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combiStructureGenerator

combiStructureGenerator

Description

an R6 class representing several genomic structures. Each genomic structure contained is an object
of class singleStructureGenerator. Note that default clone(deep=TRUE) fails to clone singleStruc-
tureGenerator objects contained, use method $copy() instead.

Methods

Public methods:
• combiStructureGenerator$new()

• combiStructureGenerator$get_singleStr()

• combiStructureGenerator$get_singleStr_number()

• combiStructureGenerator$get_island_number()

• combiStructureGenerator$get_island_index()

• combiStructureGenerator$set_IWE_events()

• combiStructureGenerator$get_IWE_events()

• combiStructureGenerator$set_name()

• combiStructureGenerator$get_name()

• combiStructureGenerator$get_own_index()

• combiStructureGenerator$set_own_index()

• combiStructureGenerator$get_parent_index()

• combiStructureGenerator$set_parent_index()

• combiStructureGenerator$get_offspring_index()

• combiStructureGenerator$set_offspring_index()

• combiStructureGenerator$add_offspring_index()
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• combiStructureGenerator$get_mu()

• combiStructureGenerator$set_singleStr()

• combiStructureGenerator$copy()

• combiStructureGenerator$branch_evol()

• combiStructureGenerator$clone()

Method new(): Create a new combiStructureGenerator object.
Note that this object can be generated within a treeMultiRegionSimulator object.

Usage:
combiStructureGenerator$new(infoStr, params = NULL, testing = FALSE)

Arguments:

infoStr A data frame containing columns ’n’ for the number of sites, and ’globalState’ for the
favoured global methylation state. If initial equilibrium frequencies are given the dataframe
must contain 3 additional columns: ’u_eqFreq’, ’p_eqFreq’ and ’m_eqFreq’

params Default NULL. When given: data frame containing model parameters.
testing Default FALSE. TRUE for testing output.

Returns: A new combiStructureGenerator object.

Method get_singleStr(): Public method: Get one singleStructureGenerator object in $sin-
gleStr

Usage:
combiStructureGenerator$get_singleStr(i)

Arguments:

i index of the singleStructureGenerator object in $singleStr

Returns: the singleStructureGenerator object in $singleStr with index i

Method get_singleStr_number(): Public method: Get number of singleStructureGenerator
objects in $singleStr

Usage:
combiStructureGenerator$get_singleStr_number()

Returns: number of singleStructureGenerator object contained in $singleStr

Method get_island_number(): Public method: Get number of singleStructureGenerator ob-
jects in $singleStr with $globalState "U" (CpG islands)

Usage:
combiStructureGenerator$get_island_number()

Returns: number of singleStructureGenerator in $singleStr objects with $globalState "U" (CpG
islands)

Method get_island_index(): Public method: Get index of singleStructureGenerator objects
in $singleStr with $globalState "U" (CpG islands)

Usage:
combiStructureGenerator$get_island_index()
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Returns: index of singleStructureGenerator objects in $singleStr with $globalState "U" (CpG
islands)

Method set_IWE_events(): Public method: Set information of the IWE events sampled in a
tree branch

Usage:
combiStructureGenerator$set_IWE_events(a)

Arguments:

a value to which IWE_events should be set

Returns: NULL

Method get_IWE_events(): Public method: Get information of the IWE events sampled in a
tree branch

Usage:
combiStructureGenerator$get_IWE_events()

Returns: information of the IWE events sampled in a tree branch

Method set_name(): Public method: Set the name of the leaf if evolutionary process (simulated
from class treeMultiRegionSimulator) ends in a tree leaf.

Usage:
combiStructureGenerator$set_name(a)

Arguments:

a value to which name should be set

Returns: NULL

Method get_name(): Public method: Get the name of the leaf if evolutionary process (simulated
from class treeMultiRegionSimulator) ended in a tree leaf.

Usage:
combiStructureGenerator$get_name()

Returns: Name of the leaf if evolutionary process (simulated from class treeMultiRegionSim-
ulator) ended in a tree leaf. For iner tree nodes return NULL

Method get_own_index(): Public method: Set own branch index in the tree along which the
evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$get_own_index()

Returns: NULL

Method set_own_index(): Public method: Get own branch index in the tree along which the
evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$set_own_index(i)

Arguments:
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i index of focal object

Returns: Own branch index in the tree along which the evolutionary process is simulated (from
class treeMultiRegionSimulator).

