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TABLE 1. Phylogenetically and functionally representative compilation of ssRNA nucleotide composition.

RNA Taxon n* (NHY* (G+C)" (G+A {G+U)"
Comprehensive - 2,800 287.0 = 662.0 0.509 = 0.200 0.516 = 0.0310 0.523 = 0.0462
23S rRNA Archaea 15 2,968.9 * 65.8 0.588 * 0.0525 0.567 * 0.00597 0.509 *= 0.0212
Bacteria 39 2,915.6 = 86.3 0.526 * 0.0383 0.570 = 0.00720 0.517 = 0.0102
Eucarya 33 3,615.0 = 470.3 0.530 * 0.0832 0.540 = 0.0139 0.520 = 0.0143
18S rRNA Metazoa 20 1,821.0 = 43.2 0.494 = 0.0297 0.517 = 0.0123 0.535 * 0.0113
16S rRNA Archaea 15 1,530.7 = 184.9 0.611 = 0.0427 0.562 = 0.00500 0.507 = 0.00681
Bacteria 85 1,511.8 * 30.9 0.550 * 0.0387 0.568 = 0.00770 0.520 = 0.0118
Eucarya 47 1,823.6 = 57.8 0.486 * 0.0255 0.524 = 0.00671 0.527 = 0.00955
Archaea 26 1245 = 39 0.598 * 0.0726 0.508 = 0.0272 0.498 * 0.0409
Bacteria 123 117.6 = 3.9 0.575 * 0.057. 0.520 = 0.0308 0.495 = 0.0344
Eucarya 234 1193 = 14 0.557 * 0.0369 0.517 = 0.0119 0.505 = 0.0176
P RNA Archaea 7 4009 * 62.0 0.644 = 0.0966 0.564 * 0.0140 0.469 = 0.0296
Bacteria 37 389.0 = 39.7 0.569 = 0.114 0.570 = 0.0168 0.496 = 0.0147
Group I ribozymes - 13 757.15 = 517.5 0.434 = 0.105 0.561 = 0.0302 0.492 = 0.0268
Group Il ribozymes 6 734.8 = 853.8 0.355 = 0.0933 0.566 *= 0.0259 0.495 = 0.0276
HDV Ribozymes 2 43.5 * 43.1 0.619 = 0.00212 0.512 = 0.0368 0.519 = 0.0269
snRNA, Ul Eucarya 24 162.4 = 4.2 0.557 = 0.0228 0.487 = 0.00957 0.548 = 0.015
snRNA, U2 Eucarya 16 187.8 = 11.6 0.455 *= 0.0357 0.456 = 0.0310 0.543 = 0.0257
snRNA, U3 Eucarya 8 220.6 = 14.6 0.468 = 0.0684 0.477 = 0.0417 561 = 0.0207
snRNA, U4 Eucarya 11 143.6 = 123 0.484 = 0.0384 0.493 = 0.0192 .536 = 0.0303
snRNA, U5 Eucarya 11 125.6 = 29.7 0.411 = 0.0345 0.448 = 0.0279 0.531 = 0.0220
snRNA, U6 Eucarya 14 1015 = 7.7 0.451 = 0.0233 0.544 = 0.0304 0.469 = 0.0352
tRNA Comprehensive 2,011 74.3 = 6.3 0.496 = 0.120 0.510 = 0.0280 0.0509
Archaea 121 77.0 = 4.2 0.633 = 0.0457 0.503 = 0.0215 0.0351
Bacteria 371 783 £ 5.2 0.580 *+ 0.0522 0.506 = 0.0222 0.0317
Eucarya 436 758 = 4.2 0.572 = 0.0438 0.510 = 0.0282 0.0365
Chloroplast 291 75.6 = 5.0 0.526 = 0.0531 0.510 = 0.0212 0.0341
Mitochondria 742 703 * 6.4 0.372 = 0.0939 0.514 = 0.0328 0.0685
Artificial ribozymes® Class 1
b1l 1 274 0.471 0.511 0.493
b1-207 1 119 0.513 0.546 0.445
Class 11
c2 1 271 0.568 0.546
d1 1 273 0.487 0.524
f1 1 273 0.546 0.502
Class 111
e3 1 272 0.529 0.563
gl 1 274 0.544 0.518
Random 500 25 0.498 = 0.104 0.495 = 0.0979 0.494 = 0.130
500 74 0.500 = 0.0560 0.502 * 0.0587 0.498 = 0.0548
500 120 0.500 = 0.0471 0.501 = 0.0457 0.500 = 0.0446
500 400 0.501 = 0.0260 0.501 = 0.0247 0.500 = 0.0254
500 1,500 0.500 = 0.0134 )0 = 0.0132 0.500 £ 0.0129
—_ 500 3,000 0.500 = 0.00924 0.500 *= 0.00954 0.500 = 0.00888
— 500 5,000 0.500 * 0.00692 0.500 = 0.00758 0.500 = 0.00703

FIGURE 2.
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One Sequence, Two Ribozymes:
Implications for the Emergence
of New Ribozyme Folds
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We describe a single RNA sequence that can assume either of two ribozyme
folds and catalyze the two respective reactions. The two ribozyme folds share
no evolutionary history and are completely different, with no base pairs (and
probably no hydrogen bonds) in common. Minor variants of this sequence are
highly active for one or the other reaction, and can be accessed from prototype
ribozymes through a series of neutral mutations. Thus, in the course of evo-
lution, new RNA folds could arise from preexisting folds, without the need to

carry inactive intermediate sequences. This raises the p ibility that biol

RNAs having no structural or functional similarity mlght share a common
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have two different catalytic activities, and
could access by 1 drift every seq
on both networks. With intersecting net-
works, RNAs with novel structures and ac-
tivities could arise from previously existing
nbozymes. without the need to carry non-
as evoluti y inter-
mediates. Here, we explore the proximity of
neutral networks experimentally, at the level
of RNA function. We descrlbe a close appo-
sition of the ks for the h
delta virus (HDV) self-cleaving nbozyme
and the class 111 self-ligating ribozyme.

