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1+MG Initiative and GDI
● GDI is realising the 1+MG Data Infrastructure required to provide access to 

high-quality genomic and health data across borders to make progress 
towards the practice of Personalised Medicine across Europe

● Building in the 1+MG Framework https://framework.onemilliongenomes.eu/ 
representing the collective consensus of experts from 27 countries 

■ ELSI
■ Data quality
■ Data models standards and ontologies
■ Technical infrastructure and open source reference implementation
■ Domain use cases: Cancer, Genome of Europe, infectious diseases, PGx, Rare diseases

https://framework.onemilliongenomes.eu/
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EHDS and GDI  
● 1+MG CRC use cases included in 

Healthdata@EU pilot project
○ Accessing EHDS participants data

■ BE, DK,HU,NO 
■ BBMRI-ERIC

○ WGS, Phenotypic and, socioeconomic data
● Demonstrate use of 1+MG/GDI standard to 

manage genomic and health data within the 
Healthdata@EU
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EHDS and GDI  
● 1+MG use case on colorectal cancer leveraging data infrastructure 

participation in EHDS (ELIXIR & BBMRI)
● Common interests on crucial issues such as data discovery, data 

access, etc.
● GDI and Healthdata@EU pilot projects are complementary and 

synergetic projects for secondary use of health data. Close 
collaboration a key success factor for both projects

● By delivering GDI we are also contributing to deliver EHDS
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EUCAIM and GDI
● Genomics, cancer image and phenotypic data
● Deployment and enhance of 1+MG/GDI standards and 

reference implementations
○ Beacon v2 for Image (DICOM) 

■ Data discovery based on genomic, phenotypic or image 
metadata query

● Collaboration on enabling AI on image and genomic data
○ Developing federated learning approaches
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Synergies  and collaborations across 
projects and initiatives

Project / 
Initiative

Collaboration Project / Initiative Collaboration

GA4GH Establishment of GDI as a driver project (on going). 
Observers in the GA. 

DARWIN Exploratory discussions took 
place 

EHDS Alignment at different levels with DG Sante e.g. data 
catalogue

HealthData@EU 1+MG CRC use case

DSSC Sharing knowledge and experience on moving from 
design and testing to scale up

Australia Biocommons Observer in GA

GAIA-X Outreach to GAIA-X community Genome Canada Observer in GA

EUCAIM Linking genomics and image data, expanding beacon 
discovery capacities, federated learning

HDRUK, Genomic England Observer in GA

EUCAN Support the management of Genomic Information Swiss Institute of 
Bioinformatics 

Observer in GA
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Thanks !

juan.arenas@elixir-europe.org 
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1+MG data infrastructure 

● Infrastructure has been 
demonstrated PoCs in rare 
disease and cancer (B1MG)

 

● Countries have committed to 
reach a target phase in 
European Genomic Data 
Infrastructure by 2026 

Onboarding 
Addressing national 
challenges for deployment

Croatia, Cyprus, Hungary, 
Ireland, Malta, Romania

Deployment
National node operational 
but not connected to EU level 
operations

Bulgaria, Latvia, Lithuania

Operational
Fully deployed national node 
interconnected to EU 
services, able to provide 
access to data across 
borders following 1+MG 
Governance

Belgium, Czech Republic, 
Denmark, Estonia, Finland, 
France, Germany, Italy, 
Luxembourg, Portugal, 
Slovenia, Spain, Sweden, The 
Netherlands, Norway



GDI project receives funding from the European Union’s Digital Europe Programme 
under grant agreement number 101081813.

1+MG Long term sustainability
● 18 countries submitted the EoI for the establishment of the 1+MG EDIC

● 9 countries submitted the pre-notification (due to time constraints)

● EDIC WG established and supported from GDI Pillar I and MCP 
Accelerator

● Research data governance workflow endorsed by GDI Pillar I
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1+MG minimal datasets: status
● Rare disease: 16 agreed upon 

Common Data Elements (CDEs)
● Cancer: 140 items (37 mandatory, 

40 recommended and 63 
optional) organised in eight 
conceptual domains

● GoE: 3 mandatory items
● Infectious disease: work in 

progress (24 -> 27 items)
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(COVID)

https://eu-rd-platform.jrc.ec.europa.eu/set-of-common-data-elements_en
https://zenodo.org/doi/10.5281/zenodo.8239362
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Synergies  and collaborations across 
projects and initiatives

Project / 
Initiative

Collaboration Project / Initiative Collaboration

GA4GH Establishment of GDI as a driver project (on going). 
Observers in the GA. 

