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Abstract:  
This deliverable seeks to encourage cross-RI adoption of common metadata interoperability guidelines, as 
described in d4.3, through an exemplar implementation. This implementation leverages existing OpenAIRE 
guidelines for content providers, as well as being congruent with community standards and practices (eg. 
Schema.org). 

We describe a generalised strategy that should be implementable across RIs, leveraging existing, 
established community practices within those diverse Infrastructures, combined with existing commonly 
used standard vocabularies (DCAT, etc). We additionally present a prototype implementation, focusing on 
the Life Science domain (EOSC-Life/ELIXIR), where we target existing web resources (Protein databases), 
which expose standard metadata for that domain (expressed as Bioschema ‘Protein’ profile compliance). 
Information relating to the locations of these databases, the web content across each database (accessed 
through sitemap links) and the locally applied metadata schema is accessed through an established, EOSC-
recommended cross-community registry (FAIRsharing). The web content is harvested via a generic 
harvesting tool (BMUSE), and converted through software (generated in this work) into a format 
consumable by OpenAIRE into a knowledge graph.  
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We describe the generalised strategy, a prototype implementation focused on Life Science (protein) 
resources, as well as describing the components of this system, the inputs and outputs, and relay various 
discussions that informed the work. 
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Executive Summary  
 

EOSC Enhance builds on previous successive projects such as EOSC Hub and eInfraCentral. The EOSC Resource 

catalogue provides a map of the resources available to the EOSC, incorporating both services and research 

products (e.g. publications, datasets, software, workflows, etc.). It is the result of a combination of the EOSC-

Enhance service registry and the OpenAIRE Research Graph (http://explore.openaire.eu). Both of these offer 

mechanisms to “onboard” resources by providing a set of metadata standards (aka EOSC profiles) to which 

resources must comply to ensure they are visible and discoverable through the EOSC Resource Catalogue, 

and in turn through the EOSC Marketplace. The EOSC Interoperability Framework includes profiles for 

resources, services (EOSC-Enhance Service Description Template) and for research products (OpenAIRE 

guidelines). The Service Description Template is now known as the EOSC Resource Profile Template.  Today, 

RIs and cluster resource catalogues can, by complying to EOSC profiles, ensure they are onboarded to the 

EOSC. However, the EOSC is intended as a System of Systems which flexibly balances the trade-off of the cost 

of broadening the spectrum of interoperability frameworks against the benefits of enforcing common 

frameworks. On the one hand this system ensures the largest participation of EOSC resource providers, while 

on the other hand it maximizes the alignment and interoperability across EOSC resources and RIs.  

In this report, we showcase and prototype the extension of the EOSC interoperability framework for EOSC 

research products, by adding to the OpenAIRE Guidelines the Bioschemas profile for proteins 

(https://bioschemas.org/profiles/Protein). This exercise paves the way towards the introduction of a 

complete set of EOSC resource product guidelines, inclusive of all Bioschemas entities such as Gene, 

MolecularEntity, and Taxon. De facto, this makes all Bioschemas sources compatible with the EOSC and 

therefore able to onboard their research products into the EOSC with no extra effort. In essence, this EOSC 

Profile extension for Bioschemas, developed in collaboration with OpenAIRE, ensures these types of data can 

be easily harvested, and paves the way for other communities to develop a complete set of thematic profile 

extensions in the same manner. 

As a result, the report showcases how a similar action can be recommended for similar data sources and 

catalogues in specific research community ecosystems. Previously1 we have described the existing state of 

research data cataloguing efforts in the 5 RI Cluster projects - ENVRI-FAIR for environmental research; 

PaNOSC for photon and neutron open science; ESCAPE for astronomy and particle physics; SSHOC for social 

sciences and humanities and EOSC-Life for biomedicine and  life science - with a view to alignment in the 

EOSC Portal. We described commonly used metadata standards for this purpose, as well as the 

methodologies employed across these RI clusters, and the key challenges that need to be addressed, which 

include: 

a) The clusters are not homogenous with respect to their component entities or maturity (eg. diverse 

RI strategy, different stages of maturity of infrastructure) 

                                                           
1 https://zenodo.org/record/4693217 

https://confluence.egi.eu/display/EOSCEN/d4.3
https://confluence.egi.eu/display/EOSCEN/d4.3
http://envri.eu/envri-fair/
http://www.panosc.eu/
https://projectescape.eu/
http://www.sshopencloud.eu/
https://www.eosc-life.eu/
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b) Individual cluster data is diverse (eg. often includes variety of data types, differing levels of 

granularity of metadata and data, and complexity of relationships) 

c) Dataset definitions vary across RIs (eg. catalogue, dataset and record data are stratified) 

Taking into account the different starting points, the pros and cons, similar actions can and should be 

considered by the EOSC to ensure smooth onboarding of community catalogues and, where possible, to share 

methodologies and crosswalks across different communities. 

The outputs of this report are: 

● A generalised strategy (guidelines) for metadata harvesting 
● An example page harvested from the Protein resources (DisProt, MobiDB, Protein 

Ensemble (PED)and STRING) is provided in the appendix (A2). 
● The collection in FAIRsharing that captures resources that provide markup for at least  one 

of the Bioschemas profiles as well as the profiles themselves.  
● Improved metadata records in FAIRsharing that facilitate harvesting of Bioschemas profile 

information from each of the Protein resources’ FAIRsharing records (Disprot, MobiDB, 
Protein Ensemble, STRING). 

● The mapping file created in this work (Bioschemas to OpenAIRE) is available here. 
● The library used to execute the mapping (3) can be found here. 
● The DataCite JSON format can be found here 
● The output from the mapping (4) can be found in the appendix (A3). 

