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Research Institute
& 

Europena Infrastructure

MareNostrum 4

Total peak performance 13.9 Pflops
• Disk capacity 14 Pbytes
• Total storage capacity 115 Pbytes

800 scientist and engineers 

4 Departments: Earth, Engineering, 
Computer Science & Life

The third Spanish  Institution in EU funding



GPP - General Purpose

Intel Sapphire Rapids

Peak performance: 45,4 Pflops
Sustained HPL: 35,4 Pflops

April 2023

ACC – Accelerated

Intel Sapphire Rapids 
NVIDIA Hopper

Peak performance: 260 Pflops
Sustained HPL: 163 Pflops

June 2023

NGT GPP - Next Generation

NVIDIA Grace
Peak performance: 2,82 Pflops
Sustained HPL: 2 Pflops

June 2023

NGT ACC - Next Generation 

Intel Emerald Rapids 
Intel Rialto Bridge

Peak performance: 6 Pflops
Sustained HPL: 4,24 Pflops

December 2023

InfiniBand NDR 200 Fat Tree

Spectrum Scale File System
248 PB HDD
2,81 PB NVMe
402 PB tape

January 2023

MareNostrum5

Consortium
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• Digital Twins (Virtual Human Twins)

• Rare Diseases a Computational Approach

• Sex and Gender biases in biomedicine and AI



Integration of multiple biomedical data sets

Howard H.F. Tang, et al.European Respiratory Journal 2020 Navarro, F.C.P., Mohsen, H., Yan, C. et al. Genomics and data science: an 

application within an umbrella. Genome Biol 20, 109 (2019)



European Health
Data Space

Spanish
Cohort

Genomics

Eje 1 Eje 3

IMPaCT-
Data

Eje 2

This initiative is a commitment of 23 European 
countries to give cross-border access to one million 
sequenced genomes by 2022

The European Health Data Movement - for Research



IMPaCT-Data Bioinformática
INB/ELIXIR-ES
BSC
CRG
FPS
CNIO
CSIC
IRB Barcelona
UMA
UPF

Informática Médica
& imagen
H12O
HCB
IACS
IDIAPJGol
IIS La Fe (II)
Navarrabiomed -
SAS-HUVR
ISCIII 
FISABIO
IIS La Fe 
INIBICA

Demostradores

Tecnológicos

(Empresas
BITAC

IBM

IVA/OpenCGA

Ilumina

Roche Pharma

Fujitsu

Agencias

Evaluadoras
RedETS

CTI-SEIS –

AQuAS

AEMPS 



El primer caso de uso de B1MG: 
enfermedades raras

Caso de uso de B1MG: enfermedades raras
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Finland, Germany, Norway, Spain, Sweden

EGA

Data updated on February 
2nd, 2022

• Data is provided by research centers and health care 
institutions.

• Access is controlled by Data Access Committees.
• Data requesters are researchers from other research 

or health care institutions.



The EGA allows going from data to therapy all 
around the world

(1) Study deposited EGAS00000000064

★ The paper has over 700 citations

★ Datasets re-used many, many times

(2) Molecular mechanism identified

(3) New therapeutic strategy shaped



Fdedrated Data 
and Access System 
Federado: (methos

and software)

Aggregation and 
representation 

methods

Example of potential use: Building a Virtual Cohort in 
a Federated Environment

Consulting a real case:
Can I quantify the number of 
cancer free cases after treatment 
with XX and YY  for a given 
stratification

Answer:
XXX patients with the specific 
stratification have been treated 
with XX and YY resulting in YY 
number of recoveries

Center/Node #1

Center/Node #2

Center/Node Nth

Repositor
y OMOP

Data

Repositor
y OMOP

Data

Repositor
y OMOP

Data

RWD 
Algoritmos, 

tools & 
environments

A federated operation is executed in each of the centers / nodes on 
their private OMOP repositories – after consultation with the ethic 

committee(s). Requires interoperable data

7216101357657



1.- A basic standardized model of clinical data organized in 

ISO13606 archetypes agreed between HCB, H12dO and HVdR, 

with maximum granularity

Patient (non-identifying demographics)

