Interpretation of QSAR models: mining structural patterns taking into account molecular context
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The study focused on QSAR model interpretation. Usually QSAR models created by modern machine learning methods are “black boxes” providing no means to interpret the molecular features responsible for the property being studied. The goal of this investigation was to develop a workflow to identify molecular fragments in different contexts important for the property modelled. Using an approach developed earlier – Structural and physicochemical interpretation of QSAR models (SPCI) – we calculated the contributions of fragments and so characterized their relative influence on the properties of a compound. Analysis of the distributions of those contributions using Gaussian mixture modeling (GMM) was performed to identify groups of compounds (clusters) comprising the same fragment, where these fragments had substantially different contributions to the studied property. To detect patterns discriminating those groups of compounds from each other we used SMARTSminer and visual inspection. The approach was applied to analyse the toxicity of 1984 compounds to Tetrahymena pyriformis. The results showed that the GMM correctly identified known toxicophoric patterns: it detects groups of compounds where fragments have a specific molecular / mechanistic context making them more “toxic”. This demonstrates the applicability of the this method to interpret QSAR models and retrieve comprehensible and rational patterns, even from data sets consisting of compounds having different mechanisms of action, the analysis of which is difficult to achieve using conventional pattern/data mining approaches.
