
Single-cell analysis: best practices 
and unsolved problems

Ming ‘Tommy’ Tang
Director of Computational Biology at Immunitas 

Twitter: tangming2005
https://divingintogeneticsandgenomics.com/

06/09/2023
Known RNA Research Centre in Poznan, Poland

https://divingintogeneticsandgenomics.rbind.io/


Who am I ?

https://github.com/crazyhottommy



10x single-cell gene expression solution



10x single-cell gene expression solution

UMI count

10x scRNAseq library 

16 bp cell barcode
10bp  (V2) vs 12bp (V3) 
Unique Molecular identifier (UMI)



Different scRNA-seq Techniques

STAT115Chen et al, Genome Biol 2019

https://www.youtube.com/watch?v=WqaeZe7mKUc

Takara Bio SMART-seq 

SPLiT-seq



CITE-seq
Ab-seq
Cell hashing
Multi-seq
scifi-seq
sci-RNA-seq3
Perturb-seq
dcPerturb-seq
SMART-seq3
SMART-seq4
SMART-seq total
SNARE-seq
SHARE-seq
DroNc-seq
Scito-seq
CEL-seq2
SeqWell
SeqWell s^3
SCRUB-seq
mcSCRUB-seq
SureCell 3’ WTA (ddSEQ)
Quartz-seq
Quartz-seq2
BD Rhapsody
Microwell-seq
10x 5’ (TCR/BCR-seq)
10x Feature barcoding.
……+++

Svennson et al., Nature Protocols (2018)

Exponential increase in throughput and new smart tech

Luciano Martelotto



Let's walk sprint through a typical* scRNA-seq analysis

Luecken, M. D. & Theis, F. J. Current best practices in single-cell RNA-seq analysis: a tutorial. Mol. Syst. Biol. 15, (2019). 

Credit to Peter Hickey

Lib size etc. 
SCTransform in Seurat

Dimension Reduction:
PCA
TSNE
UMAP

https://www.embopress.org/lookup/doi/10.15252/msb.20188746


Read Alignment and gene quantification 

• Cell Ranger (10X Genomics) solution: cellranger count

• RNA-seq: STAR
• STARsolo (Blibaum et al, F1000 2019): 10X faster than CellRanger

•  Alignment free:
• Salmon Alevin 
• Kallisto bustool 

• Resolve cell barcode and correct barcode sequencing errors

STAT115



Sparse matrix 

https://www.nature.com/articles/s41596-018-0073-y

Sparse: many 0s in the matrix



Quality control 



Mitochondrial gene content cutoff

Osorio et al 2020 Bioinformatics



Doublet detection and ambient RNA

• DoubletFinder  https://github.com/chris-mcginnis-ucsf/ 

• Scrublet - https://github.com/AllonKleinLab/scrublet

• DoubletCell in Scran::DoubletCell

• https://github.com/broadinstitute/CellBender
• https://github.com/constantAmateur/SoupX

https://github.com/broadinstitute/CellBender
https://github.com/constantAmateur/SoupX


0s: biological or not biological



Droplet scRNA-seq is not zero-inflated

Svensson et al 2020

https://divingintogeneticsandgenomics.rbind.io/post/negative-bionomial-distribution-in-single-cell-rnaseq/



Denoising vs imputation

https://twitter.com/tangming2005/status/1323362453342822407



To impute or not



The zeros could be biological due to cell type-
specific expression

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-020-02096-y



Normalization and scaling 

• Bulk-RNAseq
• Reads per kilobase of exon per million reads mapped (RPKM)
• Transcript per million (TPM)

• Single-cell RNAseq
• LogNormalize: log(n/library_size *10^6)
• scTransform 

• Scaling:
• Shifts the expression of each gene, so that the mean expression across cells is 0
• Scales the expression of each gene, so that the variance across cells is 1
• This step gives equal weight in downstream analyses, so that highly-expressed genes 

do not dominate



Normalization cont’t

Normalize to library size and log transform

More sophisticated methods: SCTransform in Seurat
https://www.nature.com/articles/s41592-023-01814-1



How to calculate gene-gene correlation 



Dimension reduction (PCA vs UMAP)

https://divingintogeneticsandgenomics.rbind.io/post/pca-in-action/



UMAP and TSNE 

https://twitter.com/lpachter/status/1431326048168202247

I personally think TSNE/UMAP is still useful 
To have a global view of your data.

https://statquest.org/



Avoid batch and confounding effects: experimental design

Hicks et al., Biostatistics. 2018

Luciano Martelotto
STAT115



Data integration/batch correction

http://bioconductor.org/books/3.14/OSCA.multisample/integrating-datasets.html#motivation



Data integration 

• Batch effect or not? Correct or not

https://constantamateur.github.io/2020-06-09-scBatch1/



Sacrificing biology by integration

http://bioconductor.org/books/3.14/OSCA.multisample/differential-abundance.html#sacrificing-differences



