
Drug Discovery and 
Development

Molecular  Representation Learning

QSAR Modeling

2019.11.15   AI   Lab.

장성은



Drug Discovery and Development

• Drug discovery 

the process by which new candidate medications are discovered.

• Drug development 

the process of bringing a new pharmaceutical drug to the market once a lead 

compound has been identified through the process of drug discovery.



Drug Discovery and Development
Traditional Drug Discovery & Development Process

• Drug discovery and drug development are 

conducted through various biological and 

chemical experiments.
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Silico modeling

In vitroIn vivo

In situ In silico

Source

•Compound databases

•Protein databases

•Disease Knowledge

•Biochemical literature

•Clinical trial data

Representation

•Feature vectors

•Graphs

•Sequences

•Text

Challenges

•High dimensional

•Small sample

•Lack of labels

•Complex interaction

• Perform experiments on computer or via 
computer simulation

• Speed the rate of discovery 

• Reduce the need for expensive lab work and 
clinical trials.



Silico modeling

Molecule Target Disease

Entities and Task of Drug Discovery 

protein gene
sequence



Silico modeling

Molecule Target Disease

De novo Design

Molecule property 
prediction

Drug repositioning

Adverse drug reaction / 
interaction

Molecular representation 
learning

Entities and Task of Drug Discovery 



Molecular Representation Learning

• Fundamental task for in silico modeling

• Map raw drug molecular data to low dimensional embeddings

• Similar molecules are embedded close together

𝑓 = 𝑒𝑚𝑏𝑒𝑑𝑑𝑖𝑛𝑔

𝑑𝑟𝑢𝑔 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒



Molecular Representation Learning
Back grounds

atom

First order 
bonds

Second order 
bonds

MoleculeCovalent Bond



Structure

Property

Space

Molecular Representation Learning

Weight     Solubility     Charge      Atom types

Number of rotatable bonds …

Graph of covalent and aromatic bonds

Atom arrangement in space



• 2D Descriptor

• Extended circular fingerprints (ECFPx)

Molecular Representation Learning
Traditional Approach



• 3D Descriptor

Molecular Representation Learning
Traditional Approach

SMILES
Simplified Molecular-input Line-Entry System

Matrix representation 
for molecules



• Overview

Molecular Representation Learning
Mol2Vec



• Sentence and words

Molecular Representation Learning
Mol2Vec



Molecular Representation Learning
Mol2Vec



• Experiment

Tox21 dataset

covering 12 targets that were associated with human toxicity and contains a total of 
8192 compounds. 

Molecular Representation Learning
Mol2Vec



• Graph Convolutional Network (GCN)

Molecular Representation Learning
Graph Convolutional Network



Molecular Representation Learning
Graph Convolutional Network



• QSAR

• Quantitative structure–activity relationship models (QSAR models) are 

regression or classification models that predict molecule property

Traditional Approach

QSAR Modeling

𝑓 = 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦

𝑑𝑟𝑢𝑔 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒



• Low Data Drug Discovery with One-shot Learning

Deep Learning Approach

QSAR Modeling



• Low Data Drug Discovery with One-shot Learning

Deep Learning Approach

QSAR Modeling



• Low Data Drug Discovery with One-shot Learning

Deep Learning Approach

QSAR Modeling
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