Supplementary Information: Simultaneous estimates of 5mC and 5hmC

1 DERIVATIONS FOR EM ALGORITHM FOR MLE

We present here a full model that combines read counts from 0xBS-seq, TAB-seq and BS-seq experiments to estimate SmC and ShmC levelst
at single CpG resolution. Estimation using only two out of the three experiments is a special case of the full model, and can be achieved
by setting corresponding read counts to O for the unavailable experiment. Let p,, be the probability/level of methylation, and pj, that of
hydroxymethylation, at a particular CpG site. Let the total number of reads (C+T) covering the CpG site in TAB-seq experiment be h + g,
t 4+ w in BS-seq, and m + [ in oxBS-seq, where h, t, m are the number of C reads, and g, u, [ are the number of T reads in corresponding
experiments. Conditional on p,, and pn, m, h and u are binomial random variables, m ~ Binomial(m +, py), h ~ Binomial(h + g, pp),
and u ~ Binomial(¢t + u, 1 — p,, — pr). Hence,

f(m|pm) = <m7: l)ﬁﬂ(l —pm), (1)
f(hlpn) = <h;;g>172(1 —pn)?, )
f(U‘pm,ph) = <U :: t) (1 — Pm — ph)u(pm +ph)t~ 3)

1.1 Complete data likelihood
To infer the MLE of p,,, and pj, from observations of {h, g, u, t, m,}, two latent variables are introduced. Let ¢’ be the number of C reads
from 5mCs in BS-seq, and g’ be the number T reads from 5mCs in TAB-seq. Thereby, ¢’ € {0,1,...,¢}, and ¢t — ' would be the number
of C reads from hmCs. Similarly, g’ € {0,1,...,g}, and g — g’ would be the number of T reads from unmethylated Cs in TAB-seq. The
complete likelihood function is thus
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1.2 Conditional distribution of latent variables

The conditional distribution of ¢’ and ¢’ given the parameter (methylation levels) and observations (read counts) is a binomial distribution
with p.m.f.

¢ _ _
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and
Pr(g" = jlg, pm,pn) = (?)pin(l —pm —pr)? (1= pn) 7.
1.3 E-step
Let p(r,’l) , ph) be the estimates of methylation and hydroxymethylation levels at the ¢th iteration. The auxiliary function is thus

Q(pm,pr; 2%, )

t
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is a constant.

1.4 M-step
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Equation 6 = pp, = M (1 — p.,), where

M > ko >0 Bigk(t —k+h)

o Bkt tu+htg—k—j)

Express py, in terms of p,, in equation 5, we have
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