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Plant Defense
Context

Created with BioRender.com

• Plant-pathogen interaction

How can plants 

deal with all those 

heterogeneous 

pests’ attacks? 

https://www.biorender.com/


p. 4From knowledge graph to topological data analysis: a novel framework to analyze gene regulatory networks for tomato-multi-pathogen interactions

NetBio - 09/2026 - Maxime MULTARI

Plant Defense
Context

Created with BioRender.com

• Better understand the plant responses

• Plant-pathogen interaction

How can plants 

deal with all those 

heterogeneous 

pests’ attacks? 

• Specific and common plant 

response signatures

https://www.biorender.com/
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Tomato as model species

- Solanum lycopercisum

• Employed at ISA

• Global agro-economic interest

• More than 200 diseases caused by 

pathogens

Model species for a plant of agro-economic 

interest

INRAE

Singh, V.K., Singh, A.K., and Kumar, A. (2017). 

Disease management of tomato through PGPB: 

current trends and future perspective. 3 Biotech 7, 

255. https://doi.org/10.1007/s13205-017-0896-1

Context

• Enough knowledge spread across 

databases

Created with BioRender.com

https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://doi.org/10.1007/s13205-017-0896-1
https://www.biorender.com/
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Omics Data to understand the plant response

Created with BioRender.com

DNA

Epigenetic mechanisms

Proteins

Metabolites

RNA

• Usage of Omics technologies: Genomics, Transcriptomics, …

• Focus on Solanum lycopersicum

• Plant response to biotic stresses

Context

https://www.biorender.com/
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Omics Data to understand the plant response

Created with BioRender.com

DNA

Epigenetic mechanisms

Proteins

Metabolites

RNA

• Usage of Omics technologies: Genomics, Transcriptomics, …

• Focus on Solanum lycopersicum

• Plant response to biotic stresses

Regulatory mechanisms

Context

https://www.biorender.com/
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Knowledge Graph

Object 1

Object 2

Object 3

Context

• Representing the knowledge
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TomTom: Tomato Knowledge Graph TomTom

From 10+ databases

Labeled Property Graph
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TomTom: Tomato Knowledge Graph TomTom

From 10+ databases

Lobentanzer, S., et al. (2023). Democratizing

knowledge representation with BioCypher. 

Nat Biotechnol 41, 1056–1059. 10.1038/s41587-

023-01848-y.

~120000 nodes

~600000 relationships

Labeled Property Graph

csv
API

https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
https://doi.org/10.1038/s41587-023-01848-y
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TomTomTomTom: User Interface
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Multiple Stresses Pilot Data

bulk RNA-Seq Bioinformatics 

Pipeline

RNA-Seq 

Matrices

•Botrytis cinerea (30 hpi)

•Cladosporium fulvum (3 dpi)

•Phytophthora infestans (3 dpi)

•Potato spindle tuber viroid mild strain (17 dpi)

•Potato spindle tuber viroid severe strain (17 dpi)

•Meloidogyne incognita (7 dpi)

•Meloidogyne incognita (14 dpi)

7 infections for a total of 83 samples

Data

Veronico, P. et al. Front. Plant Sci. 13, 817185 (2022).

Courbier, S. et al. Plant Physiol. 187, 1250–1266 (2021).

Góra-Sochacka, A., et al. Viruses 11, (2019).

Liu, G. et al. Front. Genet. 14, 1158631 (2023).

Canto-Pastor, A. et al. Proc Natl Acad Sci USA 116, 2755–

2760 (2019).

Database of RNA-seq data of 

tomato-biotic stress with 

metadata
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Traditional Approach
Gene 

Selection

Differential Expression Analysis

DEG List

50% of the Sly genome to analyse
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Multi-transcriptomics analysis

RNA-Seq 

Matrices

Gene List

Genes that contributes 
the most in the different 
conditions (5561 genes)

Calia et al. Modeling omics integration with 

HIVE identifies response signatures to 

multifactorial stress in plants. Plant 

Physiology 199, (2025).

Gene 
Selection

16 %

Gene
TF

Gene

Gene

1786 nodes

71 TFs 

(validated and putative)

5 %

• Gene Regulatory Network
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GENIAL Framework GENIAL

• Study the regulatory mechanisms involved in the genes of interest

Gene
TF

Gene

Gene

TF activity

inference

1786 nodes

71 TFs 

(validated and putative)
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TF activity inference: Principles

Badia-i-Mompel, P., et al. (2022). decoupleR: 

ensemble of computational methods to infer biological

activities from omics data. Bioinformatics Advances 2, 

vbac016. https://doi.org/10.1093/bioadv/vbac016

Activity 
Inference

https://doi.org/10.1093/bioadv/vbac016
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TF activity inference: Principles
Activity 

Inference

TFs with significant activity in 

response to specific or multiple 

pathogens attacks.