DARWIN Exploratory discussions took 
place 

EHDS Alignment at different levels with DG Sante e.g. data 
catalogue

HealthData@EU 1+MG CRC use case

DSSC Sharing knowledge and experience on moving from 
design and testing to scale up

Australia Biocommons Observer in GA

GAIA-X Outreach to GAIA-X community Genome Canada Observer in GA

EUCAIM Linking genomics and image data, expanding beacon 
discovery capacities, federated learning

HDRUK, Genomic England Observer in GA

EUCAN Support the management of Genomic Information Swiss Institute of 
Bioinformatics 

Observer in GA
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Enhanced influence and value: 
GDI as a GA4GH Driver Project

● Increased global 
influence: European 
experts collaboratively 
developing global 
standards

● GDI leading the way 
with the first 
end-to-end demo of 
international data 
sharing based on a 
framework GA4GH 
standards

● Global reference: 
Canada & Australia 
seeking to align with 
GDI via Pillar II 
solutions built on 
GA4GH standards

● Enhances the value of 
our infrastructure by 
connecting Europe 
globally
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Gaps - Innovation 
and Data 
Technologies
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Application and innovation solutions 
● Provide realistic disease scenarios for the implementation and testing of 

federated analysis and federated learning technologies

● Contribute to interoperability of genomics and health data

● Monitor the technical development of the project, in the search for gaps, 
missing elements and technologies that required adaptation or could be ported 
to other environments as they constitute opportunities for innovation

Pillar III
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Federated/distributed analysis

➔ 3 technological demonstrators on federated/distributed analysis
○ Federated/distributed analysis of infectious diseases (pks) data

○ Data mobilization across analysis platform (Cancer use-case)

○ 5-safes RO-Crate compatible Trusted Research Environment (HUTCH + WfExS)

➔ Evaluate the alignment of the federated analysis technologies with the 
data governance workflows to identify gaps and define possible 
implementations scenarios.

➔ Work towards evaluation of technology readiness.
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Solving gaps will require…
● Collaborative efforts (researchers, clinicians, policy makers and 

technology developers)
● Continued innovation in both genomics and technology to unlock the full 

potential of human genomics - for improving both scientific knowledge 
and human healthcare

➔ We want industrial partners to contribute and/or benefit from the GDI 
implementations/project outputs 
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Interaction with 
Industry



GDI: Interfaces with Industry

Pillar II: Technical infrastructure 
● Finding gaps in core infrastructure 
● Open to innovative solutions: REMS

Pillar III: Applications and innovation solutions
● Proposing Use Case-based challenges to the innovative industries 
● Looking to the future: making sure the infrastructure can handle next-gen 

technology 

Pillar I: Sustainability
● Business models
● Creating flexibility & structure for countries to use different innovative 

solutions

Make it last

Make it work

Make it useful
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Influencing the genomic medicine ecosystem

GENOMICS TO BENEFIT ALL

Diagnostics, treatments, 
personalised medicine 

approaches, prevention

Genomics integrated 
into national 

healthcare systems

Research

Evidence

DataEvidence

Innovation

GDI as a project works on part of the big 
picture 

Industry required to fill the gaps in the 
genomic medicine ‘infinity loop’ to 
ensure it rotates effectively

Industry may also want to access data or 
contribute to generating data





Companies shared their views on what they think is missing 
from the ecosystem

Need for skills:

● Computational capabilities and skilled workforce to 
handle genomic data.

● Training opportunities for clinicians and other 
stakeholders to integrate genomics data successfully

● Training and funding on collaborative AI projects & ML 
analysis standards

Need for harmonized standards:

● Harmonized data sharing, legal, and ethical 
frameworks across geographies. 

● Encouragement for the adoption of standards for 
data interoperability, sharing, and quality control. 

Need for awareness:

● More communication with clinicians of actionable data. 
● Public engagement for awareness of patient benefit 

and application of genomics in frontline care. 

Need for best practices respecting privacy rules:

● Slow adoption of novel privacy-enhancing 
technologies. 

● Legal concerns, data privacy, data security - lack of 
trust and blocked collaborations, even if privacy 
assurances in place. 

● Furthering research into leading data privacy topics. 



Contact
Despoina Sousoni (ELIXIR Industry and Innovation officer; 
despoina.sousoni@elixir-europe.org) if you have any questions.

How to get involved

https://miro.com/app/board/uXjVM-DkWmg=/?moveToWidget=3458764565652264717&cot=14

https://miro.com/app/board/uXjVM-DkWmg=/?moveToWidget=3458764565652264717&cot=14
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Breakout session
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13

Breakout Rooms on Innovation Gaps
Topic: How can industry contribute in the genomics ecosystem to support the 1+Million Genomes (1+MG) 
initiative ambition to enable secure access to high-quality genomics and the corresponding clinical data 

across Europe for better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a clinical setting into the 
European Genomic Data Infrastructure for secondary use? 

Discussion point 2

How industry can facilitate the analysis of data - federated analytics/learning to generate evidence

Discussion point 3

How can industry bridge the innovation gap between research results and a healthcare setting based on 
the data made available by 1+MG/GDI? 
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Welcome to the GDI Stakeholder Forum!

Thank you for joining the meeting
We will start promptly at 12:00 CET

Please ensure that you have named yourself correctly
Your full name (stakeholder type)

E.g.  Nikki Coutts (GDI Coordination)
E.g. John Smith (SME) 

To do this, click on the ‘Participants’ icon, hover over your name until the ‘More’ box appears, 
then click on ‘Rename”
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This meeting is being recorded  FOR 
MINUTING PURPOSES ONLY and will be 
uploaded to the GDI project folder

Please send in your questions for speakers 
through Slido Q&A: GDI-SF2023 

We follow the ELIXIR Code of Conduct 
at all our events. For more info visit the 
ELIXIR Europe website

https://drive.google.com/drive/u/0/folders/1Z6Ov2boV2ZrTw1VMquFtjtDvLNDnyHGP
https://elixir-europe.org/events/code-of-conduct
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What can you expect?

