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FAIRCOOKBOOK

An open, live resource for the life science with recipes that cover the operation steps of FAIR data management

FAIR cookbook

The FAIR Cookbook
for FAIR doers

Hands-on, technical step-by-step examples

Authored by almost 100 data
professionals from industry and
academia, led by ELIXIR Nodes,

with participation of USA NIH ‘ ‘

Write recipes, share your Recommend in policies, use
expertise, showcase your tools in educational material

Sustained in ELIXIR and
adopted internationally!

elyir ()

Office of
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https://faircookbook.elixir-europe.org

FAIR cookbook

FAIR as driver of the digital transformation

Drug Discovery Today

Volume 24, Issue 4, April 2019, Pages 933-938

Feature

Implementation and relevance of FAIR data
principles in biopharmaceutical R&D

John Wise ! & =i, Alexandra Grebe de Barron 2, Andrea Splendiani 3, Beeta Balali-Mood !, Drashtti Vasant
2 Eric Little 4, Gaspare Mellino 5 lan Harrow 1, lan Smith 6,Jan Taubert’, Kees van Bochove &, Martin
Romacker °, Peter Walgemoed % Rafael C. Jimenez 10 Rainer Winnenburg 11 Tom Plasterer 12, Vibhor
Gupta 13, Victoria Hedley 1

Show more

https://doi.org/10.1016/j.drudis.2019.01.008

Under a Creative Commons license

Fair Data Principles in Pharma Industry to
Derive Meaningtul Insights
& o

FAIR data?

Posted on January 6th, 2020 by Ani Marrs in Pharma R&D

How can we get pharma R&D to embrace

To improve biopharma R&D productivity
To enables powerful new Al analytics to

access data for ML and prediction

Requirements
o financial, technical, training
Challenges
o change the culture, show business
value, achieve the ‘FAIR enough’ on

an enterprise scale



FAIR cookbook

Motivations and ambitions to build the

beyond the hype

Motivations

Large body of generic FAIR
guidance

Non-specific guidance for
the life sciences

Lack of practical examples
of ‘how-to’ with different
data types and scenarios

Ambitions

Target specific situations to deliver a guide with
applied examples

Join academia and industry forces to make the
case for FAIR data management

Build capacity for high quality data
management in the private and public sectors




of a recipe

components

7.1. Main Objectives
7.2. Graphical Overview

7.3. Capability & Maturity
Table

7.4. FAIRification Objectives,
Inputs and Outputs

7.5. Table of Data Standards

/.6. Ingredients

7.8. Conclusions

.—
7.10. Supplementary material
7.11. Authors

7.12. License

(&)
Ingredients
An idea of tools/skills needed
Tool Name Tool Location Tool function
ROBOT http://robot.obolibrary.org/ ontology

management cli

Step by step process
Guidelines, process, description

Conclusions
What should | read next?

kit

FAIR cookbook

7.12.1. Competency questions for

the Ontology ROBOT use case

1L0I0gYy 10r

metabolomics



FAIR cookbook
Coverage and
@ oo

Dat;

8 2 G Findability 0 Accessibility a Interoperability

identifiers

« Unique, persistent

metadata pr -
s permittey
. Search engine optimization itted uses

Recipes LEARN MORE LEARN MORE

LEARN MORE LEARN MORE

Assessments Applied Examples

2 2 -1 e e

LEARN MORE LEARN MORE

Fv\zmm\y model

Data Types

® Content covers: 0 Learn how to improve the FAIRness with

o .
OmICS. : e Understand the levels and of FAIRness

O pre-clinical

O clinical areas € Discover technologies, tools and services

But not limited to it! @ Find out the required

e Acknowledge the



Focuses on addressing

Unique, persistent identifiers o

_E_I_ Background information

o

Goal: improving visibility of content, e.g.: b

FCBOOS

https://w3id.org/faircookbook/FCB006

- . . 0.
Goal: semantic integration of datasets from multiple sources, e.g.: %

O,

FAIR cookbook

InChl and SMILES identifiers for chemical ) Search engine optimization -3
structures

(] ReE o 10 minutes | l E; 9 1Y

e== Hands-on === Guidance

o@e Audence ° o 0@ Audience
“@a® Chemoinformatician, “@@® Software Developer,
dicator

