Probe FAM-TTAGACGTTGAAGGATTTTGTA

EVL Forward AACGACTCCGAATCCTCGAA
Reverse GCGAATAGTAACGCGCGTATT
Probe FAM-CGCGAACTAATCTCAACA

C-LESS-C1 Forward TTGTATGTATGTGAGTGTGGGAGA
GAGA

Ref.17

Reverse TTTCTTCCACCCCTTCTCTTCC
Probe VIC-CCTCCCCCTCTAACTCTAT-

MGBNFQa

aMGBNFQ refers to a Minor Groove Binder non-fluorescent quencher in the
30 terminus of the probe.
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Conventional MethyLight PCR
The conventional MethyLight PCR was performed in one

20-mL PCR reaction well of a 96-well plate. The reaction mix-
ture consisted of the 2X iTAQ Universal Probes Supermix (Bio-
Rad Cat # 172–5130), and the same locus-specific primers and
probes used in MethyLight ddPCR. The primer and probes were
used at final concentrations of 900 and 250 nmol/L, respectively.
Bisulfite-converted DNA was used as a template for MethyLight
PCR assay in a final reaction volume of 20 mL.Each MethyLight
PCR reaction was performed using the CFX96 TouchTM Real-
Time PCR Detection System (BioRad). The thermal cycling
conditions were: 95�C for 3 minutes followed by 49 cycles of
95�C for 5 seconds and 60�C for 1 minute. To assess the specific-
ity of each MethyLight PCR to only detect methylated alleles, an
initial experiment was conducted using CpGenome Universal
Unmethylated DNA (EMD Millipore Cat # S7822) and 100%
unmethylated bisulfite-converted EpiTect Unmethyl control
DNA (QIAGEN Cat #59665). We did not detect amplification
signal in those samples. Non-template-control (NTC) wells gave
no amplification signal. We routinely evaluated each MethyLight
reaction by including positive control wells containing 4,500 pg
of 100% methylated EpiTect Methyl control DNA (QIAGEN

Cat #59655), negative control wells containing 4,500 pg of
100% unmethylated EpiTect Unmethyl control DNA (QIA-
GEN Cat #59665), and NTC wells. A five-point standard curve
was determined using serial dilutions of the 100% methylated
EpiTect Methyl control DNA (QIAGEN Cat #59655) with
water at 45,000 pg, 4,500 pg, 450 pg, 45 pg, and 4.5 pg per
20-mL reaction. Data was analyzed using the Bio-Rad CFX man-
ager software version 3.1 (BioRad, Hercules, CA) and Cq was
determined with the Single Threshold method. Intra-assay varia-
tion in concentration measured by %CV was less than 15%.

MethyLight ddPCR evaluation experiments
To analyze the intra-assay variation, each sample was repli-

cated at least 4 times in the same assay. The operational defini-
tion of limits of quantification (LOQ) is the lowest
concentration of methylated alleles in a sample that can be mea-
sured with %CV less than 15%. LOQ was determined by serial
dilutions of the 100% methylated EpiTect Methyl control DNA
(QIAGEN Cat #59655) with the 100% unmethylated EpiTect
Unmethyl control DNA (QIAGEN Cat #59665). The same
methylated and unmethylated control DNAs have been used
extensively in other DNA methylation studies.19-21 Samples with

