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General goal

Structure-activity relationship (SAR) analysis :
Cleaning data, searching suitable representation.
Clustering ligands by family, finding out activity cliffs.

data

1485 ligands 1 tested on tyrosine kinase BCR-ABL, often found in patients with chronic
myeloid leukemia.

Each ligand is defined by 112048 pharmacophores (order varying from 3 to 7)

Two classes : 711 ligands from inactive class and 774 ligands from active class.

Activity of ligand :
Ki ≤ 100nM =⇒ active
Ki ≥ 1000nM =⇒ inactive
otherwise not considered

1. GAULTON, Anna, HERSEY, Anne, NOWOTKA, Michal, et al. The ChEMBL database in 2017. Nucleic
acids research, 2017, vol. 45, no D1, p. D945-D954.
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Pharmacophoric features 2

Hydrogen Bond Acceptor, Hydrogen Bond Donor, aromatic Ring, Hydrophobic area,
Positively ionizable group, Negatively ionizable group
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Skeletal formula Feature occurrences Pharmacophore graph

Pharmacophore graph of a molecule

A vertex : an occurrence of a feature

An edge : the distance between two features

2. OpenBabel, N. M. O’Boyle, M. Banck, C. A. James, C. Morley, T. Vandermeersch, G. R. Hutchison, J.
Cheminformatics 2011, 3, 33.
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pharmacophore

fragment of the overall pharmacophore graph of the ligand responsible of its biological
activity (active or inactive).

sufficiently present (e.g., appearing in at least 10 ligands)
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Pharmacophoric fingerprint

The workflow to extract the pharmacophores by Norns 3 tools

Id_Mol |A|A|A|-0 |R|A|R|-1 |A|A|R|-2 ... |D|D|H|H|N|N|N|-112047
CHEMBL250213 1 0 0 ... 1

3. METIVIER, Jean-Philippe, CUISSART, Bertrand, BUREAU, Ronan, et al. The pharmacophore network :
a computational method for exploring structure–activity relationships from a large chemical data set. Journal
of medicinal chemistry, 2018, vol. 61, no 8, p. 3551-3564.
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Work process

Experimental environment

Programming language and frameworks

language : python.

frameworks : Keras, tensorflow, sklearn.
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Objective : Simplifying data

Eliminate redundancy.

Keep relevant information.

Pharmacophoric equivalence class 4(EC)

EC : group of pharmacophores that appear in exactly the same ligands.

Columns (pharmacophores) belonging to the same EC are reduced to one
representative column.

4. FOURNIER-VIGER, Philippe, GUENICHE, Ted, ZIDA, Souleymane, et al. ERMiner : sequential rule
mining using equivalence classes. In : International Symposium on Intelligent Data Analysis. Springer, Cham,
2014. p. 108-119.
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Reduction of 86.50%

Example of pharmacophoric equivalence classes

11577 EC contain one pharmacophore, 3552 EC contain more than one
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Objective

Separate active ligands from inactive ones

Find the suitable linear transformation

Supervised transformation

Transform the features of ligands according to their biological activity.

Use a neural network 5 (NN) which minimizes the optimization function
"categorical_crossentropy".

5. BEBIS, George et GEORGIOPOULOS, Michael. Feed-forward neural networks. IEEE Potentials, 1994,
vol. 13, no 4, p. 27-31.
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Visualization of 2D projection

The 15129 features are projected by the Multidimentional Scaling 6(MDS) method.

6. COX, Michael AA et COX, Trevor F. Multidimensional scaling. In : Handbook of data visualization.
Springer, Berlin, Heidelberg, 2008. p. 315-347.
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Clustering in SAR analysis
Predictive clustering

Objective : group together similar structures

Find out significant ligands

homogeneous : families of biological activities .

not homogeneous : potential presence of activity cliffs.
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Objective

Predict the cluster (family) of a new unlabeled ligand.

Principle

Apply one of the clustering methods on the training set after its transformation

Assign to each cluster built in step (1) the data that corresponds to it (the most similar)

Training data

Test data

Transformation Clustering Clusters

Assign the transformed 

representation of ligands to the 

most similar clusters 

Predicted 

transformation 

with Model T 

Training Model T

S
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p
 1

S
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p
 2
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Predictive clustering

Example : Predictive K -means

Training data

Test data

Transformation
K-means Predicted clusters 

Assign the transformed 

representation of ligands to the 

nearest centroids 
Predicted transformation

with Model T

Training Model T

Hajar Rehioui 10th SFCi meeting 01-10-2021 13 / 19



General context
Processing
Clustering

Results
Conclusion

Feature transformation
Predictive clustering
SAR analysis
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Evaluation

Evaluation by normalized mutual information 7(NMI)

quality measure which compares the resulting clusters or classes with the ground truth.

The results vary between 0 (no mutual information) and 1 (perfect correlation)

Evaluation by Silhouette 8

measure calculated using the mean intra-cluster distance and the mean distance to the nearest cluster.

The best value is 1 and the worst is -1. Values close to 0 indicate that the clusters overlap. Negative values usually
indicate that a sample was assigned to the wrong cluster.

7. ESTEVEZ, Pablo A., TESMER, Michel, PEREZ, Claudio A., et al. Normalized mutual information feature
selection. IEEE Transactions on neural networks, 2009, vol. 20, no 2, p. 189-201.

8. ROUSSEEUW, Peter J. Silhouettes : a graphical aid to the interpretation and validation of cluster
analysis. Journal of computational and applied mathematics, 1987, vol. 20, p. 53-65.

Hajar Rehioui 10th SFCi meeting 01-10-2021 15 / 19



General context
Processing
Clustering

Results
Conclusion

Feature transformation
Predictive clustering
SAR analysis

Choice of the number of clusters K
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A cluster with two activity cliffs 9

9. STUMPFE, Dagmar, HU, Huabin, et BAJORATH, Jürgen. Evolving concept of activity cliffs. ACS omega,
2019, vol. 4, no 11, p. 14360-14368.
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Conclusion and perspectives

Conclusion
Allowing to an expert an easy SAR analysis by :

1 preprocessing step : data cleaning.

2 clustering step : significant ligands, activity cliffs.

Perspectives
Significant pharmacophores : analyse pharmacophores by “feature importance” study.

Unsupervised transformation : transform unlabeled data.

Interactivity : introduce the expert in the process.
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appendix
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Predictive clustering cross validation
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