In choosing the two ribozymes for this in-
vestigation, an important criterion was that they
share no evohmomlry hlstnry that might con-
found the i of our
results. Chooslng at least one artificial ri-
bozyme luti y his-
tories. The class II1 Ilgnsc is a synthetic ri-
bozyme isolated previously from a pool of ran-
dmn RNA sequcnoes (9). It joins an oligonu-

is thought that they d ded from a

to its 5’ terminus. The

very d

through a series of mutational variants

prototype ligase sequence (Fig. 1A) is a short-
ened vcnnon of the most active class 1II variant

lated after 10 cycles ofm vitro selection and

that new biochemical functions can arise from that were each functional. Hence, seq het-
preexisting folds. But what luti y mech- i divergent isol implies the
anisms give rise to with new of paths th h space that
molecular folds? When cons:dcnng the origin have allowed neutral dnfl fmm the ancestral
of new folds, it is useful to p all to each isolate. 'I'he set of all possible
sequence possibilities, the distributi of se- 1 paths P 1 network,”

with a particular fold and fi i ing in spaoel.hose widely dis-

This distribution can range very far in
space (/). For example, only seven nucleotides
are m::'.ly conserved among the group I self-

persed sharing a particular fold and
activity, such that any sequence on the network
can polcnually access very distant sequences by

yet dary (and p bly
tcmm'y)strucuuewmundwcomoflhzn-
bozyme is preserved (2). Because these dispar-

Whitehead Institute for Biomedical Research and De-
partment of Biology, Massachusetts Institute of Tech-
nology, 9 Cambridge Center, Cambridge, MA 02142,
USA.

*To whom correspondence should be addressed. E-
mail: dbartel@wi.mit.edu

(3-5).

Theoretical analyses using algorithms for
predicti RNA dary structure have
suggested that different neutral networks are
interwoven and can approach each other very
closely (3 5-8). Of panlculnr i is

evoluti This mini retains the
activity of the full-length isolate (/0). The HDV
ribozyme carries out the site-specific self-cleav-
age reactions needed during the life cycle of
HDV a satelhle virus of hepatitis B with a
ded RNA un.
The pmtotype HDV construct for our study
(Fig. 1B) is a shortened version of the antige-
nomic HDV ribozyme (/2), which undergoes
self-cleavage at a rate similar to that reported
for other antigenomic constructs (73, /4).
‘The prototype class 11l and HDV ribozymes
have no more than the 25% sequence identity
d by ch and no fortuitous struc-

1 networks approach
each other S0 closely that they intersect. If so,
a single sequence would be capable of fold-
ing into two different conformations, would

tural similarities that might favor an intersec-
tion of their two neutral networks. Neverthe-
less, can be desi d that simul

neously satisfy the base-pairing requirements
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To whom it may concern -

| authored this article in 2000:
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At the time, we had submitted Supplemental Data.
However, on the webpage supporting the paper, | no longer see a link to the Supplemental Data.
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LTS One Sequence, Two Ribozymes: Implications for the Emergence of New Ribozyme Folds . .
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Supplementary Material

Supplemental Figure 1. Secondary structures of the ribozyme variants aligned in Fig. 3A. Accumulated changes from the
intersection sequence are indicated (red and blue residues, with blue identifying residues changed at the step indicated by an
arrow; dashes mark sites of point deletions). Self-ligation and self-cleavage rates (min~1) are listed below the name of each

construct.
Larger, segmented version of this image Full version of this image Download PDF of this
(new window - 160K JPEG images) (827K JPEG file)] image (9MB)

Explanation of the ligation activity of truncated ribozymes.

For LIG2, LIG1, INT, and HDV1, the ligation products are represented by two bands in Fig. 2B (top panel), due to unanticipated
ligation activity of truncated ribozyme molecules in addition to the activity of full-length RNA. On lower percentage gels, the
faster-migrating product band resolves into seven distinct bands, corresponding to a loss of 9 to 15 nucleotides at the
ribozyme 3° terminus. These truncated ribozymes appear to adopt a class lll-like fold as evidenced by the following: (i) They
produce 2 -linkages. (ii) Nucleotide substitutions known to favor the class Il ligase function and fold (C13A and C38C) lead to
parallel increases in the activity of the truncated RNAs (Fig 2). (iii) Constructs LIG2, LIG1, INT, and HDV1 have fortuitous
potential base pairing between segments corresponding to G51-U55 and A66-U70 in Fig. 2A. For the truncated molecules, this
base pairing would lead to a fold that has all the class Il features except the P4 stem-loop (Web fig. 2). The fortuitous potential
pairing is not present in the original class lll ligase isolates or in the constructs of the ligase neutral path (LIG4-LIG P in Fig. 3),
explaining why only one product band was observed for LIG4-LIG P. (iv) The Pb(ll)-cleavage pattern of the ligation product of
truncated LIG2 was consistent with the formation of G51-U55:A66-U70 pairing, whereas probing of full-length LIG2, LIG1, and
INT products confirmed formation of the anti ated P4 and PS5 stems. None of the fortuitous pairs are present in the HDV
secondary structure, and thus the alternative ligase fold, like the prototype ligase fold, has no base pairs in common with the
HDV fold. The 3° truncations contaminating the ribozyme preparations of LIG2, LIG1, INT, and HDV1 can generate over half of
the ligated product (Fig. 2B), even though they compose only a minor fraction of the ribozyme preparation (presumably arising
from RNA degradation or premature transcription termination). For these truncated molecules, a more optimal PS5 might more
than offset the loss of P4.

