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Make scientific research and its dissemination
accessible to all levels of society.

* Open methodology

* Open source o e

e Open data o -
uzen

o Open access Notebooks : et

« Open peer review = e

* Open educational resources networks

educational

resources

“Open Science facets as a beehive” by Gema
Bueno de la Fuente licenced under CC-BY



https://www.fosteropenscience.eu/content/what-open-science-introduction
https://creativecommons.org/licenses/by/4.0/

Reasons for Open Science SciLifeLab

What do you think are reasons for Open Data?



Open Data SciLifeLab

Democracy and transparency
— Publicly funded research data should be accessible to all
— Published results and conclusions should be possible to check by others

Research —
B

— Enables others to combine data, address new
questions, and develop new analytical methods N N

— Reduce duplication and waste ’
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Innovation and utilization outside research é |

— Public authorities, companies, and private persons
outside research can make use of the data s

Citation
— Citation of data will be a merit for the researcher that produced it
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Picture source: Karolinska institute library


https://kib.ki.se/en/publish-analyse/publish-your-article-open-access/more-open-access

3 Ethical? ScilLifeLab

/

Doing “sloppy” science & not being open and transparent

Waste of resources

Contributing to the current research credibility crisis
Contributing to the current reproducibility crisis
Harming the profession

Harming public trust in research

My take of material by Rochelle Tractenberg “Unexpected
Ethical Challenges in Bioinformatics and Genomics.”


https://www.academia.edu/40292349/Unexpected_Ethical_Challenges_in_Bioinformatics_and_Genomics
https://www.academia.edu/40292349/Unexpected_Ethical_Challenges_in_Bioinformatics_and_Genomics
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Crisis? ScilLifeLab

Do you think we have a credibility and/or
crisis?

If so, what are some of its causes?



NB:S A reproducibility crisis
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*1J SciLifeLab

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’'s @ My own
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[1] "1,500 scientists lift the lid on reproducibility”. Nature. 533: 452—-454

[2] Begley, C. G.; Ellis, L. M. (2012). "Drug development: Raise standards for preclinical cancer research".

IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don't know Yes, a significant crisis
|

|

3%
No, there is no
crisis

1,976

researchers
surveyed

38%
Yes, a slight
crisis

nature

Nature. 483 (7391): 531-533.



NB:2S A reproducibility crisis SciLifeLab
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Reproduction of data analyses in 18 articles on microarray-based gene
expression profiling published in Nature Genetics in 2005-2006:

Can reproduce...

..in principle

. . . Software not available
...with some discrepancies

Data not

available Methods unclear

...from processed data
with some discrepancies

Different results

..partially with some
discrepencies

Summary of the efforts to replicate the published analyses.
Adopted from: loannidis et al. Repeatability of published microarray gene expression analyses.
Nature Genetics 41 (2009) doi:10.1038/ng.295




NB%S Data Management Snafu SciLifeLab

Hello! My name is Dr. Judy Benign, I'm an oncologist at NYU School of Medicine.

N

P »l o) 007/440 A=

https://www.youtube.com/watch?v=N2zK3sAtr-4



https://www.youtube.com/watch?v=N2zK3sAtr-4
https://www.youtube.com/watch?v=N2zK3sAtr-4
http://www.youtube.com/watch?v=N2zK3sAtr-4
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FAIR

SciLifeLab

* To be useful for others data should be

— FAIR - Findable, Accessible, Interoperable, and Reusable
... for both Machines and Humans

Wilkinson, Mark et al. “The FAIR Guiding Principles for scientific data management and stewardship”.
Scientific Data 3, Article number: 160018 (2016) http://dx.doi.org/10.1038/sdata.2016.18

SCIENTIFIC D AT At

OPEN: Comment: The FAIR Gui'dir.\g

.: Principles for scientific data
.. management and stewardship

Mark D. Wilkinson et al.”

There is an urgent need to improve the infrastructure supporting the reuse of scholarly data. A diverse

set of stakeholders—representing academia, industry, funding agencies, and scholarty publishers—have
Recoved: 10 December 2015 © COMe together to design and jointly endorse a concise and measureable 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
Publshed: 15 March 2016

Supporting discovery through good data management

Good data management is not a goal in itself, but rather is the key conduit leading to knowledge
discovery and innovation, and to data and ige integ and reuse by the
commuinity after the data mudlicatinon nencate linfoartunstely the avictina dickal arncvetern

Box 2 | The FAIR Guiding Principles

To be Findable:

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

F2. data are described with rich metadata (defined by R1 below)

F3. metadata clearly and explicitly include the identifier of the data it describes
F4. (meta)data are registered or indexed in a searchable resource

