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Data fuels research

https://upload.wikimedia.org/wikipedia/commons/0/06/DIKW_Pyramid.svg
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Research Funding in DE

http://www.dfg.de/sites/foerderatlas2018

90 Billion €

http://www.dfg.de/sites/foerderatlas2018
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DFG Funding Atlas

http://www.dfg.de/sites/foerderatlas2018

6.8 Billion Euro of third party funding was shared between 
Universities in Germany in 2015

http://www.dfg.de/sites/foerderatlas2018
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Time effort
.. for discovering and reusing multiple data sources 

80%
Mons, B. et al., doi:10.3233/ISU-1704824



[…] data that has never been published or otherwise 
made available to the rest of the scientific 
community.

dark data
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B. P. Heidorn Libr. Trends 57, 280–299; 2008
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• Not all the data is archived/published


• Data archiving/publication is tied to journal articles


• Contextual data is rarely standardized

8

Challenges

*based on user survey
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Data Lifecycle

http://www.gfbio.org/training/materials/data-lifecycle
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Data Lifecycle

http://www.gfbio.org/training/materials/data-lifecycle
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• Data is constantly growing in size and complexity


• Datasets are hard to find and even harder to 
compare


• No suitable credit for (good) data publication


A lot of primary data gets effectively lost!

11

Data challenges
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Community response

By SangyaPundir [CC BY-SA 4.0], from Wikimedia Commons



Ivaylo Kostadinov | GFBio e.V. | AWI RDM Training | 2021-10-27 13

FAIR Data

Comment: The FAIR Guiding
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 scholarly publishers—have
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.

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 subsequent data and knowledge integration and reuse by the
community after the data publication process. Unfortunately, the existing digital ecosystem
surrounding scholarly data publication prevents us from extracting maximum benefit from our
research investments (e.g., ref. 1). Partially in response to this, science funders, publishers and
governmental agencies are beginning to require data management and stewardship plans for data
generated in publicly funded experiments. Beyond proper collection, annotation, and archival, data
stewardship includes the notion of ‘long-term care’ of valuable digital assets, with the goal that they
should be discovered and re-used for downstream investigations, either alone, or in combination with
newly generated data. The outcomes from good data management and stewardship, therefore, are
high quality digital publications that facilitate and simplify this ongoing process of discovery, evaluation,
and reuse in downstream studies. What constitutes ‘good data management’ is, however, largely
undefined, and is generally left as a decision for the data or repository owner. Therefore, bringing some
clarity around the goals and desiderata of good data management and stewardship, and defining
simple guideposts to inform those who publish and/or preserve scholarly data, would be of great utility.

This article describes four foundational principles—Findability, Accessibility, Interoperability, and
Reusability—that serve to guide data producers and publishers as they navigate around these
obstacles, thereby helping to maximize the added-value gained by contemporary, formal scholarly
digital publishing. Importantly, it is our intent that the principles apply not only to ‘data’ in the
conventional sense, but also to the algorithms, tools, and workflows that led to that data. All
scholarly digital research objects2—from data to analytical pipelines—benefit from application of
these principles, since all components of the research process must be available to ensure
transparency, reproducibility, and reusability.

There are numerous and diverse stakeholders who stand to benefit from overcoming these obstacles:
researchers wanting to share, get credit, and reuse each other’s data and interpretations; professional
data publishers offering their services; software and tool-builders providing data analysis and
processing services such as reusable workflows; funding agencies (private and public) increasingly

Correspondence and requests for materials should be addressed to B.M. (email: barend.mons@dtls.nl).
#A full list of authors and their affiliations appears at the end of the paper.
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FAIR Data

principles, leads the resource along the continuum towards this optimal state. In addition, the idea of
being machine-actionable applies in two contexts—first, when referring to the contextual metadata
surrounding a digital object (‘what is it?’), and second, when referring to the content of the digital
object itself (‘how do I process it/integrate it?’). Either, or both of these may be machine-actionable,
and each forms its own continuum of actionability.

Finally, we wish to draw a distinction between data that is machine-actionable as a result of specific
investment in software supporting that data-type, for example, bespoke parsers that understand life
science wwPDB files or space science Space Physics Archive Search and Extract (SPASE) files, and
data that is machine-actionable exclusively through the utilization of general-purpose, open
technologies. To reiterate the earlier point—ultimate machine-actionability occurs when a machine
can make a useful decision regarding data that it has not encountered before. This distinction is
important when considering both (a) the rapidly growing and evolving data environment, with new
technologies and new, more complex data-types continuously being developed, and (b) the growth of
general-purpose repositories, where the data-types likely to be encountered by an agent are
unpredictable. Creating bespoke parsers, in all computer languages, for all data-types and all
analytical tools that require those data-types, is not a sustainable activity. As such, the focus on
assisting machines in their discovery and exploration of data through application of more generalized
interoperability technologies and standards at the data/repository level, becomes a first-priority for
good data stewardship.