Figure 1. Comparative analysis of limit of quantification (LOQ) for NTRK3 MethyLight ddPCR and conventional MethyLight PCR. We prepared a 5-fold
dilution series of EpiTect 100% methylated control DNA into EpiTect 100% Unmethylated control DNA (total 20 ng of DNA per well). (A) Standard curve
of quantification in conventional MethyLight PCR shows relationship between Cq value and log transformation of percentage of methylation. LOQ D
0.8%. (B) 1-D ddPCR analysis plot shows detection of methylated NTRK3 in serial dilutions of mixed samples. Each sample was partitioned into an average
of 15,000 droplets per well and replicated in 4 wells. The droplet counts (positive and negative) from all replicated wells were combined to yield a
‘merged’ well. An event with fluorescence amplitude value > 4500 was considered a methylation-positive event (threshold line was set at 4500). The
number of methylation-positive events decreased as the methylated DNA was further diluted with unmethylated DNA. (C) ddPCR can detect levels of
methylated NTRK3 in mixed samples as low as 0.032%. The concentration and Poisson confidence intervals for each ‘merged’ well were computed using
the QuantaSoft software version 1.4.0.99 (BioRad, Hercules, CA). Concentrations represent the average measurement of methylated NTRK3 copies per mL
of PCR mixture in merged wells for each sample. Error bars indicate the Poisson 95% confidence intervals for each measurement. R2D 0.996 shows good
linear correlation between measured concentration of methylated NTRK3 and expected percentage of methylation. NTC: no-template control.
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methylation percentages of 100%, 20%, 4%, 0.8%, 0.16%,
0.032%, 0.006%, and 0% with 20 ng of total DNA were tested
at least 4 times in a run in at least 3 independent runs. The oper-
ational definition of limits of detection (LOD) is the lowest non-
zero concentration in a sample at which replicate measurements
give positive qualitative results. LOD was determined by serial
dilutions of the 100% methylated EpiTect Methyl control DNA
(QIAGEN Cat #59655) with water. A set of samples containing
40,000 pg, 20,000 pg, 10,000 pg, 5000 pg, 2500 pg, 1250 pg,
250 pg, 125 pg, 62.5 pg, 31.25 pg, and 0 pg were tested at least
4 times in a run in at least 3 independent runs.

EVL methylation analysis in clinical samples
The bisulfite-converted DNA from clinical samples was fur-

ther diluted by 10-fold for EVL methylation analysis. The con-
ventional MethyLight PCR assays were performed by mixing
4 mL of diluted bisulfite-converted samples with 2X iTAQ Uni-
versal Probes Supermix (BioRad Cat # 172–5130), 250 nmol/L
of EVL-specific forward and reverse primers and 900 nmol/L
probe in a 20-mL reaction volume per reaction, as described
above. The quantity of methylated EVL (in pictograms) in clini-
cal samples is determined from a 5-point standard curve derived
from the 100% methylated EpiTect Methyl control DNA (QIA-
GEN Cat #59655) as described above. The clinical samples were
assayed with the standards in the same experimental run. For
comparing EVL methylation measurements in the clinical sam-
ples by the two different PCR based methods, the conventional
MethyLight PCR measurements (picograms of methylated EVL

per reaction) was converted to the number of methylated EVL
copies per mL using the linear regression equation shown in
Figure 2B: Y D 0.1435X¡0.442, in which X represents the
amount of input DNA (copies per mL) and Y represents the con-
centration of methylated EVL in copies per mL reaction mixture.
For the MethyLight ddPCR, the 4 mL of diluted bisulfite-con-
verted samples were mixed with 2X ddPCR Supermix for Probes
(BioRad Cat #186–3010), 250 nmol/L of EVL-specific forward
and reverse primers and 900 nmol/L probe in a 20 mL reaction
volume per reaction. Each 20-mL reaction mixture was parti-
tioned into an average of 15,000 nanoliter droplets, thermo-
cycled, and read with a 2-color reader as described above. CRC
samples with high levels of methylated EVL were run in 4 repli-
cate wells and colon mucosa samples with low levels of methyl-
ated EVL were run in 8 replicate wells. We combined the droplet
counts (positive and negative) from all replicated wells to yield a
‘merged’ well. The concentration and Poisson confidence inter-
vals for each ‘merged’ well were computed using the QuantaSoft
software version 1.4.0.99 (BioRad, Hercules, CA). Each sample
was measured in at least 2 independent runs.

