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Needs

Rare Disease Data

> Maqjor challenges
. Resources fragmented
. Scarce, sensitive human data
- How to find, access, interoperate, analyse?

> Requirement: infrastructure for efficient, cross-resource, cross-national analysis
> RD community infrastructure targets >7000 diseases
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Absolute need to combine data
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IRDIRC goals for the decade 2017-2027

Our vision: Enable all people living with a rare disease to receive an accurate
diagnosis, care, and available therapy within one year of coming to medical

Goal 1

All patients coming to medical attention with a
suspected rare disease will be diagnosed within one
year if their disorder is known in the medical literature;
all currently undiagnosable individuals will enter a

globally coordinated diagnostic and research pipeline

attention

Goal 2 Goal 3

1000 new therapies for rare diseases will be approved, Methodologies will be developed to assess the impact
the majority of which will focus on diseases without of diagnoses and therapies on rare disease patients

approved options

IRDIRC

INTERNATIONAL
RARE DISEASES RESEARCH
CONSORTIUM



Needs
Rare Disease Data
> Maqjor challenges
. Resources fragmented

. Scarce, sensitive human datfa
- How to find, access, interoperate, analyse?

> Requirement: infrastructure for efficient, cross-resource, cross-national analysis
> RD community infrastructure targets >7000 diseases

What can we do with the collaboration
between ELIXIR nodes and ELIXIR Rare Diseases Communities ?
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The FAIR guiding principles
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 There is an urgent need to i |r||prme the infrastructure supporting the reuse of scholarly data. A diverse

* set of stakehold g academia, industry, funding agencies, and scholarly publishers—have
Received: 10 December 2015 © come together to dn:g'l nndjonﬂ'y endorse a concise and mnsuruble set of principles that we refer
* to as the FAIR Data Principles. The intent is that these may act as a guideline for those wishing to
enhance the reusability of their data holdings. Distinct from peer initiatives that focus on the human
scholar, the FAIR Principles put specific emphasis on enhancing the ability of machines to automatically
find and use the data, in addition to supporting its reuse by individuals. This Comment is the first
formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar

implementations in the community.

Accepted: 12 February 2016 -
Published: 15 March 2016 :

g discovery th h good data management

Good data managemen‘t is not a goal in itself, but rather is the key conduit leading to knowledge
discovery and innovation, and to subsequent data and knowledge integration and reuse by the
community after the data publication process. Unfi ely, the existing digital ecosystem
surrounding scholarly data publication prevents us from extracting maximum benefit from our
research investments (e.g., ref. 1). Partially in response to this, science funders, publishers and
governmental agencies are beginning to require data gement and dship plans for data
generated in publidy funded experiments. Beyond proper collection, annotation, and archival, data
stewardship includes the notion of ‘long-term care’ of valuable digital assets, with the goal that they
should be discovered and re-used for downstream investigations, either alone, or |n cnmlxnatmn with
newly generated data. The outcomes from good data gement and i e, are
high quality digital publications that facilitate and simplify this ongoing process of dr&cmm ewluatmn,
and reuse in downstream studies. What constitutes 'good data management’ is, however, largely
undefined, and is generally left as a decision for the data or repository owner. Therefore, bringing some
clarity around the goals and desiderata of good data management and stewardship, and defining
simple guideposts to inform those who publish andfor preserve scholarly data, would be of great utility.

This article describes four foundational principles—Findability, Accessibility, Interoperability, and
: Reusability—that serve to guide data producers and publishers as they navigate around these
: obstacles, thereby helping to maximize the added-value gained by contemporary, formal scholarly
+ digital puhlﬁhlng Importanﬂy, it is our intent that the principles apply not only to ‘data’ in the
: conventional sense, but also to the algorithms, tools, and workflows that led to that data. All
* scholarly digital research objects”—from data to analytical pipelines—benefit from application of
. these principles, since all components of the research process must be available to ensure
* transparency, reproducibility. and reusability.

Wilkinson, Mark D., et al. "The FAIR Guiding Principles for scientific data management and stewardship." Scientific data 3.1 (2016): 1-9.



Guiding principles for FAIR data
Human € Computer

Findable:

F1. (meta)data are assigned a globally unique
and persistent identifier;

F2. data are described with rich metadatiaq;

F3. metadata clearly and explicitly include the
identifier of the data it describes;

F4. (meta)data are registered or indexed in a searchable
resource;

Interoperable:

I1. (meta)data use a formal, accessible, shared, and

broadly applicable language for knowledge representation.