g.org/site/feature/data/1050240.xhtml

Supplemental Figure 2. The intersection sequence and a truncated form of this sequence assuming the class Il ligase fold and
the class Ill ligase-like fold, respectively.
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DATA STEWARDSHIP: GETTING SYSTEMATIC

* OA resources (data, content)

* Open software
* OAlicences - « Compliance with an OA policy?
« Ethics Planning

' Digital management plan (DMP)?
* Codes of conduct ’

* Open data
Reuse Implementation T fpen resea_rcl:! data
(Danton principles)
* Open citizen science
Research

“ * Open Notebook
Life Cycle

\ / Identify science
A [ procEsses ALYT N Preservation Publishing
BN AL GORITHMS sYsTens - I

+ Data sharing
* OA repositories * OArepositories
* OAjournals
+ Data journals
Open peer review

Data Science 4 ¥
ENGINUERING P + DCCcentres

OA servers providers/Search engmes
Metrics
Altmetrics ( see Leiden Manifesto, DORA)
Social media

| FO STE R Data mining (see The ahgue Declaration)

FOSTER: practical implementation of Open Science in Horizon 2020 and beyond

https://www.fosteropenscience.eu/

EDISON Data Science Framework to define the Data Science Profession

http://edison-project.eu/edison
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Welcome to the DMPRoadmap wiki!

The Digital Curation Centre and UC3 team at the California Digital Library have deve

H L = delivered tools for data management planning since the advent of open data policies
Center Of Open SClence’ prOVIdlng . (DCC-UK) and the DMPTool (CDL-US) are now established in our national contexts
tools) tralnlng, Support and advocacy . T resource for researchers seeking guidance in cr.eatlng data n".nanagement pllans (I:-)MF
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ecosystem.
faster.

The new platform is separate from the services each of our teams runs on top of it. |
enhancements will focus on making DMPs machine-actionable so please continue s
https://cos.io use cases!

e Track our progress via the DMPonline blog and/or DMPTool blog
e Join the user community listserv: https://www.jiscmail.ac.uk/DMPONLINE-USER

e Request an invitation to join the developer #community Slack team by emailing
DMPonline@dcc ac uuk with a note of the email addresses that should be added
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The Data Stewardship Mind Map

RobHooft DT TL v




THE DATA STEWARDSHIP MIND MAP

Rob Hooft

Data cycle step 1:

1/29.

Reference data

(biobanks) data sets?

[ i S

J
f ,«'/ LS1/44. Will

be using a ttp?

|| What is thefrocedure followed?

|| Where wif what data be sent? Did a
|| legal gdvisor look at these?
I 7
If /

‘ LSA/45. Is consent available for the
(/ oupling?
i/

LS1/46. How will you check whether
coupled data are representative of your

I
|
|
I
|
|
I
|
I
|
|
|
|
|
‘ LS1/42. Will you couple existing
|
|
|
|
|
|
|
|
|
|
|
|
|
\
|

1/30. (1.12.1) Whajvill the IP be

‘ like?

(1.12) MII reference data be 1/31. (1.12, ow will you maintain
created? \ it?

branc!

For use of reference data, see

1
1 1/32/1.12.3) How will the release
\‘ spfiedule be?

h in existing data

1/33. (1.13) Will you be storing
samples?

collection?

A34-1. (del) Will you start a new

A} LS1/47. What is the goal of the
l":"::'\. coupling: more data about the
A\ same subjects (intersection,

\ "."‘- enrichment) or getting more

|'| '-,‘\ subjects (Union)?

'| LS1/48. What variable(s) will you
| \_use for coupling?

| Will the coupling potentially create
| new privacy issues (e.g. Potential

| for re-identification or making Verify
'.' personal information more such ¢
| sensitive, such as adding location

\_data)? /

35. (del) How will you make sure
your biobank will be properly

.1) Where will information

t samples be stored? Biobank
information system.

Design of experiments

collection?

A34-2. (1.13.2) Will your data and
\ samples be added to an existing

—___ represented in relevant Catalogues =

36. (del) Do you consult the owners
__of the biobank?

37. (del) Does the biobank adhere

For questionnaires see
“experimental data”

Use building blocks?

(del) Will you be using
questionnaires?

Are you collecting nutrition data? Will you be using a food frequency

questionnaire?

~__ to the FAIR principles?
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.

DATA STEWARDSHIP
FOR
OPEN SCIENCE

Implementing FAIR Princip:

Data Cycle Step 1: Design of Experiment

Data Cycle Step 2: Data Design and Planning

Data Cycle Step 3: Data Capture (Equipment)

Data Cycle Step 4: Data Processing and Curation
Data Cycle Step 5: Data Linking and Integration
Data Cycle Step 6: Data Analysis and Interpretation

Data Cycle Step 7: Publishing
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Design of Experiment

o Search flor datasets (OPEDAS) that may

help #bu reduce the number of new date
ferate (and steward later on).

e Include annotated collections of data and ¢

decide to embark on any new study, your search.

to consider all options to keep the data-generation part of your
as limited as possible. It is not because we can generate massive
of data that we always need to do so. Creating data with pub-
brings with it the responsibility to treat those data well, and
useful) make them available for reuse by others. There
ble effort and cost associated with making data FAIR, and
eaking, recreating data that may exist somewhere else is
iblic resources. So, given the research question you would
the very first question in open science setting should

it is nowadays good

e Check the accessibility and license situ A {
evant datasets you found.

