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Artificial Neural Networks (ANN) 



  

ANN: Universal Approximation Theorem 



  

Supervised Deep Learning 
for Omics Integration

OMIC1 OMIC3OMIC2 OMIC3

Regularization

Conversion to
nonparametric 

space

Integration

Prediction

Back propagation ensures
that all weights are updated
in context of each other



  

Why to Use Deep Learning? 



  

Big Data and Common Sense 

I have 500 TB of data on my disk, this is big.

I have Big Data, I want to run Deep Learning 
on my Big Data



  

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: Dimensionality Reduction
scRNAseq, 8 617 cells



  

10X Genomics Mouse Brain: 
scRNAseq, 1.3M cells



  

10X Genomics Mouse Brain: 
scRNAseq, 1.3M cells

Autoencoders are good for non-linear
pre- dimension reduction, the bottleneck
can be fed to tSNE / UMAP

Autoencoder itself perhaps is not
that great for visualization of scOmics



  

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



  

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: Data Integration
scRNAseq + scProteomics, 8 617 cells

scRNAseq scProteomics



  

scNMTseq: Clark et al., 2018, Nature Communications 9, 781

scNMT-seq: Data Integration
scRNAseq + scBSseq + scATACseq, 120 cells

From Single
To

Multi-OMICs



  

Deep Learning is not Good Enough 

Intelligence is to know how much you do not know



  

Frequentist Image Recognition

Fashion MNIST

Prediction



  

Bayesian Image Recognition

PyMC3, Edward, TensorFlow Probability Prediction



  

Bayesian Deep Learning for Single Cell
Superior for predictions on unseen data

Bartoschek et al. 2018, Nature Communications, 9, 5150

Uncertainties are crucial for Clinical Diagnostics



  

National Bioinformatics
Infrastructure Sweden (NBIS)
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