Method get_parent_index(): Public method: Get parent branch index in the tree along which
the evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$get_parent_index()

Returns: Parent branch index in the tree along which the evolutionary process is simulated
(from class treeMultiRegionSimulator).

Method set_parent_index(): Public method: Set parent branch index in the tree along which
the evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$set_parent_index(i)

Arguments:

i set parent_index to this value

Returns: NULL

Method get_offspring_index(): Public method: Get offspring branch index in the tree along
which the evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$get_offspring_index()

Returns: Offspring branch index in the tree along which the evolutionary process is simulated
(from class treeMultiRegionSimulator).

Method set_offspring_index(): Public method: Set offspring branch index in the tree along
which the evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$set_offspring_index(i)

Arguments:

i set offspring_index to this value

Returns: NULL

Method add_offspring_index(): Public method: Add offspring branch index in the tree along
which the evolutionary process is simulated (from class treeMultiRegionSimulator).

Usage:
combiStructureGenerator$add_offspring_index(i)

Arguments:

i index to be added

Returns: NULL

Method get_mu(): Public method.



6 combiStructureGenerator

Usage:

combiStructureGenerator$get_mu()

Returns: Model parameter for the rate of the IWE evolutionary process (per island and branch
length).

Method set_singleStr(): Public method: Clone each singleStructureGenerator object in $sin-
gleStr

Usage:

combiStructureGenerator$set_singleStr(singStrList)

Arguments:

singStrList object to be cloned

Returns: NULL

Method copy(): Public method: Clone combiStructureGenerator object and all singleStructure-
Generator objects in it

Usage:

combiStructureGenerator$copy()

Returns: cloned combiStructureGenerator object

Method branch_evol(): Simulate CpG dinucleotide methylation state evolution along a tree
branch. The function samples the IWE events on the tree branch and simulates the evolution
through the SSE and IWE processes.

Usage:

combiStructureGenerator$branch_evol(branch_length, dt, testing = FALSE)

Arguments:

branch_length Length of the branch.
dt Length of SSE time steps.
testing Default FALSE. TRUE for testing purposes.

Details: It handles both cases where IWE events are sampled or not sampled within the branch.

Returns: Default NULL. If testing = TRUE it returns information for testing purposes.

Method clone(): The objects of this class are cloneable with this method.

Usage:

combiStructureGenerator$clone(deep = FALSE)

Arguments:

deep Whether to make a deep clone.
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get_parameterValues Get Default Parameter Values

Description

This function retrieves parameter values for the DNA methylation simulation.

Usage

get_parameterValues(rootData = NULL)

Arguments

rootData NULL to return default parameter values. For data parameter values, provide
rootData as the output of simulate_initialData()$data.

Details

The function called without arguments returns default parameter values. When rootData (as $data
output of simulate_initialData()) is given, it returns data parameter values.

Value

A data frame containing default parameter values.

Examples

# Get default parameter values
default_values <- get_parameterValues()

# Get parameter values of simulate_initialData() output
custom_params <- get_parameterValues()
infoStr <- data.frame(n = c(5, 10), globalState = c("M", "U"))
rootData <- simulate_initialData(infoStr = infoStr, params = custom_params)$data
rootData_paramValues <- get_parameterValues(rootData = rootData)

simulate_evolData Simulate Data Evolution along a Tree

Description

This function simulates methylation data evolution along a tree. Either by simulating data at the
root of the provided evolutionary tree (if infoStr is given) or by using pre-existing data at the root
(if rootData is given) and letting it evolve along the tree.
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Usage

simulate_evolData(
infoStr = NULL,
rootData = NULL,
tree,
params = NULL,
dt = 0.01,
n_rep = 1,
only_tip = TRUE

)

Arguments

infoStr A data frame containing columns ’n’ for the number of sites, and ’globalState’
for the favoured global methylation state. If customized initial equilibrium
frequencies are given, it also contains columns ’u_eqFreq’, ’p_eqFreq’, and
’m_eqFreq’ with the equilibrium frequency values for unmethylated, partially
methylated, and methylated.