The FAIR Guiding Principles in detail
Representatives of the interested stakeholder-groups, discussed above, coalesced around four core
desiderata—the FAIR Guiding Principles—and limited elaboration of these, which have been refined
(Box 2) from the meeting’s original draft, available at (https://www.force11.org/node/6062). A
separate document that dynamically addresses community discussion relating to clarifications and
explanations of the principles, and detailed guidelines for and examples of FAIR implementations, is
currently being constructed (http://datafairport.org/fair-principles-living-document-menu). The FAIR
Guiding Principles describe distinct considerations for contemporary data publishing environments
with respect to supporting both manual and automated deposition, exploration, sharing, and reuse.
While there have been a number of recent, often domain-focused publications advocating for specific
improvements in practices relating to data management and archival1,11,12, FAIR differs in that it
describes concise, domain-independent, high-level principles that can be applied to a wide range of
scholarly outputs. Throughout the Principles, we use the phrase ‘(meta)data’ in cases where the
Principle should be applied to both metadata and data.

The elements of the FAIR Principles are related, but independent and separable. The Principles define
characteristics that contemporary data resources, tools, vocabularies and infrastructures should
exhibit to assist discovery and reuse by third-parties. By minimally defining each guiding principle, the
barrier-to-entry for data producers, publishers and stewards who wish to make their data holdings
FAIR is purposely maintained as low as possible. The Principles may be adhered to in any combination
and incrementally, as data providers’ publishing environments evolve to increasing degrees of
‘FAIRness’. Moreover, the modularity of the Principles, and their distinction between data and
metadata, explicitly support a wide range of special circumstances. One such example is highly
sensitive or personally-identifiable data, where publication of rich metadata to facilitate discovery,
including clear rules regarding the process for accessing the data, provides a high degree of ‘FAIRness’
even in the absence of FAIR publication of the data itself. A second example involves the publication

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:
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:
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

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

www.nature.com/sdata/

SCIENTIFIC DATA | 3:160018 | DOI: 10.1038/sdata.2016.18 4

Wilkinson, et al., Scientific Data, 2016 http://doi.org/10.1038/sdata.2016.18
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• a standard


• equal to open data


• a quality, but a quantity 


• only for humans or only for machines


• only for life sciences


• equal to RDF, Linked Data, or Semantic Web

15

FAIR is not

B. Mons et al., doi:10.3233/ISU-170824
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• Good scientific practice


• Career boost


• article acceptance


• data reuse & citation


• proposal funding


• compatibility with future infrastructures


• Career opportunities as a data scientist, manager, steward, custodian, 
librarian, etc.


• Keep your research legal (i.e. avoid biopiracy)

16

Your incentives to be FAIR
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Biopiracy

Biopiracy happens when researchers or 
research organisations take biological 
resources without official sanction, largely from 
less affluent countries or marginalised people.
http://theconversation.com/biopiracy-when-indigenous-knowledge-is-patented-for-profit-55589

Image: https://www.flickr.com/photos/ciat/3887465932
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Biopiracy

https://www.cbd.int/abs/about/

The Nagoya Protocol on Access and Benefit-sharing

A transparent legal framework for the fair and equitable 
sharing of benefits arising out of the utilization of 
genetic resources.
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Nagoya Hub

https://www.nagoyaprotocol-hub.de/
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METADATA & 
STANDARDS

20
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Metadata

Glöckner et al., 2003

4 

Diverse aspects of microbial biodiversity 

Courtesy: Boyke Bunk, DSMZ

DATA METADATA
contextual data
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Sequence Metadata

http://gensc.org/mixs/

MIGS/MIMS - Field et al., Nature Biotechnology 26, 541 - 547 (2008) 

MIMARKS & MIxS -   Yilmaz et al.,  Nature Biotechnology 29, 415–420 (2011)

MIxS - Yilmaz et al., The ISME Journal 5, 1565–1567 (2011)

MIxS Minimal Information about any(x) Sequence

supported by:

developed by:
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Sequence Metadata

Checklists and 
Environmental 
Packages 
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http://gensc.org/mixs/

MIGS/MIMS - Field et al., Nature Biotechnology 26, 541 - 547 (2008) 