To be Accessible:

Al. (meta)data are retrievable by their identifier using a standardized communications protocol
Al.1 the protocol is open, free, and universally implementable

A1.2 the protocol allows for an authentication and authorization procedure, where necessary
A2. metadata are accessible, even when the data are no longer available

To be Interoperable:

11. (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

To be Reusable:

R1. meta(data) are richly described with a plurality of accurate and relevant attributes
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



http://dx.doi.org/10.1038/sdata.2016.18

The FAIR Guiding Principles SciLifeLab

To be Findable:

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

F2. data are described with rich metadata (defined by R1
below)

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

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

To be Accessible:

A1. (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
authorization procedure, where necessary

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

To be Interoperable:

1. (meta)data use a formal, accessible, shared, and
broadly applicable language for knowledge representation.

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

I13. (meta)data include qualified references to other
(meta)data

To be Reusable:

R1. meta(data) are richly described with a plurality of
accurate and relevant attributes

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
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Findable ScilLifeLab

e Data have a globally unique persistent identifier
o e.g. aDOI, database accession number, etc

e Data are described by metadata
o Information that explains the data

e Data and metadata are findable in a search resource
o There must be ways of searching for the data



/

Accessible ScilLifeLab

Data is retrievable through a standardised communication protocol

(open, free, allowing authentication & authorisation where necessary)
o e.qg. http, sftp, etc

Metadata are accessible, even if data is no longer available

o Information about the data can be found even if data is no longer
available



/

Interoperable ScilifeLab

Metadata use a formal, accessible, shared language for knowledge
representation

o Metadata is available in a form that even a computer can make use
of

Metadata use vocabularies that follow the FAIR principles

o Standardised ways of capturing information about the data (that are
in themselves FAIR)

Metadata include qualified references to other metadata
o If the data relies on other data, there must be links to those
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Reusable ScilLifeLab

e Data have a clear data usage license
o Itis obvious under what conditions the data can be reused

e Metadata are associated with detailed provenance

o The metadata is detailed enough to understand for what research
questions it is relevant to reuse

e Metadata meet domain-relevant community standards

o Metadata is described according to existing standards in the
research field



FAIR ScilLifeLab
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Both humans and machines are intended users of data

The principles are not necessarily about open data
— “As open as possible, as closed as necessary”

FAIRness is not something absolute
— Different levels of FAIR maturity

FAIR does not enforce any particular technical standards



Simple FAIR data example ScilifeLab
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Find:

 RNA-sequencing experiments,

« from liver tissue,

 from the common house mouse,
« with a time series design
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Simple FAIR data example '/ SciLifeLab

"organism:mus_musculus" AND exptype:"RNA-seq of coc [Re§

Examples: E-MEXP cer, 53, Geuvadis

@ ArrayExpress

Browse Submit About ArrayExpress

¥ Filter search results

SEEI s lRIVIER{eld 'Organism:mus_musculus” AND exptyp

Accession

== Show more data from EMBL-EBI

"RNA-seq of coding

RNA" AND expdesign:"time series"

@ experiments

Title

Type

AND "organism part:liver"

Organism

Assays

Releasedv Processed

Raw

Allas

Structured metadata is key
« Controlled vocabularies /

E-MTAB-10239  scRNA-seq of murine mucosal associated invariant T (MAIT) ~ RNA-seqof = Mus musculus 3 19/05/2021 - Ay - O ntOIOg I1es
cells after Francisella tularensis infection coding RNA
from single
cells
E-MTAB-7054 Transcriptional profiling of hepatic stellate cells (HSCs) RNA-seq of Mus musculus 53  07/04/2019 KA - -
isolated from Western diet/high fructose-fed C57BL6/J mice, coding RNA
carbon tretrachloride (CCl4)-treated C57BL6/J mice, and of
murine HSCs differentiated in vitro
Transcriptome profiling of liver samples of C/EBPB AuUORF RNA-seq of Mus musculus 24  16/01/2019 - &
mice coding RNA
RNA-seq study on time of day specific Glucocorticoid actionin RNA-seq of = Mus musculus 32  13/11/2018 - . -
mouse liver and lung tissues coding RNA
RNASeq data analysis of wild type and reverb alpha knockout RNA-seq of = Mus musculus 40  13/11/2018 - &
cells from mouse liver, at different time points, with or without ~ coding RNA
DEX treatment
RNA-seq of Sod1 deficient and wild type mice after RNA-seq of Mus musculus 18  17/11/2015 - -
lymphocytic choriomeningitis virus (LCMV) infection coding RNA

) Export table in Tab-delimited format

Ej Export matching metadata in XML format

N Subscribe to RSS feed matching this search

Picture source: ArrayExpress @ EMBL-EBI


https://www.ebi.ac.uk/arrayexpress/search.html?query=%22organism%3Amus_musculus%22+AND+exptype%3A%22RNA-seq+of+coding+RNA%22+AND+expdesign%3A%22time+series%22+AND+%22organism+part%3Aliver%22+cle-open-access/more-open-access
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When to be FAIR? SciLifeLab

FAIR at source?

