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Open Science

What is Open Science?

« "Open science is a research accelerator“
(Woelfle, M. et al, Nature Chemistry 2011)

« “.... scientific knowledge of all kinds
should be openly shared as early as is
practical .....”

(openscienceasap.org)

— Videos —  Timing

— Tutorials — Conditions

Journal | :
articles Credit

— Data

— Metadata

—  Code
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Open Science, EU initiatives

m European @ Engiish Search Ambitions:
Home > Research and innovation > Strategy > Strategy 2020-2024 > Our digital future > Open Science * Open data
« EOSC
Open Science * New metrics
= An approach to the scientific process that focuses on spreading knowledge as soon as it is available * Rewards
g‘ using digital and collaborative technology. Expert groups, publications, news and events. ° Open access
% . Resear.ch mtegrlty & reproducibility
& _ _ « Education and skills
PAGE CONTENTS The EU's open science policy . Citizen science
~ Aims for open science policy under Horizon Europe
» ensure that beneficiaries retain the intellectual property rights
* require research data to be FAIR and open by default (with exceptions notably for commercial purposes)
« promote the adoption of open science practices
é’ * engage and involve citizens, civil society organisations and end-users
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Drivers of science: ldeas - Tools - Data

~+ Ideas - or “systems of ideas” (paradigms)
« Change: gradual or sudden - new ideas replacing old ones (paradigm shift)
* Top down: “ldeas based on equations”
* Bottum up: “ldeas based on experiments”

* Tools
* New instruments producing digital output / data with vastly improved

precision, or enabling new type of measurements
« Software for digital data processing
 Computing capacity

« Data
| * The outputs from the instruments
« The outputs from the data processing
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The importance of access to data: data integration

- Combining data from different sources into a single, unified view

* The most complex topics in neuroscience can only be studied by combining
information from different levels of investigations (many methods,
different granularity / spatial scales)

* Answering specific research questions / performing hypothesis driven
research (topic or question determined before the research is performed)

* Data driven research (topic or question determined based on what is found
in the data collections)

 Integration begins with access to interpretable and actionable data and
ultimately enable data analysis aimed at acquiring knowledge



#  What is FAIR, TRUST, and CARE?

Data repositories
T ransparency

The principles of

data sharing R esponsibility
U ser focus
S ustainability
3 T echnology
g Lin et al., Sci Data 2020
" Data and metadata Data governance
F indable C ollective benefit
A ccesible A uthority to control
| nteroperable R esponsibility
R eusable E thics

Wilkinson et al., Sci Data 2016 Carroll et al., Data Science Journal 2020
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What are the contributions of EBRAINS to data sharing
according to the FAIR, TRUST, and CARE principles?
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' = Enable collaborative neuroscience = Accelerate the adoption of data
through FAIR data. Provide sharing services by strategically
professionally maintained and user- concentrating efforts on prioritized data
friendly mechanisms for making data and workflow categories

FAIR as well as reusable with easily

. = Promote a responsible open science
accessible tools and workflows

culture - transparency, reproducibility,

% = Support multimodal data integration. and replicability - while ensuring ethical
% Systematic use of semantic and spatial and lawful sharing through a data
(atlas) metadata governance structure based upon
= Foster data and metadata (Ppelg_?;e, Processes and Technology
harmonisation. Curation and
harmonisation of data and metadata
" acquisition for a range of foundational
< data types; data integrity, comparability
i and reliability across studies
'\((«0 7
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EBRAINS is providing a strong data sharing platform
with 3 main user facing services

Share data,
models and software

Deliver your data and metadata

Metadata is curated

Data published on EBRAINS

KG Automation
Automate your processes

KG Editor
Manage & publishyour metadata

O
©
. J

/

Find neuroscience data,
models and tools

KG Search
Search and use data

KG Query Builder
Collect metadata with queries

KG Statistics
Visualize the graph

KG Core API & SDKs
Programmatic access

Live Papers

Learn more

Structured and interactive
supplementary documents to
complementjournal publications

