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• “Functional” inference
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More exploration on cell annotation

• Basic QC, clustering, and annotation
• Key techniques they can now explore 

more:
• Adjusting clustering resolutions
• Subsetting for more focused 

analysis
• Reference-based annotation tools

• Tools like SingleR, Azimuth, 
scPred, and CellTypist

Source: https://satijalab.org/seurat/
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Ambient RNA removal

• Free-floating RNA from lysed or dying 
cells captured in droplets

• Usual suspects:
• Hemoglobin genes: HBA1, HBA2, 

HBB → from lyzed red blood cells.
• Immunoglobulin genes: IGH*, IGK*, 

IGL* → from lyzed 
plasmablasts/plasma cells

• Apply correction before normalization
• Example tools: SoupX, DecontX, 

CellBender 
Source: 10X Genomics



Doublet detection and removal

• Doublets: two cells are captured in the same droplet
• Remove doublets before clustering and annotation
• Example tools for doublet detection and removal:

• DoubletFinder (R)
• scDblFinder (R)
• Scrublet (Python)

Source: https://github.com/chris-mcginnis-ucsf/DoubletFinder
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Cell cycle regression

Source: https://satijalab.org/seurat/articles/cell_cycle_vignette.html

Regress out cell cycle scores (S/G2M phases) when it's not biologically relevant



Batch correction/Data integration

Source: https://satijalab.org/seurat/

Before correction After correction



Batch correction/Data integration

Examples
• Seurat (CCA, RPCA)
• Harmony
• FastMNN
• Scanorama
• BBKNN
• scVI, scANVI, scGEN

Korsunsky. Nat Methods. 2019

Source: https://https://www.sc-best-practices.org/
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Differential abundance/compositional analysis: cluster-based

Source: https://https://www.sc-best-practices.org/



Differential abundance/compositional analysis: cluster-based

Source: https://https://www.sc-best-practices.org/

- Work on predefined clusters or cell 
types

- Per-sample cell proportions – can 
be derived by basic dplyr/pandas

- Considerations: adjustment for 
covariates, statistical tests

- Can use either frequentist (glm-
based e.g. Yoshida et al. Nature. 
2021 (glm), propeller or Bayesian 
approaches (e.g. scCODA)

- Limitations:
- Relies on clustering quality
- Can't detect within-cluster 

shifts



Differential abundance/compositional analysis: non-cluster-based

Dann et al. Nature Biotechnology. 2022

• Detect regions in 
expression space/latent 
space where cell density 
differs between 
conditions, without 
relying on clusters

• Examples:
• MiloR, MELD, Cydar, 

DA-seq



Differential gene expression 
• Consideration

• Single-cell level vs pseudobulk 
level

• Single-cell level methods
• Analyze each cell as an 

observation -> more granular but 
noisy; inflated significances

• Seurat/Scanpy (with options to 
choose specific methods e.g. 
Wilcoxon, MAST, t-test etc.) 

• Pseudobulk methods
• Aggregate cells per sample -> 

more robust, lower FDRs 
compatible with bulk RNA-seq 
tools e.g. edgeR, DESeq2, limma

Source: https://https://www.sc-best-practices.org/



Outline
• More exploration on cell annotation

• Additional data cleaning

• Adjusting for confounders 

• Quantitative comparison across groups

• “Functional” inference

• Extensions to multi-omics

• Real-world applications



Pathway & gene set enrichment analysis

Source: https://pwwang.github.io/Stephenson et al. Nature Medicine. 2022

• Examples: fgsea, Enrichr, AUCell, GSVA, ClusterProfiler
• Inference of gene regulatory networks  (regulatory interactions between transcription factors (TFs) and 

target genes): SCENIC



Pseudotime/Trajectory analysis 

Herring et al. 2018Example tools: PAGA, monocle3, Slingshot, Palantir
* RNA velocity-based: scVelo (add directionality)



Predicting cell-cell interactions

Source: https://satijalab.org/seurat/

Modeling IL-10/IL-10R communication 
during a viral infection (unpublished)

Example tools:
• CellPhoneDB
• CellChat
• NicheNet

Tools infer signaling based on ligand–receptor expression 
across cell types. Often rely on curated databases.



Outline
• More exploration on cell annotation

• Additional data cleaning

• Adjusting for confounders 

• Quantitative comparison across groups

• “Functional” inference

• Extensions to multi-omics

• Real-world applications



Multi-omics: protein expression

Source: https://satijalab.org/seurat/

Matula et al. Advanced Biosystems. 2019



Multi-omics: chromatin accessibility

Source: https://satijalab.org/seurat/

https://www.activemotif.com/catalog/1299/single-cell-
atac-seq-services



Frameworks for the integration of single-cell multi-omics data

Miao, Z. et al. Nat Rev Nephrol. 2021



Example of a latent space 
inference 



Janesick, Z. et al. Nat Commun. 2023

Integration with spatial omics



Immune receptor profiling (TCR/BCR Sequences)

Valkiers et al. ImmunoInformatics, 2022

Analysis tools examples:
• V(D)J gene /clonotype calling

• Cellranger V(D)J
• Dandelion (re-annotation of 

BCR)
• Downstream analysis

• scRepertoire (R), scirpy
(Python), Dandelion (Python)

• These tools often wrap or 
extend specialized utilities



• Single-cell transcriptomes
• Single-cell TCR sequences
• SAR-CoV-2 epitopes
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Some Resources:

• Single-cell best practices (Python-based): https://www.sc-best-practices.org/

• Benchmarking trajectory analysis methods: Saelens et al. Nat Biotechnol. 2019

• Benchmarking doublet detection/removal methods: Xi and Li. Cell Syst. 2021

• Benchmarking DE methods: Squair et al. Nat Commun. 2021

• Benchmarking integration methods: Luecken et al. Nat Methods. 2022

• Benchmarking cell-cell communication methods: Dimitrov et al. Nat Commun. 2022

• Benchmarking DA methods: Yi et al. Genome Biol. 2024

https://www.sc-best-practices.org/
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