<
® Check their interoperability. They may
teroperable with your analysis pipe
have to extract, transform, and load
- although relevant - they are not

* Ensure that using OPEDAS will 1
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B0

DSW

Erik Schultes (Common ELIXIR Knowledge Model, 1.0.0)

Current Phase

<>

Before Submitting the Proposal

Design of experiment v

Data design and planning v
Data Capture/Measurement v
Data processing and curation v
Data integration v
Data interpretation v
Information and insight v

Summary Report

https://dsw.fairdata.solutions

Design of experiment

Before you decide to embark on any new study, it is nowadays good practice to consider all options to keep the
data generation part of your study as limited as possible. It is not because we can generate massive amounts of
data that we always need to do so. Creating data with public money is bringing with it the responsibility to treat
those data well and (if potentially useful) make them available for re-use by others.

Is there any pre-existing data?
Are there any data sets available in the world that are relevant to your planned research?
& Desirable: Before Submitting the DMP
& Data Stewardship for Open Science: atg
No

) Yes

Will reference data be created?

Will any of the data that you will be creating form a reference data set for future research (by others)?
& Desirable: Before Submitting the DMP

& Data Stewardship for Open Science: rbz

") No

» Yes

Will you be storing samples?

& Desirable: Before Submitting the DMP



GETTING SYSTEMATIC ABOUT FAIR DATA STEWARDSHIP

Generic

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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DS Wizard + Metrics Hackathon, Leiden, July 2-4

Generic

Generic

Metrics

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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Data Stewardship Wizard common ELIXIR (Common ELIXIR Knowledge Model, 1.0.0) Save

@ KM Editor Data design and planning

Answered: 54/54

& KM Packages 5

DS Planner
Metric Measure

Findability 033 | |
Accessibility 025 (N

Interoperability 0.63 | |

Reusability 0.8¢ .
Good DMP 040 | |
Practice

Openness 0.00
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Generic

Metrics

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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Generic

Metrics

Generic

Metrics

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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Generic

Metrics

Generic

Metrics

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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Findable:

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

F2 data are described with rich metadata;

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:

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

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

I3 (meta)data include qualified references to other
(meta)data;

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;

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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Measuring FAIRness Framework for authoring FAIR Metrics

FAIR Metrics

The FAIR Metrics Group took-on the challenge of designing a framework for evaluating FAIR Metrics GitHub

"FAIRness".
FAIR Metrics Paper

Discoverability and reusability are not abstract concepts, but imply concrete behaviors and

properties that must hold true for the fulfillment of the FAIR objectives. Given this, it must Metrics Process
therefore be possible to precisely define a measurable set of properties and behaviors that assess

FAIRness. Over the short 1 month lifespan of the FAIR Metrics Working Group, we have created

a cogent framework for developing FAIR metrics manifested as a simple form with 8 questions

that structures fruitful conversations about proposed metrics.

Our approach recognizes that the diversity in opinion must play a key role in crafting fair and

effective FAIR guidelines. Communities must not only understand what is meant by FAIR, but
must also be able to monitor the FAIRness of their digital resources, in a realistic, but
quantitative manner. We recognize that what is considered FAIR in one community may be quite
different from FAIRness in another community - different community norms and practices make

this a certainty! As such, our approach focuses on the mechanism by which metrics can be

created by community members themselves, rather than attempting to create a set of one-size-

fits-all metrics to apply to every resource.



GETTING SYSTEMATIC ABOUT FAIR DATA STEWARDSHIP

Measuring FAIRness Framework for authoring FAIR Metrics
http://fairmetrics.org

www.nature.com/scientificdata
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OPEN: Comment: A design framework and
exemplar metrics for FAIRness

Mark D. Wilkinson®, Susanna-Assunta Sansone?, Erik Schultes®, Peter Doomn®,
" Luiz Olavo Bonino da Silva Santos®® & Michel Dumontier’

Received: 28 November 2017 . 1De€ _FAIR Prir.lc.iplesl (https://doi.org/10.25504/F AIRsharing. WWI10U) provic!e gu.idelines for the
. publication of digital resources such as datasets, code, workflows, and research objects, in a manner that
Accepted: 9 May 2018 . makes them Findable, Accessible, Interoperable, and Reusable (FAIR). The Principles have rapidly been
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Measuring FAIRness