Hjorth etal. (2020) [Live Paper]  DOI-10.25493/RR3S-54
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The foundational triangle
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Google . ' Knowledge
' Dataset Search.. & DataCite gj% ‘ Space
Knowledge
Integrative development of Graph Joint development of tools and
metadata framework and graph workflows for data and metadata

database management system submission and quality control

EBRAINS 2.0

Metadata

ope Curation &
IvﬂN@j framework Service

Collaborative development of metadata
framework and ontology-driven

Inl:erLe){ terminologies pp@’i%

BRAINS
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The 4th component: EBRAINS Compliance Management, Data

Governance and Data Protection

foooo\

A

People Y

f )

\_ Processes Y

4 - )
e

\_ Technology y

(

Data Governance Working Group
Data Protection Officer
Access Review Committee
Curation Access Review Committee
Dual Use Working Group
Compliance Manager

\

\(

Data Policy Manual
Access Policy
DPIAs
Privacy Policy
Data Use Agreement
Data Provision Protocol
Dual Use Opinion
Trilateral Meetings

VAN

.
e

Pseudonymisation
Anonymisation
Health Data Cloud
Encryption
OpenMinds
Human Data Gateway

VAN

EBRAINS has developed and implemented a data
governance structure based upon People, Processes
and Technology (PPT).

« People — stakeholders involved in all EBRAINS
data processing pipelines.

* Processes - policies, procedures and practical
processes set up to ensure responsible data
governance.

« Technology - technologies developed and applied
in EBRAINS workflows.

Built upon these three pillars, EBRAINS complies with
its ethical, legal and professional responsibilities,
including compliance with GDPR.
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The SHARE
data service

% EBRAINS

Data Brain atlases Medelling, si

Infrastructure  About Focusareas MNews&events Contact

Find data 2
Share data hd
Get started

| Share data process
Live Papers 3
Computing »

Collaboratory b

Submission

Review

Acceptance

Integration

Publication

In-depth integration

Integrate and share your data

The EBRAINS data curation process involves several steps to ensure that datasets,
computational models, and software are properly annotated with metadata and can
be easily discovered and reused by the research community.

g CIIE

Fill out a request by clicking 'Request curation' at the top of =
this page to begin the process of sharing your data through
EBRAINS....

You will be notified whether EBRAINS accepts the curation
request within 5 working days after the submission of the
request form.

If your request is accepted, you will be notified by email. You =
will be assigned a personal curator to follow you through the
process of releasing your dataset, model or software on the...

Integration primarily consists of registering metadata =
following the openMINDS metadata format, writing a data
descriptor for enhancing the reuse of your dataset and file...

When your metadata and files are integrated, you are invited =
to review how this will look upon release. After we receive your
approval, a DOI is assigned and your dataset, model or...

The Data Curation team is continuously expanding the =
metadata ontology to enable registration of more detailed
metadata. Therefore, it will be possible to add more in-depth...

12
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Why metadata?

Give context to dataset, models and software

Transform unstructured information into structured information
Create relations between datasets

Increase the findability and interoperability

... when standardized ...

[ openMINDS: open Metadata Initiative for Neuroscience Data Structures }

openminds@ebrains.eu

WWWw  https://wiki.ebrains.eu/bin/view/Collabs/openminds O GitHub https://github.com/HumanBrainProject/openMINDS

13
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How much metadata should be provided?
(depth of curation)

S the European Union
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Levels of sharing: non-sensitive data

Data freely accessible

» DOI for your data

» Datais discoverable

» Datais accessible for
download and reuse

Data under embargo

» URL for your data

» Metadata is discoverable

o Datais inaccessible until
publication

Data temporarily hidden

» Private URL for reviewers

» Datasetis not discoverable

» Datais inaccessible until
publication

15
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Levels of sharing: sensitive data

Anonymous metadata findable:
Controlled access to the sensitive

data

User will have to be identified through an
EBRAINS account

Terms of use to be accepted

User gets temporary access to data in
EBRAINS storage for download

All user activity is tracked

Anonymous metadata findable:
Restricted access to the

sensitive data

User will have to be identified through an
EBRAINS account

User will be provided with instructions on
how to apply for access

Data not hosted by EBRAINS but by a
trusted repository interacting with
EBRAINS

Metadata is discoverable




What motivates researchers to share data through
EBRAINS?