Project information, updates, and outcomes: 
deploying European Genomic Data 
Infrastructure

Discussion on how industry could provide 
innovative solutions to some of the gaps and 
challenges we face
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Agenda
12:00 -17:00 (CET)

Introduction to the GDI project and achievements to date
Coffee break 

Building an ecosystem that boosts innovation in 
genomics and healthcare research.

Industry involvement, innovation, gaps and challenges
Lunch break 

Innovation gaps and industry
Breakout session
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Breakout 

How can industry contribute in the genomics 
ecosystem to support the 1+Million Genomes 
(1+MG) initiative ambition to enable secure access 
to high-quality genomics and the corresponding 
clinical data across Europe for better research, 
personalised healthcare and health policy making
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Supports the 1+Million Genomes (1+MG) 
initiative ambition to enable secure 
access to high-quality genomics and 
the corresponding clinical data across 
Europe for better research, personalised 
healthcare and health policy making

GDI project overview
Cross-border access to genomic data, implementation of genomics-based 
health. Supported by 27 countries to date
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1+MG Roadmap

https://ec.europa.eu/newsroom/dae/redirection/document/99974

https://ec.europa.eu/newsroom/dae/redirection/document/99974
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1+MG Roadmap 2023-2027
5 implementation tracks
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Cross-border access to genomic data, implementation of genomics-based 
health. Supported by 27 countries to date

Journey to the 1+MG Data Infrastructure

20202018 20232022 20272026
Design & Testing

Scale-up & Sustainability

Population Genomics

Genome 
of Europe
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GDI project overview

Establishes a federated, sustainable and 
secure infrastructure based on open 
community standards to access genomic and 
related phenotypic and clinical data across 
Europe

Builds on the Beyond 1 Million Genomes 
(B1MG) project outputs

Scale-up & Sustainability
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GDI in numbers
(50% co-funded) 
Project Beneficiaries 
Affiliated Entities  
Associated Partners 
Total Project Partners   
European countries 
At least 6 countries technically operational by 2024

At least 15 countries technically operational by 2026

International Organisations* 
*EMBL and BBMRI-ERIC

€40M 

45 
6 

7 
58 

20

2 

Cyprus, Hungary, Malta and Romania joining GDI soon  
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GDI Project overview
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 1+MG Framework
Brings together the specific recommendations, guidelines and best practices 
that can be use to realise the 1+MG vision encompassing:

Data governance & ELSI 

Data models and data quality 

Technical Infrastructure 

Implementation of Genomics into Healthcare

Use Cases

National implementation

Plus alignment with other key European projects such as EHDS
For all stakeholders to use

framework.onemilliongenomes.eu 
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1+MG Framework 

https://framework.onemilliongenomes.eu/     

https://framework.onemilliongenomes.eu/
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Connection to relevant EU Initiatives



@GDI_EUproject /company/gdi-euproject GDI website

GDI project receives funding from the European Union’s Digital Europe Programme 
under grant agreement number 101081813.
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Building an ecosystem that boosts innovation in 
genomics and healthcare research.

- Use cases and federated analysis

Salvador Capella-Gutierrez, BSC



 

@GDI_EUproject

/company/gdi-euproject

gdi.onemilliongenomes.eu/

GDI project receives funding from the European Union’s Digital Europe Programme 
under grant agreement number 101081813.
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Pillar III

Introduction to Pillar III

Pillar 
II

Pillar 
I

ensure testing 
and potential 
implementation 
of any emerging 
technological 
solution in the 
infrastructure.

WP7
Consider application of infrastructure across disease 
use cases, including the use of available data (from the 
GoE project) as a control population for research.

Provide innovative solutions for clinicians, researchers and innovators

WP8
● Explore innovative approaches for federated 

data access and federated learning, the 
integration of genomics and phenotyping data.

● Identify missing elements in the technical 
infrastructure pipeline that could be developed 
at scale by innovative industries.
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Pillar III
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Independent, nuclear use-cases …

… able to run on common tracks  
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➔ Develop a selected set of disease-related use-cases for channelling questions of 
concern from European and member state needs, which

 i) represent transnational scenarios,

ii) are generalisable to other diseases, and

iii) are addressable via infrastructure developments.

➔ Catalyse and consolidate the developments of the 1+MG and other European and national 
initiatives via the interactions with pillar II, leading to the implementation and testing in the 
specific disease use-cases.

➔ Provide guidance and instruments to EU projects and MSs for the implementation of the 
technical developments across EU countries in a scalable, generalisable, and 
ELSI-compliant manner.

Use Cases (WP7)
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Application and innovation solutions (WP8)
➔ Provide realistic disease scenarios for the implementation and testing of federated data 

and federated learning technologies based on previous developments, in particular those 
concerning the use of Federated EGA technologies.

