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The efficient identification of small molecules with desired phenotypes such as bioactivities is a 
challenging task in the drug-discovery process. In recent years, machine learning techniques have 
been used for de novo drug design. In particular, molecular generative models are able to learn the 
characteristics of specific real-world data and generate the chemical structures of new molecules 
with similar properties[1]. However, the biological phenomena have not been taken into account in 
molecular generation.  

In this study, we present a novel machine learning method for de novo drug design using omics 
data such as gene expression profiles. We investigated the correlation between chemically induced 
gene expression profiles (reflecting cellular responses to compound treatment) and target 
perturbation gene expression profiles (reflecting cellular responses to gene knock-down or gene 
over-expression of target proteins) in terms of interactions between compounds and target proteins. 
Then, we proposed novel machine learning methods to generate the chemical structures of new 
molecules with desired gene expression profiles in the framework of variational auto-encoder (VAE)
[2] using a new chemical representation, which does not depend on the SMILES strings. The novelty
of the proposed method comes from the bridge between the chemical space and the biological space,
the high chemical validity of the newly generated structures, the generation of drug candidate
compounds from omics data with high accuracy, and the applicability to target proteins without
information on ligands. We confirmed that the molecules that were newly generated using our
structure generator were valid from the viewpoint of medicinal chemistry, comparing the structures
between the newly generated molecules and known ligands. It was observed that the newly
generated molecules were more similar to known ligands than those generated by the previous
method with similar goals[3]. Our proposed method for omics-based molecular generation is
expected to be useful for de novo drug design in practice.
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