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Overview. Single-cell RNA-seq technologies enable high throughput gene expression measurement of
individual cells, and allow the discovery of heterogeneity within cell populations. Measurement of cell-to-cell
gene expression similarity is critical to identification, visualization and analysis of cell populations. However,
single-cell data introduce challenges to conventional measures of gene expression similarity because of the high
level of noise, outliers and dropouts. We develop a novel similarity-learning framework, SIMLR (Single-cell
Interpretation via Multi-kernel LeaRning), which learns an appropriate distance metric from the data for
dimension reduction, clustering and visualization. SIMLR is capable of separating known subpopulations
more accurately in single-cell data sets than do existing dimension reduction methods. Additionally, SIMLR
demonstrates high sensitivity and accuracy on high-throughput peripheral blood mononuclear cells (PBMC)
data sets generated by the GemCode single-cell technology from 10x Genomics.

In this vignette, we give an overview of the package by presenting some of its main functions.
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1 Changelog

1.0 implements SIMLR and SIMLR feature ranking algorithms.

2 Algorithms and useful links

Acronym Extended name Reference

SIMLR Single-cell Interpretation via Multi-kernel
LeaRning

Paper

3 Using SIMLR

We first load the data provided as an example in the package.

library(SIMLR)

data(BuettnerFlorian)

The external R package igraph is required for the computation of the normalized mutual information to assess the
results of the clustering.

library(igraph)

We now run SIMLR as an example on an input dataset from Buettner, Florian, et al. ”Computational analysis of cell-
to-cell heterogeneity in single-cell RNA-sequencing data reveals hidden subpopulations of cells.” Nature biotechnology
33.2 (2015): 155-160. For this dataset we have a ground true of 3 cell populations, i.e., clusters.

set.seed(11111)

example = SIMLR(X = BuettnerFlorian$in_X, c = BuettnerFlorian$n_clust, cores.ratio = 0)

## Computing the multiple Kernels.

## Performing network diffiusion.

## Iteration: 1

## Iteration: 2

## Iteration: 3

## Iteration: 4

## Iteration: 5

## Iteration: 6

## Iteration: 7

## Iteration: 8

## Iteration: 9

## Iteration: 10

## Iteration: 11

## Performing t-SNE.

## Epoch: Iteration # 100 error is: 0.1326426

http://bioconductor.org/packages/SIMLR
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## Epoch: Iteration # 200 error is: 0.08721104

## Epoch: Iteration # 300 error is: 0.05808032

## Epoch: Iteration # 400 error is: 0.05713627

## Epoch: Iteration # 500 error is: 0.0570977

## Epoch: Iteration # 600 error is: 0.0570602

## Epoch: Iteration # 700 error is: 0.05702496

## Epoch: Iteration # 800 error is: 0.05699161

## Epoch: Iteration # 900 error is: 0.05696026

## Epoch: Iteration # 1000 error is: 0.05693017

## Performing Kmeans.

## Performing t-SNE.

## Epoch: Iteration # 100 error is: 11.21592

## Epoch: Iteration # 200 error is: 0.6659411

## Epoch: Iteration # 300 error is: 0.5755609

## Epoch: Iteration # 400 error is: 0.3986313

## Epoch: Iteration # 500 error is: 0.4913843

## Epoch: Iteration # 600 error is: 0.3970208

## Epoch: Iteration # 700 error is: 0.3979712

## Epoch: Iteration # 800 error is: 0.3530334

## Epoch: Iteration # 900 error is: 0.3026329

## Epoch: Iteration # 1000 error is: 0.2887195

We now compute the normalized mutual information between the inferred clusters by SIMLR and the true one. This
measure with values in [0,1], allows us to assess the performance of the clustering with higher values reflecting better
performance.

nmi_1 = compare(BuettnerFlorian$true_labs[,1], example$y$cluster, method="nmi")

print(nmi_1)

## [1] 0.888298

As a further understanding of the results, we now visualize the cell populations in a plot.

plot(example$ydata,

col = c(topo.colors(BuettnerFlorian$n_clust))[BuettnerFlorian$true_labs[,1]],

xlab = "SIMLR component 1",

ylab = "SIMLR component 2",

pch = 20,

main="SIMILR 2D visualization for Test_1_mECS")

SIMRL supports SCESet objects. We now create an example object and then run SIMLR on it.

library(scran)

ncells = 100

ngenes = 50

mu <- 2^runif(ngenes, 3, 10)

gene.counts <- matrix(rnbinom(ngenes*ncells, mu=mu, size=2), nrow=ngenes)

rownames(gene.counts) = paste0("X", seq_len(ngenes))

sce = newSCESet(countData=data.frame(gene.counts))

output = SIMLR(X = sce, c = 8, cores.ratio = 0)

## X is and SCESet, converting to input matrix.

## Computing the multiple Kernels.

## Performing network diffiusion.

## Iteration: 1

## Iteration: 2

## Iteration: 3

## Iteration: 4

## Iteration: 5

## Iteration: 6

## Iteration: 7

http://bioconductor.org/packages/SIMLR
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Figure 1: Visualization of the 3 cell populations retrieved by SIMLR.