[\ IS

FCB010

FCBO07

https://w3id.org/faircookbook/FCB007

https://w3id.org/faircookbook/FCB020

https://w3id.org/faircookbook/FCB010

Selecting terminologies and ontologies o Selecting an ontology lookup service o

Recipe Type
&=L Guidance

Yo,
8

_l:l_ Survey / Review

FCB020

https://w3id.org/faircookbook/FCB004

Transferring data with SFTP

ettt

&

Goal: security compliance and with regulators, e.g.:

o Declaring data's permitted uses =
o LTS _D_ B o
(> % Ao
O soss
all
FCBO14 FCBO035

®
®

https://w3id.org/faircookbook/FCB014

https://w3id.org/faircookbook/FCB035



FAIR cookbook

The FAIRITication framework in a recipe

o 20 minutes

Introducing our FAIRification framework
Recipe Type
= Experience Report / Applied Example

o @ e Audience
“@@® Everyone

Maturity Level & Indicator

ot applicable
aill

Cite me with FCB079

https://w3id.org/faircookbook/FCB079

2.Model
the
domain

6.Transform
£ Apply data for
data

standards inter-

operability

Define FAIRification Goal Project Examination — Post-FAIRification Review

Determine goal for Examine the current state of the project Define and deliver practical, achievable objectives for a single 3 month release
FAIRification, in terms of with respect to FAIRification goal cycle that work towards the overall FAIRification goal

desired usability of data that
isn't currently possible

Identify Data Requirements

Determine the indicators that will specify how
data needs to be presented/manipulated (wrt
FAIR) to fulfil the expected usage

Identify FAIRification Capabilities &
Resources

Determine data management capabilities (e.g.
data annotation, data search and indexing) &
resources (e.g. tools, databases, vocabulary
services) needed to enable and support the
FAIRification process

Produce the FAIRification Backlog

Define a prioritized list of target FAIRification
outcomes, concentrating on the desired
results for the project rather than the
specifics of the solution.

1- Assessment

Honest Evaluator to perform pre- and post-
FAIRification assessments and to produce
the summary report before and after every
cycle

2- Design

Work with project representatives to
develop a solution plan for the current

cycle, which may involve developing new
cookbook recipes or re-use existing ones.

3- Implementation

Execute the solution plan within the agreed
time-frame. Prepare the resulting FAIRified
data for the end-of cycle assessment and
inform the Honest Evaluator when ready.

Review outcomes and assess
success against original goals

Disseminate learnings

Developed recipes are shared publicly in
the cookbook. If applicable, update
FAIRness levels in IMI catalogue,
Integrate lessons learnt with other
initiatives e.g. Pistoia FAIR toolkit,
RDMKit




FAIR cookbook
and :
because all contributions matters!

w ORCI| CreDiT

Unique, persistent identifiers - attribution ontology
0 X Recipe Type
30 minutes . q
e Background information
o e o @ e Audience
T@@a® Principal Investigator, Data Manager, Data Name Orcid Affiliation Type  ElixirNode Credit Role
: Scientist
909 Maturity Level & Indicator Andregmam ® Novartis AG [eq Conceptualization
1l [F+MM-1.1C] [F+MM-1.2C]
11
Cite me with FCB006 ) A\asdg? Gray » FEEESEREEE = Eﬁzé‘}:.::.« riting - Orgial braf
https://w3id.org/faircookbook/FCB006 @
® University of Maastricht = eliir Writing - Original Draft
Chris Evelo e
é G University of Maastricht = elig‘ﬁ:' Writing - Original Draft
Egon Willighagen eTHERLANGS
3 | I g ® University of Oxford - ahxir® Writing - Reviev.v & F—Zdi\ing,
W I Philippe Rocca- e Conceptualization
Serra



