Application Note: DNA Sequencing

A Novel Library Prep Method for WGBS
The TruSeq® DNA Methylation Kit requires only 50 ng input DNA.
Introduction
DNA methylation is not evenly distributed in the
mammalian genome. In human somatic cells,
approximately 60%–80% of all CpGs (~1% of total DNA
bases) are methylated. Numerous methods are available
to investigate methylation patterns:
• Enrichment-based—methylated DNA
immunoprecipitation sequencing (MeDIP-seq)
• Restriction enzyme–based—methylation-sensitive
restriction enzyme sequencing (MRE-seq)
• Bisulfite-based—reduced-representation bisulfite
sequencing (RRBS), whole-genome bisulfite
sequencing (WGBS)
Of these methods, WGBS is the only one that captures
the complete methylome of a given sample. This
approach—in which unmethylated cytosine residues are
converted to uracil—achieves genome-wide analysis of
5-methylcytosines (5mC). However, a major challenge in
WGBS is DNA degradation that occurs during bisulfite
conversion under the conditions required for complete
conversion. Typically, ~90% of input DNA is degraded,
which is especially problematic when only limited
starting amounts are available. Additionally, regions that
are rich in unmethylated cytosines are more sensitive
to strand breaks. As a consequence, a majority of
DNA fragments contained in di-tagged next-generation
sequencing (NGS) DNA libraries treated with bisulfite
after library construction can be rendered inactive due
to strand breaks in the DNA sequence flanked by the
adapter sequences. These mono-tagged templates are
then excluded during limited-cycle PCR, resulting in
incomplete coverage and bias when performing WGBS.
This application note describes a novel library
construction method, the TruSeq DNA Methylation
Kit, for preparing sequencing libraries from bisulfiteconverted genomic DNA (Figure 1). This “postbisulfite-

conversion” library construction method uses bisulfitetreated, single-stranded DNA (ssDNA) as the template
for the subsequent addition of adapter sequences
required for cluster generation and sequencing. Thus,
ssDNA fragments—independent of size and position
of strand breaks—remain viable templates for library
construction, eliminating the loss of fragments and the
selection bias typically associated with a postlibraryconstruction bisulfite conversion strategy. The TruSeq
method does not require ultrasonication or enzymemediated DNA fragmentation, or methylated adapters.
Both these steps are required for existing bisulfite
sequencing library prep workflows.
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Figure 1: Workflow for the TruSeq DNA Methylation Kit. The kit
uses a postbisulfite conversion method to greatly reduce loss of DNA
fragments and can generate WGBS libraries from as little as 50 ng of
input DNA.
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Methods Overview

Sequencing Metrics of WGBS Libraries

With the TruSeq DNA Methylation Kit, bisulfite-treated
ssDNA is randomly primed using a polymerase able
to read uracil nucleotides to synthesize DNA strands
containing a specific sequence tag (Figure 1). The 3′
ends of the newly synthesized DNA strands are then
selectively tagged with a second specific sequence tag,
using a patented procedure. This process generates
di-tagged DNA molecules with known sequence tags
at their 5′ and 3′ ends. The di-tagged DNA is enriched
in PCR, resulting in double-stranded DNA (dsDNA)
with the appropriate Illumina sequences for use on any
Illumina platform.

Results and Data Analysis
Input DNA Amounts
A 50 ng sample of lymphoblastoid genomic DNA
(GM12878; Coriell Institute for Medical Research) was
treated with the EZ DNA Methylation-Lightning Kit
(Zymo Research) for bisulfite conversion, according
to the manufacturer’s recommendations. Additionally,
50 ng of hypermethylated HeLa genomic DNA (NEB)
was processed using the same protocol. TruSeq DNA
Methylation Kit WGBS libraries were then prepared from
each sample as outlined in Figure 1. PCR amplification
of each bisulfite-converted library was performed for
10 cycles. Libraries were sequenced on HiSeq and
MiSeq systems. Data analysis was done using Bismark
software (v0.7.2) and a custom analysis pipeline.
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Table 1: Sequencing Metrics.
GM12878,
50 ng

HeLa,
50 ng

96

96

Mapping efficiency

75.50%

70.20%

Diversity

80.50%

96.30%

Cytosines methylated in
CpG context

53.50%

94.10%

Cytosines methylated in
CHG context

2.50%

0.60%

Cytosines methylated in
CHH context

1.20%

0.70%

Parameter
Reads % > Q30

As shown in Table 1, both lymphoblastoid and HeLa
genomic DNA libraries have a very high mapping
efficiency. Library diversity ranged from 80% to 96%,
depending on the methylation status of the input DNA.
Total conversion of cytosines to thymines in the CpG
context was also very high, ranging from above 53% to
95%, again dependent on the methylation status of the
input DNA.

Methylation Calls
Approximately 52% methylated CpGs were observed
in the lymphoblastoid DNA, compared to ~95%
for the HeLa hypermethylated DNA, which was
hypermethylated with CpG methylase. By contrast, CHG
and CHH methylation levels were similar for both DNA
samples. Uniform coverage across the genome was
also observed (data not shown). Figure 2 highlights CpG
methylation patterns across regions of chromosome 1,
showing areas of high CpG methylation (red) and low
CpG methylation (blue) for lymphoblastoid genomic DNA
treated with bisulfite. For the hypermethylated HeLa
genomic DNA, the majority of CpGs detected were
clearly methylated. The Integrated Genome Viewer (IGV)
plots shown in Figure 2 are based on forward reads for
each sample.

Conclusions
The TruSeq DNA Methylation Kit is a simple, 1 day,
postbisulfite-conversion library construction method that
requires only 50 ng of starting genomic DNA. The kit
does not require a separate enzyme or ultrasonication
for DNA fragmentation, or methylated adapters, both
of which are necessary for current bisulfite sequencing
library prep methods. In addition, the TruSeq DNA
Methylation Kit results in uniform coverage across
all chromosomes and is the method of choice for
performing WGBS of samples with limited input
DNA amounts.
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Figure 2: CpG Methylation Patterns. A) Example of methylation across a region of chromosome 1 indicates high CpG methylation (red) and
regions of low CpG methylation (blue) from 50 ng input GM12878 lymphoblastoid genomic DNA treated with bisulfite. B) For the hypermethylated
HeLa genomic DNA, the majority of CpGs detected were methylated, as seen in red. The IGV plots shown are based on forward reads for
each sample.
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