= My funding agency requests that | « Get more citations / credit (citable
share my research data. Can | get DOI)
more out of this?

>
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DI the European Union

«  Communiate the conditions for use
(license)

& Download Dataset 66 Cite dataset P Data-descriptor

EBRAINS 2.0

DOI: & 10.25493/D2CW-JR
License: Creative Commons Attribution-NonCommercial-ShareAlike
Project: Macaque Brain Atlas

Custodians: @ Palomero-Gallagher, Nicola

BRAINS
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What motivates researchers to share data through

EBRAINS?

= | would like to make my data available - Track for publishing research data
together with a journal publication. Can alongside a journal article

EBRAINS Data and Knowledge

services deliver a solution?

« Special track for journals publishing
Data descriptors, including Nature
Scientific Data

SHARE DATA - GUIDELINES

Publishing a Dataset that
Accompanies a Peer-Reviewed
Journal Publication
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What motivates researchers to share data through

EBRAINS?

= The data from my research is of a
foundational nature. | want to easily
find back to my own data and also
make sure the data can be used in
future research. Why should | use
EBRAINS Data and Knowledge
services?

= | am looking for research data to
complement my own research. Where
should | look?

Curation of metadata to increase
discoverability and opportunities for
re-use

Specialized service for neuroscience,
metadata standard for neuroscience
data

Advanced discoverability: Search
Interface and programmatic access




What motivates researchers to share data through
EBRAINS?
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= Custodian of datasets EBRAINS KG Datasets citations: [
<
[a's
& Dataset contributions 3D atlas location of rat cortical neu ctions v1 ﬂ
Software contributions Reiten, 1., Blixhavn, C. H., . B. (2023). 3D atlas location of rat cortical neuron
o reconstructions (v1) s://doi.org/10.25493/CBTH-1G9 & Downlost as Bibtex
Citations
3D atlas locations of epidural electrode EEG recordings in rats v1 a
Z
g Blixhavn, C. H., Reiten, I., Ovsthus, M., Bjerke, I. E., Puchades, M. A., & Leergaard, T. B. (2023). 3D atlas
T locations of epidural electrode EEG recordings in rats (v1) [Data set]. EBRAINS.
(«‘ https://doi.org/10.25493/AK1G-WQQ LS ¥ 20
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— Human Connectome Project Young Adult fMRI time series, structural and functional connectomes [v1.0)

Model 256
Released: 2024-08-27
iMeLa)Data Model 4
Accassibility : i
Saltware 296 by resiricied aocess
Web sarvice 18 Custodians : Ritter, 7.
Conitributos 2264 This data sel contans structural and funclional conneclivity and region-average IMRAI lime series Mram FE3 parlicipants of the Human Connectome Project (HEP) Young Adull 3200 data sat, HCP builds

nelwadk maps (connect_.

= &

CATEGORIES

Project 127 eeses: 20n0022 % | Juuion

Accessibility : fee acpess ATLAS

Custodians: Amunis, K.

The Julich-Brain Atles [RRICCSCR_023277) prasents i this datasel cytoarchitectonic maps in several coordinate spaces, such as MMNI Colin 27, MNI ICEM 152, and Free Surfer
Fafwerage-7. These maps ofiginate from peer-re...
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Model 256
[ 7o s |

{Meta) Data Model il The Digital Brain Tumour Atlss - an open histopathalogy resource (vi.0)

Released: 2022-01-20
Accessibility : contolled aceess

Software 0 R —_—

Currently, approsimately 150 different brain tumaur ypes are defined by the WHOL Recent endesvors 1o exploil maching karming and deep kaming melhods fon supporting more precise disgnostics based
o the hislologica. ...

Web service 18 oo crmm o o oo o oI o

Contributor D264 ek teni o - whok-trancoectios ofcybamchnchon et meps (29
Released: 2021-10-12
Aecessibility - fiee scoess
Custodians: AmurnLs, K.

