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Abstract

5-hydroxymethylcytosine (5hmC) Is an epigenetic mark
abundant in embryo stem cells and brain tissues. The exact
biological functions of 5hmC are still under close
Investigation although several lines of evidence have
Indicated it could be involved in active DNA demethylation.
Meanwhile, extensive studies have been carried out to
determine its genomic distribution. A number of approaches
have Dbeen developed using either affinity based
enrichment, such as hMeDIP, that rely on antibody anc
other specific binding proteins to target 5ShmC, or modifiec
bisulfite sequencing, namely oxidative bisulfite sequencing
(OxBS) and TET assisted bisulfite sequencing (TAB-
sequencing). However, all those methods have limitations
which hamper their application. For example, affinity based
methods lack single base resolution while modified bisulfite
sequencing methods require efficient chemical or
enzymatic oxidation which cannot be easily achieved or
guaranteed. As an alternative, we have developed a novel
genome-wide sequencing method that utilizes an enzyme
based modification approach coupled with bisulfite-
sequencing for detecting 5hmC. This methodology allows
guantification of 5hmC levels with single CpG resolution
and can also be employed for locus-specific assays. Using

wide profiling of 5-hydroxymethylcytosine

with single-base resolution
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Detection of 5hmC sites

The presence of 5hmCs can be detected by using a single

strand synthesis to mirror the parental

enzymatic and bisulfite

reactions

strand. After
conversion,

the

complementing CpG on the synthesized strand will be read
as a thymine. Those mirroring non-hydroxymethylated CpG
sites would remain as a cytosine.
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Figure 4. 5hmC mapping on the hgl9 UCSC genome browser for
chrl:2,921,203. The presence of 5hmC at CpG sites are indicated by
the presence of a thymine on the + strand (blue) or adenine on the —
strand (red). Sequencing of the negative control shows there is little
background contributing to the gquantitation of 5hmC levels.
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this method, we were able to map and quantify 5hmC sites
at the genomic scale for several different biological
samples. This novel method can determine the exact
location and abundance of 5hmC, which will facilitate our
understanding of 5ShmC in regulating gene expression In
different biological contexts.

Figure 2. Detection of a single hydroxymethylated CpG site. (a)
An oligo with a single 5hmC site was treated using the described
method. (b) Glucosyl-5hmC blocked methylation of the
complementary CpG site, so the cytosine was converted in 11 of 12
sequencing reads. (c) The negative BGT control had complete CpG
methylation, so the complementary CpG site remained as a cytosine.

Figure 5. Sequencing results can be analyzed to identify SNPs.
The presence of a SNP can result in false positives, but it can be
filtered and verified by available SNP data or PCR analysis.
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on the parental strand would block M.Sssl methylation of CpGs. The
DNA is then subjected to bisulfite conversion, and the synthesized
strand Is selectively amplified. Synthesized CpGs complementary to
parental 5hmC sites would be sequenced as thymine whereas CpGs
mirroring non-5hmCs would be methylated, protected from
conversion, and sequenced as a cytosine.

reactions. Libraries can be constructed using as low as

Table 2. CpG sites with high hydroxymethylation levels in the
human brain. Two +BGT libraries were prepared in parallel and
sequenced. The negative control has 100% methylation, indicating
the CpG site has little background contributing to the
hydroxymethylation levels detected in the samples.

200ng of genomic DNA. In addition, sequencing results can
be analyzed to identify single-nucleotide polymorphisms.
Mirror Bisulfite-Sequencing can also be adapted for whole-
genome sequencing as well as locus-specific analysis.