➔ Contribute to the consolidation and generalisation of the efforts of the 1+MG and related 
initiatives in the area of interoperability of genomics and health data.

➔ Become a European industry reference point, in particular SMEs, related to the innovation in 
new technologies for their possible implementation in the different health systems.



GDI project receives funding from the European Union’s Digital Europe Programme 
under grant agreement number 101081813.

ht
tp

s:
//w

w
w

.c
re

at
iv

ity
at

w
or

k.
co

m
/b

us
y-

in
no

va
te

/



GDI project receives funding from the European Union’s Digital Europe 
Programme under grant agreement number 101081813.

WP7: Conceptual pipeline

Prototypical
Questions

Technological
Requirements

Pillar II

WP8

Different maturity level 
per each use-case

GDI
use cases
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For each of the questions, the following aspects are included:

● Data reception (data preparation and inclusion)

● Storage and interfaces (data storage and management)

● Data discovery

● Data access management tools

● Data processing

Also, the following questions are answered:

● Do you need to access data transnationally? Are you considering a federated system? Or something else?
● Are you already engaged with projects/efforts/initiatives beyond 1+MG/B1MG/GDI that are developing 

infrastructures for tacking your needs?
● Are you aware or any other use case requirements relevant for your use case?
● Are you using structured pheno-clinical data?

WP7: GDI Use Cases
Translation into technical requirements
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● Bring together different aspects on the implementation of the resources and information on 
genomic data obtained by the 1+MG and the GoE projects.

● Three specific research questions relevant to the Genome of Europe demonstrator were 
collected through ad hoc meetings with 1+MG WG12 population genomics leadership involved 
in task 7.1.

i) Lookup of individual genetic variants
ii) Recalibration of polygenic risk scores
iii) Ancestry-specific imputation

● The Genome of Europe has been included in a Digital Europe work-program, with budget 
made available to collect genome sequencing data for this project. The program specifically 
includes the utilisation of GDI solutions to reach the goals of the Genome of Europe project.

WP7: GDI Use Cases
Genome of Europe
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● Ensure all lessons learnt in the context of the 1+MG/B1MG are taken up in this project. 
Build the links with the use-cases on Rare diseases WG8)  and Common complex 
diseases (WG10).

● Take on board the experience and developments of the two 1+MG/B1MG PoC 
demonstrators in rare diseases to implement to other use-cases. Concretely, this has 
started for the cancer use case. 

● Two generic research  questions on common complex diseases and pharmacogenomics 
were formulated for MS26.

i) Why do people with certain disease-specific genes not develop the disease?
ii) Why do some gene variants cause adverse side effects for medications?

WP7: GDI Use Cases
Building on the experiences of the 1+MG/B1MG 
use-cases
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WP7: GDI Use Cases
Infectious diseases with an initial focus in COVID-19

● Build on the massive developments achieved during the COVID-19 pandemic, 
including those of the 1+MG/B1MG use-case (WG11 leadership) and the BY-COVID 
project linked to the European COVID-19 data portal and the Infectious Diseases 
Toolkit (IDTk).

● Aim to build sustainable solutions that will enhance and complement national 
projects, making them sustainable beyond the COVID-19 pandemic and applicable to 
other infectious diseases. 

● Two generic scientific questions on infectious diseases were formulated for MS26.
i) GWAS (validation): risk variants of severe COVID-19 (research)
ii) Variants that may guide prognosis and/or treatment (healthcare)
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WP7: GDI Use Cases
Data-driven Cancer Research

● Contribute to elaborate feasible technical solutions to facilitate the access to genomic and 
phenotypic datasets provided by related projects (e.g EOSC4Cancer) and the technology and 
recommendations of the 1+MG/B1MG cancer use-case (WG9 leadership).

○ The finalisation of a Minimal Cancer Dataset.
○ The generation of cancer use cases based on synthetic data, with the aim of testing the 

GDI technical infrastructure.

● Alignment with the HealthData@EU and the cancer mission to guarantee the flux of 
information and the sustainability of the access to medical data for secondary use in research.

● Joint work with EUCAIM on ensuring technical interoperability across domain and the use of 
similar approaches for common challenges, e.g. extending beacon for clinical imaging using 
OMOP extensions for radiology, extending the evaluation of federated learning frameworks to 
incorporate genomics data. 
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WP7: GDI Use Cases
Data-driven Cancer Research

● Three scientific questions were formulated for the cancer use-case for MS26.

i) for a patient diagnosed with NSCLC ROS1 fusion-positive cancer (T0) was treated with 
standard of care TKI Crizotinib (T1),
ii) for a  patient diagnosed with metastatic melanoma. Molecular standard analysis revealed a 
BRAF V600E point mutation (T0) and
iii) to determine MicroSatellite Instability score in ColoRectal Cancer.

● Adoption of cBioPortal as an open source solution for the visualization and interpretation of Cancer 
data.
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WP7: GDI Use Cases

 T7.1 Genome of Europe

T7.3: Infectious diseases

T7.4: Cancer Research

T7.2: 1+MG/B1MG use-cases
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GDI approaches to federated analysis
Federated analysis allows researchers to send code to 
decentralized data sources rather than moving the data.

