Supplemental Text S1: Whole-genome 5mC detection by enzymatic deamination method

To demonstrate our enzymatic deamination method for accurate identification of 5mC, we used control samples consisting of 100 ng mouse embryonic stem cell (E14) genomic DNA spiked with 0.5% methylation free lambda DNA. We also performed two Whole-Genome Bisulfite Sequencing (WGBS) on the same starting material using two widely used bisulfite conversion kits BS kit 1 and BS kit 2 (Methods) for comparison. Two technical replicates were also performed for all the three protocols (APOBEC(5mC), BS kit 1 and BS kit2) to assess reproducibility of the methods. The conversion rates and methylation results were highly consistent between all the technical replicates (Supplemental Fig. S1A-B). 


[bookmark: _gjdgxs]The resulting libraries were sequenced using Illumina platform and down-sampled to 118 million reads per library. The resulting paired-end reads were mapped to the mouse genome (mm9) and the phage lambda genome (Methods). From the unmethylated phage lambda, enzymatic deamination experiments show consistent good conversion rates of 99.8% (Supplemental table S2) and no apparent sequence preference for non-conversion errors (Fig. 1B-C, Supplemental Fig. S1A). In comparison, the conversion rates of bisulfite treated lambda DNA are ranging from 98.2 % to 99.6 % depending on the BS kit used, which is in line with the usual conversion rates reported in the literature for whole genome bisulfite sequencing (WGBS) (Supplemental table S2). For the bisulfite treated DNA, we observed a higher level of residual unconverted cytosines in CpA context. This CpA bias is also observed with the published WGBS datasets which we randomly sampled from the ENCODE Project across different labs, protocols and cell types (Supplemental table S3, Fig. 1C). This bias leads to 6 to 23-fold more false positive high-confident methylated CpA in WGBS compared to enzymatic conversion (Supplemental Fig. S1C). This overestimation of the amount of methylated CpA in bisulfite treatment is anticipated to directly confound the identification of methylation in non-CpG context. This may alter the interpretation of epigenetic marks in especially CpA context, a predominant non-CpG methylation recently reported in embryonic stem cells (Lister et al. 2009; Laurent et al. 2010; Ziller et al. 2011; Ramsahoye et al. 2000), brain (Lister et al. 2013; Xie et al. 2012; Guo et al. 2014) and germ cells (Ichiyanagi et al. 2013).

Identification of CpG methylation in the mouse DNA reveals consistent results between enzymatic deamination and WGBS. CpG methylation calls between enzymatic conversion and bisulfite sequencing are ~96% agreement (Supplemental Fig. S1D) and all the three protocols displayed the same characteristic bimodal distribution of genome-wide CpG methylation abundance (Supplemental Fig. S1E) Furthermore, CpG methylation levels revealed using the enzymatic conversion method are well correlated with repressive and active chromatin markers in the mouse stem cells showing expected depletion in the active transcription regions (H3K4me3 and H3K27ac) and promoters (RNA polymerase II binding sites) (Fig. 1E).

[bookmark: _GoBack]Genome-wide investigation of the read distribution in the mouse genome reveals that the enzymatic deamination method produces more even sequencing coverage than the bisulfite conversion based sequencing methods (Supplemental Fig. S2A) and consequently yields more useful data. For example, at an equal amount of sequencing reads (118M) and considering only sites with at least 5X coverage (minimal coverage for methylation calling), enzymatic conversion covers 79% of all CpG pairs compared to 73% of CpG pairs in WGBS. This difference corresponds to 1.2 million additional CpG pairs in the enzymatic conversion method as a result of a more uniform genome-wide sequencing coverage compared to both WGBS. More uniform coverage from enzymatic deamination results in a notable increase in coverage particularly in CpG rich regions of the genome such as promoters and CpG islands (Supplemental Fig. S2B). We reasoned that bisulfite-induced damage at cytosines can result in a bias in coverage for WGBS and investigated the relationship between read coverage and cytosine density. Supporting large scale damage at cytosine previously reported (Olova et al. 2018), coverage of WGBS is inversely correlated with cytosine and deaminated cytosines densities. Consequently, read mapping to regions containing fewer cytosines/converted cytosines are over-represented (Supplemental Fig. S2C and supplemental Fig. S2D). On the other hand, enzymatic conversion shows more uniform coverage across wide ranges of cytosine contents and was consequently able to cover a higher fraction of CpG pairs, particularly in cytosine rich regions. Consistent with the non-destructive nature of enzymatic reaction, these results indicate that enzymatic conversion preserves the integrity of the DNA. 
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