 

 

 

 

 

 

 

  

https://disprot.org/
http://mobidb.org/
https://proteinensemble.org/
https://proteinensemble.org/
https://string-db.org/
https://beta.fairsharing.org/3517
https://beta.fairsharing.org/FAIRsharing.dt9z89
https://beta.fairsharing.org/FAIRsharing.jwra3e
https://beta.fairsharing.org/FAIRsharing.jwra3e
https://beta.fairsharing.org/3595
https://beta.fairsharing.org/FAIRsharing.9b7wvk
https://beta.fairsharing.org/FAIRsharing.9b7wvk
https://docs.google.com/spreadsheets/d/1vbB2Rn77Kk9pkVHb1UIVx1AiJl51kYA-XaNztUW2bD8/edit#gid=1833996427
https://github.com/openaire/rdf-converter-cmdline
https://github.com/datacite/schema/blob/master/source/json/kernel-4.3/datacite_4.3_schema.json
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1. Introduction 
 

The EOSC Resource catalogue lists the resources available to the EOSC, incorporating both services and 

research products (e.g. publications, datasets, software, workflows, etc.). This is a result of combining the 

contents of both the EOSC-Enhance service registry and the OpenAIRE Research Graph 

(http://explore.openaire.eu). EOSC Enhance builds on previous successive projects such as EOSC Hub and 

eInfraCentral. Mechanisms to onboard resources are available through both routes, and are defined by 

compliance to metadata standards (aka EOSC profiles).  Compliance to these standards ensures visibility and 

discoverability of onboarded resources through the EOSC Resource Catalogue, and in turn through the EOSC 

Marketplace. Specifically, the EOSC Interoperability Framework (EIF) includes profiles for resources, services, 

defined by the EOSC-Enhance Service Description Template, and for research products, as defined by 

OpenAIRE guidelines. The EOSC-Enhance Service Description Template is now known as the EOSC Resource 

Profile Template. Information on registration for providers, and services that are offered by those providers, 

is available on the EOSC website. Today, RIs and cluster resource catalogues can, by complying to EOSC 

profiles, ensure they are onboarded to the EOSC. However, the EOSC is intended as a System of Systems 

which flexibly balances the trade-off of the cost of broadening the spectrum of interoperability frameworks 

against the benefits of enforcing common frameworks. This system was created on the one hand to ensure 

the largest participation of EOSC resource providers, and on the other hand to maximize the alignment and 

interoperability across EOSC resources and RIs.  

We previously (Goble & Juty, 2021) discussed key topics concerning metadata catalogue integration, data 

cataloging strategies and common themes emerging from the Cluster project, reporting on the metadata 

standards used, the strategies used to collect metadata, and the means by which this metadata is exposed. 

We noted domain independent metadata standards and APIs, and the extent to which each is already aware 

of and compliant with the existing OpenAIRE guidelines for content providers. Where appropriate we 

referred to other significant research data cataloguing efforts in EOSC related projects, covering those 

dedicated to FAIR (FAIRsFAIR2, GO-FAIR3) and new RIs that are not represented in the clusters (DISSCo4 and 

IBISBA5). 

 

This task is a practical implementation of the work we have described previously (d4.36), focusing on aligning 

the research data cataloguing efforts in the 5 RI cluster projects and their constituent content providers with 

the EOSC Portal, to foster interoperability for discovery, accessibility and reusability of data. The scenario, as 

described above, is one where the EOSC Portal relies on the OpenAIRE Research Graph to provide the 

functionality to (i) onboard EOSC Research Products, i.e. aggregating metadata about research products from 

EOSC data sources (e.g. repositories, databases, etc) and (ii) offer search APIs to deliver search and browse 

                                                           
2 https://www.fairsfair.eu/ 
3 https://www.go-fair.org/ 
4 https://www.dissco.eu/ 
5 https://www.ibisba.eu/ 
6 https://zenodo.org/record/4693217 

http://explore.openaire.eu/
http://guidelines.openaire.eu/
https://eosc-portal.eu/providers-documentation
http://guidelines.openaire.eu/
http://guidelines.openaire.eu/
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functionalities. Today, the OpenAIRE Research Graph aggregates/onboards research product metadata from 

2000+ data sources compatible with the OpenAIRE guidelines’ profiles, which are based on Dublin Core, 

DataCite, and JATS metadata schemas. 

In this report we will exemplify how research communities can, by recommending/proposing community 

metadata standards as EOSC Interoperability Frameworks profiles, make sure their research products are 

onboarded to the EOSC with minimal effort. The integration effort is on the EOSC side, which will define (i) 

workflows capable of coping with community data sources protocols and metadata, and (ii) crosswalks from 

community metadata standards to the OpenAIRE Research Graph, i.e. EOSC Resource Catalogue.    

 

2. Definitions and Scope 

 

We have described previously the steps undertaken to scope this work, which included a landscape analysis 
across relevant RIs and clusters (Table 1), as well as defining the components (resources, metadata standards 
and processes)  involved. 

 

2.1 Definitions 

 

Metadata catalogue: A searchable inventory of the metadata about research products, such as publications, 
research data, research software The product itself, i.e. the payload, may be stored within the catalogue 
(acting like a repository), or be referenced externally. Typically, catalogue functionality will include metadata 
discovery, ingestion, enrichment and the creation of semantic relationships between metadata elements.   
Specialization of such services include metadata aggregators. 

 

Table 1. Examples of catalogues across the RI clusters. 

Cluster Associated catalogues 

EOSC-Life ECRIN Clinical Research Metadata Repository7 for 
clinical trials 
BBMRI-ERIC Sample Directory8 
WorkflowHub9 for computational workflows 
 FAIRsharing EOSC-Life collection10 

                                                           
7 https://ecrin.org/tools/clinical-research-metadata-repository 
8 https://directory.bbmri-eric.eu/ 
9 https://workflowhub.eu/ 
10 https://fairsharing.org/collection/EOSCLife 

http://guidelines.openaire.eu/
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SHHOC Service Catalogue11  
(pilot) Marketplace12  (single point for datasets, 
tools, training and workflows across all RIs) 
 

PaNOSC planned federated dataset catalogue13 

single software catalogue14 

ESCAPE Virtual Observatory Alliance IVOA Registry of 
Registries15and FAIRsharing 16 

ENVRI-FAIR SeaDataNet Metadata Catalogues17  

planned federated single catalogue1819. 

