
  

Deep Learning for Life Sciences:
Bayesian Deep Learning

Nikolay Oskolkov, NBIS SciLifeLab
11.12.2020



  

Chellenges of Applying Deep Learning

 Apply to real Life Science projects (NGS: tabular data)

 Apply only if Deep Learning better than simpler methods

Why don’t neural networks always work?



  

Statistics vs. Machine Learning 

Why do you compare AI against radiologists?
You should compare it against simpler models



  

Deep Learning is not The Only Tool 

Deep LearningDeep Learning is
a yet another tool

Comparison is important:
If you do not compare, your
neural network is the best



  

Various Types of Data

DATA

Tabular

Text

Image

Time Series
Video

Sound



  

Do we have Big Data in Life Sciences?

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

Possible Big Data in Life Sciences:

 Microscopy Imaging

 Single Cell Omics

 Metagenomics (possibly)

 Genomics (sequence is an observation)



  

Deep Learning on Microscopy Imaging

Mask-RCNN

Object detection

Nuclei
segmentation



  

Deep Learning for Single Cell



  

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

Deep Learning for Data Integration



  

Deep Learning for Metagenomics



  

Deep Learning for Genomics



  

Deep Learning on Ancient DNA (aDNA)

One sequence / read is one statistical observation

One genome (N=1) is a Big Data

Modern contamination is a big problem for aDNA

Zou et al., 2018, Nature Genetics 51, 12-18



  

Deep Learning for Epidemiology
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2.2 mln data points from 200 k individuals



  

Deep Learning is not Good Enough 

Intelligence is to know how much you do not know



  



  

Why Frequentist Statistics is Brain Damaging



  



  

What is Bayesian Deep Learning?



  

How Deep Learning Does Fitting



  

Bayesian Deep Learning
Superior for predictions on unseen data

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

Uncertainties are crucial for Clinical Diagnostics



  

Frequentist Image Recognition

Fashion MNIST

Prediction



  

Bayesian Image Recognition

PyMC3, Edward, TensorFlow Probability Prediction



  

National Bioinformatics
Infrastructure Sweden (NBIS)
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