
Where to begin with AI and ML? 
(for chemistry)

Raquel Lopez-Rios de Castro
Clementi lab | Volkamer Lab |Chodera Lab

ChemSpider webinar series





What is ML/AI?



Pat Walters
OpenADMET

https://patwalters.github.io/

“Machine Learning is all about 
labelling things using examples.”
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Why Data matters?

🖥��
ML learns from examples so…



ML excels when data is 

Large 

Clean, consistent and self-defined 
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ML excels when data is 

Large 
~13 trillion tokens
~14 million images

Clean, consistent and self-defined 
Dog       Cow

Representative and balanced

Data

2.9 million compounds

500.000 compoundsDrug discovery 
campaign

Truncated values, different experimental 
conditions, several values for the same 
molecule, small value range etc…

Uneven and small coverage of the 
chemical space



(Public) databases 



Processing and curating chemical data

KinoML and Kinodata: 
https://github.com/openkinome/kinodata/blob/master/kinase-bioactivities-in-chembl/kinase-bioactivities-in-chembl.ipynb 

Kramer, et al. Journal of medicinal chemistry55.11 (2012): 5165-5173.

de Castro, Raquel López-Ríos, et al. Living Journal of 
Computational Molecular Science 6.1 (2025): 3875-3875.

https://github.com/openkinome/kinodata/blob/master/kinase-bioactivities-in-chembl/kinase-bioactivities-in-chembl.ipynb
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Data splitting

Train Val Test

K-fold splitting 

E.g. 5-fold:
Fold 1: Train on Folds 2, 3, 4, 5 | Test on Fold 1
Fold 2: Train on Folds 1, 3, 4, 5 | Test on Fold 2
Fold 3: Train on Folds 1, 2, 4, 5 | Test on Fold 3
Fold 4: Train on Folds 1, 2, 3, 5 | Test on Fold 4
Fold 5: Train on Folds 1, 2, 3, 4 | Test on Fold 5

Specially useful when 
limited data is 
available!



Data splitting

Train Val Test

You can split by:
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Model 1 Model 1

Model 1

Model 2 Model 2

Model 2

Pocket split

🎲Random split Scaffold split
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What is a representation?

🖥��
Chemical structure                 Vector

Featurization



Descriptors (molecular properties) Chemical fingerprints

Graphs

Raghunathan, S., et al. (2022). Molecular representations for 
machine learning applications in chemistry. International 
Journal of Quantum Chemistry, 122(7), e26870.
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Algorithms are the mathematical methods that identify/learn 
the patterns in data

Linear models Tree-based models Neural networks

Interpretability

Complexity

  

      



Conclusions

DATA REPRESENTATIONS ALGORITHMS

ML
● Data curation! 
● Never trust a result until you see their 

data strategy
● Towards better curated open-source 

molecular databases

https://github.com/volkamerlab/ai_in_c
hemistry_workshop_2025/tree/main

AI in chemistry workshop

TeachopenCADD
https://github.com/volkamerlab/teachopen
cadd

KinoData

KinoML

https://github.com/volkamerlab/kinodata-3D

https://github.com/openkinome/kinoml
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