 
 
 
Data Repository: Data Repository is defined by the RDA as a “searchable and queryable interfacing entity 

that can store, manage, maintain and curate Data/Digital Objects”, where data is a generic term for digital 

research outcome, e.g. publications, research data, research software, workflows.  A data repository may 

also be defined as an appropriate, subject-specific location where researchers can submit their data, 

providing a service for humans and machines, making data discoverable through its metadata.  

Examples of repositories include:  
● EOSC-Life: The ELIXIR Core Data  Resources and Deposition Databases20   
● ESCAPE: Data Infrastructure for Open Science (DIOS)21 which is a federated data infrastructure cloud 

of data services that forms a data lake. 
● ENVRI-FAIR: DEIMS-SDR22 (Dynamic Ecological Information Management System - Site and dataset 

registry) which actually seems to be a repository. 
 
Standard and guidelines registry: A service that acts as a registry of metadata standards, policies and 
datasets for cataloging  with communities. Specialization of such services exist, such as metadata schema 
registries, focusing on one specific class of standard/guideline. 

                                                           
11 https://sshopencloud.eu/service-catalogue 
12 https://marketplace.sshopencloud.eu/ 
13 https://www.panosc.eu/services/data-catalogue/ 
14 https://software.pan-data.eu/ 
15 http://rofr.ivoa.net/ 
16 https://fairsharing.org/collection/IVOA  
17 https://www.seadatanet.org/Metadata 
18 https://envri.eu/wp-content/uploads/2020/07/Data-Cataloguing.pdf  
19 https://envri.eu/wp-content/uploads/2020/09/MS18-WP5-Design-of-the-service-catalogue-1.pdf 
20 https://elixir-europe.org/platforms/data 
21 https://projectescape.eu/services/data-infrastructure-open-science 
22 https://deims.org/ 

https://marketplace.sshopencloud.eu/
https://fairsharing.org/collection/IVOA
https://envri.eu/wp-content/uploads/2020/07/Data-Cataloguing.pdf
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An example of such a registry  is FAIRsharing (Sansone et al., 2019), a recognised resource of EOSC and the 
RDA, used by a number of Clusters including EOSC-Life and ESCAPE. FAIRsharing operates a registry of 
standards (including terminologies, reporting guidelines, formats and identifier schemas) as well as registries 
of databases and data policies. Each record within the FAIRsharing registry contains over 40 metadata 
descriptors and, once it reaches an appropriate level of curation, is given a persistent identifier (PID) via the 
DOI scheme.  
 
Registry of Scholarly Communication data sources: A service that acts as a registry of data sources in 
scholarly communication, inclusive of data and software repositories, hybrid/catch-all repositories, 
institutional or thematic repositories. Specializations of such services exist, focusing on one class of data 
sources. FAIRsharing is an example of  registry of repositories, where records represent catalogues and data 
repositories (not datasets), in turn interlinked to data policies and data and metadata standards with which 
they comply as listed by the FAIRsharing metadata registry itself. Funding organisations, publishers and 
Research Infrastructures and publishers such as Nature23,24 recommend repositories by providing live 
versions of their recommendations using FAIRsharing25 and by linking them to these registries of repository 
entries, for example, Nature26,27,28 .  Another example is re3data.org, which is only a registry of research data 
repositories, and for this reason it does not fulfil the requirement of this work. 

 

2.2 Scope of cataloguing metadata 
 

The metadata standard used for cataloguing data refers to “the formal specification of the attributes 
(characteristics) employed for representing information resources” (Alemu and Stevens, 2015). A metadata 
schema defines elements with precise semantic definitions, optionally prescribing rules, values and ranges 
for those elements (Haslhofer and Klas, 2010). Unpicking the categories of metadata properties, their forms 
and their scope/level is another area of potential complexity and confusion.  

 

2.2.1 Metadata properties and layers 
 

Metadata properties support a range of functions, but may also have overlapping or conflicting terminology 
[Digital Curation Centre29], Riley, 2017; Asmi et al., 2019. Our summary from d4.3 is reproduced below in 
Table 2. 

                                                           
23 https://www.nature.com/sdata/policies/repositories 
24 https://www.nature.com/articles/sdata201895 
25 https://beta.fairsharing.org/FAIRsharing.w4k4nr 
26 https://beta.fairsharing.org/FAIRsharing.w4k4nrhttps://www.nature.com/sdata/policies/repositories 
27 https://www.nature.com/sdata/policies/repositories 
28 https://www.nature.com/articles/sdata201895 
29 https://www.dcc.ac.uk/guidance/briefing-papers/standards-watch-papers/what-are-metadata-standards 

https://fairsharing.org/
https://www.re3data.org/
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Table 2. Metadata Properties 

Descriptive information about the entities such as identifier, type, location etc, often 
including the use of controlled vocabularies for classification and indexing and 
links to related resources. A precise idea about the content of a resource, so that 
users can find a resource and know if it is appropriate: a title, a description, 
keywords and one or many points of contact (creator, author, and editor) etc. 
Links to other scholarly communication entities are provided via PIDs coll URLs, 
or URLs. Examples are semantic relationships towards publications, services, 
organizations, funding, authors, etc. Also called “functional” metadata. 

Technical technical processes used to produce, or required to use a digital object: type of 
resource, encoding format, file size, software used. Also called “operational”. 

Administrative  administrative aspects such as IP rights and acquisition and information 
concerning the creation, alteration and version control of the metadata itself.   
Also called “operational”. 

Structural information about the files that make up the resource and the relationships 
between them.  

Use user access, user tracking and multi-versioning information. 

Preservation documents actions such as migrations and checksum calculations. Also called 
“operational”. 

 

GO-FAIR30 (Table 3) propose tiers of metadata for cataloguing dataset metadata, focusing on DCAT. The 

Catalogue - Dataset - Data Record pattern appears frequently, recognising that data resources are organised 

into datasets that can be composed of other datasets or specific data records. This appears, for example, in 

the dataONE31, Dryad32, Zenodo.org, and GBIF33 catalogues, and as separate Profiles in Bioschemas34, the 

Schema.org based resource markup sponsored by the ELIXIR Life Science RI. 