FAIR cookbook
Over 80 and counting

Search the cookbook recipes
e 5 : 3 = Executable 5 :
. entifier ecipe Name ecipe Type eading Time udience aturity Level
Fllters: Identif R N: R T Reading T Eoda Aud Maturity Level
A FCBO15 Downloading data with Aspera Hands-on o 15 min V Principal Investigator. Data Manager, Data Scientist o
Search recipes names
¥ FCBO14 Transferring data with SFTP Hands-on o 15 min V Principal Investigator. Data Manager, Data Scientist o
i EHDEN OHDSI discovery with Experience Report / " Terminology Manager, Data Manager, Data Scientist,
Search recipes b e v FCB054 15 min
P Y typ = ! Schema.org Applied Example o hd X Ontologist oo
Experience Report / .
FCB042 eTox - omics datasets 20 min Data Manager, Data Curator, Ontologist
@ Applied Example o X o B Ldd
Search recipes by audience ¥ FAIR Hic 5 at
gh-Content Screening data Experience Report / ”
FCB067 15 min Data Manager
> deposition Applied Example o V B oo
Reading Time i FCBO37 Making omics data matrix FAIR Hands-on o 30 min v Data Manager, Data Scientist o0
e
From 0 min To 60 min i FCB038 FAIR Data Matrices Hands-on o 30 min V Principal Investigator, Data Manager, Data Scientist o0
Executable code
f* FCB039 Structuring data matrices Hands-on o 30 min V Principal Investigator, Data Manager, Data Scientist (10}
&
Yes Both No . . X o
f* FCB040 Exploring data with SPARQL Hands-on o 30 min V Principal Investigator, Data Manager, Data Scientist [¢]8)
Maturity Level
i FCBO41 Integrating data Hands-on o 30 min V Principal Investigator. Data Manager, Data Scientist o0
i FCB062 FAIR Computational Workflows Hands-on o 15 min V Principal Investigator. Data Manager, Data Scientist [©)e)
RESET
i st Experience Report /
FCBO04: ND4BB - chemical activities datasets 20 min Data Manager, Data Curator
P FEEEE ; = Applied Example o ) X 9 o0

https://faircookbook.elixir-europe.org/content/search-wizard.html



FAIR cookbook
level and indicators

Unique, persistent identifiers -

0 30 minutes
O.

D Recipe Type
e Background information Maturity Level

Filters:

o @ e Audience

Search recipes names @™ Principal Investigator, Data Manager, Data @
é Scientist _
l J
009 Maturity Level & Indicator
Search recipes by type v o MM-1.1C] [F+MM-1.2C] Y
FCBO006 ( 1 ]
Search recipes by audience ¥ o
Reading Time ®0
e
From 0 min To 60 min . . . . [@]@]
Executable code Provide insi g hts into [ 4 [semanicatyrpeavs |
& - H Standardised Data Communty 1 evd. Dote.st
— FAIR Maturity reached by | [EI EEEm—— -
. [y . 2 | Described Data et ocoy dned stvame, contotiod o G hoseg non e
e applying a specific recipe .
Q0
M ‘environment offers limited retrieval capabilities.
to improve a dataset
[216]

https://fairplus.github.io/Data-Maturity



https://fairplus.github.io/Data-Maturity

FAIRsharing.org

Capability needed to improve data reuse

Costs{/ Investment

Defined
Repeatable

Managed

Optimized

The optimum level of FAIRness
is a trade-off between desired
data reuse level and cost to

achieve that level

Capabilities




FAIRsharing.org

Capability needed to improve data reuse:
the ontology example

Costs|/ Investment )
The optimum level of FAIRness

is a trade-off between desired

data reuse level and cost to

R achieve that level
Optimized
O Managed
Defined
it Capabilities
No use of Use of internal Use of + Ontology service to + Term suggestion,
ontologies ontologies community manage several automatic annotation,
ontologies ontologies, mapping, terms conflict resolution

versioning etc. etc.



FAIRsharing.org

FAIR cookbook
How to build application ontology

Costs|/ Investment )
The optimum level of FAIRness
- is a trade-off between desired

data reuse level and cost to

achieve that level

O Optimized
Managed
Defined
Capabilities

No use of Use of internal Use of + Ontology service to + Term suggestion,
ontologies ontologies community manage several automatic annotation,
ontologies ontologies, mapping, terms conflict resolution

versioning etc. etc.



