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Abstract

Supplementary material and figures—details of package dependencies; an overview of the
SCESet class; an overview of the scater ecosystem; examples of using the scater GUI.
Contact: davis@Qebi.ac.uk

Details of package dependencies

The package builds on many other R packages: Biobase and BiocGenerics for core
Bioconductor functionality (Huber et al., 2015)); plyr (Wickham) [2015)), reshape2
(Wickham| 2012), dplyr (Wickham and Francois, [2015)), data.table (Dowle et al., 2015)
and magrittr (Bache and Wickham)| [2014) for reading and tidying data; ggplot2
(Wickhaml, 2016|) for plotting; biomaRt (Durinck et al., [2005) for feature annotation;
edgeR (Robinson et al., 2010) for computation of normalisation size factors and
counts-per-million values; limma (Ritchie et all 2015]) for efficient fitting of linear
models to features; rhdf5 (Fischer and Paul [2016), rjson (Couture-Beil, |2014) and
trimport (Soneson et al., [2015) for reading in transcript-level expression values; viridis
(Garnierl, |2016)) for perceptually-uniform colour maps for plotting; parallel for parallel
computation; matrizStats (Bengtsson, |2016) for computation of summary statistics from
matrices; cowplot (Wilke, [2016) for attractive plotting themes; destiny (Angerer et al.,
2015) for producing diffusion maps; Rtsne (Krijthel 2015|) for producing t-SNE plots;
muoutlier (Filzmoser and Gschwandtner, 2015|) for multivariate outlier detection from
PCA of QC metrics; rozygen2 (Wickham et al.l |2015), BiocStyle (Huber et al., 2015)),
knitr (Xiel [2013) and rmarkdown (Allaire et al., |2016) for generating documentation;
and testthat (Wickham| [2011) for unit testing. As well as functioning in the usual R
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environments, scater also has a GUI built using shiny (Chang et al., [2016) and
shinydashboard (Chang), |2015) for intuitive and interactive data visualisation. Calling
the scater_gui function from within an R session opens up the GUI in a web browser.

SCESet: an R S4 class for single-cell RNA-seq data

Inherits Bioconductor's ExpressionSet class, so contains all ExpressionSet slots not listed below

Required Slots l

Optional Slots

expression representation both internal methods and external packages should use.
Defaults to 'exprs'.

featureControlinfo: rame that can contain il

about sets of control features. This is used for normalisation integrated with the scran
package.

The assay data slot holds all of the expression — — —
data, both raw and transformed. It can hold any Dimensions A numeric matrix with columns representing
number of numeric matrices of the correct size. components for a reduced dimension
@ . representation of cells (rows), for example
@ Accessor functions are available for expected »| Reduced principal components.
5 slots: ‘exprs', ‘counts’, is_exprs', ‘tpm', ‘cpm’, = Di .
= “fokm', ‘norm_exprs', ‘stand_exprs'. Plus there is 8 imension Accessor and assignment function
@ the more general ‘get_exprs’ function to obtain ‘reducedDimension’, plus plotting methods.
L any named element in the assay data slot.
Variables Cell phenotype information. An Cells
‘AnnotatedDataFrame' with cells as rows and Pairwise distances between cells, using any
columns as phenotype variables. Columns can Cell appropriate distance metric.
«|Phenotype include quality control metrics. 1% Pairwi
3 Data [0} airwise Accessor and assignment functions
@) Accessor and assignment function ‘pData’, plus O| Distances ‘cellPairwiseDistances' and ‘cellDist’.
many associated plotting methods.
Variables Feature (i.e. gene or transcript) annotation Features
" rormation rgv’;s oDt as‘fe"a‘fur‘:‘"‘ Pairwise distances between features, using any
0
®| Feature variables, which can include quality control ) Feature appropriate distance metric.
5 .
B Data metrics. % Pairwise Accessor and assignment functions
L Accessor and assignment function ‘fData’, plus % Distances featurePainwiseDistances’. and ‘featDist'.
many associated plotting methods.
Further slots
logged: logical scalar indicating whether or not the expression data in the “exprs’ slot Cells
have been log2-transformed. A numeric array containing bootstrap samples
logExprsOffset: numeric scalar, providing an offset applied to expression data in the @ of expression values, as for example produced
“exprs’ slot when undergoing log2-transformation to avoid trying to take logs of zero. o) by the software tools kallisto or Salmon for
Default is one. = quantifying transcript abundance.
lowerDetectionLimit: numeric scalar giving the lower limit for an expression value to e Bootstraps
be classified as “expressed”. Default is zero. D
useForExprs: character string (one of 'exprs’, ‘tpm’, ‘counts' or 'fpkm') indicating which w — —

Alist to contain consensus clustering results
allowing integration with the SC3 clustering
package
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Figure 1: An overview of the SCESet class that underpins the scater package. Building
on Bioconductor’s ExpressionSet class, it is a fully-featured, sophisticated and flexible
data class tailored to scRNA-seq data.
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Figure 2: A QC plot produced by the plotQC function in scater showing violin, scatter-
and boxplots of principal component values against the C1 machine used for each cell
for the six principal components most strongly correlated with C1 machine used.
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Figure 3: An overview of the scater ecosystem. The SCESet class in scater acts as a
convenient hub for datasets so that many other methods and tools implemented in R

can be applied.




scater

Overview of expression for each cell
Plots produced by this function are intended to provide an overview of large-scale differences between cells. For each cell, the features are ordered from most-expressed to least-expressed and the
cumulative proportion of the total expression for the cellis computed across the top nfeatures features. These plots can flag cells with a very high proportion of the library coming from a small number
of features; such cells are likely to be problematic for analyses. Using the colour and blocking arguments can flag overall differences in cells under different experimental conditions or affected by

different batch and other variables.
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The landing page for the scater graphical user interface (GUI)

scater

General plots
highest-expression shows features with highest expression

o y-vari setof explanatory lotted against each other, ordered by marginal variance explained
exprs-mean-vs-freq plots the mean expression levels against the frequency of expression for a set o features
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Figure 5: The plotQC page for the scater graphical user interface (GUI).
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PCA using QC metrics and cell variables
Principal component analysis plots using QC metrics and cell metadata variables rather than expression levels. PCA on QC metrics can be used to identify potentially problematic cells, distinct from

biological effects captured when using feature expression levels. See outputin R session for names of detected outler cells

Points can be coloured either by cell metadata variables (see drop-down menus for shape_by and size_by for options) or feature expression levels, just enter a valid name into the text box below.
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Figure 6: The plotPCA - QC page for the scater graphical user interface (GUT).
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