rootData The output of the simulate_initialData()$data function. It represents the initial
data at the root of the evolutionary tree.

tree A string in Newick format representing the evolutionary tree.

params Optional data frame with specific parameter values. Structure as in get_parameterValues()
output. If not provided, default values will be used.

dt Length of time step for Gillespie’s Tau-Leap Approximation (default is 0.01).

n_rep Number of replicates to simulate (default is 1).

only_tip Logical indicating whether to extract data only for tips (default is TRUE, FALSE
to extract the information for all the tree branches).

Value

A list containing the parameters used ($params), the length of the time step used for the Gillespie’s
tau-leap approximation ($dt, default 0.01), the tree used ($tree). simulated data and the simulated
data ($data). In $data, each list element corresponds to a simulation replicate.

• If only_tip is TRUE: In $data, each list element corresponds to a simulation replicate. Each
replicate includes one list per tree tip, each containing:

– The name of each tip in the simulated tree (e.g. replicate 2, tip 1: $data[[2]][[1]]$name).
– A list with the sequence of methylation states for each tip-specific structure (e.g. replicate

1, tip 2, 3rd structure: $data[[1]][[2]]$seq[[3]]. The methylation states are encoded
as 0 for unmethylated, 0.5 for partially methylated, and 1 for methylated.

• If only_tip is FALSE, $data contains 2 lists:

– $data$branchInTree: a list in which each element contains the information of the rela-
tionship with other branches:

* Index of the parent branch (e.g. branch 2): $data$branchInTree[[2]]$parent_index)

* Index(es) of the offspring branch(es) (e.g. branch 1 (root)): $data$branchInTree[[1]]$offspring_index)
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– $data$sim_data: A list containing simulated data. Each list element corresponds to a
simulation replicate. Each replicate includes one list per tree branch, each containing:

* The name of each branch in the simulated tree. It’s NULL for the tree root and
inner nodes, and the name of the tips for the tree tips. (e.g. replicate 2, branch 1:
$data$sim_data[[2]][[1]]$name)

* Information of IWE events on that branch. It’s NULL for the tree root and FALSE
for the branches in which no IWE event was sampled, and a list containing $islands
with the index(ces) of the island structure(s) that went through the IWE event and
$times for the branch time point(s ) in which the IWE was sampled. (e.g. replicate
1, branch 3: $data$sim_data[[1]][[3]]$IWE)

* A list with the sequence of methylation states for each structure (the index of the list
corresponds to the index of the structures). The methylation states are encoded as 0
for unmethylated, 0.5 for partially methylated, and 1 for methylated. (e.g. replicate
3, branch 2, structure 1: $data$sim_data[[3]][[2]]$seq[[1]])

* A list with the methylation equilibrium frequencies for each structure (the index of
the list corresponds to the index of the structures). Each structure has a vector with 3
values, the first one corresponding to the frequency of unmethylated, the second one
to the frequency of partially methylated, and the third one to the frequency of methy-
lated CpGs. (e.g. replicate 3, branch 2, structure 1: $data$sim_data[[3]][[2]]$eqFreqs[[1]])

Examples

# Example data
infoStr <- data.frame(n = c(10, 100, 10), globalState = c("M", "U", "M"))

# Simulate data evolution along a tree with default parameters
simulate_evolData(infoStr = infoStr, tree = "(A:0.1,B:0.1);")

# Simulate data evolution along a tree with custom parameters
custom_params <- get_parameterValues()
custom_params$iota <- 0.5
simulate_evolData(infoStr = infoStr, tree = "(A:0.1,B:0.1);", params = custom_params)

simulate_initialData Simulate Initial Data

Description

This function simulates initial data based on the provided information and parameters.

Usage

simulate_initialData(infoStr, params = NULL)
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Arguments

infoStr A data frame containing columns ’n’ for the number of sites, and ’globalState’
for the favoured global methylation state. If customized equilibrium frequen-
cies are given, it also contains columns ’u_eqFreq’, ’p_eqFreq’ and ’m_eqFreq’
with the equilibrium frequency values for unmethylated, partially methylated
and methylated.

params Optional data frame with specific parameter values. Structure as in get_parameterValues()
output. If not provided, default values will be used.

