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The gold standard of single base-resolution methylome analysis is whole-genome bisulfite
sequencing (WGBS). Post-Bisulfite Adaptor Tagging (PBAT) is the method that we developed for
highly sensitive WGBS and has been applied even to single-cell analysis.

This study conducted following developments to enhance PBAT-based methylome analysis.

(1) Highly-sensitive targeted methylome analysis: WGBS is an ideal method for methylome analysis,
but its substantial cost makes it impractical for multi-sample comparison. To overcome this issue,
methods have been developed for targeted genome bisulfite sequencing (TGBS) based on
hybridization-based enrichment of targeted genomic regions. They are, however, problematic in
terms of their sensitivity, requiring ug-quantity of input DNA and >10 cycles of PCR. We thus
intended to develop a highly sensitive method by applying PBAT to the DNA enriched using the
Agilent capture probes. Consequently, we succeeded in establishing a novel method that requires no

and only a few cycles of PCR to ensure highly accurate TGBS starting from microgram quantity and



its 1/100th of input DNA, respectively. This method has realized cost-effective methylome analysis
from multiple samples with limited quantities, enabling a wide application to clinical specimen.

(2) Ligation-mediated PBAT: Current PBAT has two drawbacks, or compromised coverage of low-GC
regions and compromised mapping rate in ultra-low input analysis, both of which are attributable to
random priming reaction used for adaptor tagging. To substitute for random priming, we intended to
develop a novel method for ligation between single-stranded DNA (ssDNA) such as bisulfite-treated
one and an adaptor oligodeoxyribonucleotide (ODN). We conceived a method that uses terminal
deoxynucleotidyl transferase (TdT) to incorporate 3'-azide-ddNTP to the 3"-end of ssDNA for ligation
with 5-ethynyl-ODN via click chemistry, and succeeded in proving its principle. We also conceived
another method that exploits TdT to incorporate a few residues of ribonucleotide (rAMP) at the
3'-end of ssDNA for efficient ligation with 5’-phospho-ODN by RNA ligase. This method is based on
the fact that the activity of RNA ligase toward 5-phospho-ssDNA is drastically enhanced when 3'-OH
1s provided by RNA but not DNA. Following the optimization of each step, we applied the method to
bisulfite-treated DNA to mitigate GC-biased coverage compared to current PBAT. We expect that this
method is useful not only for the next-generation PBAT but many other applications.

(3) Methylome segmentation by change point detection: CpG methylation is controlled not at each
site but coordinately with its neighbors, leading to form a domain wherein all CpG sites share a
similar methylation level. We developed a novel method that applies a change point detection
algorithm to WGBS data to identify the boundaries between such domains. We also proposed a
methylated domain landscape plot that enables one to intuitively grasp the trends in segmentation of
each methylome.

For the research support activity, we provided both WGBS with current PBAT and the newly
developed highly sensitive TGBS described above. We also established a pipeline for not only
mapping of WGBS/TGBS reads but also a series of data analysis, including basic statistics, data
visualization in genome browser, identification of differentially methylated regions and so forth. We

exploited these technologies to successfully support 31 methylome projects.
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