Statistical analysis
For MethyLight ddPCR, each sample was partitioned into an

average of 15,000 droplets per well and replicated in multiple
wells. Each droplet serves as an independent unit for PCR reaction.
After PCR, each droplet was read with a 2-color fluorescence detec-
tor to determine the number of positive and negative events. An
event with fluorescence amplitude value more than the set

Figure 2. Comparative analysis of limit of detection (LOD) for conventional MethyLight PCR and MethyLight ddPCR. We prepared a two-fold dilution
series of EpiTect 100% methylated DNA with water. Standard curve of quantification in conventional MethyLight PCR shows LOD D 1250 pg or 379 hap-
loid genome equivalents per well for (A) EVL and (C) NTRK3. Standard curve of quantification in MethyLight ddPCR shows LOD D 62.5 pg or 19 haploid
genome equivalents per well for (B) EVL and LOD D 125 pg or 38 haploid genome equivalents per well for (D) NTRK3.
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detection threshold was considered a methylation-positive event.
The droplet counts (positive and negative) from all replicated wells
were combined to yield a ‘merged’ well. The concentration and
95% Poisson confidence intervals for each ‘merged’ well were com-
puted using the QuantaSoft software version 1.4.0.99 (BioRad,
Hercules, CA). For LOQ and LOD studies, the linear regression
between the ddPCR measurements in copies per mL and the
amount of input DNA was performed with GraphPad Prism ver-
sion 6.02 (GraphPad Software Inc., La Jolla, CA). For the conven-
tional MethyLight PCR, the Cq values of a range of standard
DNA with known quantity were linear regressed against the log
transformation of starting quantity using the Bio-Rad CFX man-
ager software version 3.1 (BioRad, Hercules, CA).

Results

MethyLight ddPCR has a 25-fold lower limit of
quantification (LOQ) and 20-fold lower limit of detection
(LOD) than conventional MethyLight PCR

We evaluated the performance of MethyLight ddPCR
assays for two representative methylated genes, EVL and
NTRK3, and compared the results to those of conventional
MethyLight PCR using two metrics: limit of quantification
(LOQ) and limit of detection (LOD, defined in the Materials
and Methods section). To assess the limit of quantification,
we prepared a five-fold dilution series by serially diluting
100% methylated EpiTect Methyl control DNA into 100%
unmethylated EpiTect UnMethyl control DNA (Each well
contained 20 ng or 6060 haploid human genome equivalents
of total input DNA, assuming one haploid human genome is
3.3 pg of DNA.). Conventional MethyLight PCR could
detect down to one methylated NTRK3 allele in a back-
ground of 125 unmethylated alleles (LOQ D 0.8%, R2 D
0.908) (Fig. 1A). In MethyLight ddPCR, each of the serial
diluted samples was partitioned into an average of 15,000
droplets per well and replicated in 4 wells. 1-D ddPCR anal-
ysis plot showed the number of positive droplets decreased as
methylated DNA was serial diluted with unmethylated DNA
(Fig. 1B). We were able to detect levels of methylated
NTRK3 in mixed samples as low as 0.032%, equivalent to 1
methylated NTRK3 allele among 3125 unmethylated alleles,
with excellent quantitative linearity (LOQ D 0.032%, R2 D
0.996). This is a 25-fold lower LOQ than conventional
MethyLight PCR (Fig. 1C). As expected, no amplification
signals were detected from no-template control (NTC) wells.
We observed that increasing the amount of total DNA loaded
into each reaction mix enhanced the LOQ of the MethyLight
ddPCR assay (i.e., LOQ with 8 ng of total DNA was 1:312
compared to 1:3125 with 20 ng of total DNA). These results
demonstrate the superior sensitivity of MethyLight ddPCR
for absolute quantification of methylated NTRK3 compared
to conventional MethyLight PCR.