Details

The function performs several checks on the input data and parameters to ensure they meet the
required criteria and simulates DNA methylation data.

Value

A list containing the simulated data ($data) and parameters ($params).

Examples

# Example data
infoStr <- data.frame(n = c(10, 100, 10), globalState = c("M", "U", "M"))

# Simulate initial data with default parameters
simulate_initialData(infoStr = infoStr)

# Simulate data evolution along a tree with custom parameters
custom_params <- get_parameterValues()
custom_params$iota <- 0.5
simulate_initialData(infoStr = infoStr, params = custom_params)

singleStructureGenerator

singleStructureGenerator

Description

an R6 class representing a single genomic structure

Methods

Public methods:
• singleStructureGenerator$init_neighbSt()

• singleStructureGenerator$initialize_ratetree()

• singleStructureGenerator$new()

• singleStructureGenerator$get_seq()
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• singleStructureGenerator$get_seqFirstPos()

• singleStructureGenerator$get_seq2ndPos()

• singleStructureGenerator$get_seqLastPos()

• singleStructureGenerator$get_seq2ndButLastPos()

• singleStructureGenerator$get_combiStructure_index()

• singleStructureGenerator$update_interStr_firstNeighbSt()

• singleStructureGenerator$update_interStr_lastNeighbSt()

• singleStructureGenerator$get_eqFreqs()

• singleStructureGenerator$SSE_evol()

• singleStructureGenerator$IWE_evol()

• singleStructureGenerator$get_alpha_pI()

• singleStructureGenerator$get_beta_pI()

• singleStructureGenerator$get_alpha_mI()

• singleStructureGenerator$get_beta_mI()

• singleStructureGenerator$get_alpha_pNI()

• singleStructureGenerator$get_beta_pNI()

• singleStructureGenerator$get_alpha_mNI()

• singleStructureGenerator$get_beta_mNI()

• singleStructureGenerator$get_alpha_Ri()

• singleStructureGenerator$get_iota()

• singleStructureGenerator$get_Ri_values()

• singleStructureGenerator$clone()

Method init_neighbSt(): Public method: Initialization of $neighbSt
This fuction initiates each CpG position $neighbSt as encoded in $mapNeighbSt_matrix Positions
at the edge of the entire simulated sequence use their only neighbor as both neighbors.

Usage:
singleStructureGenerator$init_neighbSt()

Returns: NULL

Method initialize_ratetree(): Public method: Initialization of $ratetree
This function initializes $ratetree

Usage:
singleStructureGenerator$initialize_ratetree()

Returns: NULL

Method new(): Create a new singleStructureGenerator object.
Note that this object is typically generated withing a combiStructureGenerator object.

Usage:
singleStructureGenerator$new(
globalState,
n,
eqFreqs = NULL,
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combiStr = NULL,
combiStr_index = NULL,
params = NULL,
testing = FALSE

)

Arguments:
globalState Character. Structure’s favored global state: "M" for methylated (island struc-

tures) / "U" for unmethylated (non-island structures).
n Numerical Value. Number of CpG positions
eqFreqs Default NULL. When given: numerical vector with structure’s methylation state equi-

librium frequencies (for unmethylated, partially methylated and methylated)
combiStr Default NULL. When initiated from combiStructureGenerator: object of class com-

biStructureGenerator containing it
combiStr_index Default NULL. When initiated from combiStructureGenerator: index in Ob-

ject of class combiStructureGenerator
params Default NULL. When given: data frame containing model parameters
testing Default FALSE. TRUE for testing output

Returns: A new singleStructureGenerator object.

