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C_BS_sim C (unconverted) counts from BS
Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage

C_BS_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).

C_OxBS_sim C (unconverted) counts from oxBS

Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage
C_OxBS_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).
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C_TAB_sim

C (unconverted) counts from TAB

Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage

C_TAB_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).

MLML

MLE (maximum likelihood estimates) of 5-mC and 5-hmC levels.

Description

MLE (maximum likelihood estimates) of 5-mC and 5-hmC levels.

Usage

MLML (U.matrix

NULL, T.matrix = NULL, G.matrix = NULL,

H.matrix = NULL, L.matrix = NULL, M.matrix = NULL,

iterative

Arguments

U.matrix

T.matrix

G.matrix

H.matrix

L.matrix

M.matrix

FALSE, tol = 1e-05)

Converted cytosines (T counts or U channel) from standard BS-conversion (True
5-C).

Unconverted cytosines (C counts or M channel) from standard BS-conversion
(reflecting 5-mC+5-hmC).

Converted cytosines (T counts or U channel) from TAB-conversion (reflecting
5-C + 5-mC).

Unconverted cytosines (C counts or M channel) from TAB-conversion(reflecting
True 5-hmC).

Converted cytosines (T counts or U channel) from oxBS-conversion (reflecting
5-C + 5-hmC).

Unconverted cytosines (C counts or M channel) from oxBS-conversion (reflect-
ing True 5-mC).
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iterative logical. If iterative=TRUE EM-algorithm is used. For the combination of two
methods, iterative=FALSE returns the exact constrained MLE using the pool-
adjacent-violators algorithm (PAVA). When all three methods are combined, it-
erative=FALSE returns the constrained MLE using Lagrange multiplier.

tol convergence tolerance; considered only if iterative=TRUE

Details

The function returns MLE estimates (binomial model assumed). The function assumes that the
order of the rows and columns in the input matrices are consistent. In addition, all the input matrices
must have the same dimension. Usually, rows represent CpG loci and columns are the samples.

Value

The returned value is a list with the following components.

mC maximum likelihood estimate for the proportion of methylation.
hmC maximum likelihood estimate for the proportion of hydroxymethylation.
C maximum likelihood estimate for the proportion of unmethylation.
methods the conversion methods used to produce the MLE

Author(s)

Samara Kiihl samara@ime.unicamp.br; Maria Jose Garrido; Arce Domingo-Relloso; Jose Bermudez;
Maria Tellez-Plaza.
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Examples

# load the example datasets from BS, oxBS and TAB methods
data(C_BS_sim)

data(C_OxBS_sim)

data(T_BS_sim)

data(T_OxBS_sim)

data(C_TAB_sim)



MLML

data(T_TAB_sim)

# obtain MLE via EM-algorithm for BS+oxBS:
results_em <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim,iterative=TRUE)

# obtain constrained exact MLE for BS+oxBS:
results_exact <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim)

# obtain MLE via EM-algorithm for BS+TAB:
results_em <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
G.matrix = T_TAB_sim, H.matrix = C_TAB_sim,iterative=TRUE)

# obtain constrained exact MLE for BS+TAB:
results_exact <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
G.matrix = T_TAB_sim, H.matrix = C_TAB_sim)

# obtain MLE via EM-algorithm for oxBS+TAB:
results_em <- MLML(L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim,
G.matrix = T_TAB_sim, H.matrix = C_TAB_sim,iterative=TRUE)

# obtain constrained exact MLE for oxBS+TAB:
results_exact <- MLML(L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim,
G.matrix = T_TAB_sim, H.matrix = C_TAB_sim)

# obtain MLE via EM-algorithm for BS+oxBS+TAB:

results_em <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim,

G.matrix = T_TAB_sim, H.matrix = C_TAB_sim,iterative=TRUE)

#' # obtain MLE via Lagrange multiplier for BS+oxBS+TAB:
results_exact <- MLML(T.matrix = C_BS_sim , U.matrix = T_BS_sim,
L.matrix = T_OxBS_sim, M.matrix = C_OxBS_sim,

G.matrix = T_TAB_sim, H.matrix = C_TAB_sim)

# Example of datasets with zero counts and missing values:

C_BS_sim[1,1] <- @
C_OxBS_sim[1,1] <- @
C_TAB_sim[1,1] <- @
T_BS_sim[1,1] <- @
T_OxBS_sim[1,1] <- @
T_TAB_sim[1,1] <- @

C_BS_sim[2,2] <~ NA
C_OxBS_sim[2,2] <- NA
C_TAB_sim[2,2] <- NA
T_BS_sim[2,2] <- NA
T_OxBS_sim[2,2] <- NA
T_TAB_sim[2,2] <- NA
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T_BS_sim T (converted) counts from BS

Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage

T_BS_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).

T_OxBS_sim T (converted) counts from oxBS

Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage

T_OxBS_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).
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T_TAB_sim T (converted) counts from TAB

Description

A matrix of simulated counts corresponding to 100 CpGs and 2 samples. True proportions of methy-
lation, hydroxymethylation and unmethylated used in the simulation are .3, .2, and .5, respectively.

Usage
T_TAB_sim

Format

100 x 2 matrix (CpGs in the rows and Samples in the columns).
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