FAIR cookbook
Evaluating the FAIR Cookbook

and based on three uses

e As an educational material on FAIR in a training context
e As a practical guidance to improve day-to-day tasks for FAIRer data

e As contributor towards changing the culture and to identify

investment areas in research data management 2"se" J Wik’ astrazeneca U

o (behind the firewalls) outcomes were expressed in terms of satisfaction of the value of

the recipes, against specific tasks, or challenges addressed

o they reported a positive contribution towards their discussion on return on

investment to operationalize FAIR



FAIRCOOKBOOK

An open, live resource for the life science with recipes that cover the operation steps of FAIR data management

el

AstraZeneca
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Pre-print: Article in press at:
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6792 SC I e ntlfl C data © 2023 Springer Nature Limited

https://faircookbook.elixir-europe.org

Editorial Board: faircookbook-ed@elixir-europe.or
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Standards for different purposes

r
[SCENQRIO
N
Resource-level
discoverability and
interoperability A database

or among databases

Record-level

discoverability Datasets in a database

Deepest, record level

interoperabilit Datasets and data reuse

FAIRsharing.org

a2

W3C

Data Catalog Vocabulary (DCAT)

EdDublinCore

SRAXmI vo ARO MIAME EC number

\\\\\\ OBl CHEBI MIRIAM DOl
DTM FASTA URL PURL
. VO MIX MIQAS LsID
$~fFML  DICOM MIGEN  REMARK
SBRML MOD  tgppy

XAO BTO

ORCID Handle IVC

MIAPE  CONSORT
—

OMOP  SEDML
5 ARRIVE \/ASE MISFISHIE ..

DO PRO D0



FAIRsharing.
Standards for data and metadata - a dynamic ecosystse?ﬁng o

FAIRsharing.org

Controlled vocabularies, Minimum information
thesauri, ontologies reporting requirements,
to disambiguate terms or checklists
and enable semantic to report the same core,
Conceptual model, conceptual relationships essential information Unambiguous, persistent and
schema, exchange formats context-independent schema
to represent, contain and % ﬁ l? to identify data
move information %

and metadata elements
Formats w ﬁerminologieq (Guidelines}( Identifiers

532 834 242
1653 Standards

As of 4 April 2023

3




FAIRsharing.org
An informative and educational resource, and a service

FAIRsharing.org

DATABASES

including repositories
and knowledgebases

% COMMUNITY STANDARDS [\ﬁ

ormats W ﬁermmologleq (Gmdellnes)( Identifiers

POLICIES

by funders, journals
and other organizations

f?ﬁ“‘" ;4-»

FAIRsharing provides curated descriptions and relationship graphs of

standards, databases and policies



. .. . . FAIRsharing.org
FAIRsharing mission and how we deliver it

Promote the value and use of standards, databases and policies in all disciplines,

by engaging stakeholders across all sectors, through all stages of the research life cycle

7.
\\‘Illll'}////v%

Humanities
Social Sciences

/

4

iy

\

Natural | Engineering

Science Science

Guide consumers to discover, select and use these resources with confidence

Help producers to make their resources more visible, more widely adopted and cited

https://fairsharing.org/communities



. . . . FAIRsharing.org
FAIRsharing in numbers: content, contributions, coverage

1251 o ' 198K

! 1
! 1
1
Contributors : 3 8 5 6 i Views
Our community o: J:::: maintainers and : : Page visits since 2015

1

' Records i
! |
: Descriptions of standards, databases and policies :
| |

IR
I’ \\
Types and subtypes Growth since launch Discinlines

» ( Natural Science
4000
all records
» HumanitiesandSociaIScience> @

3000 b 2
1653 Standards 2000 Databases Subject Agnostic

Terminology Artifact 834 - R .
Repositories 1034 » ( Engineering Science
Model/Format 532 2000 databases

7

D]
°__

Knowledgebases 825
Reporting Guideline 242
o standards
T P Knowledgebase/Repositories 141
1000
! S
0 — ———— policies
20112015 2016 2017 2018 2019 2020 2021 2022 2023 Collections

165 Policies

as of March 2023

Journal 87
Funder 33
Project 14

Society 13
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Matter Transfer Ontology (TRANSMAT)

-}) 10.25504/FAIRsharing.hveOac |

joeee

Type Terminology artefact
Registry Standard
Description The Matter Transfer ontology is dedicated to matter transfer (eg 02, C02, H20),

and mechanical properties of materials especially with respect to food, bacteria

and packaging fields.

