Normalization and variance stabilization of single-cell RNA-seq data using
regularized negative binomial regression

Additional file 1

Application of sctransform to additional UMI datasets

The following figures show results of our analysis and normalization method for five additional datasets:

1. Chromium Control (10X v2) [Svensson et al., 2017], ArrayExpress accession E-MTAB-5480, UMI count matrix available
on https://figshare.com/articles/svensson_chromium_control_h5ad/7860092, sample 1

2. Human pancreas (CEL-seq2) GSE85241 [Muraro et al., 2016]
3. 10X Genomics 10k PBMCs from a Healthy Donor (v3 chemistry)
4. 10X Genomics 10k Brain Cells from an E18 Mouse (v3 chemistry)

5. 10X Genomics 10k Heart Cells from an E18 mouse (v3 chemistry)

10X Genomics datasets can be found at
https://support.10xgenomics.com/single-cell-gene-expression/datasets/

Figure legends

First figure (S1) — Overview of datasets and bias in log-normalized expression
Top Distribution of total UMI counts / cell ("sequencing depth’).
Middle We placed genes into six groups, based on their average expression in the dataset.

Bottom For each gene group, we examined the average relationship between log-normalized expression and cell sequencing
depth. We fit a smooth line for each gene individually and combined results based on the groupings. Black line shows
mean, colored region indicates interquartile range. Values were scaled (z-scored) so that a single y-axis range could be

used.
Second figure (S2) — Overview of bias in normalized expression
Top After normalizing data with scran [Lun et al., 2016a,b].

Bottom After normalizing data with regularized negative binomial regression models.

Remaining figures — Details of normalization and variance stabilization

A) Model parameters for genes detected in at least 0.1% of the cells for the NB regression model, plotted as a function of average
gene abundance. The color of each point indicates a parameter uncertainty score as determined by bootstrapping (Methods).
Pink line shows the regularized parameters obtained via kernel regression.



B) Standard deviation (0-) of NB regression model parameters across multiple bootstraps. Red points: o for unconstrained NB
model. Blue points: o for regularized NB model, which is substantially reduced in comparison. Black trendline shows an
increase in o for low-abundance genes, highlighting the potential for overfitting in the absence of regularization.

C) Distribution of residual mean, across all genes, is centered at 0.
D) Density of residual gene variance peaks at 1, as would be expected when the majority of genes do not vary across cell types.

E) Variance of Pearson residuals is independent of gene abundance, demonstrating that the GLM has corrected for the mean-
variance relationship inherent in the data. Genes with high residual variance (top 15 are labeled) tend to be cell-type markers.
In contrast to a regularized NB, a Poisson error model does not fully capture the variance in highly expressed genes. An
unconstrained (non-regularized) NB model overfits sScRNA-seq data, attributing almost all variation to technical effects. As
a result, even cell-type markers exhibit low residual variance. Mean-variance trendline shown in blue for each panel. In the
case of Chromium Control even the highest residual variance for regularized NB is < 2.3. This highlights the effectiveness
of our method as in the absence of biological variance no variable genes should remain after normalization.
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Chromium Control (10X), 13025 genes, 2000 cells
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Bo P logio 0 | c by} o
40 ) 30001 & 30001 &
Uncertainty > =
51 & &
High 2000 1 g 20001 2
204 = =
. (o) o
@© @©
01 1000 4 = 1000 1 =
o o
01 E 3 3
- =) =)
-5 04 —_— 0 L
201 15000 10000
Low - Zl - z
— A T — — . S @ | £ 7500 @
0.01 0.1 1 10 0.01 0.1 1 10 0.01 0.1 1 10 §10000. = § =
(o) (o)
Gene mean o w| o 5000 @
5 2| 3 2
5000 1 3 1 3
Bo By logso 6 © 5| © 2500 5
o* 4 \J 2.51 ¢ . . . 04 4 0
N B ® Negative Binomial L L
2.0 ° - ® Reg. Negative Binomial 15000 4 3000
.'n'.. Lx ]
15 B . v
R B 10000 - - 2000 4 -
*$ B o o
. w 173
. [ [
o o
5000 = 1000 4 =
04 _ 4 04
001 0.1 1 10 0.4 -02 0.0 02 04 01 2 3 4 5
Gene mean Residual mean Residual variance
Reg. Negative Binomial I I Negative Binomial | | Poisson
- oM o - - = o [} [} A o < o < << - o o - - = o (] [} < = oM o < < - a5} o - - = o w [} o = < o < <<
E o 25 8EE 22208 %0 3 t o2 EBEZE2=8206%08 0 t o2 E3EFT 22528350 8
1000 4 R &3 6 e 7 e 2 - & o 6 & R g g B & 38 6 e d g T g
T & [ ) T &
750 4
500 4 .
250 4
e YREV T
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Gene mean



>

Model parameter value

Model parameter std. dev. xy

Residual variance

PBMC (10X), 17095 genes, 11769 cells
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Neuron (10X), 16117 genes, 11843 cells
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Model parameter value

Residual variance

Heart (10X), 18072 genes, 7713 cells
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