12. (meta)data use vocabularies that follow FAIR principles;

13. (meta)data include qualified references to other
(meta)data;

Accessible:

Al. (meta)data are retrievable by their identifier
using a standardized communications protocol;
A1.1 the protocol is open, free, and universally
implementable;
A1.2. the protocol allows for an authentication
and avthorization procedure, where necessary;

A2. metadata are accessible, even when the data are no
longer available;

Reusable:

R1. (meta)data are richly described with a plurality of
accvurate and relevant atiributes;

R1.1. (meta)data are released with a clear and
accessible data usage license;

R1.2. (meta)data are associated with

detailed provenance;

R1.3. (meta)data meet domain-relevant community
standards;

https://doi.org/10.1038/sdata.2016.18
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What the EU is doing

The EU's strategic objective for rare diseases is to improve patient access to diagnosis, information, and
care. It assists in pooling scarce resources spread across the EU, enabling patients and professionals to
share expertise and information.

The European response aims to:
Q set up and support the European Reference Networks (ERNs)

O develop and manage a secure and GDPR-compliant IT platform to support cross-border medical discussions:
the Clinical Patients Management System 2.0 (CPMS 2.0)

develop and manage the European Platform on Rare Disease Registration (EU RD Platform)

support the definition, codification and inventory of rare diseases

support the designation and authorisation of orphan medicinal products

O expand the knowledge base also through research and innovation

U develop new fherapies and diagnostic tools for rare diseases

EI[ enhance making rare diseases registries and data FAIR (Findable, Accessible, Interoperable, and Reusable)]

Q improve the recognition and visibility of rare diseases, also at global level via the International Rare Diseases
Research Consortium (IRDIRC)

O empower patient organisations
O promote the development of national rare diseases plans and strategies

0o 00

https://health.ec.europa.eu/rare-diseases-and-european-reference-networks/rare-diseases_en#what-the-eu-is-doing



Needs
Rare Disease Data
> Maqjor challenges
. Resources fragmented

. Scarce, sensitive human datfa
- How to find, access, interoperate, analyse?

> Requirement: infrastructure for efficient, cross-resource, cross-national analysis
> RD community infrastructure targets >7000 diseases

What can we do with the collaboration
between ELIXIR nodes and ELIXIR Rare Diseases Communities ?
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What can we do with the collaboration
between ELIXIR nodes and ELIXIR Rare Diseases Communities ?

» Support FAIR principles and implementation of FAIR principles
« achieving reliable, trustworthy, efficient use of data

» Bring Your Own Data hackathon

» Workshop developments

elz?ﬁ?



L. ELIXIR's purpose is to accelerate the understanding of life by facilitating data-
ELIXIR priorities 2024-28 intensive research. Scientists should be able to collaborate easily across borders

to build large, multidisciplinary datasets for advanced analysis and modelling.

SCIENCE TECHNOLOGIES NODES PEOPLE
advance research by Deliver services to support Equip national Nodes Develop people and
enabling scientists to access federated data for successful long- capacity to benefit
and analyse life science data  management and analytics  term operations science and society

in life science

3 3 3

“ELIXIR serves the life "... create a connected «..encourage FAIR recognition and
science community by infrastructure fo support the credit and promote the value of a
supporting FAIR access FAIR management of all wide range of contributions within

to scientific data” digital objects, including data, the scientific community.

sofftware and workflows”

elixir

ELIXIR

Scientific
Programme




Research & Development of FAIRification.
Experience from FAIRification projects and workshops in RD domain since 2014

i

Align with infrastructure

FAIR exploitation

elixir



A Resource for Guiding Data

Stewards to Make European

Rare Disease Patient

RegiStrieS FAIR RESEARCH PAPER

TYPE Review
PUBLISHED 10 May 2023
pol 10.3389/fmolb.2023.1169109

?frontiers ‘ Frontiers in Molecular Biosciences

| @ Check for upcates Resources and tools for rare
disease variant interpretation
elixir
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Since 2014 «kRome BYOD»
At Istituto Superiore di Sanita, with International Colleagues

A Bring Your Own Data, BYOD, is a combination of
hackathon and tutorial where data owners are trained to
generate their own linkable data and create a simple
showcase for linking their data to other data.