Homepage https://wwwé.inrae.fr/cati-icat-atweb/Ontologies/Transmat
Yo f
ear ? 2015
Creation
Maintainers lovinra
Countries France
developing this
resource

Subjects Engineering Science Materials Science
Domains @
Taxonomic Not applicable

Range

User Defined None
Tags

%.® VIEW RELATION GRAPH ]

' How to cite this record

FAIRsharing.org: TRANSMAT; Matter Transfer Ontology, DOI: 10.25504/FAIRsharing.hveOac, Last

Accessed: Tuesday, April 4th 2023, 19:01

Record DOI: 10.25504/FAIRsharing.hveOac

FAIRsharing.org
Submit any missing standards
- your contribution matters!

Manually curated descriptions of each record,
by in house team

License Standard(s) API
Life cycle Maintainer(s) Database(s)
status

!

Record Status
ready

deprecated

In Development




FAIRsharing.org

FAIRsharing’s FAIR content powers 3rd party tools

Findability
Sitemap.xml, JSON

Markup with Schema.org for

search indexes

DOI unique persistent
d identifiers for each record

ORCID for author credit and
authentication

Accessibility
@ read/write REST API

m read OAI-PMH

Interoperability
JSON markup

Standardized semantics

Cross-links to or import from
records in other registries

-
$a=
RORI : ROR for organizations (ongoing)

= Funder Registry 3 FundRef for funders (ongoing)

Reusability
0]
g CC BY 4.0 license
o JSON export

A growing number of tools and services access
FAIRsharing API, and use it for look-up, selection and

content retrieval for standards in particular in:
® creation of data management plans

e enrichment of guidance and training material

e assessment of FAIRness® }

FAIR Metrics and Data Quality
Task Force

N EOSC

FAIR Assessment Tools: Towards an
“Apples to Apples” Comparisons

doi.org/10.5281/zenodo.7463421



)

Showing organizations

£
1 &)/’+ Astrophysics And Astronomy ‘
L
R

Sugas SwA
s
......
i "
CRcaConon
fu-e i
MM CRisgRCasan
e
i

nnnnn

IVOA Dsgstd Policy

Collection URL: fairsharing.org/graph/3515; Collection URL: fairsharing.org/graph/3513;
each record has a DOI each record has a DOI

Record Status

i )
ready

Record Relationships

Collected by Extended by

Collects
A~ CEZEED Deprecated by
’ Collection In Development

FAIRsharing.org

FAIR profiles” matters!

plSioNie

ESCAPE  ENVR|

& ssHoc

/s
d panosc

/

EOSC-Life

The standards,
repositories and
policies each EOSC
Cluster uses or
endorses



o FAIRsharing.org
Building and comparing

Pistola “ ileg” -
Aliance FAIR profiles” - an example

A collaboration with their FAIR Implementation WG

mmmmm

! NOVARTIS

S aDCcEd S Ca»ao»
——_—1 =
-1 - =
MesH o sow
o
Medical Susect Head

AstraZenecaC?

Translational Medicine

AstraZenecaC? e -

Clinical Developments

URL: beta.fairsharing.org/PistoiaAllianceFIPs e = | R

(work in progress!)

Disclaimer: These profiles speak for a limited community and do not represent any company standards



TZ\ GENERAL INFORMATION

Pistoia'Alliance :

Type
Registry

Description

MESH
Homepage

Monarch Disease Ontology (MONDO)

@) 10.25504/FAIRsharing.b2979t

Terminology artefact
Standard

MonDO (Monarch Disease Ontology) is a
semi-automatically constructed ontology
that merges in multiple disease resources to
yield a coherent merged ontology.

https://github.com/monarch-initiative
/monarch-disease-ontology

PURL

pROV-C
UBERON

(_e\\osal"“s

AstraZeneca o2

Clinical Developments

NCit

4 @
ChEBI

FAIRsharing.org

Snapshot of the semantic and

syntactic standards used

HTIPS
PROV-0

JSON-LD

Disclaimer: These profiles speak for a limited community and do not represent any company standards