 

                                                           
30 https://github.com/FAIRDataTeam/FAIRDataPoint/wiki/FAIR-Data-Point-Specification 
31  https://www.dataone.org/network/#list-of-member-repositories 
32 https://datadryad.org/ 
33 https://www.gbif.org/ 
34 https://bioschemas.org/profiles/ 

http://bioschemas.org/
http://bioschemas.org/
https://www.dataone.org/network/#list-of-member-repositories
https://www.dataone.org/network/#list-of-member-repositories
https://www.gbif.org/
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  Table 3: GO-FAIR metadata layers (reproduced from d4.3). 

FAIR Data Point itself includes: name and version of the repository, dates, contact 

information, certification info, API  etc.  

Catalogue level defines the catalogue, i.e., the collection of datasets. includes 

metadata about name of the catalogue, version, responsible 

organisation(s) or persons(s), description, dates 

Dataset level represents an individual dataset in the collection; name of the dataset, 

responsible organisation(s) or persons(s), version, description, dates 

and the dataset metadata schema it is supposed to conform to and 

provenance of the dataset 

Distribution level 

  

represents an accessible form of a dataset, e.g., a downloadable file or 

a web service that gives access to the data, including similar metadata 

to the dataset level 

Data record level the data record itself in the dataset, with similar metadata to dataset 

level, including the specification of the data record metadata schema 
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3 Plan of Work 
 

Having previously landscaped existing metadata standards and  cataloguing mechanisms, and practical 
implementations thereof for the RI clusters, we now build on that landscaping exercise to develop an EOSC 
resource profile extension targeted to capture metadata expressed using Bioschemas profiles. 

We detail below: 

a. The generalised strategy 
b. Describe components/resources for that strategy, referencing our previous work and highlighting 

candidate components/resources across RIS 
c. The specific strategy and components used in our prototype  
d. Prototype progress and issues arising 

 

 

 

Figure 1. Illustration of the generalised strategy. 

 (1) ‘Structured metadata present in individual resources (‘resource #1’ for example) is recorded in a 
‘registry’ along with ‘sitemap’ information for that resource. (2) An appropriate ‘catalogue’, aware of such 
registries will query the registry for those resources, identifying through registry metadata which resources 
to harvest, and collecting back the sitemap information. (3) By navigating the sitemap information, (4) the 
catalogue can collect appropriate metadata from each resource. (5) The information collected in the 
catalogue can be passed directly to the EOSC, or in some cases may pass through an intermediary (domain 
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specific or generalised) catalogue. Blue boxes represent structured metadata, blue lines indicate the path of 
metadata through the resource-registry-catalogue ecosystem.  

 

3.1 Generalised strategy 
 

The general strategy (Figure 1) is informed by our previous work, and we highlight the reasons underlying 
each guideline, and identify examples for some of the RI clusters. 

1. Individual resources should expose key, structured metadata. 

Key metadata properties are well established in the RIs, and encompass general existing cataloguing  
standards that are already well adopted (eg. DCAT2, Dublin Core, Schema.org, OpenAIRE guidelines), 
domain specific established standards (eg. CERIF; euroCRIS), metadata associated with general (DataCite, 
CKAN) and specific (EML, Ecological Metadata Language; Bioschemas, Life Sciences; CDMI, CLARIN ) ‘types’ 
of data.  

The metadata identified as being key will relate to general cataloguing metadata, entity ‘type’ metadata, 
and must include those elements required to be exposed in the EOSC portal, as well as provenance 
metadata to allow ‘trace back’ to the source repository or source data. 

2. Resource metadata will be harvested by cataloguing resources through a defined process. 

Harvesting processes will differ across RIs, given the different ‘types’ of data that they collect and maintain, 
as well as local infrastructures/systems involved,and their maturity; it is difficult to define required 
properties across domains, besides general cataloguing and provenance metadata, and hence these 
harvesting processes must also be RI-specific. Many RIs already have, or plan to have, a central catalogue 
populated through harvesting procedures; ENVRI-FAIR plan to implement a hub, populated through 
machine-to-machine interfacing with contributing RIs ( “Towards Interoperable Research Infrastructures for 
Environmental and Earth Sciences, LNCS 12003A” (Zhao and Hellström, 2020). SSHOC is also in the early 
stages of implementing a hub, and on a  ‘Open Marketplace’ discovery portal, which catalogues tools, 
services, training materials, datasets and activities for the Social Sciences and Humanities research 
communities (Barbot et al., 2019).  

Where no central catalogue exists, it is likely that various domain repositories could directly fulfil this role. 
It is envisaged that metadata may not always have such a direct route to a central catalogue feeding 
directly to the EOSC portal; there may be other additional registries or domain-specific or generalised 
catalogues that form an ecosystem through which metadata will flow, where some coordination of 
consuming and exposing processes and practices will need to be established. An example of such an 
ecosystem forms the basis of this implementation work; EOSC Life has no specific central catalogue, so 
participating RIs already exist in a cross-domain and cross-infrastructure ecosystem that is currently, 
largely, disconnected. 

3. Information harvested  and subsequently exposed by catalogues will be harvested by the OpenAIRE 
Research Graph, hence onboarded into the EOSC, and made available to the EOSC portal and 

https://www.w3.org/TR/vocab-dcat/
http://dublincore.org/
https://schema.org/
http://guidelines.openaire.eu/
https://www.eurocris.org/cerif/main-features-cerif
https://eurocris.org/
https://schema.datacite.org/meta/kernel-4.3/doc/DataCite-MetadataKernel_v4.3.pdf
https://ckan.org/open-standards/
https://eml.ecoinformatics.org/
http://bioschemas.org/
https://www.clarin.eu/content/component-metadata
https://www.clarin.eu/
https://link.springer.com/content/pdf/10.1007%2F978-3-030-52829-4.pdf
https://link.springer.com/content/pdf/10.1007%2F978-3-030-52829-4.pdf
https://marketplace.sshopencloud.eu/
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exposed to users to facilitate search/discoverability, linking back through provenance information 
to the source repository/resource. 