This datasel prosides a complete eollection of all published probability maps of the Julich-Brain Cytoarchitectomic Atlas in the MNI Calin 27 and [ or the MNI ICBM 152 (2008c Monfinear Asymmetric)
coordinate space. T..

(«‘ D O T (T Ty Ty o
T

EBRAINS




(5 ) SEARCH

Viewing 1-20 of 520 results.
Did you mean main, mann or map?

Q. maps
==

Project 27
Model . CGIZID
Julich-Brain Atlas, cytoarchitectonic maps
Software 10
Released: -07-
Web service 1 2023-07-13
Contributor 58 Accessibility : free access

Custodians: Amunts, K.

- This dataset contains the Julich-Brain Atlas, Cytoarchitectonic maps in different coordinate spaces....
Reset

anatomical parcellation technigue brain brain mapping cytoarchitectonic mapping magnetic resonance imaging

maximum probability projection silver staining

ACCESSIBILITY

(7] free access 489

() under embargo 25 0’
[ ] controlled access 5

M) ractrinrtad arrace 1 Contrast maps obtained from Individual Brain Charting

@
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38 Anterogradely labeled axonal projections from the insular cortex in rat (v1) <«— Versioning
T 2
€3
E '{.j Mathiasen, M. L.; Hansen, L.; Monterotti, B.; Laja, A.; Reiten, |.; Leergaard, T. B.; Witter, M. P.
(T
DOI: @ 10.25493/WK4W-ZCQ
Data descriptor Released: @ 2020-04-02
Accessibility : free access
How to cite
License: Creative Commons Attribution 4.0 International <+— Preview
Get data ;
Ethics assessment: EU-compliant Image
Publications Project:
The efferent connections of the orbitofrontal, posterior parietal, and insular
Specimens cortex of the rat brain
o . ) )
~ Related resources Custodians: @ Witter, M. P.
%)
<ZE How to use High-resolution fluorescence microscopy images of serial coronal brain sections
o showing anterogradely labeled axons originating from different parts of the
E insular cortex in adult female Sprague Dawley rats. The dataset includes image Studied brain region :
series from 8 brains in which one or both of the anterograde tracers biotinylated insular region (Waxholm Space Rat Brain Atlas) Anatomical
dextran amine (BDA) and Phaseclus vulgaris Leucuaggiutinin (PHA-L) were H H
. : . . g. 99 . . Anat. location of tissue samples: @ <«— localization of data
injected into different subregions of the insular cortex, always in the right o _ )
: : L : brain (Waxholm Space Rat Brain Atlas)
hemisphere. Discrete injections were placed in the agranular (Al), dysgranular
(D1) or granular (Gl) subdivisions of the insular cortex. Brain sections were 50 um Preparation:
thick and sampled every 300 um. The data provides an overview of the efferent * ex vivo
connections of the rat insular cortex. * invivo
Version specification: This is the first version of this dataset. Experimental approach Controlled
Service links View data in LocaliZoom : : an_atomy ontology driven
(7)) X . . . * microscopy i
Z (e.g. atlas viewer) tissue sample collection [subjlem 12949_BDA) . histology annotations
< * tissue sample collection (subject 13018_PHAL) o
% * neural connectivity

@



Overview

Data descriptor

How to cite

Get data

Publications

Specimens
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Programmatic access to metadata:
To make programmatic use of the (meta-)data of EBRAINS, you have different options to interact with the EBRAINS
Knowledge Graph (KG):

KG Query Builder

With the KG Query Builder, you can design your own query to retrieve metadata for this instance and those of the same
type conveniently via Ul without the requirement of learning a graph query language (see the tutorial). You can also save
the query and use it with the REST-API and the KG Core SDKs (see below).

Build a query for this instance

KG REST-API
You can use the KG REST-API to access and/or manipulate metadata on the EBRAINS KG as well as to run queries saved
previously in the KG Query Builder.

KG Core SDKs
The KG Core SDKs provide convenient ways to authenticate and make use of the functionality of the KG REST-API with
your favorite programming language (currently available for Python and JavaScript/TypeScript).
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Programmatic access to metadata in the Knowledge Graph

Can I get more Who else does
fMRI data of research on
stroke patients in this particular

BIDS? brain region?