RDFS

DOI

cpisC



FAIRsharing.org
Engaging the expertise within community is essential

FAIRsharing Community Champion Programme

Annie Elkjar rum-

Kristensen

cany Daniel Pereira Costa Debora Drucker Deborah Thorpe Enrique Wulff Francis P. Crawley
Organisation : G&IF Organisation : CQE Organisation : Erbra Organisation: UCC Organisation: ICM Organisation  GCPA
Scope : Blodiversity Scope : Catalysls Scope : Ecology; Agriculture Scope : Humanities Scope : Earth Sciences Scope: Ethics

© Meet Annie Elkjar Grum-Krist... © Meet Daniel Pereira Costa © Meet Debora Drucker © Meet Deborah Thorpe © Meet Enrique Wulff © Meet Francis P. Crawley
: — : -
I T \ T e S,
L 4 - w

Help curate content content

Contribute to educational material

Joe Miller Kyle Copas indsey Anderson . H H H .
o ° ain expertise, networking and attribution
Scope : Neuroscience Scope : Humanities and Social Science Scope : Biodiversity Scope : Policies; Chemistry Scope : Biodiversity Scope : Omics

~ , : Frsioe + Funded by the:

@ 3 Future

| DATA ALLIANCE Fundi“g Platform

Malin Sandstrom
Maja Dolinar. o Mitrea Geta Stephen Serjeant Yuhe Liang

= Ambassadorship Programme

Organisation: SR Organisation : INCF, Karolins Organisation : US) Organisation : DECHEMA Organisation: 0U, E Organisation
Scope : Humanities and Social Science Scope : Neuroscience Scope : Humanities and Social Science Scope : Material sciences and catalysis Scope  Physics. Scope  Structural Biology; Blochemistry;
Years Active : 2022, 2023 Vears Active :2022,2023 Years Active : 2022, 2023 Years Active : 2022, 2023 Years Active :2022,2023 Blophysics; Crystallography; Blocuration

Years Active : 2023

O e e

fairsharing.org/community_champions (2022-2023 term)



Building educational material collaboratively

FAIRsharingina
nutshell

e @ Definitions, types, benefits

and need-to-know facts

FAIRsharing for you:

developers and
curators

searching

i §

Coming Soon Coming Soon

FAIRsharing content:

Educational

FAIRsharing content:

Definitions, types, benefits
and need-to-know facts

FAIRsharing for you:

create a view using
collection

Coming Soon

FAIRsharing content:

Definitions, types, benefits
and need-to-know facts

societies and alliances

Coming Soon

capturing the
resource life cycle

Coming Soon

collections overview

Coming Soon

librarians and trainers

Coming Soon

the FAIRness of
FAIRsharing

Coming Soon

fairsharing.org/educational

Guides users to discover, select, and use

standards with more confidence

FAIRsharing.org

FAIRsharing content: standards overview
Core to research data management good practices

FAIRsharing promotes the value of
tandards, the backbone of the FAIR
Principles

Assists producers to make their standards m
and more widely adopted

FAIRsharing describes standards for all data, including datasets, software,
materials and other digital objects

Standards ...

Are a collectively agreed-upon
set of requirements,
specifications, guidelines or
characteristics that can be used
for the description, structure,
harmonisation, citation,
sharing, and/or preservation of
all kinds of data*

Help machines with
computational accessibility,
interoperability, and use of
data with little/no human
intervention; enable humans to
understand and reuse data at
scale

FAIRsharing categorises standards with four types:

I Reporting
Outline in narrative form the necessary and sufficient
information that should be reported about data, such
as in itemised, prescriptive checklists; or the features
and behaviours that should be followed, such as in
general guiding principles

Models and formats z

Define the representation of information for use by
machines; these range from conceptual models to
transmission formats, facilitating data retrieval and
exchange between systems

3 i artefacts

Add an interpretive, semantic layer for use by machines
and humans; these range from controlled vocabularies
(lists of terms, often with definitions) to ontologies
(complex hierarchical groupings), providing
unambiguous identification of concepts and aiding data
querying

= Identifier schemata
Are formal systems to identify information in an unique,
machine-readable way; these persistent identifiers
(PIDs), minted by recognised registries, build reliable
and long-lasting links between data, people,
organisations and infrastructures
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