http

S90S

[[fairmetrics.or

Received: 28 Nove

Accepted: 9

™ L

@ ewm 2 N

FM Question Dataverse | Dryad Nano- Zenodo Yale ISPS | Figshare Broad's SeaData | Wikidata
pub SCP Net's CDI
IRI Exists | 1 IRI IRI IRI IRI IRI IRI IRI IRI IRI
F1A 2 IRI IRI IRI IRI IRI IRI IRI IRI IRI
F1B 3 IRI IRI IRI NRP none IRI IRI IRI IRI
F2A 4A IRI IRI IRI none none IRI IRI IRI
F2A 4B IRI none IRI IRI “Multiple” | none IRI IRI -
F3 5A IRI IRI IRI IRI none NRP IRI IRI IRI
F3 5B IRI IRI IRI IRI IRI IRI none IRI
F4 6A IRI IRI IRI IRI IRI IRI IRI IRI IRI
F4 6B IRI IRI IRI IRI IRI IRI IRI IRI IRI
A1.1 7A IRI IRI IRI IRI IRI IRI IRI IRI IRI
A1.1 7B true true true true true true true true true
A1.1 7C true true true true true true true true true
A1.2 8A false false false false false false false true false
A1.2 8B N/A N/A N/A N/A NRP NRP NRP link N/A
A2 9 IRI IRI none IRI none IRI none IRI NRP
11 10 IRI IRI IRI IRI none none NRP IRI IRI
12 1 IRI IRI IRI none none none IRI IRI IRI
13 12 NRP IRI IRI none none none NRP NRP IRI
R1.1 13 IRI IRI IRI IRI IRI IRI NRP IRI IRI
R1.2 14A IRI IRI IRI IRI none none NRP NRP

.....

f that
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14 CORE METRICS

B0

Findable:
FM-FIA FM-F1B

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

identifier;
FM-F2
F2 data are described with rich metadata;
FM-F3

F3 metadata clearly and explicitly include the identifier of the
data it describes;
FM-F4

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

Interoperable:

11 (meta)data use a formal, accessible, shared, and
broadly applicable language for knowledge FM-I1
representation.

12 (meta)data use vocabularies that follow FAIR prﬁ%ﬁ!g

I3 (meta)data include qualified references to other

(meta)data; FM-I3

Sci. Data 3:160018 doi: 10.1038/sdata.2016.18 (2016)

http.//fairmetrics.org
https://github.com/FAIRMetrics/Metrics/blob/master/ALL.pdf

Accessible:

A1 (meta)data are retrievable by their identifier using a
standardized communications protocol;
-A1.1

A1.1 the protocol is open, free, and universally
implementable;

A1.2 the protocol allows for an authenﬂca'l:olxlaﬁ-' 2
auvthorization procedure, where necessary;

A2 metadata are accessible, even when theEiMa'&?
no longer available;

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; FM-R1.1

R1.2 (meta)data are associated with detailed

rovenance;
. FM-R1.2
R1.3 (meta)data meet domain-relevant
community standards;
FM-R1.3
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The FAIR Metrics Template

FIELD DESCRIPTION

Metric Identifier FM-F1B: https://purl.org/fair-metrics/FM_F1B
Metric Namne Tdentifer persistence

To which principle does it apply? | F1

What is being measured?

Whether there is a-hat describes what the provider
will do in the event an identifier scheme becomes depre-
cated.

Why should we measure it?

The change to an identifier scheme will have widespread
implications for resource lookup, linking, and data sharing.
Providers of digital resources must ensure that they have
a policy to manage changes in their identifier scheme, with
a specific emphasis on maintaining/redirecting previously
generated identifiers.

What must be provided?

Phat resolves to a document containing the relevant
policy.

How do we measure it?

Use a- on URL provided.

What is a valid result?

202,203 or 206 HTTP response after resolv-
ing all and any prior redirects. e.g. 301 -> 302 -> 200 OK.)
or Absent (any other HT'TP code)

For which digital resource(s) is

this relevant?

All

Comments

A first version of this metric would focus on just checking
a URL that resolves to a document. We can’t verify that
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FAIR Metrics Upgrades

Example: FM-F1B, Identifier Persistence

v1.0 checks for HTTP 200 return

N/

v2.0 validates a standard RDF persistence policy

N

v3.0 scores multiple parameters of persistence policy




GETTING SYSTEMATIC ABOUT FAIR DATA STEWARDSHIP

The “15th” FAIR Metric

@ ZonMw

FAIR data and a new approach for data management
September 21 2018
Den Haag

Nicoline Smit, Project Manager at Netherland Heart Institute
Mira van der Naald, Department of Cardiology, UMC Utrecht

https://preclinicaltrials.eu
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PRECLINICALTRIALS.EU )

International register of preclinical trial protocols Not logged in

@‘ Home About Q Help with registration @ Login @ Contact @ News ¥ Twitter

Join
to create a user account

Preclinicaltrials aims to provide a Registration of your study requires The registration form is designed by
comprehensive listing of preclinical you to create an account that is experts on preclinical animal studies
animal study protocols. and preclinical evidence synthesis.
e Anonymous

Preferably registered at inception in Please join us and create an user
order to increase transparency, help o Free of charge account, this will provide access to the
avoid duplication, and reduce the risk : . database and enables you to register

. . _ e Has an optional embargo period . ,
of reporting bias by enabling your preclinical trial.
comparison of the completed study with This register is web-based, open to all
what was planned in the protocol. types of animal studies and freely Contact us

at info@ preclinicaltrials.eu.

accessible and searchable to all with a

.. .
snmmnliontamibaiala o2 = s oand
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PRECLINICALTRIALS.EU @

Section 1. General information Not logged in

1. * Title of the study
Enter the full title of the study

2. Acronym/short title
Enter optional acronym/short title for the study

Preclinicaltrial esigned by
comprehensive . al studies

) P 3. * Contact details i
animal study prt Give the name of the main administrative contact for the study ithesis.
Preferably regis Name an user
order to increas ccess to the
avoid duplicati to register
of reporting bi:

P ) 9 Role

comparison of t What is the role the main contact in the study (e.g. executive researcher, research group supervisor)?

what was plann
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The “15th”” FAIR Metric

Metric Identifier

FM-CT1 (FAIR Metric Clinical Trail 1)

Metric Name

Preregistration

To which principle does it apply?

