
4

8

12

16

6000 8000 10000 12000
total_features

pc
t_

co
un

ts
_M

T

batch

batch1

batch2

A

● ●

●

●
●●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

2

3

4

 

M
ill

io
ns

 o
f R

ea
ds

Number of Reads
B

●●

●

●●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●
●

●

●

●●

●

●
●

●●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

● ●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

4

5

6

7

8

 

M
ill

io
ns

 o
f A

lig
nm

en
ts

Number of Alignments
C

●●

●

●
●●

●

●

● ●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●

●●

●

●

●●

●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

3

4

5

6

7

8

 

M
ill

io
ns

 o
f R

ea
ds

Number of Uniquely Mapping Reads
D

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

0.1

0.2

0.3

0.4

 

M
ill

io
ns

 o
f R

ea
ds

Number of Non−Uniquely Mapping ReadsE

● ● ●● ●● ●●● ●● ● ●● ●● ●● ● ● ●● ●●● ●● ●● ●●● ● ●● ●● ●●● ● ●● ●● ● ●● ●●●● ● ●●● ●●● ● ●● ● ● ● ●● ●● ● ●● ●● ● ●●●●●●● ● ●● ●●● ●●●●●0

25

50

75

100

 

N
um

be
r 

of
 R

ea
ds

Number of Unmapped ReadsF

Figure S1: Plots of quality control statistics for the BLUEPRINT B lymphocytes. In all of
these plots, one point represents one cell. Based on these plots, cells with more than 10% of reads mapping
to mitochondrial RNA, more than 4 million reads, more than 8.2 million alignments, more than 8 million
uniquely mapping reads or more than 350,000 non-uniquely mapping reads were removed. Dashed red lines
indicate the thresholds selected to remove cells. A: Percentage of reads mapping to mitochondrial RNA.
Graph produced using the scater package[1]. B: Number of reads per cell. C: Number of alignments per
cell. D: Number of uniquely mapping reads per cell. E: Number of non-uniquely mapping reads per cell.
F: Number of unmapped reads.
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Figure S2: Plots of quality control statistics for the RSEM[2] simulated data based on the
BLUEPRINT B lymphocytes. In all of these plots, one point represents one cell. Based on these
plots, cells with more than 10% of reads mapping to mitochondrial RNA were removed. Dashed red lines
indicate the thresholds selected to remove cells. A: Percentage of reads mapping to mitochondrial RNA.
Graph produced using the scater package. B: Number of reads per cell. C: Number of alignments per cell.
D: Number of uniquely mapping reads per cell. E: Number of non-uniquely mapping reads per cell. F:
Number of unmapped reads.
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Figure S3: Plots of quality control statistics for the Splatter[3] and Polyester[4] 3’ bias simu-
lated data based on the BLUEPRINT B lymphocytes. In all of these plots, one point represents one
cell. Based on these plots, cells with more than 250,000 non-uniquely mapping reads were removed. Dashed
red lines indicate the thresholds selected to remove cells. A: Percentage of reads mapping to mitochondrial
RNA. Graph produced using the scater package. B: Number of reads per cell. C: Number of alignments
per cell. D: Number of uniquely mapping reads per cell. E: Number of non-uniquely mapping reads per
cell. F: Number of unmapped reads.
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Figure S4: Plots of quality control statistics for the Splatter and Polyester simulated data
based on the BLUEPRINT B lymphocytes, simulated with no coverage bias. In all of these
plots, one point represents one cell. Based on these plots, no poor quality cells were removed. Based on
these plots, cells with more than 250,000 non uniquely mapping reads were removed. Dashed red lines
indicate the thresholds selected to remove cells. A: Percentage of reads mapping to mitochondrial RNA.
Graph produced using the scater package. B: Number of reads per cell. C: Number of alignments per cell.
D: Number of uniquely mapping reads per cell. E: Number of non-uniquely mapping reads per cell. F:
Number of unmapped reads.
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Figure S5: Plots showing characteristics of the different simulation methods included within
Splatter, compared with the RSEM simulations and the real data. Based on these plots, the
Lun2 method was selected for use in the rest of this paper.
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Figure S6: The difference in the NRMSE between RSEM and Splatter and Polyester simula-
tions could not be explained by outliers. A: For each isoform, the mean squared difference between
RSEM’s expression estimates and the ground truth was calculated for the Splatter and Polyester simula-
tions and for the RSEM simulations. B: The NRMSE when outliers were and were not removed. Based
on A, outliers were defined as isoforms with a mean squared difference greater than 30 in the Splatter and
Polyester simulations.
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Figure S7: Histograms of ground truth expressions values for different simulation methods.
A: Histogram of ground truth expression values for RSEM simulations. B: Histogram of ground truth
expression values for Splatter and Polyester simulations with 3’ coverage bias. C: Histogram of ground
truth expression values for Splatter and Polyester simulations with no coverage bias. D: Percentage of
isoforms which are unexpressed (ie. have zero expression) in RSEM and Splatter and Polyester simulations.