The EOSC portal has access to research products metadata via the OpenAIRE Research Graph. The Graph 
onboarding mechanisms will be adapted to implement workflows that utilise FAIRsharing to aid in the 
integration of Bioschemas compatible data sources and catalogues. Other communities can follow this 
basic strategy, for instance working with OpenAIRE to follow a similar workflow, or else with other domain 
relevant catalogues. 

 

3.2 Implementation components 
 

To prototype this work, we have chosen to work with Life Science resources from the ELIXIR RI. To ensure 
this strategy is extendable to other resource types, at the outset we engaged the following groups in 
discussions, prior to implementation work: bio.tools, RO-Crate, Common Workflow Language (CWL). 

This  Life Science focused implementation of the principles outlined above, requires various resources and 
agreed-upon practices, which we identify below. 

 

3.2.1 OpenAIRE 
The OpenAIRE Research Graph implements onboarding mechanisms for the EOSC via the OpenAIRE 
PROVIDE service. The OpenAIRE Provide Dashboard is a one-stop-service where content providers interact 
with OpenAIRE. This Service offers the possibility of (i) registering data repositories, publication 
repositories, journals, aggregators/catalogues, CRIS systems, etc.  (ii) validating such sources against EOSC 
interoperability framework profiles (today the OpenAIRE Guidelines and the FAIR Maturity guidelines are in 
BETA), and (iii), once validation is successful, onboarding of research products into the EOSC catalogue. 
Data sources can register only if they are in turn registered to one scholarly communication registry among 
re3data.org, OpenDOAR, and FAIRSharing (under integration). Such registries offer data source profiles that 
include general metadata about the source, but also the technical details of their access points: APIs, 
protocols, metadata format. Based on these, OpenAIRE PROVIDE generates automated workflows that are 
first tested and then operated and scheduled automatically in production.  

3.2.2 FAIRsharing 
FAIRsharing is an informative and educational resource on interlinked standards, repositories and policies, 
three key elements of the FAIR ecosystem (https://doi.org/10.1038/s41587-019-0080-8). FAIRsharing 
promotes the existence and value of these resources across all research domains, working within the 
research community to promote a seamless and pervasive implementation of FAIRer data. This is achieved 
by guiding consumers to discover, select and use data standards, repositories and policies with confidence, 
and helping producers to make their resources more visible, more widely adopted and cited. FAIRsharing is 
an RDA-recommended output, matured under the joint RDA/Force11 FAIRsharing WG; it is also a resource 
recommended by a number of EOSC official reports (e.g. https://doi.org/10.2777/986252), and by the 
Horizon Europe Programme Guide (https://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-
2027/horizon/guidance/programme-guide_horizon_en.pdf). FAIRsharing is used and adopted by all 
stakeholders in the data life cycle, including funders and publishers (https://fairsharing.org/communities). 
In the context of Life Sciences, FAIRsharing is also an ELIXIR Recommended Interoperability Resource 

https://bio.tools/
https://www.researchobject.org/ro-crate/
https://www.commonwl.org/user_guide/
https://provide.openaire.eu/
https://www.re3data.org/
https://v2.sherpa.ac.uk/opendoar
https://doi.org/10.1038/s41587-019-0080-8
https://doi.org/10.2777/986252
https://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-2027/horizon/guidance/programme-guide_horizon_en.pdf
https://ec.europa.eu/info/funding-tenders/opportunities/docs/2021-2027/horizon/guidance/programme-guide_horizon_en.pdf
https://fairsharing.org/communities
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(https://elixir-europe.org/platforms/interoperability/rirs). Under the EOSC-Life project FAIRsharing is the 
catalog of data resources, as illustrated by this Collection (https://fairsharing.org/collection/EOSCLife); and 
under the newly funded EOSC BY-COVID project, FAIRsharing will also serve to: (i) assist with the selection, 
documentation and visualisation of standards; (ii) contribute to data discovery, profiling the databases’ 
access methodologies; (iii) connect to EOSC metadata aggregators, via the FAIRsharing-OpenAIRE 
collaboration. 

3.2.3       Bioschemas 

Bioschemas is a grassroots community within the Life Sciences that aims to make data resources more 
findable by exploiting and extending Schema.org. Schema.org is a vocabulary of terms that can be 
embedded within web pages that inform search engines about the content of the page. Bioschemas have 
extended Schema.org to include types relevant for the life sciences. The second strand of activity within 
Bioschemas is to provide usage guidelines, known as profiles, over the Schema.org types. These guidelines 
identify the most important properties, with respect to discovering and discriminating between data 
sources,  for a given type. To date, Bioschemas have had 6 types accepted into the Schema.org vocabulary, 
including Gene, Protein, and Taxon, and are developing further proposals. The Bioschemas community have 
released 10 usage profiles, covering both generic types such as Dataset and ComputationalWorkflow, and 
Life Science specific ones such as Gene and Protein, and have a further 20 in development. 

Bioschemas is not alone in exploiting and extending Schema.org towards a particular domain and 
associated use cases; parallel activities are ongoing across domains, exemplified under the umbrella 
Research Metadata Schemas Working Group, under the auspices of the Research Data Alliance (RDA). This 
group actively engages and assists communities in developing such extensions (eg. Science-on-schema, for 
ESIP; Jones et al., 2021) develops crosswalks between metadata standards, and generates guidelines which 
are congruent with this work. 

 

3.2.4 BMUSE 
The Bioschemas Markup Scraper and Extractor tool (BMUSE) is a data harvester that can extract markup 
embedded within web pages. BMUSE is agnostic to the markup representation (RDFa or JSON-LD) and the 
web server technology (static web pages or dynamic single page applications (Javascript)) used by the 
source pages, and returns the extracted markup as RDF in either JSON-LD or N-Quads serialisations. Where 
the markup does not explicitly declare the identifier of the resource, BMUSE adds in the source page URL as 
the identifier. Additionally, BMUSE includes some basic provenance in the returned data; stating where and 
when it was retrieved, and with which version of BMUSE. BMUSE is a generic tool which can function of any 
web page containing markup. 