## Iteration: 8

## Iteration: 9

## Iteration: 10

## Performing t-SNE.

## Epoch: Iteration # 100 error is: 0.3954757

## Epoch: Iteration # 200 error is: 0.1670204

## Epoch: Iteration # 300 error is: 0.02931304

## Epoch: Iteration # 400 error is: 0.06154111

## Epoch: Iteration # 500 error is: 0.148633

## Epoch: Iteration # 600 error is: 0.0444789

## Epoch: Iteration # 700 error is: 0.02368086

## Epoch: Iteration # 800 error is: 0.1354821

## Epoch: Iteration # 900 error is: 0.03936556

## Epoch: Iteration # 1000 error is: 0.09486228

## Performing Kmeans.

## Performing t-SNE.

## Epoch: Iteration # 100 error is: 23.41797

## Epoch: Iteration # 200 error is: 3.226277

## Epoch: Iteration # 300 error is: 1.766573

## Epoch: Iteration # 400 error is: 1.208079

## Epoch: Iteration # 500 error is: 3.972413

## Epoch: Iteration # 600 error is: 1.871051

## Epoch: Iteration # 700 error is: 3.578047

## Epoch: Iteration # 800 error is: 1.798899

## Epoch: Iteration # 900 error is: 1.323614

## Epoch: Iteration # 1000 error is: 1.568994

We finally run SIMLR feature ranking on the same inputs to get a rank of the key genes with the related pvalues.

ranks = SIMLR_Feature_Ranking(A=BuettnerFlorian$results$S,X=BuettnerFlorian$in_X)

head(ranks$pval)

## [1] 4.928188e-131 7.017070e-91 4.491575e-80 2.145926e-77 7.135361e-76 3.949742e-70

head(ranks$aggR)

http://bioconductor.org/packages/SIMLR
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## [1] 5701 1689 7549 57 2653 7595

4 sessionInfo()

toLatex(sessionInfo())

• R version 3.3.1 (2016-06-21), x86_64-pc-linux-gnu
• Locale: LC_CTYPE=en_US.UTF-8, LC_NUMERIC=C, LC_TIME=en_US.UTF-8, LC_COLLATE=C,
LC_MONETARY=en_US.UTF-8, LC_MESSAGES=en_US.UTF-8, LC_PAPER=en_US.UTF-8, LC_NAME=C,
LC_ADDRESS=C, LC_TELEPHONE=C, LC_MEASUREMENT=en_US.UTF-8, LC_IDENTIFICATION=C

• Base packages: base, datasets, grDevices, graphics, methods, parallel, stats, utils
• Other packages: Biobase 2.34.0, BiocGenerics 0.20.0, BiocParallel 1.8.1, SIMLR 1.0.1, ggplot2 2.1.0,

igraph 1.0.1, knitr 1.14, scater 1.2.0, scran 1.2.0
• Loaded via a namespace (and not attached): AnnotationDbi 1.36.0, BiocStyle 2.2.0, DBI 0.5-1,

IRanges 2.8.1, Matrix 1.2-7.1, R6 2.2.0, RCurl 1.95-4.8, RSQLite 1.0.0, Rcpp 0.12.7, S4Vectors 0.12.0,
XML 3.98-1.4, assertthat 0.1, beeswarm 0.2.3, biomaRt 2.30.0, bitops 1.0-6, chron 2.3-47, colorspace 1.2-7,
data.table 1.9.6, digest 0.6.10, dplyr 0.5.0, dynamicTreeCut 1.63-1, edgeR 3.16.2, evaluate 0.10, formatR 1.4,
ggbeeswarm 0.5.0, grid 3.3.1, gridExtra 2.2.1, gtable 0.2.0, highr 0.6, htmltools 0.3.5, httpuv 1.3.3,
lattice 0.20-34, limma 3.30.2, locfit 1.5-9.1, magrittr 1.5, matrixStats 0.51.0, mime 0.5, munsell 0.4.3,
plyr 1.8.4, reshape2 1.4.2, rhdf5 2.18.0, rjson 0.2.15, scales 0.4.0, shiny 0.14.2, shinydashboard 0.5.3,
statmod 1.4.26, stats4 3.3.1, stringi 1.1.2, stringr 1.1.0, tibble 1.2, tools 3.3.1, tximport 1.2.0, vipor 0.4.4,
viridis 0.3.4, xtable 1.8-2, zlibbioc 1.20.0, zoo 1.7-13
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