Episodes and movements (care actions)

Laboratory determination

Clinical observation (signs, symptoms, states)

Limitation of therapeutic effort

Health problems

Diagnoses and Procedures

Medication prescribed, administered and accumulated

2.- ADL file and its representation in owl for each archetype

3.- A standardized terminological reference for the elements of

the archetype (CIM10-MC, SNOMED-CT, LOINC)

4.- A repository of ISO13606 extracts

5.- Optimized transformation tools from raw formats to

archetypal extracts (LinkEHR®-Veratech)

6.- Processes to convert archetyped data in ISO13606 to OMOP: 

Extracts 13606 API ontology instances SPARQL queries

OMOP tables.

7.- OMOP repository. Successful proof of concept carried out with

a small subset of patients. Pending to populate it definitively.

8.- Availability of views (templates) on databases based on the

definition of archetypes to model ad hoc extractions of data from

primary data sources that do not necessarily have to be medical 

records

1.- Compartir datos clínicos para investigar



Federated Secure Access and Software Execution 

https://www.youtube.com/watch?v=gDN_3ktHYuE https://www.youtube.com/watch?v=vzb6uUyY-AQ

• Single password access to distributed data hubs

• Distributed computing in secure sites under a federated protocol

• Implementing GA4GH and ELIXIR technology

• Aligned with the EHDS and GDI developments

Demo: restricted access to allowed data sets 
for users with different access rights.

Demo: computing (variant calling) in 4 sites 
with private genomic data, collect data and 
provide summary of detected mutations.



Distributed infrastructure ("IMPaCT-Data cloud")

● Unified computing and data Access control/authentication
● Nodes with different attributions

○ Central Node
■ Single access point users
■ Virtual environment with private workspaces
■ Data server and tools
■ Execution Orchestrator
■ Access credentials management

○ Computational nodes
■ Analysis execution

○ Data nodes
■ Data providers (omics, phenoclinics, etc.

● Management of sensitive data based 
on the federated EGA model

La infraestructura computacional federada



Transparent acces to normalised and 
interoperable data and the appropiate compute

The overall goal
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Predicción de estructura de proteínas. 
El mayor logro de la IA – y un cambio paradigmático en ciencia.



by



by

A

AlphaFold has changed the field of structural bioinformatics forever, 
with immediate implications for biotechnology and drug development. 

AlphaFold covers the protein universe 
>200M proteins
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ChatGPT. GPT3 - Intelligencia Artificial - Machine Learning 

o MarIA - Corpus Biblioteca Nacional de España. 120 mM tokens.                                         
GPT-2-large. (192 GPUs - 16gb / GPT-2 takes 32*4 GPUs for a weak)

o AINA - Corpus catalán,  1.7 mM tokens. 1st RoBERTa

Traducción
automàtica

Asistentes de voz
Resumen

automático

Análisis de 
sentimientos

Sistemas de 
pregunta
respuesta

Extracción de 
información

Descripción de 
imatges

Sistemas
conversacionales

Generación de 
voz y texto



Technological Support 
for the European 
Official  Languages

Europe Needs Language Specific Model

3.4x month 
doubling time

Marta Villegas et al. BSC



La adaptación de los modelos a lengujaes específicos con los expertos de dominio

SCTID: 2670360073

El paciente con 
disnea fue colocado 
en decúbito prono.

El paciente con disnea 
fue colocado en 
decúbito prono.

