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Knowledgebases as a kind of modern 

knowledge organization systems for supporting 

knowledge networks using computational power



Syracuse University 3

Biomedical Knowledgebases

• Structural biomedical domain knowledge fusion.

• Flexibly organize semantic information e.g. chemical 
compounds, genes, proteins, drugs, diseases to 
integrate with external resources.

• Widely used for disease identification and clinical 
diagnosis.
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Machine Learning in Biomedical & Bioinformatics 
Research

Auslander et al., 2021.  

• New era of biology

• Representation, storage, 
management, analysis 
and investigation of 
various data types

• Sophisticated algorithms 
and computational tools
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Gene Ontology 
(GO)
Structured, computer-
accessible representation of：

• Genes and gene products

• Ontology: GO terms, 
synonym, definition

• Annotations

https://amigo.geneontology.org/am
igo/dd_browse

https://amigo.geneontology.org/amigo/dd_browse
https://amigo.geneontology.org/amigo/dd_browse
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GO Structure: 
Directed Acyclic Graph 
(DAG)

https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0019319

https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0019319
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GO Annotation Data

• Associations between GO terms and genes or gene 
products

• Each annotation only represents one characteristic of 
the gene product

• One gene product, multiple GO annotations

Zhao et al., 2020.  
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Evidence Codes

• Experimental evidence

• Phylogenetic evidence

• Computational 
evidence

• Author statements

• Curatorial statements

• Automatically 
generated annotations
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Demo: Using BaseSet package to retrieve GO data

• Gene MatriX (GMX), 

• GO Annotation File(GAF), or 

• Open Biological and Biomedical Ontology Foundry (OBO)
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Issues to consider with using GO data with ML:

• Incomplete and imbalanced GO annotations

• Under-established evaluation metrics for data quality

• Transformation of conceptual framework to reliable 
empirical data sources for Deep Learning and LLM

• Calculations of functional similarity between GO terms

• Compatibility with external knowledgebases and 
models
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