● Data Stays Put
○ No need to centralize data.
○ Each data source maintains control of its data locally.

● Diverse Data Settings
○ Ideal for studying data from various settings (e.g., hospitals 

nationwide).
○ Each setting creates and maintains its own data 

environment.
● Remote Code Execution

○ Researchers send their code to each location.
○ Local analysis is conducted, ensuring data privacy and 

security.
● Collaborative Results

○ Analysis results, subject to disclosure control, are combined 
for a comprehensive view.
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Considerations

➔ Strong dependency on the data 

governance framework for GDI.

➔ Availability of data types: individual-level 

vs. aggregated datasets.

➔ Varying technology readiness levels.
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Description of the demonstrator
● Each country has its own group of sequenced patients and a table 

with the outcomes (Was this individual infected with SARS-CoV2? 
What was the severity of the disease?)

● A researcher in a country wants to test the association of specific 
genetic variants with prognosis (i.e., severity)., taking into account 
possible confounders (e.g., sex, smoking status, ancestrality, 
whatever is available in the common data model). 

Federated/distributed analysis of infectious 
diseases (pks) data
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Country 1
SAMPLE1 Severe
SAMPLE2 Mild

Country 2
SAMPLE1 Mild
SAMPLE2 Mild

Country 3
SAMPLE1 Severe
SAMPLE2 Severe

variant effect_allele   beta
rs12 T     -0.078507
rs13 A      0.16488

Country 1 GLM

Country 2 GLM

Country 3 GLM

Federated/distributed analysis of infectious 
diseases (pks) data
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Whole cohort GLM?
(Joint analysis)

Federated/distributed analysis of infectious 
diseases (pks) data

Country 1
SAMPLE1 Severe
SAMPLE2 Mild

Country 2
SAMPLE1 Mild
SAMPLE2 Mild

Country 3
SAMPLE1 Severe
SAMPLE2 Severe

variant effect_allele   beta
rs12 T     -0.078507
rs13 A      0.16488
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Country 1
SAMPLE1 Severe
SAMPLE2 Mild

● Ideally, the actual scores are not returned, as it would reveal the risk of an individual versus a 
certain disease. But the researcher would have the summaries or fitting pooled GLM to assess 
relationships between phenotypes and PRS scores.

● The researcher does NOT upload the dataset to Galaxy and send it to whatever country to 
compute it. It sends the analysis request to a data that lives in that country and it does not see the 
raw contents of it. It is a privacy-preserving federated analysis.

Country1 GLM

variant effect_allele   beta
rs12 T     -0.078507
rs13 A      0.16488

Federated/distributed analysis of infectious 
diseases (pks) data
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Federated/distributed analysis of infectious 
diseases (pks) data

https://docs.google.com/file/d/1HIAqxfj_VeTm-CHrdUQ8OXZAcJlWPKwJ/preview
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Galaxy

cBioPortal

FASTQs
MAF

Clinical 
Structured data

Analysis 
(identification of variants)

Data mobilization across analysis platform 
(Cancer use-case)

Description of the demonstrator

Workflow from FastQ to data analysis and visualisation in cBioPortal. Then, the data in 
cBioPortal, if it is well formatted, will be queried directly by Beacon (optional).
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Data mobilization across analysis platform 
(Cancer use-case)

https://docs.google.com/file/d/1f3lH8NPfyo3ClfMxjJrAX_R_VtnKSRE0/preview
https://drive.google.com/file/d/1f3lH8NPfyo3ClfMxjJrAX_R_VtnKSRE0/view
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What is a Trusted Research Environment (TRE)?

A Trusted Research Environment (TRE) / Secure Processing 
Environment (SPE) / Secure Data Environment (SDE) is a highly 
secure computer system where data is stored. 

Approved researchers can access this data remotely by using 
secure logins and passwords. These environments are 
designed to be safe, allowing only authorised individuals to 
access the data. 

Data cannot be added or removed without proper permissions, 
ensuring transparency and accountability. Multiple sources of 
data can be combined in these environments to create a 
comprehensive dataset for research. 

Researchers can apply to access and analyse the data using 
computer programs they develop but organisations must still 
follow legal requirements when sending data to a TRE. 

5-safes RO-Crate compatible Trusted Research 
Environment (HUTCH + WfExS)
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● How do we standardise the flow of 
information (metadata) for federated 
analysis within the Five Safes framework?

● Can we develop a mechanism of running 
federated analytics workflows for the 
queries in the TREs that is technology 
agnostic?