Multilingual 

Terminologies 

Medical

Experts 

Unannotated Medical 

Document

Artificial Intelligence Systems

powered by HPC resources

Detecting 

similar patients

Identifying

successful

treatments

Doc. indexing -

Power complex 

searches

Automatically 

Annotated 

Documents

Automatic Annotation of new 

medical documents

Use Cases
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use human knowledge                  to learn 

automatically

INPU
T

OUTPUT

Paciente con 
fiebre ingresa en 
neumología

SCTID: 386661006

“tag a little, 

train a 

little” 

B

C

Structured medical 

records

Paciente con 
fiebre ingresa en
neumología

A Medical document selection and 

automatic annotation

Medical Experts correct the 

automatic annotations

Paciente con 
fiebre ingresa en 
neumología
Patient with

Automatically Annotated 

Documents
Unannotated Medical 

Documents

Artificial 

Intelligence 

baseline 

systems

Iterative correction of automatic 

annotations until system is perfected

powered by HPC resources



ENTIDADES CLÍNICAS

• SINT: Síntoma

• ENF: Enfermedad

• PROC: Procedimiento

• FARM: Fármaco

• SPECIES: Organismo Vivo

ENTIDADES LINGÜÍSTICAS

• NEG: Marcador Negación

• NSCO: Alcance Negación

• UNC: Marcador Especulación

• USCO: Alcance Especulación

ENTIDADES TEMPORALIDAD

• DATE: Fechas

• TIME: Horas

• DURATION: Duraciones

• SET: Frecuencia

Ejemplo de anotación de un curso clínico del Hospital Clinic



...

Personas

Modificadores 

negation trigger and 
scope

uncertainty trigger and 
scope

symptoms diseases

drugs procedures

living beings

23 clases de conceptos

Conceptos clinicos

Casos Reales Hospital Clinic : anotación curso clínico



JSON

CSV

TSV

A. Estructuración de datos
B. Timeline/panel de control

C. Red de conocimiento, 
análisis de datos,  grafo 
de relaciones clínicas  
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Digital twins



Gemelos Digitales para la Medicina del Futuro

Cuando será posible? 
Para que aplicaciones? 



Simulations & FDA



Simulations  from molecules, to cells, to organs …

By Arnau Montagud
MABOSS Cell Modellng Framework
Col Physicell by P Macklin, Indiana U

By Victor Guallar ICREA & BSC By  Mariano Vazquez, CASE - BSC

Towards a Human Digital Twin



”Reemplazar la generación actual de métodos bioinformáticos con modelos

celulares, proporcionando descripciones mecanicistas e hipótesis

comprobables, en lugar de las actuales aproximaciones estadísticas y 

descripciones intuitivas”

Introducing simulations in the genomic world

ORGANOIDS ©IBEC



From Bulk to Single-cell sequencing

Jovic D et al. Single-cell RNA sequencing technologies and applications: A brief overview. Clin Transl Med. 2022 Mar;12(3):e694



Agent-based with probabilistic logical model allows for finding optimal drug regimes

Letort et al., Bioinformatics, 2018, bty766

Proliferation Apoptosis Necrosis



Simulaciones de tumores & microambiente –
tumores simulados NO SON como tumores reales …pero pueden 

ser útiles



Inteligencia Artificial y Simulaciones Dinámicas

IA>SM Exploración Espacio de parámetros

SM>IA Generar datos para entrenar modelos de ML

IA>SM Predecir el curso de las simulaciones 

SM>IA Interpretar en términos mecanísticos los resultados de AI

IA>SM Analizar los grandes conjuntos de resultados de las simulaciones

SM>IA Inteligencia artificial informada con leyes físicas

<> Modelos mixtos AI/Simulación
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Congenital myasthenic syndrome project

CHRNE del...

Motor neuron

Synaptic Cleft
Skeletal 
Muscle Fiber

Muscle Contraction

Depolarization



A Personalized medicine approach

Cohort Characteristics
20 patients:

8 severe
12 non-severe

Same causal homozygous mutation in the CHRNE gene (CHRNE
c.1327delG)



Severity in Congenital Myasthenic Syndromes

Nuñez et al. (in preparation)

Algorithm clustering in 
multilayers networks



Severe and non-severe communities have different actors and functions

Severe

Non-severe

Slide from D. Cirillo, BSC

Compound heterozygous 
variants

Copy number variants

Known CMS gene



Lochmüller’s lab, Ottawa

Decreased chorion movement
(1 day post fertilisation)