EBRAINS 2.0

BRAINS

\(Z((o

Do they have

these type of

measurements
in other
species?

\
What is the typical age
range of monkeys
performing a specific
type of behavioral
training?

FEBR

. Research question

}
}

. Query from script

KG Core API & SDKs *

. Review results

. Download & reuse
data

Build complex queries tailored to your
research questions

Receive easily reusable results in
standard format

Set up fast & reproducible computational
workflows

Automate data analysis using software
specific to your analytical needs

Perform large scale meta-analyses over
hundreds of datasets

Gather training data for your machine
learning model

Find EBRAINS software to visualize your
results based on content type

* New in M22-M42
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Accessibility: free access

Published in: https://modeldb.science/266848

v License: CC BY-NC 4.0

Model scope: single cell

Abstraction level: spiking neurons: biophysical
Study target:

e Mus musculus

DOI: 10.25493/YJFW-HPY

License: CCBY 4.0

Study target: Alzheimer’s disease
Species: Mus musculus (13 subjects)

o |Technique:
~ | o whole cell patch clamp o hippocampus CA1 pyramidal neuron
2 e current clamp License: The 3-Clause BSD License o Alzheimer’s disease
2
(NN]
Analysis of Age-Dependent Alterations in
% Excitability Properties of CA1 Pyramidal Neurons in 2{%
an APPPS1 Madel of Alzheimer's Disease ‘
" Vitale et al. (2021) [Article] ~ DOI: 10.3389/fnagi.2021.668948 Vitale et al. (2021) [Live Paper] DOI: 10.25493/D4PT-QNB
Z
= STATIC PUBLICATION INTERACTIVE PUBLICATION
L

@. Slide courtesy of L. Zehl




KG-enabled integration across EBRAINS services
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Learning resource
available

Used by: - . Learning resource:
. Age-dependent excitability of CA1 pyramidal Related resources ’Studies of data reuse: Excitability profile of CA1
~ neurons in APPPS1 Alzheimer's model (v1) pyramidal neurons in APPPS1 Alzheimer disease
12) mice and control littermates
b
< How to use '
g > | C » Markdown v @ git = EBRAINS-23.06 O
L
Studies of data reuse: Excitability profile of
CA1 pyramidal neurons in APPPS1 Alzheimer
Used by other EBRAINS disease mice and control littermates
datasets/models e Bethereland Andrew P e L -
US ed reS O U rC eS . plot_data_zoom("downloads/APPPS1 mouse model 3-4 months/191129000 $23.abf")
Excitability profile of CA1 pyramidal neurons in :
APPPS1 Alzheimer disease mice and control £,
littermates (v1) 33
0 <L E
Zz =
< 01 02 lv:e’(!) 04 0s
51, T4.2, T4.4, D4.12, MS4.3, OP4.19, OP4.28, OP4.43, OP4.45
L

«Q‘ Slide courtesy of L. Zehl
e T R R R R R R R R R R R R R



Semantic data integration within and beyond EBRAINS
through tags with ontology-driven controlled terminology

Controlled terms linked to external resources °PenMINDS service

Co-funded by
the European Union

Dataset cards are annotated with controlled terms

Knowledge Graph

Knowledge Space ‘

Ontology terms create linkages across databases

Knowledge dncf .

DOI: 10.25493/NMD2-2FW
Study targets: Parkinson’s disease ‘ Interlex ‘

Controlled terms are linked to detailed ontologies

InterLeX € FDILab .