BMUSE can be deployed as a local Java application for retrieval of pages en masse, or deployed as a Web 
service. An example deployment of the Web service is available at https://swel.macs.hw.ac.uk/scraper/ and 
can be used to retrieve single pages. This is desirable for web developers testing out their markup. For the 
purposes of this work, the local Java application version was used. This takes as input a list of sitemaps  

https://elixir-europe.org/platforms/interoperability/rirs
https://fairsharing.org/collection/EOSCLife
http://schema.org/Gene
http://schema.org/Protein
http://schema.org/Taxon
http://bioschemas.org/profiles/Dataset
https://bioschemas.org/profiles/ComputationalWorkflow/
https://bioschemas.org/profiles/Gene/
https://bioschemas.org/profiles/Protein/
https://www.rd-alliance.org/groups/research-metadata-schemas-wg
https://www.rd-alliance.org/
https://github.com/ESIPFed/science-on-schema.org
https://rd-alliance.github.io/Research-Metadata-Schemas-WG/
https://www.rd-alliance.org/system/files/documents/Guidelines%20for%20publishing%20structured%20data_V3.0_20210615.pdf
https://github.com/HW-SWeL/BMUSE
https://github.com/HW-SWeL/BMUSE
https://www.w3.org/TR/json-ld/
https://www.w3.org/TR/n-quads/
https://www.sitemaps.org/protocol.html
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(e.g. DisProt sitemap) and URLs to retrieve, as well as some configuration parameters such as the maximum 
number of pages to retrieve per source and whether the source is known to be a dynamic site.  

 

3.2.5 Mapping Library 
A library to convert Bioschemas terms to DataCite JSON is required to do the actual conversion from the 
web-scraped material to required input for OpenAIRE Research Grpah (OA RG). This has been made 
available through GitHub.  This java-based, command line software takes RDF nquad (.nq) information as 
input (folder containing BMUSE output), and converts it into json files following the DataCite schema. It 
expects each .nq file to be generated from a single scraped URL page which matches the output of BMUSE. 

 

3.2.6 Life Science Resources 
The target sources for this prototype, specifically those web-based resources that will be harvested through 
BMUSE, and incorporated into the OA RG are: 

DisProt - a database of intrinsically disordered proteins, manually curated from literature. DisProt 

annotations cover both structural and functional aspects of disorder detected by specific experimental 

methods 

MobiDB - a database that provides information about intrinsically disordered regions (IDRs) and related 

features from various sources (Piovesan et al., 2021). 

Protein Ensemble - an open access database for the deposition of structural ensembles, including 

intrinsically disordered proteins (IDPs). Each entry in PED corresponds to the primary experimental data 

and to the structural ensembles associated with these data (Lazar et al., 2021). 

STRING.- a database of known and predicted protein-protein interactions, including  direct (physical) and 

indirect (functional) associations (Szklarczyk et al., 2021) 

https://disprot.org/sitemap.xml
https://github.com/openaire/rdf-converter-cmdline
https://github.com/datacite/schema/blob/master/source/json/kernel-4.3/datacite_4.3_schema.json
https://disprot.org/
https://mobidb.org/
https://proteinensemble.org/
https://proteinensemble.org/
https://string-db.org/
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3.3 Prototype Implementation plan 
 

The implementation plan for this prototype was based on the generalised strategy described above, 
incorporating Life Science relevant resources (Table 4), as described:  

1. Exemplar Life Science resources expose metadata in line with appropriate (Bioschemas) profile 
(Table 4). An example of a protein, taken as use case, can be found at 
https://proteinensemble.org/PED00001#P38634_A_1 

2. The FAIRsharing Bioschemas collection35 lists those resources that implement specific Bioschemas 
profiles; the presence of a database within this collection acts as a ‘flag’ to OpenAIRE harvesters. 
FAIRsharing maintainers and curators curate Bioschemas-compliant database records with  

3. relationship links to appropriate Bioschemas profile records, as well as the location of where 
Bioschemas metadata may be harvested, using sitemaps. 

4. OpenAIRE PROVIDE is extended to ensure EOSC data sources in FAIRsharing can be registered for 
validation and onboarding according to EOSC Bioschemas profiles; 

5. OpenAIRE PROVIDE is extended with workflow templates that can be instantiated to ensure that: 
a. A Bioschemas data source is harvested via the sitemap protocol using the BMUSE data 

harvester. Each webpage (e.g. a page containing protein data) returns an N-Quads file, 
containing RDF triples extracted from the webpage .  

b. A mapping from the Bioschemas vocabulary terms to  DataCite JSON terms  is defined and 
shared as a library in GitHub: https://github.com/openaire/rdf-converter-cmdline  

c. DataCite representation enables the integration of the entities into the OpenAIRE Research 
Graph, thus into the EOSC Resource Catalogue. 

6. EOSC portal consuming services keep an up-to-date surrogate of the OpenAIRE Research Graph to 
ensure discovery and the local recommendation systems are tightly coupled and served to EOSC 
users.  

 

 

component role fulfilled by see also  

resources harvested in this 
prototype 

DisProt, MobiDB, Protein 

Ensembleand STRING. 

section 

research product catalogue OpenAIRE section 

resource registry FAIRsharing section 

metadata specification Bioschemas Protein section 

metadata harvester BMUSE section 

                                                           
35 https://beta.fairsharing.org/3517  

https://disprot.org/
https://mobidb.org/
https://proteinensemble.org/
https://proteinensemble.org/
https://proteinensemble.org/
https://string-db.org/
https://openaire.eu/
http://fairsharing.org/
https://bioschemas.org/profiles/Protein/
https://github.com/HW-SWeL/BMUSE
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Table 4. The components used in this prototype, and the roles as related to the generalised strategy 
depicted above. The outputs are described below. 

 

Due to complex and competing  timelines, this plan was revised, specifically: (3) FAIRsharing’s new API 
exposes the metadata described in (2), allowing programmatic access as required to the prototype. 
Implementation of this programmatic access will be performed by OpenAIRE  later in the year (2021), and 
through in EOSC BY-COVID36,also accommodating other resources across all disciplines that do not use 
bioschemas, but rather other mechanisms such as OAI-PMH37.  

