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Background: Gene, Gene Network, and Biological Function

• The biological function of a living system is a result of many molecules 
interacting, it cannot be attributed to just a single gene.

Function A

Function B

Function C

“A Network”“A Single Gene”

Function A

Function B

Function C
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Background: Gene, Gene Network, and Biological Function

• The biological function of a living system is a result of many molecules 
interacting, it cannot be attributed to just a single gene.

A gene interaction network maps a wiring diagram of cellular function

Disease gene
network 

Targeted 
therapy

Gene function 
analysis
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Background: Bio-knowledge Databases for Gene Network

• Biological knowledge bases integrate evidences on gene interactions, forming 
gene networks relate to many biological functions.

• Experimentally determined
• Protein homology
• Textmining
• …

• Automated annotation
• Expert review
• …

A workflow for forming bio-knowledge databases for gene network
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Problem: Gene Network Variations in Specific Disease Conditions

Necessary in practice but not available:
Sub-networks with variation

?

?

?

Available in current knowledge databases:
A fixed, general network

A disease type 
(e.g., breast cancer) 

Multiple disease 
subtypes 

(e.g., BRCA-A,BRCA-B,… ) 
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Problem: Gene Network Variations in Specific Disease Conditions

AI model: mapping 
genetic data to network

Downstream tasks 
(e.g., patient clustering/ classification)
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Problem: Gene Network Variations in Specific Disease Conditions

Experimental genetic data
(e.g., high or low values of 
gene expression)

Fixed Gene 
network in 
databases

Downstream tasks 
(e.g., patient clustering/ classification)

MISMATCH

AI model: mapping 
genetic data to network
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Problem: Gene Network Variations in Specific Disease Conditions

Experimental genetic data
(e.g., high or low values of 
gene expression)

Fixed Gene 
network in 
databases

Downstream tasks 
(e.g., patient clustering/ classification)

Sub-networks of different 
patient groups

?

Match, not available

MISMATCH ?
?

AI model: mapping 
genetic data to network
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Motivation & Idea

GNN: mapping genetic 
data to gene network

Fixed Gene network 
in databases

Downstream tasks 
(e.g., patient clustering/ classification)

MISMATCH

• Challenge in retrieving gene networks: General networks mismatch with subtype-
specific variations.

• Experimental gene expression data are key to understanding real gene links.
• Current methods: find correlations between genes and build sub-networks (e.g., co-

expression, Pearson correlation).

Current Solution A
(Classical bioinformatics)
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Motivation & Idea

Patient samples

GNN: mapping genetic 
data to gene network

Downstream tasks 
(e.g., patient clustering/ classification)

MISMATCH

Current Solution B
(Recent popular GNN models)
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Experimental genetic data
(e.g., high or low values of 
gene expression)

Fixed Gene 
network in 
databases

Sub-networks of different 
patient groups

?

Match, not available

?
?

• Current graph learning methods: use both knowledge databases and experimental 
data, but only predict links on general networks.

• The patient group-specific gene expression patterns are not properly modeled.
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Motivation & Idea

How can we integrate learning from general knowledge databases with disease 
subtype-specific experimental data to create targeted knowledge graphs?

?
?

?
Knowledge database
(General networks)

Practical environments 
(Specific gene expression profiles 

in clinical/lab setting)
AI model-inferred knowledge
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Our Contribution: Gene Interaction Inference for Disease Subtype Network Generation
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Our Contribution: Gene Interaction Inference for Disease Subtype Network Generation

Patient-M: 
• This module sets up a patient sample

subtyping task.
• Projects patient gene expression 

profiles into a latent representation Zp.
• Zp can distinguish patients of different 

subtypes (learning from their gene 
expression patterns).
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Our Contribution: Gene Interaction Inference for Disease Subtype Network Generation

Graph-M: 
• This module sets up a link prediction 

task on the general gene network.
• Gene expression data as GNN node 

embedding to learn Zg. 
• Zg contains prior structure information 

on the general network from database.
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Our Contribution: Gene Interaction Inference for Disease Subtype Network Generation

Infer-M: 
• This module integrates information from both Patient-M and Graph-M to 

optimize the prior cancer network and generate subtype-specific networks. 
• The objective function uses Graph-M’s graph generation capabilities, 

conditioned on the patient separation loss in Patient-M.

Zp Zg
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Experiments & Results: Disease Subtype Network Generation

Graph Data for Cancer-Type Network Cancer Sub-network Generation

Generated Sub-network Attribute Ccomparison 

Gene Expression Data of Cancer Subtype

CDV: Coefficient of Degree Variation; GED: Graph Edit Distance; DCS: DeltCon Similarity
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Experiments & Results: Biological Meaning Evaluation & Review

Disease gene
network 

Targeted 
therapy

Gene function 
analysis

Sub-network structure differences 
(graph metrics)

Biological significance behind the 
structure differences
(biological metrics)
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Experiments & Results: Biological Meaning Evaluation & Review

g1
Subtype B 

Subtype A 

Simulated targeted knockout of variation gene nodes

Original 
Subtype A 
Network

Subtype A 
Network with g1

knockout

Network variations lead to 
patient distribution shifts?
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Experiments & Results: Biological Meaning Evaluation & Review

Biological function topics in different sub-networks

Network-variation Genes Expression PatternSimulated Knockout of Variation Genes
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Summary: Gene Interaction Inference for Disease Subtype Network Generation

Knowledge database

Practical environment 

Knowledge & data-based 
interaction inference model

Biological meaning 
evaluation & review

AI model-inferred knowledge
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Thank you!

PaperResource

Page 21

Thank you!

Zheng Chen Xin Liu Rikuto
Kotoge

Peng Chen Yasuko 
Matsubara
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