Decreased muscle fibre thickness
(5 days fish)

Decreased number of AChR clusters
(5 days fish)



Cloud-based virtual-patient models
for precision paediatric oncology

5 Paediatric cancers

● Medulloblastoma (MB)
● Ewing Sarcoma (ES)

● Neuroblastoma (NB)

● Hepatoblastoma (HB)

● Acute Lymphoblastic Leukemia (ALL)

Northcott et al. Nature. 2017
Taylor et al. Acta Neuropathol. 2012

Data Aggregation and Interpretation



(~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

PROTEIN 
INTERACTIONS

DRUG TARGETS

GENETIC 
VARIANTS

PATHWAYS

METABOLIC 
REACTIONS

(~14,000 altered genes per patient)

WNT

SHH

G4

G3

95% accuracy

87% dimensionality reduction



Methylation: 54 nodes

Phospho: 42 nodes

Protein: 46 nodes

RNAseq: 60 nodes

Textmining: 100 nodes

A multilayer network to combine gemomics and real world 

data in medulloblastoma



Interpretability: Multilayer community labelling

ClusterID:1||
Syndrome_Sotos
GLI1
PROM1
MTOR
PTCH1
MB54
MB15
MB13
MB07
MB17
MB09
MB43
MB24
MB53
VEGFA
MB47
AKT1
MB02
TNFSF10
OTX2
MB01

ClusterID:2||
EN1
EN2
CTNNB1
MB30
MB21
MB48
MB39
MB20
MB25
MB06
MB04
MYCN
MDM2

ClusterID:7||
Myc
SMO
Trp53-ps
Smo
Ptch1
Shh
CellLine_CVCL:1167
Toxicity_Drug
Species_1383439
Death
Cerebellar_Neoplasms
Species_10116
Species_10090
CSF2
Medulloblastoma
NGFR
BCL2
PPM1D
ENO2
MB22
MB16
MB10
MB55
MB49
MB46
ERBB2
NTRK3
MB05
MB52
MB50
STAT3
MB19
SHH
IGFBP2

ClusterID:6||
MESH:C059514
MESH:C047246
Thiotepa
Carboplatin
Cisplatin
O(6)-benzylguanine
Etoposide
Cyclophosphamide
Methotrexate
Carmustine
Lomustine
Vincristine

ClusterID:3||
CDKN2A
Basal_Cell_Nevus_Syndrome
Adenomatous_Polyposis_Coli
Carcinoma_Basal_Cell_Pigmented
GFAP
SUFU
MB34
MB33
MB31
MGMT
MYC
MB08
MB40
MB51
MB14
MB03
TP53
CASP8

ClusterID:4||
Rhabdoid_Tumor
Rhabdomyosarcoma
Craniopharyngioma
Lymphoblastic_Leukemia_Acute_Childhood
Neuroectodermal_Tumors
Glioma
Neuroblastoma
Oligodendroglioma
Neuroectodermal_Tumor_Primitive
Meningioma
Ependymoma
Pinealoma
Embryonal_Neoplasm
Central_Nervous_System_Neoplasms
Malignant_Neoplasms
Glioblastoma
Astrocytoma
Brain_Neoplasms

ClusterID:5||
Nausea
Hearing_Impairment
Thrombocytopenia
Paracousis
Cognition_Disorders
Mutism
Vomiting
Ataxia
Headache
Neurologic_Manifestations
Jacksonian_Seizure
Neutropenia
Hypothyroidism
Neoplasm_Metastasis
Leukemia
Bone_Marrow_Diseases
Communicating_Hydrocephalus
Cerebellar_Diseases
Infratentorial_Neoplasms
Central_Nervous_System_Diseases
GH1
Species_9606
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Sex & Gender Biases in Biomedicine, AI and NLP
Bias desereable

Bias
Undesireable

Davide Cirillo et al. BSC



.. Part of the research line of bioinfo4women



We look for to welcome you at BSC!

@Alfons_valencia