A more standardised approach

5-safes RO-Crate compatible Trusted Research 
Environment (HUTCH + WfExS)
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5-safes RO-Crate compatible Trusted Research 
Environment (HUTCH + WfExS)

InfrastructureFederated Analytics TREs

PPIE

Standards
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5-safes RO-Crate compatible Trusted Research 
Environment (HUTCH + WfExS)

TREs
Federated Analytics Tools

Digital Objects 
standardise the flow of 
information for 5 Safes

1 3

Integration with 
existing Workflow 
execution systems

4

Reference implementations for 
handling 5 Safes Digital Objects2

SACRO / SARA 
Synergy with 
authorisation and 
disclosure control 
projects

 TRE

Check Phase Validation 
Phase

Workflow 
retrieval 
Phase

Sign-off Phase Workflow 
execution 

Disclosure 
Phase

Publishing 
Phase

Receiving 
Phase`

5 Enriched provenance model for 5 safes validation
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You can’t always get all the data into one TRE but analyses across multiple TREs is a pain

TREs
Federated Analytics Tools Each TRE 

develops a 
bespoke 
solution

Each toolkit has its own 
unique exchange standards 

Must be 
independently 
tested against the 
Five Safes, and 
validated by PPIE & 
governance

5-safes RO-Crate compatible Trusted Research 
Environment (HUTCH + WfExS)
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What is next?
➔ Strengthen demonstrators exploring how 

to couple existing technologies with the 

GDI data governance framework.

➔ Elaborate a map on available technologies 

vs. data types associated with use-cases.
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Breakout Room 1
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a 
clinical setting into the European Genomic Data Infrastructure for secondary 
use? 



Challenges faced when mobilising 
genomic and health data from 
healthcare/a clinical setting into the 
European Genomic Data Infrastructure for 
secondary use?. 
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What are the solutions that 
industry could help 
facilitate?
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Breakout Room 1
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 2

How industry can facilitate the analysis of data - federated analytics/learning 
to generate evidence



What are the gaps that exist in 
currently available federated 
analytical tools & services? 
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What are the solutions that 
industry could help 
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Breakout Room 1
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 3

How can industry bridge the innovation gap between research results and a 
healthcare setting based on the data made available by 1+MG/GDI? 



What elements are required to facilitate 
innovation to improve the use of genomics 
in personalised healthcare?
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Breakout Room 1 - Summary Slide
Topic: How can industry contribute in the genomics ecosystem to support the 1+Million Genomes 

(1+MG) initiative ambition to enable secure access to high-quality genomics and the corresponding 
clinical data across Europe for better research, personalised healthcare and health policy making

● How can industry help to mobilise genomic and health data from healthcare/a clinical for 
secondary use?
○ Challenges: GDPR/Consent, data storage, inconsistent workflows
○ Solutions: Sustainability of tools, supporting EC goals of encouraging innovation

●  How industry can facilitate the analysis of data - federated analytics/learning to generate 
evidence
○ Challenges: Costing of computational capacity
○ Solutions:  Cloud services providers (e.g. Google, Azure) have costing model in place

● What elements are required to facilitate innovation to improve the use of genomics in 
personalised healthcare?
○ Need clarity on where the gaps are in the infrastructure
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Breakout Room 2
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 1

How can industry help to mobilise genomic and health data from healthcare/a 
clinical setting into the European Genomic Data Infrastructure for secondary 
use? 



Challenges faced when mobilising 
genomic and health data from 
healthcare/a clinical setting into the 
European Genomic Data Infrastructure for 
secondary use?. 
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Breakout Room 2
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 2

How industry can facilitate the analysis of data - federated analytics/learning 
to generate evidence



What are the gaps that exist in 
currently available federated 
analytical tools & services? 
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Breakout Room 2
Topic: How can industry contribute in the genomics ecosystem to support the 

1+Million Genomes (1+MG) initiative ambition to enable secure access to 
high-quality genomics and the corresponding clinical data across Europe for 

better research, personalised healthcare and health policy making

Discussion point 3

How can industry bridge the innovation gap between research results and a 
healthcare setting based on the data made available by 1+MG/GDI? 



What elements are required to facilitate 
innovation to improve the use of genomics 
in personalised healthcare?
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Breakout Room 2 - Summary Slide
Topic: How can industry contribute in the genomics ecosystem to support the 1+Million 

Genomes (1+MG) initiative ambition to enable secure access to high-quality genomics and the 
corresponding clinical data across Europe for better research, personalised healthcare and 

health policy making
● Discussion Point 1 On Data mobilisation: Privacy - Public Trust (building citizens’ trust on 2ndary data use) - Fight the political bias against certain 

pharmaceutical companies
● Ensure company is motivated, with a clear goal on benefits for the company. Need for staff redirection- need for change culture, approach & follow a model on 

a greater scale for data mobilisation. 
● Benefit of looking to other country activities and models on data generated from pharma.

● Discussion Point 2 How industry will facilitate data analysis/generation and how industry can demonstrate their ideas? Raise awareness, precompetitive 
projects (like OpenTargets), professional solutions is a key: democratising the systems for max impact - Developing cheaper storage systems- 
commercialisation of research outputs but with transparency on investment and visibility on the market - EC encourages industry involvement to achieve 
sustainability, but this is Work in Progress. 

● Discussion Point 3 Elements required to facilitate innovation? Gaps? Industry: To bridge the gap: Need to feed data already in GDI, back to healthcare 
professionals for access and use via an interface, to increase the user experience - Need to re-identify patients after data has been used; this is important for 
moving back to clinical practice.