To assess the absolute LOD, we prepared serial dilutions of
100% methylated EpiTect Methyl control DNA using water.
With the optimal experiment conditions, the LOD of the

conventional MethyLight PCR was 1250 pg of DNA per well
for both the EVL and NTRK3 assays, which is 379 haploid
genome equivalents of methylated EVL and methylated NTRK3
(Fig. 2A, C). In contrast, the LOD of the MethyLight ddPCR
assay for EVL was 62.5 pg of DNA, which is 19 haploid genome
equivalents of methylated EVL and 20-fold lower than the
conventional MethyLight PCR (Fig. 2B). The LOD of the
MethyLight ddPCR assay for NTRK3 was 125 pg of DNA,
which is 38 haploid genome equivalents of methylated NTRK3
and 10-fold lower than conventional MethyLight PCR (Fig. 2D).

MethyLight ddPCR improved precision to detect
methylated DNA in primary CRC tissues

We evaluated the performance of MethyLight ddPCR in the
quantification of methylated EVL in clinical samples. We
assessed two groups of tissue samples whose EVL methylation
status had been determined by pyrosequencing: primary colon
cancer tissues with a high proportion of methylated EVL DNA;
and normal colon mucosa biopsies with a very low proportion of
methylated EVL DNA. For CRC tissue samples with high levels
of methylated EVL (N D 4), we compared the mean methylation
and %CV generated by MethyLight ddPCR to conventional
Methylight PCR for each sample (Fig. 3). MethyLight ddPCR
reduced coefficients of variance (CV) to 6–65% of CVs seen
with conventional MethyLight PCR.

MethyLight ddPCR enabled detection and absolute
quantification of low-frequency methylation events in normal
colon mucosa biopsies

We applied MethyLight ddPCR to DNA isolated from nor-
mal colon mucosa biopsy samples (N D 9). These samples con-
tain low levels of EVL methylation, which could not be detected
by conventional MethyLight PCR. With input DNA of 8 ng in
each well and 8 wells of replications, we detected a substantial

Figure 3. Quantification of methylated EVL in colorectal cancer tissue
samples by conventional MethyLight PCR (black) and MethyLight ddPCR
(red). CV% and reduction in CV, measured as (CVS—CVd)/(CVS), are listed
for each sample.
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number of DNA molecules present in each sample based on an
assessment of DNA quantities using a duplexed C-LESS-C1
assay (Fig. 4). Using MethyLight ddPCR, we were able to selec-
tively detect and absolutely quantify methylated EVL in all 9
samples (Fig. 4).

Discussion

In this study, we have demonstrated the superiority of our
MethyLight ddPCR assay over the widely used conventional
MethyLight PCR assay to detect and quantify the methylated
alleles EVL and NTRK3. The most prominent advantages are
improvement in the lower limits of detection, the absolute quan-
tification of methylated alleles, and in precision, especially for
detecting infrequently methylated alleles. Our MethyLight
ddPCR assay achieved an LOQ of 0.032% for measuring meth-
ylated NTRK3, which is 25-fold lower than the conventional
MethyLight PCR. We were able to quantify 19 haploid genome
equivalents of methylated EVL and 38 haploid genome equiva-
lents of methylated NTRK3 by MethyLight ddPCR: a 20-fold
and 10-fold decrease in LOD respectively, when compared to
379 haploid genome equivalents for both genes by conventional
MethyLight PCR. Another advantage of MethyLight ddPCR
over conventional MethyLight PCR is the improvement in preci-
sion when measuring colon cancer tissue samples containing
high levels of methylated EVL. Our method achieved a 6–65%
reduction in %CV compared to the conventional MethyLight
PCR. The most important advantage of MethyLight ddPCR is
that it enables quantification of infrequent methylation events, as
demonstrated by our study using methylated EVL in normal
colon mucosa biopsy samples. While conventional MethyLight
PCR was unable to detect methylated EVL in any of the normal