Each point represents one simulated cell.
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Figure S8: A comparison of the RSEM and Splatter simulations with the real BLUEPRINT
data. CountsimQC[5] was used to generate these figures, using expression estimates generated by running
Kallisto[6] on the real BLUEPRINT B lymphocytes (red), ground truth expression values from the RSEM
simulated data (green) and ground truth expression values from the Splatter and Polyester simulated
date (blue). A: Boxplots of sample-sample correlations. Each point represents the Spearman correlation
coefficient between two cells. B: Frequency density plot of library sizes. C: Scatter plots of the mean-
variance relationship for log2(CPM). D: Scatter plots showing the relationship between the fraction of zeros
and the average log CPM.
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Figure S9: The relationship between expression estimates generated by running Kallisto
on the real BLUEPRINT B lymphocytes and the ground truth expression estimates from
simulated data. A: Relationship between expression estimates generated by running Kallisto on the real
BLUEPRINT B lymphocytes and the ground truth expression values from the Splatter and Polyester 3’
bias simulated data. B: Relationship between expression estimates generated by running Kallisto on the
real BLUEPRINT B lymphocytes and the ground truth expression values from the Splatter and Polyester
simulated data with no coverage bias. C: Relationship between expression estimates generated by running
Kallisto on the real BLUEPRINT B lymphocytes and the ground truth expression values from the RSEM
simulated data
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Figure S10: Plots of quality control statistics for mESCs grown in standard 2i media + LIF,
published by Kolodziejczyk et al.[7] In all of these plots, one point represents one cell. Based on these
plots, cells with more than 10% of reads mapping to mitochondrial RNA, more than 12 million or less
than 3.5 million reads, more than 32 million or less than 4 million alignments, or more than 2.5 million
non-uniquely mapping reads were removed. Dashed red lines indicate the thresholds selected to remove
cells. A: Percentage of reads mapping to mitochondrial RNA. Graph produced using the scater package.
B: Number of reads per cell. C: Number of alignments per cell. D: Number of uniquely mapping reads per
cell. E: Number of non-uniquely mapping reads per cell. F: Number of unmapped reads.
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Figure S11: Plots of quality control statistics for simulated mESCs. In all of these plots, one
point represents one cell. Based on these plots, cells with more than 10% of reads mapping to mitochondrial
RNA or less than 5 million uniquely mapping reads were removed. Dashed red lines indicate the thresholds
selected to remove cells. A: Percentage of reads mapping to mitochondrial RNA. Graph produced using
the scater package. B: Number of reads per cell. C: Number of alignments per cell. D: Number of uniquely
mapping reads per cell. E: Number of non-uniquely mapping reads per cell. F: Number of unmapped reads.
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Figure S12: Histogram of ground truth expression values for simulated mESCs.
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Figure S13: Comparison of the performance of isoform quantification tools on Kolodziejczyk
et al. ES cell bulk and single cell RNA-seq data. Each point represents one cell from the scRNA-seq
dataset or one bulk RNA-seq experiment. Yellow points represent bulk RNA-seq experiments, blue points
represent one cell from the scRNA-seq experiment. (a) F1 score, precision and recall of isoform detection.
The F1 score is the harmonic mean of the precision and recall. The precision is the proportion of the
isoforms predicted to be expressed by an isoform quantification tool which are expressed. The recall is the
proportion of expressed isoforms which are predicted to be expressed by the isoform quantification tool.
(b) Spearman’s rho. (c) Normalised Root Mean Square Error (NRMSE).
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Figure S14: Comparison of the percentage of isoforms which are unexpressed (ie. have zero
expression) in BLUEPRINT B lymphocyte and Kolodziejczyk et al. ES cell bulk and scRNA-
seq data. For the single cell data, each point represents a simulated single cell. For the bulk data, each
point represents a single simulated bulk RNA-seq sample.
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Figure S15: Investigation into how many isoforms are expressed per cell in the scRNA-seq
data for genes which express exactly two isoforms using the second (left) and third (right)
biological replicates for the BLUEPRINT B lymphocyte bulk RNA-seq data. A: Number of
genes which express two isoforms in the bulk RNA-seq data which express zero, one or two isoforms in
each cell in the scRNA-seq data. B: Histogram of the percentage of cells which express both the isoforms
detected in the bulk RNA-seq data. C: Relationship between the percentage of cells which express both the
isoforms detected in the bulk RNA-seq. Spearman’s rho is 0.625 for replicate 2 and 0.626 for replicate 3.
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