To FAIRification of RD Data and RD Registries

E!l?ﬁr



Co-evolution of Bring Your Own Data workshops, the annual Summer
School for Rare Disease Registry Managers, R&D of FAIR implementation

N v BYOD conceived for the interdisciplinary process of making
2 e data linkable (2014) and FAIR (2015 and later)
1wy S

v' Rare disease community 1st & most consistent adopter

v" Mostly ELIXIR-IT and ELIXIR-NL collaboration

v Evolved as training event for managers

EIM



Co-evolution of Bring Your Own Data workshops, the annual Summer
School for Rare Disease Registry Managers, R&D of FAIR implementation

v 2024 and onwards: online BYOD-training for managers,
hands-on BYOD-hackathon for FAIR implementers

R&D FAR implementation
bt A
e l ] Emer
L ST 0 RD-Connect + ELIXIR + Institutions (e.g. LUMC, ISS) before
2019

 EJP RD 2019-2023 (Ext. period 8-2024; ELIXIR is involved in
EJP RD)

.,

EIM



General steps to make a data resource FAIR

Generic workflow strongly based on RD feedback (e.g. data linkage pilots and Rome BYOD & summer school )

Pre-FAIlRification

1. identify FAIRification
objective

e.g. increase interoperability
and define driving user
question(s), or increase
findability with metadata.

Post-FAIRification

!

FAIRification

7. assess FAIR data

Assess if the objective is met
e.g. answer driving user
question(s), or

assess FAIR status.

2. analyse data

e.g. investigate the
representation (format) and
meaning (semantics) of the
data, or assess FAIR status.

4a. define semantic
data model

— . .
Reuse existing model, or

generate a model through
conceptual modelling and

searching for ontology terms.

—

5a. make data linkable

Transform data into a
machine-readable knowledge
graph representation by
using a semantic model.

A

!

3. analyse metadata

e.g. analyse availability of (or
gather) metadata such as
license and provenance
information, or assess FAIR
status.

4b. define semantic
metadata model

Reuse existing model for
generic items and define a
model for domain-specific
items.

5b. make metadata
linkable

Transform metadata into a
machine-readable knowledge
graph representation by
using a semantic model.

6. host FAIR data

Make FAIR data and
metadata available for
human and machine use via
e.g. a FAIR Data Point.




Volume 6, Issue 2
Spring 2024

Dl fince

May 01 2024

Building Expertise on FAIR Through Evolving Bring Your Own
Data (BYOD) Workshops: Describing the Data, Software, and
Management-focused Approaches and Their Evolution
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ELIXIR Commissioned Services

Projects funded through ELIXIR's own budget.

-

Develop and connect ELIXIR

services

/A\

@ ®
A A
N &/
Support collaboration between

ELIXIR Platforms and
Communities

Drive work in areas that are

strategically important to
ELIXIR

EI?/I;:



Rare Diseases Infrastructure

During 2019-21, this project will provide foundational infrastructure building blocks for the RD community, building

on ELIXIR-supporting infrastructure and objectives:

» Data analysis
» Ensuring that data are findable, accessible, interoperable and reusable for humans and machines (FAIR)
» Training

Duration: 1 January 2019 to 31 December 2021

Platform/Community:

Nodes involved: Rare Diseases Community

ELIXIR Spain
ELIXIR Italy
“TIIXIR Luxembourg
ELIXIR Netherlands
EMBL-EBI
ELIXIR France
ELIXIR Slovenia
ELIXIR Switzerland
ELIXIR UK

ELIXIR Rare Disease Community services and
international collaborations

To support such vision and facilitate data interoperability and analysis, the Community drives the assembly of service
collections relevant for RD research, seeks interactions with other ELIXIR Human Data Communities to adapt and
integrate resources and conducts Proof of Concept and pilot implementations of standards and methodologies.
OBJECTIVES

e Coordinate and align RD research activities related to data resources, tools and services within ELIXIR and with

other European and International activities.
e Demonstrate the exploitation of FAIR data to reduce analytics complexity for data scientists
e Consolidate the recently created ELIXIR RD Service Collections (former “Bundles™)

e Disseminate and provide training on services and developments from the ELIXIR RD Community in
collaboration with the ELIXIR Training Platform
Duration: 1 January 2022 to 31 December 2023 Platform/Community:

RSO e T Rare Diseases Community

ELIXIR Spain
ELIXIR France
ELIXIR Netherlands
ELIXIR Luxembourg
ELIXIR Switzerland
ELIXIR Italy

ELIXIR UK

ELIXIR Belgium
ELIXIR Germany
ELIXIR Slovenia
ELIXIR Greece

el?ﬁf




Implementation Study: ELIXIR Rare Disease Community services and international collaborations
WP1: Coordination of the ELIXIR RD Community and International and cross-national interactions

Elixir Nodes Involved in the WP 1;

O ELIXIR-NL (LUMC),

O ELIXIR-ES (CNAG-CRG),

O ELIXIR-FR (INSERM-Orphanet)