MIMARKS & MIxS -   Yilmaz et al.,  Nature Biotechnology 29, 415–420 (2011)

MIxS - Yilmaz et al., The ISME Journal 5, 1565–1567 (2011)

MIxS Minimal Information about any(x) Sequence
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Standards for biodiversity & ecology:


• Darwin Core (Wieczorek et al. 2012)


• ABCD (Holetschek et al. 2012)


• GGBN (Dröge et al. 2016)


• EML (https://knb.ecoinformatics.org/#tools/eml)

24

What else is out there?
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• Insufficient (acquisition) tooling


• Insufficient training & support

25

Standardization challenges
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Standardization challenges

http://xkcd.com/927/
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ARCHIVAL & 
PUBLICATION

27
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Archival & Publication

4 

Diverse aspects of microbial biodiversity 

dedicated, long-term archives

Findable

Accessable

Interoperable

Reproducible
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EBI-ENA https://www.ebi.ac.uk/ena/submit
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EBI-ENA https://www.ebi.ac.uk/ena/submit/sra/#home
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PANGAEA http://www.pangaea.de/submit/
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PANGAEA

Easy for the user, 


	 not so much for the curator.

http://www.pangaea.de/submit/
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• Different archives have different submission and 
curatorial workflows, requirements, response times.


• Your time is limited. Do you prefer to do analysis or 
submissions?


• Incentives (i.e. credits) for high-quality, FAIR data 
often unclear.

33

Archival & Pub. Challenges
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GFBio

A sustainable, service-oriented network of  
infrastructures and experts.

www.gfbio.org

Funded by:
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www.gfbio.org
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Network of experts

data centers and publishers infrastructure partners

user-representatives
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GFBio Services
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• A good DMP should cover:


• Data acquisition


• Quality assurance


• Intermediate handling and storage


• Long-term archiving


• Analysis


• Publication (open-access, licensing)

38

Data Management Plan
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• Basic information: project title, contact information, 
motivation for data collection


• Information on data: type, format, volume, collection 
standards, methodologies, quality assurance


• Documentation and metadata: readability and 
interpretability of data, metadata standards


• Ethical and legal compliance: agreement on preservation/
sharing conditions, sensitive data, intellectual property


• Storage and backup plan: responsibility, data recovery, 
access for collaborators, security

39

Data Management Plan

https://www.gfbio.org/training/materials/data-lifecycle/plan
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• Preservation: selection of data, foreseeable future 
use, time and location for preservation, costs


• Data sharing and publication: modalities, 
conditions, persistent identifiers


• Responsibilities: implementation, roles and 
responsibilities for each activity, ownership agreement


• Resources: need for additional hardware/software or 
expertise for training, efforts and costs for data 
management and data archiving

40

Data Management Plan

https://www.gfbio.org/training/materials/data-lifecycle/plan
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DMP Support
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DMP Support
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DMP Support
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Data Submission

https://submissions.gfbio.org
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Data Submission
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Data Submission
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Added value at a glance:


• Single-point of contact - data is distributed to data centers 
and interlinked


• Expert support for metadata standardization - ABCD, 
DwC, MIxS, ENVO


• Manual and programmatic (API) operation


• Integration with local RDM systems


47

Data Submission
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Data publication & citation
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Data publication & citation
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Data publication & citation
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• Major upgrade of DMP support tooling (versioning, 
collaboration, etc.)


• Linking molecular data sets to ORCID profile


• Establishing brokerage for functional genomics 
data


• Further data repositories for data deposition

51

Outlook



NFDI4Biodiveristy

Service Portfolio

52



Data submission, versioning and 
publication

Including long-term preservation 
(extended GFBio services)

Helpdesk 

Individual support for researchers and 
data centers (extended GFBio service)

Support with integration and 
harmonization of data

(GFBio data centers)

Provision of collaborative 
workspaces

With support for scientific workflows 
and provenance management

Education and Training

Tailored events, tools and materials for 
teaching

Basic tools for data managers 

Validation, transformation, automated 
quality checks various de.NBI tools.

Terminology service

(extended GFBio service)

Search portals and API for data and 
tools 

(extended GFBio services)

Elastic compute service 
(Infrastructure-as-a-service)

In future: Research Data Commons
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Thank you!

54

" @NFDI4Biodiv

! contact@nfdi4biodiveristy.org (collaboration)

# www.nfdi4biodiversity.org

Questions?

! info@gfbio.org (service help desk)

# www.gfbio.org

mailto:contact@nfdi4biodiveristy.org
mailto:info@gfbio.org