R1.2 (meta)data are associated with detailed provenance

What is being measured?

The existence of clinical trail preregistration

Why should we measure it?

Preregistration is important for Increased transparency and reduced
risk of bias and help avoid duplication.

What must be provided?

A URL to the preclinical registration document

How do we measure it?

Use HTTP GET on URL provided.

What is a valid result?

HTTP 200 (now); Validted RDF file (later)

For which digital resource(s) is this
relevant?

preclinicaltrails.eu
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New + Al / Users / Marcos Martinez Romero / Preclinical Trials form m i A
Workspace Title Created Modifi...
Shared with Me Ei PRECUNICALTRIALS.EU 233PM  3:52PM % i
<& Binding 320PM  3:29PM

FILTER RESET AL

000
o

€ 9 PRECLINICALTRIALS.EU o & v

PRECLINICALTRIALS.EU
VERSION

SECTION 1: GENERAL INFORMATION

1. Title of the study*

2. Acronymvshort title

3. Contact Details

Name*
Role*

Email address*

4. Study centre details*
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Generic

Metrics

Generic

Metrics

ELIXIR Data Stewardship
Knowledge Model

https://github.com/DataStewardshipWizard/ds-km
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Generic

Metrics

Generic -
Preclinical

Trials

Metrics
Generic

ELIXIR Data Stewardship

Knowledge Model Metrics
https://github.com/DataStewardshipWizard/ds-km
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Generic

Metrics

Generic
Chemistry

Metrics
Generic

ELIXIR Data Stewardship

Knowledge Model . Metrics
https://github.com/DataStewardshipWizard/ds-km
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Generic

Metrics

Generic
Earth Science

Metrics

Generic

ELIXIR Data Stewardship

Knowledge Model | : Metrics
https://github.com/DataStewardshipWizard/ds-km
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Metadata for Machines
COFIR

OJO,
M4M

Making it easy for humans to make metadata for machines
https://www.go-fair.org/resources/go-fair-workshop-series/
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Metadata for Machines
COFIR

OJO,
M4M

First M4M: October 15-16, Leiden
Co-organizers: Wittenburg & Schultes

] https://digitalscholarshipleiden.nl/articles/metadata-4-machines-help-you-find-and-reuse-relevant-research-data
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Metadata for Machines

Vehicle for Community Decision Making

Likely Stakeholders:

Data steward

Researcher [ Research community
University [ organziations (NFU)
Funder

Publisher

Repository

FAIR tools and services
Instrumentation and other 3rd parties
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GO FAIR Meta Data for Machines Pilot

FAIR @3’9




GO FAIR M4M PILOT

Research Communities
- preclinical research

- chemistry

- earth science




GO FAIR M4M PILOT

Research Communities | FAIR

- preclinical research s

_ Shemistr o) (o Metadata Templates
Y o FAIR Metrics

- earth science >




GO FAIR M4M PILOT

Research Communities
- preclinical research
- chemistry
- earth science

Metadata Templates ZonMW composes
FAIR Metrics program calls

VIVO

FAIR Metrics

DS Wizard




GO FAIR M4M PILOT

Research Communities
- preclinical research
- chemistry
- earth science

Metadata Templates ZonMW composes
FAIR Metrics program calls

VIVO

FAIR Metrics

DS Wizard

Applicants
Write DS Plan




GO FAIR M4M PILOT

Research Communities
- preclinical research
- chemistry
- earth science

Metadata Templates ZonMW composes
M4M ~ FAIR Metrics program calls

:Do the research VIVO
Castor
FAIR Metrics
Data
DS Wizard
Applicants

Write DS Plan
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Research Communities COMIR
' precllplcal research e (o ] Metadata Templates ZonMW composes
- chemistry . .
: M4M FAIR Metrics program calls
- earth science .

Do the research VIVO
ot Castor
“
IS e FAIR Metrics

—> ““‘ Data

[— e

- ""‘ Automated FAIRness

@ Complaince DS Wizard
Trusted 3rd party i
FAIR Metrics Applicants
Write DS Plan

emeg Certification




GO FAIR M4M PILOT

Research Communities COMIR
- S;icnlql;;fral research ° (@ " Metadata Templates ZonMW composes
Y M4M FAIR Metrics g Program calls
- earth science > eett
es®’
T
Do the research VIVO
.s® Castor
e
IOt FAIR Metrics
G ““‘ Data
L .
- 4&*°°  Automated FAIRness
@ Complaince DS Wizard
Trusted 3rd party
FAIR Metrics ,
Applicants

Certification

Write DS Plan



INTRODUCTION TO FAIR DATA STEWARDSHIP

SECOND: THE FAIR PART




WHAT IS FAIR DATA: MORE DETAIL

“Data and services that are
findable,

accessible,

interoperable,

re-usable

for machines and for people”

The FAIR Guiding Principles for scientific data management and stewardship, Scientific
Data (2016), https://www.nature.com/articles/sdata201618




WHAT IS FAIR DATA: MORE DETAIL

‘‘Data and services that are
findable,

accessible,

interoperable,

re-usable

for machines (and sometimes, in rare circumstances, may be even
for people.”