 

This approach has additionally been tested to generate a knowledge graph for ‘Intrinsically disordered 
protein’. The initial work is described elsewhere  and the knowledge graph is available. 

 

3.4 Summary of Prototyping discussions & progress 
 

Initial discussions in planning the implementation work involved numerous participants  (Biotools, RO-
crate, Workflow Hub, EJPRD) above those described previously, necessarily, to ensure the prototype was 
extendable beyond those directly involved in this work (specifically FAIRsharing, OA, Bioschemas). 

 

3.4.1  OpenAIRE metadata & mapping 
 

The initial focus of the EOSC is centred on bibliographic metadata (referencing publications, datasets, 
software and services), made available via  cross-discipline knowledge graph, the OpenAIRE Research Graph 
(http://graph.openaire.eu). The EOSC interoperability framework38  recognises the importance of other 
research artefacts, besides data, such as software, workflows and protocols. OpenAIRE currently harvests 
information from a variety of different resource types, as defined by the OpenAIRE Service Description 
Templates (SDT), additionally  providing a validation service to measure compliance to specific guidelines. It 
harvests information from resources that comply with those guidelines, and works with other providers to 
develop community specific mappings as required, ie. onboarding community derived and adopted 
metadata standard compliant sources. 

OA essentially deals with 2 resources types: services (data sources, online service for deposition, products) 
and products (publications, datasets, research objects), describing relationships between them as 

                                                           
36 https://www.eoscsecretariat.eu/funding-opportunities/COVID-19-Fast-Track-Funding 

 
37 https://www.openarchives.org/pmh/ 

 
38 https://op.europa.eu/en/publication-detail/-/publication/d787ea54-6a87-11eb-aeb5-01aa75ed71a1/language-

en/format-PDF/source-190308283# 

https://biohackrxiv.org/v3jct/
https://www.google.com/url?q=https://alasdairgray.github.io/IDP-KG/&sa=D&source=docs&ust=1634920310650000&usg=AOvVaw0b4JMiZW8Ix7UmgX8IUJHb
https://bio.tools/
https://www.researchobject.org/ro-crate/
https://www.researchobject.org/ro-crate/
https://workflowhub.eu/
https://www.ejprarediseases.org/
http://graph.openaire.eu/
https://www.eoscsecretariat.eu/news-opinion/achieving-interoperability-eosc-interoperability-framework
https://guidelines.openaire.eu/en/latest/
https://guidelines.openaire.eu/en/latest/
https://www.openaire.eu/validator-registration-guide
https://www.eoscsecretariat.eu/funding-opportunities/COVID-19-Fast-Track-Funding
https://www.openarchives.org/pmh/
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necessary (eg. products to services). Other entities, such as organizations, authors, funders, and projects 
are included, but not relevant for the development of the work in this report. 

 

 

3.4.2 OpenAIRE to Bioschemas mapping 
 

To incorporate such a  variety of sources and entities into a single graph requires a level of mapping (term 
equivalence between different metadata vocabularies), as well as the creation of new terms where 
necessary. The initial focus of this work was to consume source derived ‘Protein’ information into the OA 
RG. This required the mapping of the Bioschemas Protein Profile to OA guidelines (OpenAIRE Products). 
Given the multiplicity of possible types, especially when considering multiple and diverse domains outside 
of the Life Science focused work in this prototype, there is a reluctance to create numerous and specific 
new ‘types’ within the OA RG. Hence, after discussion, it was agreed to create a ‘Bioentity’ type as a OA 
‘Product’, with subtypes created per Bioschemas Profile that will be harvested by OA.  

Currently, well over a hundred Life Science resources have been marked up with Bioschemas, conformant 

with various profiles. For the purposes of this work, the following protein-centric  resources were selected: 

DisProt, MobiDB, Protein Ensemble (PED)and STRING. An example of the structured data available from 

these sources is shown here (DisProt). A list of other Bioschemas profiles is available here, while the Protein 

profile itself can be viewed here. The crosswalk mapping Bioschemas to OpenAIRE (and Schema.org) is 

available in this spreadsheet, with the most relevant section reproduced in Appendix A2. It is noted that the 

Bioschemas data model, as one would anticipate, is much more fine-grained than its representation in OA, 

and hence also in EOSC Portal, since OA is focused more on publications and research products, as 

mentioned previously. The DataCite JSON file resulting from the mapping above is provided in Appendix A2. 

 

 

 

3.4.3 FAIRsharing and metadata harvest 
 

FAIRsharing collates a variety of metadata around data standards, databases and data policies, providing a 
central service across all research domains. The Bioschemas collection in FAIRsharing currently lists 61 
resources. Collections in FAIRsharing provide a useful way in which to group related resources from a 
variety of perspectives, including resources that are part of an RI, that have been approved or certified in 
some way (eg. journal approved), or that cover a particular domain. This is a convenient mechanism that 
could be extended further to identify resources suitable and ready to be exposed through a metadata 
extraction pipeline into the EOSC portal. 

One issue that will need to be considered further is that of de-duplication; in a metadata ecosystem, where 
many catalogues, registries and resources feed into a (final) central catalogue (EOSC portal), there exists 
the possibility, or certainty, that original sources may feed into the final products through different 
streams. Differences may be observed as different persistent identifiers (PIDs) applied to the same data 

https://bioschemas.org/profiles/Protein
https://guidelines-other-products.readthedocs.io/en/latest/
https://bioschemas.org/liveDeploys/
https://disprot.org/
http://mobidb.org/
https://proteinensemble.org/
https://string-db.org/
https://github.com/BioSchemas/specifications/blob/master/Protein/examples/0.12-DRAFT/disprot_DP00086.json
https://disprot.org/
https://bioschemas.org/profiles/
https://bioschemas.org/profiles/Protein/
https://docs.google.com/spreadsheets/d/1vbB2Rn77Kk9pkVHb1UIVx1AiJl51kYA-XaNztUW2bD8/edit?usp=sharing
https://fairsharing.org/collection/Bioschemas
https://fairsharing.org/collection/Bioschemas
https://fairsharing.org/bsg-c000055
https://fairsharing.org/bsg-c000061
https://fairsharing.org/bsg-c000073
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object, and/or different metadata associated with those objects in different repositories (eg different 
metadata schema applied). In this scenario, to reduce the number of representations for a single source,  it 
is important that either, a) there is a defined and single ‘trusted’ source for metadata, or b) multiple entries 
are able to be merged in the final product (EOSC portal), or else c) deduplication efforts are made at the 
level of aggregating catalogues to merge and resolve the potential differences in metadata provided that 
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may lead to multiple entries. A number of database resources are described both within the FAIRsharing 
database subset and the re3data database registry. For example, UniProt is represented in both  

FAIRsharing and re3data, providing different metadata through different identifiers. Ongoing collaboration 
between FAIRsharing and OpenAIRE is addressing these mapping challenges. 