A

Space
Parkinson disease
A progressive degenerative disorder of ... EBRAINS f\ﬁ OpenNEURO i-:?
= ) L
Synonym(s) Ontology identifiers 16 results 29 results
paralysis agitans; MONDO:0005180 SPARC S PARC CONP Portal
Parkinson’s disease 1LX:0764151 3 results 12 results
DOID:14330

T4.1,T4.2,T4.3,T4.4,D4.12, MS4.3, OP4.19, OP4.28, OP4.29, OP4.43, OP4.45

BRAINS

Slide courtesy of L. Zehl
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EBRAINS Data and Knowledge solutions
_ developed by teams across Europe
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The SHARE The FIND
data service data service

Multiple services for USING
data and analysing new
combinations of data
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Example: Atlas services, in close
Interaction with the Knowledge
Graph

£ EBRAINS




% EBRAINS About Contact signin
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I Data  Brainatiases  Modelling,
= ] ]
> c | | Reference atiases  ~ .
= 8 s Detailed atlases of
o2 - Human brain
39 e the human, monkey,
3 .
= = ratand mouse brain
8 -g APIs » EBRAINS offers detailed atlases for the human,
= macaque monkey, rat, and mouse brain. These atlases
Rata bringration ' provide comprehensive maps of brain regions defined
Analysis » based on structure, function and neural connections.
Compating 3 As spatial reference systems for neuroscience, they
tial for of the
Collaboratory 14 healthy brain, iin disorders ing to
develop new treatments.

WebAlign M: g‘wmdow - = Select options
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Highly detailed reference atlases

Human multilevel atlas
e \Volumetric, surface &

Waxholm Space rat atlas

microscopic templates e 222 regions delineated in V4
e >200 cytoarchitectonic structures e Commercial uptake by Mbf
e Deep & superficial fibre bundles Bioscience and Gubra A/S

e Functional maps

Amunts et al. (2020), Science
Amunts et al. (2013), Science
Dadi et al. (2020), Neurolmage

Roman et al. (2022), Neurolmage

Kleven et al. (2023), Nature Methods
Osen et al. (2019), Neurolmage
Papp et al. (2014), Neurolmage

32

Macaque atlas

. EBRAINS

Data  Brainatiases N

aaaaaaaaa

Detailed atlases of
the human, monkey,
rat and mouse brain

EBRAINS offers detailed atlases for the human,
macaque monkey, rat, and mou: ese
provide comprehensive maps of ns
based on stru
As spatial ref e sys
are ess for understanding the complexity of the
healthy , studying brain disorders and seeking to
develop new treatments.

[PESE TR Tools and software

e High-resolution template
o Cytoarchitectonic maps

"% Balan et al. (2023), preprint

Slide courtesy of T. Dickscheid



https://atlases.ebrains.eu/viewer/go/human
https://atlases.ebrains.eu/viewer/go/rat
https://atlases.ebrains.eu/viewer/go/monkey

A unique concept of connecting scales and
modalities

S the European Union
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The atlas framework 1s well accessible
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https://atlases.ebrains.eu/viewer/go/human
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The atlas framework 1s well accessible

File Edit View Insert Cell Kernel Widgets Help Trusted
+ | @ B 2 ¥ PRin B C W  Code =
"v‘h-‘ I
- = e 1
4™ ) I ¢ 3
I[{ . g ’ | 0.46
- 1 L= - ‘ =
X e i < t."-_—_-_ : L . "
— i 5 3 K 0.23
- ; ol y—-“' =
y=-84 x=-10' >
z=2 0

®le|d $ 0O Left button pans, Right button zooms x/y fixes axis, CTRL fixes aspect

Out[30]: <nilearn.plotting.displays._slicers.OrthoSlicer at @x2b7f@c940>

In [31]: 1 # get receptor density profile of GABAB in the region
2 profiles = siibra.features.get(v1ll, 'receptor profile')
3 [p.plot() for p in profiles if p.type=='GABAB']

o o

ReceptorDensityProfile (GABAB receptor
density) anchored at Area hOc1 (V1, 17,
Calcs)

2500 + —— GABAB receptor density (fmol/mg)

2000 -

1500

fmol/mg

1000

v 1 T
0.0 0.2 0.4 0.6 0.8 1.0
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Tools are In place to integrate more data

Into atlases

2D sections in rodent brains
QuickNIl & VisuAlign

https://www.ebrains.eu/tools/visualign
https://www.ebrains.eu/tools/quicknii

Histological volumes of interest

voluba
https://ebrains.eu/tools/voluba
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