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Ten-eleven translocation (Tet) family of DNA dioxy-
genases converts 5-methylcytosine (5mC) into 5-hydro-
xymethylcytosine (5hmC), 5-formylcytosine (5fC), and
5-carboxylcytosine (5caC) through iterative oxidation
reactions. While 5mC and 5hmC are relatively abun-
dant, 5fC and 5caC are at very low levels in the mam-
malian genome. Thymine DNA glycosylase (TDG) and
base excision repair (BER) pathways can actively
remove 5fC/5caC to regenerate unmethylated cytosine,
but it is unclear to what extent and at which part of
the genome such active demethylation processes take
place. Here, we have performed high-throughput
sequencing analysis of 5mC/5hmC/5fC/5caC-enriched
DNA using modification-specific antibodies and gener-
ated genome-wide distribution maps of these cytosine
modifications in wild-type and Tdg-deficient mouse
embryonic stem cells (ESCs). We observe that the
steady state 5fC and 5caC are preferentially detected at
repetitive sequences in wild-type mouse ESCs. Deple-
tion of TDG causes marked accumulation of 5fC and
5caC at a large number of distal gene regulatory ele-
ments and transcriptionally repressed/poised gene pro-
moters, suggesting that Tet/TDG-dependent dynamic
cycling of 5mC oxidation states may be involved in
regulating the function of these regions. Thus, compre-
hensive mapping of 5mC oxidation and BER pathway
activity in the mammalian genome provides a promis-
ing approach for better understanding of biological
roles of DNA methylation and demethylation dynamics
in development and diseases.
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