Method get_seq(): Public method: Get object’s methylation state sequence
Encoded with 1 for unmethylated, 2 for partially methylated and 3 for methylated

Usage:
singleStructureGenerator$get_seq()

Returns: vector with equilibrium frequencies of unmethylated, partially methylated and methy-
lated

Method get_seqFirstPos(): Public method: Get first sequence position methylation state

Usage:
singleStructureGenerator$get_seqFirstPos()

Returns: numerical encoding of first position’s methylation state

Method get_seq2ndPos(): Public method: Get second sequence position methylation state

Usage:
singleStructureGenerator$get_seq2ndPos()

Returns: numerical encoding of second position’s methylation state. NULL if position does
not exist

Method get_seqLastPos(): Public method: Get first sequence position methylation state

Usage:
singleStructureGenerator$get_seqLastPos()

Returns: numerical encoding of first position’s methylation state

Method get_seq2ndButLastPos(): Public method: Get second but last sequence position
methylation state
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Usage:
singleStructureGenerator$get_seq2ndButLastPos()

Returns: numerical encoding of second but last position’s methylation state. NULL if position
does not exist

Method get_combiStructure_index(): Public method: Get index in object of class com-
biStructureGenerator

Usage:
singleStructureGenerator$get_combiStructure_index()

Returns: index in object of class combiStructureGenerator

Method update_interStr_firstNeighbSt(): Public method: Update neighbSt of next sin-
gleStructureGenerator object within combiStructureGenerator object
This function is used when the last $seq position of a singleStructureGenerator object changes
methylation state to update the neighbSt position

Usage:
singleStructureGenerator$update_interStr_firstNeighbSt(
leftNeighbSt,
rightNeighbSt

)

Arguments:
leftNeighbSt $seq state of left neighbor (left neighbor is in previous singleStructureGenerator

object)
rightNeighbSt $seq state of right neighbor

Returns: NULL

Method update_interStr_lastNeighbSt(): Public method: Update neighbSt of previous
singleStructureGenerator object within combiStructureGenerator object

Usage:
singleStructureGenerator$update_interStr_lastNeighbSt(
leftNeighbSt,
rightNeighbSt

)

Arguments:
leftNeighbSt $seq state of right neighbor (left neighbor is in next singleStructureGenerator

object)
rightNeighbSt $seq state of right neighbor

Returns: NULL

Method get_eqFreqs(): Public method: Get object’s equilibrium Frequencies

Usage:
singleStructureGenerator$get_eqFreqs()

Returns: vector with equilibrium frequencies of unmethylated, partially methylated and methy-
lated
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Method SSE_evol(): Public method. Simulate how CpG dinucleotide methylation state changes
due to the SSE process along a time step of length dt

Usage:
singleStructureGenerator$SSE_evol(dt, testing = FALSE)

Arguments:
dt time step length.
testing logical value for testing purposes. Default FALSE.

Returns: default NULL. If testing TRUE it returns a list with the number of events sampled
and a dataframe with the position(s) affected, new state and old methylation state.

Method IWE_evol(): Public Method. Simulate IWE Events
Simulates how CpG Islands’ methylation state frequencies change and simultaneous sites change
methylation state along a branch of length t according to the SSE-IWE model.

Usage:
singleStructureGenerator$IWE_evol(testing = FALSE)

Arguments:
testing logical value for testing purposes. Default FALSE.

Details: The function checks if the methylation equilibrium frequencies (eqFreqs) and se-
quence observed frequencies (obsFreqs) change after the IWE event. If there is a change in
either frequencies, the corresponding change flags(eqFreqsChange in the infoIWE list will be
set to TRUE.

Returns: If testing = TRUE it returns a list. If there was a change in the equilibrium frequencies
the list contains the following 7 elements, if not it contains the first 3 elements:
eqFreqsChange logical indicating if there was a change in the equilibrium frequencies.
old_eqFreqs Original equilibrium frequencies before the IWE event.
new_eqFreqs New equilibrium frequencies after the IWE event.
old_obsFreqs Original observed frequencies before the IWE event.
new_obsFreqs New observed frequencies after the IWE event.
IWE_case Description of the IWE event case.
Mk Transition matrix used for the IWE event.

Method get_alpha_pI(): Public Method.

Usage:
singleStructureGenerator$get_alpha_pI()

Returns: Model parameter alpha_pI for sampling island equilibrium frequencies

Method get_beta_pI(): Public Method.

Usage:
singleStructureGenerator$get_beta_pI()

Returns: Model parameter for sampling island equilibrium frequencies

Method get_alpha_mI(): Public Method.

