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Learning Objectives

• Explore Cell Painting features and assay endpoints

• Standardize and prepare data for machine learning

• Train and tune a Random Forest classifier

• Evaluate model performance using metrics

• Visualize PCA, ROC curves, and feature importance

• Apply the workflow to different endpoints and interpret results



in vitro assays and in vivo endpoints as a proxy labels
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What do kind of descriptors do we need?

Bray, M. A. et al., A Dataset of Images and Morphological Profiles of 30 000 Small-Molecule 
Treatments Using the Cell Painting Assay
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Mirrors real-world drug discovery 
challenges and practical drug 
development outcomes. 

Preprocessed molecular features from 
a wide range of modalities, such as 
structural features, cell imaging, and 
gene expression.

Out-of-distribution splits: 
Recommended dataset splits for 
validation.

Support models to improve 
applicability: Multitask and transfer 
learning models 
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Descriptors

• Provide an information-preserving representation of input data (e.g. 
structures) for the model

• Either knowledge-based (e.g. reactive groups), or (usually) ‘trial and 
error’

• Can be learned from data, but only if there is enough data, and we can 
meaningfully label!

Fingerprints, 

pharmacophores, 
surface properties, 

substructures/ 
functional groups, 

shapes, physchem 
properties etc.

0100101010000…



Paracetamol

chemical structure, molecular formula, SMILES identifier of the 
common anti-inflammatory drug paracetamol
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Fingerprint takes into 
account the neighborhood of 
each atom.

Circular atom environments 
within Paracetamol. 

7

Morgan Fingerprints



Cell Imaging: Diverse phenotypes across compounds as captured in U2OS cells 
in the Cell Painting assay compared to neutral control DMSO. 
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Imaging Assays to “Cell Painting”



The Cell Painting assay stains eight cellular components  using six dyes and is imaged in five channels. 
Thousands of hypothesis-free features extracted from these images from the Cell Painting dataset.

-Omics descritors: Cell Painting
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Biological significance of Cell Painting features with respect to Mitochondrial Toxicity :
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Understanding Cell Painting features: Mitotoxicity
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Two types of ‘modelling’

• Model-driven
• We have an underlying, often mechanistic, model of the system we attempt to 

approach computationally
• Requires understanding
• Able to model novel systems (molecules etc.)

• Data-driven
• We do not have an understanding, mechanistic model of the system
• We measure data, model empirically
• Does not require understanding of system
• Able to model only space captured by the data used for model generation 



Supervised learning of properties (Y) from compound descriptors (X). 

1

8

Supervised Machine Learning



























Resources 2. http://broad.io/AIDDCourse 

1. http://broad.io/moltox 

3. http://broad.io/BookADMEML 

http://broad.io/AIDDCourse
http://broad.io/moltox
http://broad.io/BookADMEML
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