Clustering

• Dimension reduction (PCA)
• k-means, hierarchical clustering etc 
• Cluster cells (on the reduced 

dimensions) using graph-based 
method in Seurat v3 (Stuart et al, 
Cell 2019). KNN graph + community 
detection algorithm 
• Can visualize using t-SNE / UMAP

STAT115



Evaluating cluster stability 

http://bioconductor.org/books/3.14/OSCA.advanced/clustering-redux.html#cluster-bootstrapping
https://github.com/crazyhottommy/scclusteval

Tang et al 2021 Bioinformatics

http://bioconductor.org/books/3.14/OSCA.advanced/clustering-redux.html
https://github.com/crazyhottommy/scclusteval


Marker gene p-value is inflated 

https://www.lucylgao.com/clusterpval/
https://www.youtube.com/watch?v=voseWZIaFm4

https://www.sciencedirect.com/science/article/pii/S2405471219302698



Large number of data points will make p-value tiny

https://twitter.com/tangming2005/status/1489964367336648707
https://mobile.twitter.com/mikhaeldito313/status/1505204061506715649

https://twitter.com/tangming2005/status/1489964367336648707
https://mobile.twitter.com/mikhaeldito313/status/1505204061506715649


Cell annotation 

https://twitter.com/tangming2005/status/1494354585602998274

SingleR 

Seurat V4 reference based mapping

https://bioconductor.org/books/3.14/SingleRBook/



Differential cell abundance analysis

http://bioconductor.org/books/3.14/OSCA.multisample/differential-abundance.html#overview



Multi-sample Differential expression: pseudo-
bulk for the win 



Muscat::pbDS() or Scran::pseudoBulkDEG

https://www.nature.com/articles/s41467-020-19894-4



Differential expression (DE) vs Differential abundance (DA)

https://www.biorxiv.org/content/10.1101/2022.03.15.484475v1



Trajectory/pseduotime  analysis

Monocle
Slingshot https://broadinstitute.github.io/2020_scWorkshop/trajectory-analysis.html



Trajectory/pseduotime  analysis

https://broadinstitute.github.io/2020_scWorkshop/trajectory-analysis.html
Monocle
Slingshot 



RNA velocity 

https://twitter.com/lpachter/status/1493368227677671424



Take a second thought on your velocity results

https://twitter.com/lpachter/status/1493368227677671424



Be aware of technical artifacts 

https://twitter.com/tangming2005/status/1507520784792793090
https://kb.10xgenomics.com/hc/en-us/articles/360004729092-Why-do-I-see-high-levels-of-Malat1-in-my-gene-expression-data-

https://twitter.com/tangming2005/status/1507520784792793090
https://kb.10xgenomics.com/hc/en-us/articles/360004729092-Why-do-I-see-high-levels-of-Malat1-in-my-gene-expression-data-


Dissociation methods can induce artificial 
gene signatures 



CD4 is not expressed at high mRNA level in CD4+ cells

https://twitter.com/tangming2005/status/1501766040686108678
https://www.nature.com/articles/nmeth.4380 https://rpubs.com/MattPM/cd4

CITE-seq

https://twitter.com/tangming2005/status/1501766040686108678
https://www.nature.com/articles/nmeth.4380
https://rpubs.com/MattPM/cd4


CD56/NCAM1 is not expressed at high mRNA level in NK 
cells

https://www.nature.com/articles/s41467-018-07931-2



Gazillions of point, data can be misleading

https://github.com/exaexa/scattermore

Order =FALSE Order =TRUE

https://github.com/exaexa/scattermore


Understanding the details of methods

https://github.com/satijalab/seurat/issues/3322



Stacked violin plot and clustered dotplot

https://github.com/samuel-marsh/scCustomize



Let's walk sprint through a typical* scRNA-seq analysis

Luecken, M. D. & Theis, F. J. Current best practices in single-cell RNA-seq analysis: a tutorial. Mol. Syst. Biol. 15, (2019). 

Credit to Peter Hickey

Lib size etc. 
SCTransform in Seurat

Dimension Reduction:
PCA
TSNE
UMAP

https://www.embopress.org/lookup/doi/10.15252/msb.20188746


Other resources

https://bioconductor.org/books/release/OSCA/

https://github.com/seandavi/awesome-single-cell
https://github.com/mdozmorov/scRNA-seq_notes
https://github.com/crazyhottommy/scRNAseq-analysis-notes

https://liulab-dfci.github.io/bioinfo-combio/scatac.html

https://github.com/seandavi/awesome-single-cell
https://github.com/mdozmorov/scRNA-seq_notes
https://github.com/crazyhottommy/scRNAseq-analysis-notes
https://liulab-dfci.github.io/bioinfo-combio/scatac.html
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Almighty Tweeps

Follow me on twitter @tangming2005

Divingintogeneticsandgenomics.com



What questions do you have?


