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What is a Knowledge graph

Pavel et al., CSBJ, 2022



What is a Knowledge graph



Graph Database (e.g. Neo4j)



History of Knowledge graph developmetn



KG applications

Applications: 
• Search engines
• recommendation systems
• Precision medicine
• drug discovery



KG development process
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Challenges

Data 
Heterogeneity

•Fragmentation across 
multiple data sources

• Inconsistent formats 
and identifiers

•Lack of 
interoperability 
between sources

Modelling

•Schema design that 
balance flexibility and 
specificity to 
accommodate 
different data types  
and relationships

Scalability

•As the amount of data 
grow, so do the 
computational 
demands for graph 
construction and 
analysis

Bias

• Many graphs are 
biased towards well-
studied entities. 

• Underrepresentation 
of negative results 
(e.g., failed drug 
trials).

Usability

•Lack of user-friendly 
interfaces for non-
experts.



Existing Knowledge graphs for chemical 
safety and drug discovery

Purpose Publication Year

Hetionet Drug repositiongin 2017

PharmKG Biomedical data 
mining 2020

OpenBioLink
Benchmark 
framework 2020

UKS Toxicology 2021

CKG Clinical decision 
making 2022

Bioteque
Biomedical 

knowledge graph for 
embedding

2022

GenomicKB Human genome 
database 2023

OREGANO Drug repositioning 2023

PrimeKG Precision medicine 2023

MONARCH General 2023
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Edge labels are highly etherogeneous



FAIR principles
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FAIRness of KG components

• FAIRness of the nodes

• FAIRness of the edges

• FAIRness of the extracted new knowledge



Possible data sources

• Ontologies 

• Databases

• Literature





Data integration
• In order to integrate
• Entities need to be identified and mapped to a common vocabulary

• Manually not possible on large scale
• NLP applications

• Entity recognition
• Entity linking
• Sentiment analysis
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Compound DrugBank PubChem PubChem Pubchem DrugBank  DrugBank DrunBank CHEBI

Disease DO MeSH DO Concept ID DO DO HPO MONDO MONDO
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Tissue Tissue Ontology

KG use different identifiers



Quality of edges

• Quantitative evaluation of edges is often missing
• Curated vs inferred information
• Missing contextualization (e.g. biological system, dose, time)
• Same type of association can be interpreted differently based on 

the source: e.g. gene ASSOCIATED_WITH disease:
• GWAS, 
• EWAS, 
• The gene might be a target of a drug used to treat the disease



Hetionet: a knowledge graph for drug 
repositioning

https://het.io/



Knowledge graph metadata



Experimental data are less present in KG

• Experimental data (e.g. gene expression data, bioassay,)

• Epigenetic data



Epigenetic for safety assessment 



Adding omics data to the Knowledge graph

Chemical
Dose
Time
Biological System



Reusability

• There is a fragmentation of data in different KG

• KG do not tend to be reused, but rather KG are built from scratch. 

• Smaller and well documented KG such as Hetionet are more likely 
to be reused



Knowledge graph for SSbD of chemicals and 
materials

Linking toxicology, environmental, and socio-economic data for 
integrated impact assessment

• Human Health: Connecting exposure to health outcomes.
• Environment: Assessing ecological impacts and biodiversity.
• Society: Understanding societal acceptance and ethics.
• Economy: Evaluating cost-benefit trade-offs.

Using graph embeddings for predicting possible associations between 
chemicals and impacts



Possible Metanodes
• Less standardized ontologies for impacts different than safety

• Persistent URI are missing

• Possible suggestion is to use the impacts/indicators defined 
by the SSbD framework or in LCA databases and extract 
association between chemicals and this indicators from the 
literature by means of NLP/LLMs



Applications of AI

Leveraging AI and Large Language 
Models (LLMs):

• Enhanced data harmonization and 
interpretability.

• Natural language interfaces for KG 
querying.

• Improved explainability of predictions
    



Summary

• KGs are powerful tools for data representation
• Data preprocessing and harmonization is needed before 

populating the knowledge graphs
• FAIRness of knowledge graph components
• Encouraging collaborative, community-driven KG development to 

improve interoperability



Thank you! 
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