● Industry needs to be part of the overall research.
● Need for a legal framework & solid regulations established by the EU, without GDPR to be neglected. Technology is currently ahead of Law

● Level of Readiness for the Healthcare System? What do we need there? Responsibility also on industries to increase awareness- a lot is happening via 
Research Projects and industry is not invited to knowledge contribution, but use more traditional ways that do not promote the current needs. Need to keep 
up with how the European landscape changes.  
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gdi.onemilliongenomes.eu/
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GDI Stakeholder Forum
GDI Starter Kit
Dylan Spalding

23 November 2023



Deployment of 1+MG national nodes 

GDI Pillar II

Design & Testing
2020-2023

Scale up & Sustainability Deployment & Feedback

Considerations & Feedback

● National Strategy

● Emerging technologies

● Pillar III Use CasesOnboarding

Deployment

Operational National nodes interconnected 

National node fully operational

Design and testing phase

2022-2026



Genomic Data Infrastructure

Countries in GDI:
• Will provide a node or Data Hub
• Each country manages their own data (e.g. regional hubs)
• Data hubs provide cross-border data analysis using a 

common framework of standards & APIs
Overall data infrastructure provides 5 main functionalities as 
defined by the 1+MG Scoping paper1 in 2021

Data 
discovery

Access 
management tools

Data 
processing

Data 
reception

Storage and 
interfaces

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.

https://zenodo.org/doi/10.5281/zenodo.6089582



GDI Starter Kit

• Defined at a workshop 
in Sweden in March 
2023

• 65 experts
• 18 countries

• Successful deployment 
and operation demo at 
ELIXIR AHM in June 
2023



Data Discovery
Function:

• Public visibility and search of genomic data, requiring 
descriptive non-sensitive metadata like summary level 
descriptions of data

• Link to data access management where users can 
apply for detailed data access. 

GDI Starter Kit Elements:

● Beacon: Beacon, DUO, phenopackets 
● Beacon Network: Beacon 
● User Portal: Data Catalogue

Data 
discovery

Access 
management 

tools

Data 
processing

Data 
reception

Storage 
and 

interfaces

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Data Access Management
Function:
• Management of data access according to Data Protection by 

Design & Default, i.e. facilitation and audit of secure access 
• Tools manage:

• data access applications for data use 
• data access authorisations from the data controllers
• communication of access rights 

GDI Starter Kit Elements:
● LifeScience AAI: GA4GH Passports, AAI
● REMS: GA4GH Passports, AAI, DUO
● User Portal: Access management: AAI, DUO

Data 
discovery

Access 
management 

tools

Data 
processing

Data 
reception

Storage 
and 

interfaces

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Storage & Interfaces
Function:

• Organisations store data and offer APIs that form the 
interoperable (standard-based) infrastructure backbone 

• Aim is to leverage existing investments in 
e-infrastructure capacities that can provide data privacy 
and confidentiality

GDI Starter Kit Elements:
● Sensitive Data Archive: Crypt4GH
● Integration of user identity and data access: DRS, 

Passport

Data 
discovery

Access 
management 

tools

Data 
processing

Data 
reception

Storage 
and 

interfaces

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Data Reception
Function:
• Uniform processes for quality control and standardisation
• Receiving (e.g. upload) or access (e.g. API) to data and 

metadata
• Adhering to global standards and principles
• Genotypic and phenotypic data 

• Logical description of datasets 

GDI Starter Kit Elements:
● Synthetic data: phenopackets, VCF, BAM/CRAM
● Transfer: htsget

Data 
discovery

Access 
management 

tools

Data 
processing

Data 
reception

Storage 
and 

interfaces

https://dashboard.onemilliongenomes.eu/GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Processing (compute)
Function:

• Local, high-performance and cloud computing with 
security standards appropriate for 1+MG to analyse data 

• Processing happens locally or distributed  in the 
infrastructure

GDI Starter Kit Elements:
● Containerised & Federated computation - TES, WES, TRS

Data 
discovery

Access 
management 

tools

Data 
processing

Data 
reception

Storage 
and 

interfaces

LUMI datacenter Photo by Pekka Agarth

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Generalised end to end user Story from 1+MG

1. User discovers phenotypes of interest aggregate data in 
1+MG data

2. User logs in via LS AAI (registered level), and discovers both 
a genomic variant and treatment regime and/or phenotype of 
interest

3. User applies for data access to 1+MG data

4. Data Access Committee grants access to a virtual cohort

5. User executes analysis as a controlled access user on this 
virtual cohort across federated locations

WG8 – RD: Do you have any individuals with a mutation in the RYR1 gene and a similar phenotype to congenital myasthenic syndrome?

WG9 – Cancer:   Do you have any individuals with a mutation in the PTEN gene, who have BRAF biomarkers and are being treated with vemurafenib?

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Data
Discovery

Data Access 
Management

Storage & 
Interfaces

Data
Reception

Data
Processing5 FUNCTIONALITIES

STANDARDS

STARTER KIT

Beacon v2 &
Beacon 

Network

LS AAI & 
REMS

Sensitive 
Data Archive

E.g. FEGA

Synthetic 
Data

htsget

Containerised 
Compute

Federated 
Compute

DUO
Phenopackets
Beacon

Passports
DUO
AAI

CRYPT4GH

Phenopackets
VCF
SAM/BAM/CRAM
htsget

TES
WES
TRS

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.