Q ELIXIR-NL (AMC, UMCG, Maastricht University, RUMC),

O ELIXIR-FR (AMU-INSERM), ELIXIR-LU (LCSB/UNILU),

O ELIXIR-CH (SIB Swiss lnstitteo-of-Biotatermetes):
(IXIR—IT(UmverSVry of Bologna, University of Rome Tor Vergata, CNR, University of Salerno, ISS, C@

O ELIXIR-UK (University of Bradfordy;

O ELIXIR-BE (ULB),

Q ELIXIR-DE (Charité),

O ELIXIR-SI (UL),

O ELIXIR-GR (FORTH)




Implementation Study: ELIXIR Rare Disease Community services and international collaborations

WP3 - ELIXIR RD Data Analysis Services

Elixir Nodes Involved in the WP 3:

CI_ELIXIR-IT (UNIBO, UNISA, UNIRM, CNR]

A ELIXIR-ES (CNAG-CRG)

Q ELIXIR-NL (UMCG, RUMC, UM),

Q ELIXIR-FR (AMU-INSERM),

Q ELIXIR-DE (Charité),

Q ELIXIR-UK (University of Bradford),
O ELIXIR-BE (ULB),

Q ELIXIR-SI (UL),

Q ELIXIR-LU (LCSB/UNILU)

WP4 - Dissemination, and Training

Elixir Nodes Involved in the WP 4:

T ELIXIR-IT (ISS, CNR>
Q ELIXIR-SI (UL)
Q ELIXIR-ES (CNAG-CRG)
Q ELIXIR-NL (LUMC)
Q ELIXIR-FR (INSERM)
Q ELIXIR-GR (FORTH)




Example of collaboration between ELIXIR Nodes and Communities

Implementation Study: ELIXIR Rare Disease Community services and international collaborations

Part of the results of the WP2 : "FAIR data analytics and the added value for RD research" presented at:

16th International SWAT4HCLS Conference
Semantic Web Applications and Tools foll" Heallvth Care and Life Sciences
“\':‘ I f;‘lll‘
; | “‘ ; M { A El i
M= A BTN bl 2 ol
B/ o B Iy AV A AN
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sw AT"-H LS , ). e s B . February 24-27, 2025
PR O ff b RO T i Barcelona, Spain

"FAIR in practice: minimum metadata schema for bioinformatics analytics by machines”

Elixir Nodes Involved in the WP:

= ELIXIR-NL (LUMC, AMC, RUMC, UMCG),
= ELIXIR-IT (ISS], >
= ELIXIR-LU (LU),

ELIXIR-BE (ULB),
= ELIXIR-CH (SIB Swiss Institute of Bioinformatics)




ELIXIR RD Service ECCB 2022

' The Service Collections of the
ELIXIR Rare Disease Community

Emidio Capriotti', David Salgado?, Friederike Ehrhart3, AllegraVia4 Claudio Carta’, Marko Vidaks,

Rare Disease Community Contributors And Work Package Leaders, Marco Roos?, Sergi Beltran®
I University of Bologna (ltaly), 2 French Institute of Bioinformatics (France), ? Maastricht University (Netherland), * National Research Council (ltaly), | ,
5 Istituto Superiore di Sanita (ltaly), ¢ University of Ljubljana (Slovenia), 7 Leiden University Medical Center (Netherland), 8 Center for Genomic ;

Regulation (Spain).




Organization of the Service Collection 1 of the RD Community for the
assessment of the molecular pathogenicity of the genetic variants.

Curation of the RD bio.tools reqistry and development of tools for variant
annotatfion (SNPs&GO, INPS, PhD-SNP9) and database curation (MINT, Signor,
Disnor, Cancer GeneNet, Galactosemia Proteins DB).

Organization of national and international meetings for the FAIRification of the
data registry and the Rome BYOD to link RD registries.

ldentfification and development of a “digital environment” for RD training.

Parficipation to Solve RD, RD Connect, Beacon and UDNI networks.

0 Participation to the Eu Project Horizon 2020 EJP-RD. Partner in 2 WPs (i) Data

Management & Quality Trainings (i) Online Academic Education Course.

eli xir
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Next Events

el:XF. ELIXIR IT Rare Disease Community F2F/hybrid meeting
" Dates: May 14-15, 2025 (lunch to lunch)
Location: Bologna, Italy

.c_-@@:' ELIXIR EU Rare Disease Community F2F/hybrid meeting
Dates: May 15-16, 2025 (lunch to lunch)
Location: Bologna, Italy

E@(f" ELIXIR All Hands 2025
Dates: Jun 2-5, 2025
Location: Thessaloniki, Greece
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