The FAIR Guiding Principles for scientific data management and stewardship, Scientific
Data (2016), https://www.nature.com/articles/sdata201618




WHAT IS FAIR DATA: MORE DETAIL ON THE PRINCIPLES

( News Contact Q
uwi FAIQ GOFAIR Initiative Implementation Networks Al Principles  Technology Training Certification

FAIR Principles

Home : FAIR Principles

On March 15th, 2016, a group has published “The FAIR Guiding Principles for scientific
FAIR Principles data management and stewardship” comment on Nature's Scientific Data. The authors

. aimed for the principles to act as guidelines for those willing to improve findability,
> F1:(meta) data are assigned

globally unique and persistent
identifiers

F2: Data are described with rich
metadata

accessibility, interoperability and reuse of their digital assets. With the increase on volume,
complexity and creation speed of data, humans are more and more relying on
computational support for dealing with data. The principles were, therefore, defined with
the focus on machine-actionability, i.e., the capacity of computational systems to find,
access, interoperate and reuse data with none or minimal human intervention.

F3: Metadata clearly and
ool explicitly include the identifier of Findable: the first obstacle for someone willing to (re)use data is to find them. Metadata

AarnAd Aata chatild Bae aacvs +A A lwnw bBAarh brimane arnmAd cammt itere Machinaoroadahlae



FAIR DATA PRINCIPLES

Findable:

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

F2. data are described w(ith rich metadata;

F3. metadata clearly and eRpligj B 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.

I2. (meta)data use vocabularies that follow FAIR principles;

I3. (meta)data include qualified references to other
(meta)data;

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;

R

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

accessible data

usage license;

R1.2. (meta)data are associated with detailed provenance;

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

https://www.nature.com/articles/sdata201618

Sci. Data 3:160018 doi: 10.1038/sdata.2016.18 (2016)



B0

OPEN SCIENCE TAXONOMY

Open Science Taxonomy

J

Open Acces o

C)
C)
C)

Open Data

()

J
Open Reproducible Research ¢ /:
5

Open Science Definition ©

Open Metrics an

Open Science g

Open Science Guidelines

Organisational man
Ope ience Polici

~ Open Science Projects

'[FOSTER

www.fosteropenscience.eu

Open Science Tools ¢, °
©

Open Access Definition
Open Access Initiatives

Gold Route
— op
Green Route

Open Access Use and Reuse

Open Big Data

Open Data Definition

Open Data Journals

Open Data Standards

Open Data Use and Reuse

Open Government Data

Definition of Open Reproducible Research
Irreproducibility Studies

Open Lab/Notebooks

Open Science Workflows

Open Source in Open Science
Reproducibility Guidelines
Reproducibility Testi

Altmetrics

Bibliometrics
Semantometrics

Open Peer .
Webometrics

Funders policies
Governmental policies
Institutional policies
Open Access policies
Open Data Policies

— o Open Repositories

Open Services
Open Workflow Tools



OPEN SCIENCE

openscienceASAP Open Science? | ASAP | Get Involved! , git N

STREAM RESEARCH EDUCATION PROJECTS & RESOURCES SOCIAL

Die 6 Prinzipien

Offene Wissenschaft basiert auf sechs Prinzipien, um Teilschritte und -ergebnisse eines wis-
senschaftlichen Prozesses zu 6ffnen. Die ersten vier Prinzipien basieren auf dem Paper “The
Case for an Open Science in Technology Enhanced Learning” (Kraker 2011). Open Peer Re-

view und Open Educational Resources sind zwei weitere wichtige Aspekte von Wissenschaft.
Die “Open Definition” erklart, was “offen” in diesem Kontext bedeutet.

e Open Methodology: das Anwenden von Methoden sowie den gesamten Prozess
dahinter soweit praktikabel und relevant dokumentieren

e Open Source: Quelloffene Technologie (Soft- und Hardware) verwenden und eigene
Technologien 6ffnen

e Open Data: Erstellte Daten frei zur Verfigung stellen

e Open Access: In einer offenen Art publizieren, und fur jedeN nutzbar und zuganglich
machen (s. Budapest Initiative (eng))

e Open Peer Review: Transparente und nachvollziehbare Qualitatssicherung durch of-
fenen Peer Review
e Open Educational Resources: Freie und offene Materialien fur Bildung und in der

universitaren Lehre verwenden



A REFERENCE IMPLEMENTATION OF THE 15 PRINCIPLES

How FAIR Data can be created e

(FAIR-dICT project,DTL: https://www.dtls.nl/fair-data/fair-dict/)

2 ARiFer
| i\
|

)

( ;
4 g ]
metadata - =

> . =g MetaData

Refine

b e = as RDF
& Sy
- — -
data URI as S— J (meta)data

wrangle identifiers ~ ontologies model




A REFERENCE IMPLEMENTATION OF THE 15 PRINCIPLES
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FAIR DATA POINT

FAIR Data Point GET <URL>
http://www.w3.org/TR/vocab~-dcat/
Catalog 1 Catalog 2
DATASET 1 DATASET 2 DATASET 3

o = s
AR & o




FAIR META DATA

FAIR metadata
FDP of lorentz.fair-dtls.surf-hosted.nl

VEECETEY N 3e77134d-9338-482a-a4f7-8e6933b47469
LEL VTN FDP of lorentz.fair-dtls.surf-hosted.nl
m 2017-05-12T12:11:36.343Z
2017-05-12T12:11:36.355Z
license
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/wur
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/DvBC1
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/PKD_2.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/AGIS
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/PKD_1.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/Kenya.2017
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/test_example_number_2_2.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/post_example_2.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/cds-v1
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/post-test_1.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/testcatalog_1.0
https://lorentz.fair-dtls.surf-hosted.nl/fdp/catalog/FAIR_in_Africa_0001




SEARCH

Google

Nederland
inhibitors  p65

Google Search I'm Feeling Lucky
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CBGP-UPM/INIA, Madrid




SEARCH

Go g Ie inhibitors p65 Q

All Images Shopping Videos News More Settings Tools

About 544.000 results (0,51 seconds)

RelA/NFKkB p65 Inhibitors: Novus Biologicals
https://www.novusbio.com/inhibitors/rela-nfkb-p65 v

RelA/NFkB p65 Inhibitors available through Novus Biologicals. Browse our RelA/ NFkB p65
Inhibitor catalog backed by our Guarantee+.