GDI Infrastructure, user journey & standards



Data
Discovery

Data Access 
Management

Storage & 
Interfaces

Data
Reception

Data
Processing5 FUNCTIONALITIES

STANDARDS

STARTER KIT

User Portal:
Data 

Catalogue

User Portal:
Access 

Management 
& LS AAI

Beacon v2 &
Beacon 

Network

LS AAI & 
REMS

Sensitive 
Data Archive

E.g. FEGA

Synthetic 
Data

htsget

Containerised 
Compute

Federated 
Compute

DUO
Phenopackets
Beacon
DCAT-AP

Passports
DUO
AAI

CRYPT4GH

Phenopackets
VCF
SAM/BAM/CRAM
htsget

TES
WES
TRS

GDI Infrastructure, user journey & standards

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.



Nat
ional infrastructure

GDI Starter Kit deployment

User 
Portal

Starter 
Kit

Starter 
Kit

Starter 
Kit

Beacon Network,
Passports & AAI

Vanguards/national

European connectivity

2024
DCAT-AP, eID & 

eWallet

1+MG National node
Centralised, distributed or fully federated 
data storage and computation + technical 
capacity



GDI Starter Kit = 1st demonstration software bundle released June 2023

Product Outline Prod PO Function

Sensitive Data Archive Securely stores data ✔ Sweden

LifeScience AAI Provides a federated Identity ✔ Czechia

REMS Allows data access applications and decisions ✔ Finland

Beacon Genetic and phenotypic data discovery ✔ Spain

Beacon Network Federated network of Beacons ✔ Finland

Synthetic Data Artificial anonymous data Finland

htsget Secure genetic data distribution Sweden

Containerised Computation Computation via virtualised portable software packages ✔ Czechia

Federated Computation Interoperable distributed workflows

Packaging and Deployment Packaging and deployment of the starter kit Spain

User Portal – Data Catalogue European level catalogue of data within nodes Netherlands

User Portal – Access management European level application / access management Luxembourg

Future - Due 01/2024 European level https://github.com/GenomicDataInfrastructure
✔ - Product in production in another project (NB: Beacon V1 / ELIXIR Beacon Network)

https://github.com/GenomicDataInfrastructure


● Continuous development of Starter Kit products

○ Compliance with Data Protection by Design and Default principles
○ Support GDI Nodes on the deployment and operations of the Starter Kit

■ Not pushing starter kit software to nodes, they may use compatible alternatives for 
producing functionalities based on the chosen open standards

■ Support diversity of node requirements

● Federated Analytics / Learning (Pillar III) interaction

● Use cases demonstrators (Pillar III)

○ Genome of Europe
○ Cancer
○ Infectious diseases

What’s next



Demo

https://docs.google.com/file/d/1ut5VSt8V1Z-H7tWBa0MUHUWT3TlJVM9I/preview


Follow our progress

▪ github.com/GenomicDataInfrastructure
▪ gdi.onemilliongenomes.eu
▪ framework.onemilliongenomes.eu

https://www.youtube.com/watch?v=6MtIJA4xXdU 

GDI project receives funding from the European Union’s Digital 
Europe Programme under grant agreement number 101081813.

https://github.com/GenomicDataInfrastructure
https://gdi.onemilliongenomes.eu/
https://www.youtube.com/watch?v=6MtIJA4xXdU
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Generating synthetic data for health applications 
Alberto Labarga



  

Telecommunications Engineer
Head of Biomedical Data Hub @BSC
More than 20 years crunching data

open data - open source – open science



  



  

Synthetic Health Records



OMOP-CDM

Open source tools for clinical data 
analysis  (cohort generation, 
characterization, incidence, 
estimation, prediction)

International community to develop 
tools, standards and best practices 
recommendation in health data 
normalization and interoperability

European federated data network 
for real world data based evidence 
generation





  
https://github.com/synthetichealth/synthea/



  

https://github.com/synthetichealth/synthea/wiki/Module-Gallery



  https://github.com/OHDSI/ETL-Synthea



  

pysynth



  



GANs



  



  
https://github.com/deepmedicine/BEHRT



  



  



  

ENCODER DECODER

GENERATOR DISCRIMINAT
OR

random vector



  

Synthetic notes



  



  

Synthetic images



  



  



  



  



  



  

Synthetic genomic data



  



  



  



  

FIDELITY UTILITY PRIVACY

How similar is this synthetic 
data as compared to the 

original training sets 
 

Kullback-Leibler (KL) 
divergence, pairwise 

correlation difference

How useful is this synthetic 
data for our downstream 

machine learning 
applications

Accuracy, F1-score, ROC, 
and AUC-ROC

Has any sensitive data  
been inadvertently 
synthesized by our 

model
 Membership inference, 

re-identification and 
attribute inference 

attacks

Evaluation



  

●Generation
●Evaluation
●Publication
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