© rassco

Retroactively?


https://www.shutterstock.com/g/Tavr/about

NB25 A FAIR data lifecycle SciLifeLab

The FAIR principles relies on
good data management practices
in all phases of research

— Research documentation

— Data organisation Findable
— Information security Accessible

_ o Interoperable
— Ethics and legislation Reusable

FAIR data # Open data
Data can be Open without being FAIR g
Data can be FAIR without being open Process
“As open as possible, as closed as
necessary”



Good Data Management Practices ScilLifeLab
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Data Management Plans, to think ahead of time
Using standard metadata descriptions, to clearly define the data

Organising analysis, so it is evident for others what you has been
done

Use versioning control to keep track of changes
Clean up metadata and data to be consistent with the chosen standards

Submit data to international public repositories, so others can find
and reuse the data

Use scripted analysis of the data, that can be understood by others
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Deposit the data in a data repository!

A5 ENA PRIDE @

European Nucleotide Archive

-

o N £~ X
e 4 e reoue
University <& 8 ::::ﬂ ‘ S N D
":"' :.: fl Share @ Svensk nationell datatjanst _
Protein Data Bank in Europe TS

Bringing Structure to Biology E U DAT



: Repositories ScilLifeLab
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 What types of data will you generate?
 |dentify repositories to deposit the data in

— F1. (meta)data are assigned a globally unique and persistent identifier
— F2. data are described with rich metadata (defined by R1)] - next slide
— F3. metadata clearly and explicitly include the identifier of the data it describes
— F4. (meta)data are registered or indexed in a searchable resource
— A1. (meta)data are retrievable by their identifier using a standardized
communication protocol
 A1.1 the protocol is open, free, and universally implementable
« A1.2 the protocol allows for an authentication and authorization procedure,
where necessary [controlled access repositories]
— A2. metadata are accessible, even when the data are no longer available



< Repositories - documentation SciLifeLab

« Documentation requirements and guidelines
— Description of study
— Description of source samples
— Description of technical treatment (lab methods, instruments, etc)

— 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
— R1. (meta)data are richly described with a plurality of accurate and relevant
attributes
 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



D<o FAIR by design ScilifeLab

European Nucleotide Archive n

Samplin ' Data processin N
Study & data pling Sample Sample analysis processing Data Communicating
. & specimen . . to prepare inputs .
design . preparation || & data generation ; analysis results
collection for analysis
1
Procedures Biosamples and instruments Data and computational workflows Outputs
data protection, populations (statistical) and inclusion criteria, digital processing steps, publications,
ethics permit, physical processing steps, working storage conditions, data,
infrastructure, working storage conditions, long-term storage location, tools,
standards, long-term storage location, data quality assessment, workflows,
protocols, sample quality assessment, sample/data annotations, reports,
data dictionaries, = sample annotations, reference data, ... dashboards, ...

data access, ... reagents, ...

Digital

Local data Research

Information Laboratory Biobank
system workspace

workspace

archive etc databases

—
Data
delivery

“Protocol” & “project plan” icons by Justin Blake, and “infrastructure” icon by Eko Purnomo, from thenounproject.com




. The Political Landscape ScilLifeLab

Policymakers are pushing
for research data to be made
available as openly as possible

Big investments are being made
in infrastructure and skills for
data sharing and reuse

Some motivating factors
— Democratic principles

— Good research practices
— Societal and academic impact

Swedish Research Bill 2021-2024*

kL [...] research data shall be made
accessible as open as possible
and as closed as necessary

* Our translation from Swedish

The EU’s Open Science policy
Lk FAIR [...] open data sharing

should become the default
for the results of EU-funded
scientific research

) EUROPEAN OPEN -
3 SCIENCE CLOUD Ell lr " SSWgsR\lational Data Service

SWEDEN



The Political landscape SciLifeLab

G ) 20/6&
\_/ CHINA

G20 HANGZHOU SUMMIT

P E-H  20164E984-5H HANGZHOU, CHINA 4-5 SEPTEMBER 2016

‘We support appropriate éffo'rts to promote openr science and facilitate
appropriate access to publlcly funded research results on findable,
accessible, mteropetableand reusabla,(FAlB) prmclples

