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The MareNostrum 4 supercomputer
Total peak performance:

 13,7 Pflops/s

Access: prace-ri.eu/hpc-access Access: bsc.es/res-intranet 

The MareNostrum 5 supercomputer
2022-2027

 >200 Pflops/s
Tape storage

+400 PB
Disk storage

+150 PB



21 partners from 3 continents

∙ Cloud-based platform to share harmonized data on paediatric cancers.

∙ Predictive models verified through clinical trials and preclinical models.

∙ Personalized treatment recommendations for paediatric cancer patients.

Ref. 826121



Rare diseases



source : https://scikit-learn.org/stable/tutorial/machine_learning_map/index.html
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Kivelä et al. J Complex Networks. 2014

Multilayer networks



Multilayer network formalization

Núñez-Carpintero et al. iScience. 2021;24(4):102365.
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V = {v1, v2, v3}
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l1 1 1 1

l2 1 0 1

VM ⊆ V x L
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EM ⊆ VM x VM

M = ( VM , EM , V,  L )
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Multilayer network analysis of biomedical information



zurich.ibm.com/cosifer

Network inference with COSIFER
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in collaboration with

Hepatoblastoma



Multilayer community trajectories
to study rare diseases



Multilayer community detection

Newman & Girvan. Phys Rev E. 2004
Blondel et al. J Stat Mech. 2008
Didier et al. PeerJ. 2015
Didier et al. F1000Res. 2018
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Modularity resolution
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Fortunato & Barthélemy. PNAS. 2007
Arenas et al. N J Phys. 2008

Increasing the 

resolution
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Modularity resolution

Multilayer community trajectories
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Hamming distance
● distance in the tree
● community composition Nuñez et al. Cell iScience. 2021



Kumar et al. Trends in pharmacological sciences vol. 38,12 (2017): 1061-1084. doi:10.1016/j.tips.2017.09.002

Medulloblastoma



MINIMAL SET OF GENES
(~1,800 altered genes per patient)

WNT

SHH

G4

G3

Patient stratification in medulloblastoma

Forget et al. Cancer Cell. 2018
Nuñez et al. Cell iScience. 2021

PROTEOGENOMIC DATA
(~14,000 altered genes per patient)

WNT

SHH

G4

G3

95% accuracy
87% dimensionality reduction
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An optimization problem

[θ, λ]

Distance in the tree (θ)

Number of altered genes (λ)

H
am
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ing distance
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g7

g2

Example: θ = 1, λ = 2 

g1 g7g2 g3 g4 g6g5 g8



An optimization problem

Random 
labels

Original 
data

[θ, λ]



Sequential exclusion test



Patient stratification

p = 3.55e-02

p = 6.75e-03
p = 2.59e-03

p = 9.18e-02

Kimes et al. Biometrics. 2017
Schwalbe et al. Lancet Oncol. 2017

http://paperpile.com/b/UbMGYW/ReKg


Provenance of the associations

Signorelli et al. BMC Bioinformatics. 2016
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Severity in Congenital Myasthenic Syndromes

Omics analysis
(WGS, RNAseq)

Compound 
heterozygous 

variants

CNVs

CMS causal genes
Curated 

databases Personalized modules 
of damaged genes

Severe Non-severe

Interactome
Metabolome
Reactome

Nuñez et al. (in preparation)

Multilayer community 
structure analysis

CHRNE c.1327delG



Severity in Congenital Myasthenic Syndromes

Nuñez-Carpintero et al. (in preparation)



Nuñez et al. (in preparation)

Severity in Congenital Myasthenic Syndromes
Gene module of 

severe cases

Proteoglycans Laminins
Tenascins

Compound heterozygous 
variants

Copy number variants

Known CMS gene

Neuromuscular junction



Severe Non-severe

Nuñez-Carpintero et al. (in preparation)

Severity in Congenital Myasthenic Syndromes



Decreased chorion movement
(1 day post fertilisation)

Decreased muscle fibre thickness
(5 days fish)

Decreased number of AChR clusters
(5 days fish)



Real
omic data

ENCODER

DECODERSynthetic
omic data

LATENT SPACE

 A Variational Autoencoder (VAE) can learn 
representations of real data of patients and 

therefore generate synthetic data.

WNT SHH

G3 G4

By studying how the VAE generates synthetic data 
we identified four distinct omic signatures of a 

childhood brain tumor (medulloblastoma).

9Tejada et al. 2022 [in preparation]

Explainable synthetic data generation for paediatric cancer



The functions of these genes are enriched 
in synaptic signaling and nervous 

system development.

 The VAE allowed us to discover a new subgroup of the 
childhood brain tumor characterized by specific genes.
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10Tejada et al. 2022 [in preparation]

Explainable synthetic data generation for paediatric cancer



Explainable synthetic data generation for paediatric cancer

Tejada et al. 2022 [in preparation]

We identified 16 latent variables that 
specifically map to 881 genes.
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Sample size and label availability

Cirillo et al. Molecular oncology vol. 15,4 (2021): 817-829. 
doi:10.1002/1878-0261.12920



7

Sample size and label availability

Cirillo et al. Molecular oncology vol. 15,4 (2021): 817-829. 
doi:10.1002/1878-0261.12920



Conclusions

● Multilayer networks represent a powerful tool for heterogeneous data 
integration in rare diseases such as medulloblastoma.

● The study of multilayer community structure at different scales 
enables to detect strong associations between bio-entities.

● The study of multilayer community trajectories allows to accurately 
performing tasks such as dimensionality reduction and molecular 
interpretation.

● Explainable synthetic data generation enables to both augment the 
data and to identify genes that are relevant to data synthesis.
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