Usage:
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singleStructureGenerator$get_alpha_mI()

Returns: Model parameter for sampling island equilibrium frequencies

Method get_beta_mI(): Public Method.

Usage:
singleStructureGenerator$get_beta_mI()

Returns: Model parameter for sampling island equilibrium frequencies

Method get_alpha_pNI(): Public Method.

Usage:
singleStructureGenerator$get_alpha_pNI()

Returns: Model parameter for sampling non-island equilibrium frequencies

Method get_beta_pNI(): Public Method.

Usage:
singleStructureGenerator$get_beta_pNI()

Returns: Model parameter for sampling non-island equilibrium frequencies

Method get_alpha_mNI(): Public Method.

Usage:
singleStructureGenerator$get_alpha_mNI()

Returns: Model parameter for sampling non-island equilibrium frequencies

Method get_beta_mNI(): Public Method.

Usage:
singleStructureGenerator$get_beta_mNI()

Returns: Model parameter for sampling non-island equilibrium frequencies

Method get_alpha_Ri(): Public Method.

Usage:
singleStructureGenerator$get_alpha_Ri()

Returns: Model parameter for gamma distribution shape to initialize the 3 $Ri_values

Method get_iota(): Public Method.

Usage:
singleStructureGenerator$get_iota()

Returns: Model parameter for gamma distribution expected value to initialize the 3 $Ri_values

Method get_Ri_values(): Public Method.

Usage:
singleStructureGenerator$get_Ri_values()

Returns: The 3 $Ri_values
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Method clone(): The objects of this class are cloneable with this method.

Usage:
singleStructureGenerator$clone(deep = FALSE)

Arguments:
deep Whether to make a deep clone.

treeMultiRegionSimulator

treeMultiRegionSimulator

Description

an R6 class representing the methylation state of GpGs in different genomic structures in the nodes
of a tree.

The whole CpG sequence is an object of class combiStructureGenerator. Each genomic structure in
it is contained in an object of class singleStructureGenerator.

Public fields

Branch Public attribute: List containing objects of class combiStructureGenerator

branchLength Public attribute: Vector with the corresponding branch lengths of each $Branch
element

Methods

Public methods:
• treeMultiRegionSimulator$treeEvol()

• treeMultiRegionSimulator$new()

• treeMultiRegionSimulator$clone()

Method treeEvol(): Simulate CpG dinucleotide methylation state evolution along a tree. The
function splits a given tree and simulates evolution along its branches. It recursively simulates
evolution in all of the subtrees in the given tree until the tree leafs

Usage:
treeMultiRegionSimulator$treeEvol(
Tree,
dt = 0.01,
parent_index = 1,
testing = FALSE

)

Arguments:
Tree String. Tree in Newick format. When called recursivelly it is given the corresponding

subtree.
dt Length of SSE time steps.
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parent_index Default 1. When called recursivelly it is given the corresponding parent branch
index.

testing Default FALSE. TRUE for testing purposes.

Returns: NULL

Method new(): Create a new treeMultiRegionSimulator object. $Branch is a list for the tree
branches, its first element represents the tree root.
Note that one of either infoStr or rootData needs to be given. Not both, not neither.

Usage:
treeMultiRegionSimulator$new(
infoStr = NULL,
rootData = NULL,
tree,
params = NULL,
dt = 0.01,
testing = FALSE

)

Arguments:

infoStr A data frame containing columns ’n’ for the number of sites, and ’globalState’ for the
favoured global methylation state. If initial equilibrium frequencies are given the dataframe
must contain 3 additional columns: ’u_eqFreq’, ’p_eqFreq’ and ’m_eqFreq’

rootData combiStructureGenerator object. When given, the simulation uses its parameter val-
ues.

tree tree
params Default NULL. When given: data frame containing model parameters. Note that root-

Data is given, its parameter values are used.
dt length of the dt time steps for the SSE evolutionary process
testing Default FALSE. TRUE for testing output.

Returns: A new treeMultiRegionSimulator object.

Method clone(): The objects of this class are cloneable with this method.

Usage:
treeMultiRegionSimulator$clone(deep = FALSE)

Arguments:

deep Whether to make a deep clone.
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