"G20 Summit in Hangzhou" by Organisation for Economic
Co-operation and Develop is licensed under CC BY-NC 2.0


https://www.flickr.com/photos/32771300@N02/29181269750
https://www.flickr.com/photos/32771300@N02
https://www.flickr.com/photos/32771300@N02
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich

2 “Open Data Directive” ScilifeLab

« Directive (EU) 2019/1024 of the European Parliament and of the
Council of 20 June 2019 on open data and the re-use of public sector

information
« To be implemented into national member state laws

"EU countries must adopt policies and take action to make publicly
funded research data openly available, following the principle of ‘open
by default’ and support the dissemination of research data that are
findable, accessible, interoperable and reusable (the ‘FAIR’ principles)”


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.172.01.0056.01.ENG

\\
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Funders

« Data Management Plans
 Open Data

Vetenskapsradet, FORMAS, Riksbankens Jubileumsfond

GuoeuNes Vaka s o

- oy [Riktlinjer for hantering av forskningsdata vid Uppsala universitet
Amint om riktlinjerna
pas aller anvands. v
L) 5 SUNES Rekomimendation’ svseanda styrdokument (61 forskmingsdats.

translati
English version of the decision, the Swedish original will prev

Guidelines on managing research data Stockholms

Emed hansyn Gl juridiska, etiska, tekniska och kommersialla aspekter. Gppen tiigan Uil

ckho) BESLUT ngeata birar il 3¢ upprtthaia forekningane kvaltos och intagrtet gemom 2t ke
universitet 20180222 Dar SUFV-5.1.1-1780-17 rbarhet och transparens, samt bidrar til battre nyttjande av forskningens resurser och resulat.
This regulation has been approved by the President (ref, V-201 fngon yeos nckes .
January 2021. The policy document regulates research data m Rektor 2c0.
’ internatonal princples ofgood research practioe and n accon < -
SUHF REK 2019:3 Various kinds of data in the field of rescareh. KTH Library is r i rakines oot gBrara viat med arterns Storar och setands osar oth
—_— Dnr;0005 17 uestions abont the polcy document Hendigr: pingar. For varle dess
Mme21e hcho Widnark o e oo EApncieran’ Endaht, Ateessits meteamerable
1 Managing research data Overbibliotekarie e o unoencipemer- 1e nteraperatie, i
KTH FKTH'S 1 4 —
for researchers and society. Rescarch data that has been fully ¢
funds and forms the basis of published results must therefore
" possble with due referencoto legal,thicalund possbl comt
avseende i |
bl - - . .
4 12019 o as possible, as closed as necessary”. Forskningsdatapolicy for
styrdokument for forskningsdata. Rekommendationen har innan beslut varit p remiss hos och i
SUHF:s medlemsiarosaten. 14 Creating a data management plan Institutet
P | caligtnematinell vedetognapriniper  den i det i il med }\snsyn il juridiska,
Inledning order o acilate the management of research duin Sachog] etska och de internationella
for dat ‘Som innebifr att forskningsdaa ska h it som gor dem
el aspertsand n accordanee wile current egilaton. Th skbara,tillgingliga,interoperativa och iteranvindsingsbara. Att Gppet tllgingliggdra Dnr 1-20/2021
ny kunskap. hods selected ta i virdefull or it validera o [
miliggora dteranvindning av forskning for it skapa ny kunskap. Galler fran och med 2021-01-26
ublic document in a th the Swedish Freedom of the Press Act
. e ———— ersities
S gtrae (1949105 and how this nomaton s to b made v
lganglig. D forskningsdata generellt;dels & tdras " the Swedish Public
o o o 3 Py Access to S »
ensure that confidentiality is not prejudiced;
SUHF stédjer princip vara - " .
e esearC a a O ICIeS
i
stodjer, uppmuntrar om pper

tagits fram av SUMF:



https://www.vr.se/english/applying-for-funding/requirements-terms-and-conditions/producing-a-data-management-plan.html
https://formas.se/en/start-page/applying-for-funding/how-it-works/good-to-know-before-you-apply.html#h-Openaccesstoresearchresultsanddata
https://www.rj.se/Var-organisation/Arbetssatt/rjs-riktlinjer-for-oppen-tillgang/datahanteringsplan/

NB?S Motivators SciLifeLab



https://www.pngwing.com/en/free-png-nlacv

NBZS Discussion '\l SciLifeLab
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How do you currently E &

support NGI users to

make their data FAIR? '
Pr;rvg