Gene stat
Activity

ULM

Gene stat
Activity

ULM

Gene stat

ULM

Activity

TF

gene

Wald t-stats

MoR=1
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TF activity inference: Adaptation
Activity 

Inference

BH correction was too stringent due to the relatively high number of targets/TF + noisy t-stats because unfiltered

Compared the obtained activity against the permutation null activity (1000-degree-preserving shuffle of the input network)

Gene stat
Activity

ULM
Real inferred activity = X

P-val <= 0.05 (>= 1 condition)

Could the activity be observed by chance?
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TF activity inference: Adaptation
Activity 

Inference

BH correction was too stringent due to the relatively high number of targets/TF + noisy t-stats because unfiltered

Compared the obtained activity against the permutation null activity (1000-degree-preserving shuffle of the input network)

Gene stat
Activity

ULM
Real inferred activity = X

P-val <= 0.05 (>= 1 condition)

Gene stat
Null activity distribution

ULM

Degree-preserving permutation

x1000

Two-sided empirical p-val

TF activity retained for later:

(p-val <= 0.05 & emp p-val <=0.05) in >= 1 condition

Could the activity be observed by chance?
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TF activity distinguish plant responses
Activity 

Inference

• TF activity reflects the integrated data 

• Not happening when looking at gene expression/t-stats

Hierarchical clustering (average correlation)

Unfiltered TFA
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TF activity VS TF t-stats
Activity 

Inference

• Activity adds another information Pearson correlation

Unfiltered TFA
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TF activity VS TF degree
Activity 

Inference

Pearson correlation

Unfiltered TFA

• Activity adds another information

• Without having a size effect 
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GENIAL Framework

• Study the regulatory mechanisms involved in the genes of interest

Gene
TF

Gene

Gene

TF activity

inference

Topological 

Data 

Analysis

1786 nodes

71 TFs 

(validated and putative)

GENIAL
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Topological Data Analysis: Apply to GRN TDA

Difficulty in visualizing the TF activity in the GRN
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Topological Data Analysis: Apply to GRN

TDA

TDA

Simplified View

Mapper
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Topological Data Analysis: Apply to GRN TDA

Filter = Eigenvectors of GRN Laplacian

Cover = 5x5, 30 % overlap

Clustering = GRN-based clustering

TF

TF

TF

TF

TF-TF subnetwork

Eigenvectors of the Laplacian

Cluster/connected if shared 

targets in GRN (in the same 

square)

5x5 square

30% overlap

Mapper graph

1

2

3

4

1

2 3

3

4
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Topological Data Analysis: Apply to GRN

Clusters are identified by their number

TDA

TDA

Simplified View

Cluster composed of TF(s)

Edge size: number of shared 

targets between cluster

Node size: number of targets in a 

cluster

Mapper
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TDA + 

TF Activity
Combining TDA and TF activity allow to summarize the response
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Combining TDA and TF activity allow to summarize the response
TDA + 

TF Activity

ToMATo: TDA 

graph clustering

Activity function

Connectiveness

Once per condition
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Combining TDA and TF activity allow to summarize the response
TDA + 

TF Activity

• Four configurations that summarize the responseToMATo: TDA 

graph clustering

Activity function

Connectiveness

Once per condition
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TDA + 

TF Activity
• Find representative TFs in each configuration

TCP17: Positive reg plant defense
ERF16: response to herbivore

Found in response to B. cinerea
Found in response to B. cinerea

Combining TDA and TF activity allow to summarize the response
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Biological validation of representative TFs in response to B. cinerea Validation

We used VIGS to knockdown the 

previous ERF16 and TCP17 and 

observe the tomato response to 

B. cinerea

Virus-induced gene silencing (VIGS):

A transient gene knockdown technique using 

the plant antiviral RNA-silencing system to 

silence a target gene throughout PTGS.
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Biological validation of representative TFs in response to B. cinerea Validation

Confirmed gene knockdown by qRT-PCR

ERF16 and TCP17 are important in the tomato response to B. cinerea

Increase susceptibility of B. cinerea in perturbed tomato

We used VIGS to knockdown the 

previous ERF16 and TCP17 and 

observe the tomato response to 

B. cinerea

Virus-induced gene silencing (VIGS):

A transient gene knockdown technique using 

the plant antiviral RNA-silencing system to 

silence a target gene throughout PTGS.
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GENIAL Framework GENIAL

• Study the regulatory mechanisms involved in the genes of interest

Gene
TF

Gene

Gene

TF activity

inference

Topological 

Data 

Analysis

1786 nodes

71 TFs 

(validated and putative)

Identify multiple 

response 

strategies
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Publication PU
B
LISH

ED
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Conclusion

• TomTom: Tomato Knowledge Graph • Scalable to any questions involving Tomato

Conclusion

• GENIAL framework to identify key regulators in GRN • Framework applicable to any species
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