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scRNAseq != Function (not always)

“Despite tremendous functional diversity, distinct populations of T cells such as effector, 
regulatory, γẟ, and mucosal associated invariant T (MAIT), often cannot be effectively , and mucosal associated invariant T (MAIT), often cannot be effectively ẟ, and mucosal associated invariant T (MAIT), often cannot be effectively 
separated by scRNA-seq alone, even when using the most sensitive and cutting-edge 
technologies”

Hao et al., bioRxiv 2020.10.12.335331; doi: https://doi.org/10.1101/2020.10.12.335331 



  

Multimodal scOMICs Technologies

Kelsey et al., 2017, Science 358, 69-75
Clark et al., 2018, Nature Communications 9, 781

Hu et al., 2018, Frontier in Cell and Developmental Biology 6, 1-13
10X Genomics Multiome ATAC + Gene Expression



  

Early Works
(in scOMICs)



  

Human Cell Atlas (HCA) Consortium

HCA ambition: create a comprehensive Atlas of human cells from all organs / tissues
Data harmonization / integration is one of major chellenges of HCA



  

Seurat Omics Integration: CCA + DTW

Butler A, Hoffman P, Smibert P, Papalexi E, Satija R. Nat Biotechnol. 2018 Jun;36(5):411-420. 
doi: 10.1038/nbt.4096. Epub 2018 Apr 2. PMID: 29608179; PMCID: PMC6700744.



  

Seurat: CCA + DTW in Action



  

Seurat: Transfer Anchors Across Omics

Stuart T, Butler A, Hoffman P, Hafemeister C, Papalexi E, Mauck WM 3rd, Hao Y, Stoeckius M, 
Smibert P, Satija R. Comprehensive Integration of Single-Cell Data. Cell. 2019 Jun 13;177(7):1888-1902.e21. 
doi: 10.1016/j.cell.2019.05.031. Epub 2019 Jun 6. PMID: 31178118; PMCID: PMC6687398.



  

Single Cell Multi-OMICs Integration:
Seurat CCA

I want to see a new cell type



  

Single Cells Make
Big Data



  

Big Data in Genomics 
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A file with White Noise can
also take a lot of disk space

Stephens et al., (2015). Big Data: Astronomical or Genomical? PLoS Biology 13(7)
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Big Data in Single Cell

Watch out Underfitting!
 Paradise for Deep Learning!



  

Why Autoencoder for Single Cell?

Unsupervised 
Artificial Neural Network

Single Cell Analysis is Unsupervised
1) Dimensionality Reduction
2) Clustering



  

CITE-seq: Data Integration
Autoencoder

Back Propagation:
all OMICs know about each other

Combine data from
different distributions

Captures non-linearity
of single cell data

Flexible and scalable
OMICs integration



  

CITE-seq: scOmics Integration
scRNAseq + scProteomics, 8 617 cells

scRNAseq scProteomics

RIKEN-SciLifeLab
symposium 2018



  

Seurat Confirms CD8+ T 
Cluster Formation

Hao et al., bioRxiv 2020.10.12.335331; doi: https://doi.org/10.1101/2020.10.12.335331 



  

Graph-Based
scOMICs Integration



  

Graph-Based OMICs Integration

Keep edges consistently
present across the OMICs



  

UMAP for scOmics Integration: CITEseq 



  

Recent Works



  

Seurat Weighted Nearest Neighbours (WNN) 

Hao et al., bioRxiv 2020.10.12.335331; doi: https://doi.org/10.1101/2020.10.12.335331 

For each cell, we began by independently calculating sets of k=20 nearest neighbors for each modality

For each cell, we calculate its closest neighbors in the dataset based on a weighted averaging of  RNA 
and protein similarities. 



  

MOFA+ for scOmics Integration: 10X PBMC 

scRNAseq scATACseqscRNAseq

scRNAseq + scATACseq



  

MOFA for scOmics Integration: 10X PBMC 



  

Seurat WNN vs MOFA+



  

National Bioinformatics
Infrastructure Sweden (NBIS)
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