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Deep Learning hits the mainstream 
in biomedicine



Deep Learning – what’s the big deal?

http://www.bbc.com/news/technology-18595351
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Deep Learning w/ EHR data

Miotto R, Li L, Kidd 
BA, Dudley JT. 
Scientific Reports 6 
(2016)



Deep Learning w/ EHR data

Miotto R, Li L, Kidd BA, Dudley JT. Scientific Reports 6 (2016)



Deep Learning and Donald Rumsfeld. Bet 
you didn’t expect that.



Learning latent factors and compressed 
representations

Chaudhary et al. CCR 2018



Boosting Docking-Based Virtual 
Screening with Deep Learning

Janaina Cruz Pereira, Ernesto Raúl Caffarena, and Cicero Nogueira dos Santos J. Chem. Inf. Model., 2016

• DeepVS uses convolutional neural 
networks to learn abstract features 
(i.e. compound atom type, atomic 
partial charged and distance between 
atoms) that can discriminate active 
ligands

• The deep learning method 
outperforms two well-established 
virtual screening methods on a 
benchmarking dataset 



Prophecy and 
Deep Learning



Prediction of organic reaction outcomes 
using machine learning

Connor Coley, Regina Barzilay, Tommi Jaakkola, William Green, Klavs Jensen ACS Central Science, 2017

• Organic compound synthesis is difficult and requires 
extensive human planning.

• Existing computer-aided techniques essentially just 
iteratively apply known reaction templates

• Proposed reaction steps which work on paper often fail in 
the laboratory

• This manuscript uses published reactions from 15,000 US 
patents to generate lists of candidate products from 
reactants



Convolutional Embedding of Attributed 
Molecular Graphs for Physical Property 
Prediction

Connor Coley, Regina Barzilay, William Green, Tommi Jaakkola, and Klavs Jensen J Chem Inf Model 2017



Hello, I don’t exist!

https://thispersondoesnotexist.com/ StyleGAN – Kerras et al. 2018



Generative Adversarial Networks 
(GAN)



GAN applied to phenotypic screening 
scenario



GAN applied to phenotypic screening 
scenario



Moving from one image to another in 
the latent space

Embedding 1 Embedding 2

Nucleus

Endoplasmic 
reticulum

Cytoplasmic 
RNA

Actin/Golgi 

Mitochondria



GANs encode “action” on the images



Using the discriminator to discover 
bioactive chemicals

Images conv conv conv conv dense Real or generated ?

Discriminator network

Novelty discovery

Use this layer as features

Phenotypes that are different 
from those of untreated cells Classify if bioactive

AUC-ROC AUC-PR
GAN 0.989±0.007 0.991±0.007

Autoencoder 0.981±0.005 0.985±0.004
cell-profiler 0.967±0.020 0.970±0.019

Untreated cells (actin filament) Novel phenotypes (actin filament)
Benchmark on classifying 30 selected 
bioactive chemicals



An exploration strategy improves the diversity of de novo
ligands using deep reinforcement learning: a case for the 
adenosine A2A receptor

Example generated moleculesDe Novo molecules similar to training molecules

Xuhan Liu, Kai Ye, Herman W. T. van Vlijmen, Adriaan P. IJzerman, Gerard J. P. van Westen. ChemArxiv



Automatic Chemical Design Using a Data-
Driven Continuous Representation of 
Molecules

Estimate a continuous latent space for molecular 
structures by the variational autoencoder

Interpolate between two structures in the latent space

Search similar molecular structures in the latent space 

Generate a molecule that optimizes given properties  

QED: Quantitative Estimation of Drug-likeness
SAS: Synthetic Accessibility score

Gómez-Bombarelli, Rafael, et 
al., ACS central science, 2018



Starting with chemogenomic drug-
disease relationships
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Starting with chemogenomic drug-
disease relationships

Dudley, J. T., Sirota, M., et al. (2011). 
Computational Repositioning of the 
Anticonvulsant Topiramate for 
Inflammatory Bowel Disease. Science 
Translational Medicine, 3(96).



Automatic Chemical Design Using a Data-
Driven Continuous Representation of 
Molecules

Estimate a continuous latent space for molecular 
structures by the variational autoencoder

Interpolate between two structures in the latent space

Search similar molecular structures in the latent space 

Generate a molecule that optimizes given properties  

QED: Quantitative Estimation of Drug-likeness
SAS: Synthetic Accessibility score

Gómez-Bombarelli, Rafael, et 
al., ACS central science, 2018



Multi-modal representation learning on 
chemogenomic data

Aliper, Alexander, et al., Molecular pharmaceutics, 2016



Multi-modal representation learning on 
chemogenomic data

Unpublished work



The holy grail of generative deep learning 
for drug discovery



Multi-Task Learning



Multi-Task Learning

Source: http://ruder.io/multi-task/



Multi-Task Learning
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