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2 CSCD

CSCD Performs gene expression decomposition.

Description

Provides accurate cell-type proportion estimation by incorporating covariance structure in given
single-cell RNA-seq (scRNA-seq) and bulk RNA-seq datasets, see Karimnezhad (2022). The ap-
proach uses an extension of the transformation used in Jew et al. (2020) implemented in the
BisqueRNA::ReferenceBasedDecomposition() function.

Usage

CSCD(
bulk.eset,
sc.eset,
min.p = NULL,
markers = NULL,
cell.types = "cellType",
subj.names = "SubjectName",
verbose = TRUE

)

Arguments

bulk.eset ExpressionSet with bulk data. Bulk RNA-seq data can be converted from a
matrix with samples in columns and genes in rows to an ExpressionSet. See
example_data for an example on how to create a bulk.eset object.

sc.eset ExpressionSet with single-cell data. Single-cell data requires additional infor-
mation in the ExpressionSet, specifically cell-type labels and individual labels.
See example_data for an example on how to create a sc.eset object.

min.p A percentage. This parameter is passed to the Seurat::FindAllMarkers()
function (Butler et al., 2019) to pick the most relevant genes to each cell-type
cluster. Users may pick a number between 0.3 and 0.5 for best results. The
higher the value, the more genes to be excluded from the analysis.

markers A character vector containing marker genes to be used in decomposition. If
NULL provided, the method will use all available genes for decomposition.

cell.types Character string. A vector of cell-type labels.

subj.names Character string. A vector of individual labels that correspond to cells.

verbose Boolean. Whether to print log info during decomposition. Errors will be printed
regardless.



example_data 3

Value

A list. Slot bulk.props contains a matrix of cell-type proportion estimates with cell types as rows
and individuals as columns. Slot sc.props contains a matrix of cell-type proportions estimated di-
rectly from counting single-cell data. Slot transformed.bulk contains the covariance-based trans-
formed bulk expression used for decomposition. These values are generated by applying a linear
transformation to the CPM expression. Slot genes.used contains a vector of genes used in decom-
position. Slot rnorm contains Euclidean norm of the residuals for each individual’s proportion
estimates.
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example_data Example data

Description

An example data containing synthetic bulk and single-cell datasets. This example illustrates how to
build ExpressionSets and run CSCD.

Usage

example_data

Format

A list. Slot bulk.matrix contains a sample bulk data matrix with 100 rows (genes) and 5 columns
(individuals). Slot sc.counts.matrix contains a sample single-cell data matrix with 100 rows (genes)
and 20 columns (a combination of cells assigned to 4 different cell types and 5 individuals). Slot
individual.labels contains individual labels in the single-cell data. Slot cell.type.labels contains
cell-type labels in the single-cell data. Slot sample.ids contains sample ids in the single-cell data.
Note that individual.labels and cell.types should be in the same order as in sample.ids.



4 example_data

Examples

# Load example data.
data(example_data)

# Build ExpressionSet with bulk data.
bulk.eset <- Biobase::ExpressionSet(assayData = example_data$bulk.matrix)

# Build ExpressionSet with single-cell data.
sc.counts.matrix=example_data$sc.counts.matrix
individual.labels=example_data$individual.labels
cell.type.labels=example_data$cell.type.labels
sample.ids <- colnames(sc.counts.matrix)
# individual.labels and cell.types should be in the same order as in sample.ids.
sc.pheno <- data.frame(check.names=FALSE, check.rows=FALSE,

stringsAsFactors=FALSE,row.names=sample.ids,
SubjectName=individual.labels,cellType=cell.type.labels)

sc.meta <- data.frame(labelDescription=c("SubjectName","cellType"),
row.names=c("SubjectName","cellType"))

sc.pdata <- new("AnnotatedDataFrame",data=sc.pheno, varMetadata=sc.meta)
sc.eset <- Biobase::ExpressionSet(assayData=sc.counts.matrix,phenoData=sc.pdata)

# Run CSCD on the example data.
analysis <- CSCD(bulk.eset=bulk.eset,sc.eset= sc.eset,

min.p=0.3,markers=NULL,cell.types="cellType",
subj.names="SubjectName",verbose=TRUE)

# Estimated cell-type proportions.
analysis$bulk.props

# Cell-type proportions estimated directly by counting single-cell data.
analysis$sc.props

# The covariance based transformed bulk expression used for decomposition.
analysis$transformed.bulk.

# Genes used in the decomposition.
analysis$genes.used

# Euclidean norm of the residuals for each individual's proportion estimates.
analysis$rnorm
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