Inhibiting NF-kB Activation by Small Molecules As a Therapeutic ...
https://www.ncbi.nim.nih.gov » NCBI » Literature » PubMed Central (PMC)

by SC Gupta - 2010 - Cited by 345 - Related articles

May 21, 2010 - ... pathway (Fig 3). Table 1. A list of small molecules as inhibitors of NF-kB
pathway .... Blocking NF-kB activation by inhibitors of p65 acetylation.

Suppression of p65 phosphorylation coincides with inhibition of ... - NCBI
https://www.ncbi.nim.nih.gov/pubmed/16163708

by J Hu - 2005 - Cited by 26 - Related articles
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FAIR META DATA SEARCH
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GOOGLE DATA SET SEARCH

5 September 2018

Google Dataset Search ..

Try boston education data or weather site:noaa.gov




GOOGLE DATA SET SEARCH

5 September 2018

Google Dataset Search ..

Biosemanticsgroup LUMC -

Try boston education data or weather site:noaa.gov
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GOOGLE DATA SET SEARCH

Gocogle Structured Data Testing Tool
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<head>
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<link rel="stylesheet” href="https://stackpath.bootstrapods.con/bootstrap/4.1.0/ces/bootstrap.ain.cos”
integrity="shalid-9gVO4dYNwAS S 1D aliWnxC JeSNTOAS AvGrXr] J4dIn0eglul PWOSQROVIXOAIZ4 " Lgine" Y ">

<title»
Gone disoase associatioca (LuMC)
</title>

<script type="application/ld+json™>
{"fgraph™:

(T RLd s " neeps //136.243.4.200:0087/¢dp/dataset/gene_disease association®, "ftype”:"htep://achena.org/Dataset”,“bttp
1//schena . org/creator” s {"1id" 1 "http: //Dicsemantice . .org” ), "hetpr //echena . org/description” : "Righ-throughput
exporisental methods such as medical q ing and g wide association studies (GWAS) identify increasingly
large numbers of potential relations between genetic variants and diseases. Doth biological complexity (millices
of potential geme-disease associatioms) and the accelerating rate of data p iom itate computational
approaches to prioritize and rationalize potenmtial gene-disease relations. Here, we use profile hnology
to expose from the biomedical literature both explicitly stated genme-disease relations (the explicitome) and a
moch larger set of isplied gene-disease associations (the implicitome). Implicit relations are largely unknown to,
or are even unistesded by the origisal authors, but they vastly extend the reach of existing bicmedical knowledge
for idestification and interpretatiocs of gene-disease associaticas. The isplicitome can be used in conjunctice
with experisental data rescurces to rationalize both kaown and sovel asscciaticns. We descastrate the usefulness
of the implicitome by ratiomalizing known and novel gese-disease associations, including those from GNAS. To
facilitate the re-use of implicit geme-disease associations, we publish cur data in compliance with FAIR Data
Publishing recommendations [httpei//www.forcell.org/group/fairgroup) using nanopublications. An online tool
(httpi//knovledge.bio) is available to explore established and potential gene-disease assoclations in the context
of other biomedical relatioms.”,"http://schesa.org/distribution”:
((T0Ld" e ™" heep: //136.243.4.200:8087/2dp/distribution/gene discase assoclation heal®),
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{U0Ld e Retps//136.245.4.200: 8087/ 2dp/diatribution/gene discase_association cav_g2ip®}), “htetp://echens.org/keyvord
#%1"T™he Explicitome”, “The Implicitome”,“Text mining”, “Gene disease asscciation
(LUMC )", “GDA", “LNAS" ), “http://echena.org/nane " : “Gene disesse association (LAMC)*},
{"#id s "pttpi//Dlosesantics.org”, “ftype  1"hitp: //schema.org/Thing”, “https //schena.org/nane i “Diosemant ic
group®} ], "fcontext i {"rdf " s "http i/ /vww. v, 0rg/1999/02/22~rdf ~syntax-nsf”, "rdfe” 1 "httpi/ fwww.wd . org/2000/01/rdf ~
schema#” , “doat™ 1 "dtepi//www.vl.org/ns/doatd”, "xed” 1 "hrtps //vww . vl . org/2001 /XMLSchenad ™, "owl " 1 "httpi/ /www.wd . 0rg/20
02/07/owif”,"determs ™1 "hetp: //purl .org/de/terms /", “fdp 1 "heep: / /rdf . Dicsemant ics .org/ontologies/fdp-
of ", "dd" s "heep: //www. . reldata.org/achena/3-00" , “lang s "htep: //Ld. loc.gov/vocabulary /Le0639-1/7) )
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FAIR DATA POINTS AND EXISTING REPOSITORIES

Findable:

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

/ F2. data are described with rich metadata;

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:

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

/ representation.

I12. (meta)data use vocabularies that follow FAIR
principles;

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

Luiz Bonino, FigShare webinar State of the Open Data 2018

v

v

v
v

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;

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;

https://figshare.com/articles/Digital Science Webinar The State of Open Data 20187257221