colon mucosa biopsies that were
tested, MethyLight ddPCR was
able to reliably detect and quanti-
tate the methylated EVL in all of
these samples. This is especially
important for the identification of
field cancerization effects and for
the early detection of CRC, which
rely on the detection of rare meth-
ylation events in colon tissues,
body fluids, or stool samples. A
stool-based molecular assay to
detect CRC would provide a sim-
ple, inexpensive, and non-invasive
method of screening. However,
the technical challenges of devel-
oping stool-based molecular assays
include the presence of contami-
nating DNA, the poor quality of
DNA extracted from stool sam-
ples, and the presence of PCR
inhibitors in the DNA, which all
likely will attenuate the perfor-

mance of assays like MethyLight. Recent technical advances,
such as digital PCR MethyLight, are well suited to address these
technical challenges and to improve the sensitivity and precision
of the biomarker assays used on clinical samples. With this
in mind, we have done preliminary experiments and shown
ddPCR MethyLight improved the detection and quantification
of methylated NTRK3 in DNA extracted from stool samples
(Figure S2). Other approaches for improving the detection of
methylated DNA sequences in clinical specimens include DNA
capture methods to enrich for the target of interest. For example,
a recent study used methyl-binding protein to capture and enrich
methylated Vimentin from stool samples.22 However, the effi-
ciency of currently used capture methods requires improvement
in order to obtain optimal capture of all the targets in a sample.
Furthermore, advances in whole genome amplification and next-
generation sequencing from single-cells have enabled detection of
rare molecular events in clinical specimens and are also promising
methods for biomarker assays.23-25

Unlike conventional MethyLight PCR, the droplets in
MethyLight ddPCR are cycled to endpoint and each droplet is
read as positive or negative.15 Thus, amplification efficiency is
less of a concern in MethyLight ddPCR compared to conven-
tional MethyLight PCR. Poisson statistics are used to accu-
rately determine the absolute number of starting copies of
methylated alleles. These statistics also point to the detection
of a single, rare methylation event (i.e., methylated allele)
among a large background of unmethylated alleles by incorpo-
rating more replications per sample. The sensitivity of our
MethyLight ddPCR assay is primarily governed by the number
of individual droplet PCR reactions being run per sample, and
the amount of input DNA. Given the absence of background
signal in the NTC wells and our experience with different
amount of input DNA per reaction, we predict that higher

Figure 4. Quantification of methylated EVL in colon mucosa biopsy samples by MethyLight ddPCR. Genomic
DNA samples were bisulfite converted and analyzed by MethyLight ddPCR. Each sample (8 ng or 2424 hap-
loid genome equivalents of total input DNA) was partitioned into an average of 15,000 droplets per well and
replicated in 8 wells. The droplet counts (positive and negative) from all replicated wells were combined to
yield a ‘merged’ well. The concentration and Poisson confidence intervals for each ‘merged’ well were com-
puted using the QuantaSoft software version 1.4.0.99 (BioRad, Hercules, CA). For each sample, the results are
presented as the concentration of methylated EVL (copies per mL, blue). The DNA concentration in each sam-
ple was estimated based on a C-LESS-C1 assay (copies per mL, green). The fractional abundance of methyl-
ated EVL to C-LESS in each sample is also shown (orange). Error bars indicate the Poisson 95% confidence
intervals for each measurement. Results with conventional MethyLight PCR are not shown because no ampli-
con was generated using this method. NTC: no template control. Pos: EpiTect 100% methylated control DNA
2 ng or 606 haploid genome equivalents per well.
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amounts of total input DNA per reaction than used in our
studies would further decrease the LOQ.

As a proof of principle study for applying ddPCR to DNA
methylation analysis and biomarker discovery, our conclusion is
based on the comparison of only two methylated genes, EVL and
NTRK3. Ongoing work by our group is evaluating the use of
MethyLight ddPCR for the assessment of other risk biomarker
candidates. We anticipate that the improvements in sensitivity,
precision and quantification by MethyLight ddPCR will have a
direct impact on risk biomarker assessment by precisely detecting
rare methylation events that have been beyond the limit of detec-
tion of conventional MethyLight PCR. Our findings support fur-
ther assessment of the value of MethyLight ddPCR in methylated
gene based biomarker research.
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