Research resources are typically provided to users through a web interface. The entire contents of such a 
resource can number many 100s of 1000s of pages, and often the locations of those pages are not  

predictable; identifier increments and types/formats can vary internally within a particular source. 
Sitemaps provide a convenient, and well-established standard mechanism to comprehensively navigate the  

entire contents of a web site. At the outset of this work, the FAIRsharing data model did not record 
sitemaps information, but through this project a specification has been created to provide this information  

within  the metadata for a record. The details of compliance to Bioschemas profiles for individual resources 
has been agreed, but curation is ongoing to cover all FAIRsharing records. For the purposes of this work,  

complete curation exemplars have been added  to records where the  Bioschemas ‘Protein’ compliant 
sources have been identified. 

It is also worth noting that there is a discrepancy between the number of Bioschemas ‘tagged’ records in 
FAIRsharing (54 at the time of writing) when compared to the number of live deploys on the Bioschemas 
site (70 sites; 134 profiles at time of writing). The reason for this are:  

- some resources that implement the standard are not listed within the Bioschemas site (1) 
- some deployments are of ‘draft’ profiles, while only full ‘releases’ are currently reflected in 

FAIRsharing (5) 
- some resources are not databases, and therefore not within FAIRsharing’s remit (7) 
- some resources from the Bioschemas site are yet to be added to FAIRsharing (8) 

 

Over time, and as curation progresses, profiles being actively developed will move to full Bioschemas 
releases, and where appropriate new FAIRsharing records will be added. 

In summary, over the implementation of this prototype, relationships have been added from DisProt, 
Protein Ensemble MobiDB, and STRING to their corresponding implemented Bioschemas profiles via an  

"implements" relationship type. In addition, Access Points describing the web markup access URL  for these 
exemplar resources have been added to their FAIRsharing records. For those sites implementing sitemaps 

 the total set of URLs should  provide all of the information needed to access the markup for the various 
Bioschema profiles implemented across the site.  

 

 

 

 

https://fairsharing.org/
https://fairsharing.org/
https://www.re3data.org/
https://fairsharing.org/FAIRsharing.s1ne3g
https://www.re3data.org/repository/r3d100010677
https://www.sitemaps.org/protocol.html
https://www.sitemaps.org/protocol.html
https://bioschemas.org/liveDeploys
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3.4 Prototyping outputs 
 

We collect here, for convenience,  the artefacts that have resulted from this prototype implementation, as 
described above: 

1. An example page harvested from the Protein resources (DisProt, MobiDB, Protein Ensemble 
(PED)and STRING) is provided in the appendix (A2). 

2. The collection in FAIRsharing that captures resources that provide valid markup for at least one of 
the released Bioschemas profiles.  

3. Improved metadata records in FAIRsharing that facilitate harvesting of Bioschemas profile 
information from each of the Protein resources’ FAIRsharing records(Disprot, MobiDB, Protein 
Ensemble, STRING). 

4. The mapping file created in this work (Bioschemas to OpenAIRE) is available here. 
5. The library used to execute the mapping (3) can be found here. 
6. The DataCite JSON format can be found here 
7. The output from the mapping (4) can be found in the appendix (A3). 

  

https://disprot.org/
http://mobidb.org/
https://proteinensemble.org/
https://proteinensemble.org/
https://string-db.org/
https://beta.fairsharing.org/3517
https://beta.fairsharing.org/FAIRsharing.dt9z89
https://beta.fairsharing.org/FAIRsharing.jwra3e
https://beta.fairsharing.org/FAIRsharing.jwra3e
https://beta.fairsharing.org/3595
https://beta.fairsharing.org/3595
https://beta.fairsharing.org/3595
https://beta.fairsharing.org/3595
https://beta.fairsharing.org/FAIRsharing.9b7wvk
https://beta.fairsharing.org/FAIRsharing.9b7wvk
https://docs.google.com/spreadsheets/d/1vbB2Rn77Kk9pkVHb1UIVx1AiJl51kYA-XaNztUW2bD8/edit#gid=1833996427
https://github.com/openaire/rdf-converter-cmdline
https://github.com/datacite/schema/blob/master/source/json/kernel-4.3/datacite_4.3_schema.json
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4 Discussion 
 

To encourage the adoption of common metadata interoperability guidelines, we sought to leverage the 
existing OpenAIRE guidelines for content providers to ultimately integrate the pre-existing and ongoing RI 
data catalogues into the OpenAIRE Research Graph, whose APIs will in turn be integrated into the EOSC Portal 
to provide EOSC scientific product catalogue’s content and functionality. This strategy was informed by our 
previous analysis of cataloguing efforts across RIs in the five cluster projects39:  

● ENVRI-FAIR40 for environmental research 
● PaNOSC41 for photon and neutron open science 
● ESCAPE42 for astronomy and particle physics  
● SSHOC43 for social sciences and humanities 
● EOSC-Life44 for biomedicine and  life sciences 

 

This strategy is additionally informed by existing cataloguing standards, as well as being congruent with other 
relevant research data cataloguing efforts in EOSC related projects, especially those relating to FAIR 
(FAIRsFAIR45, GO-FAIR46) and other RIs that are not represented in the 5 RI clusters (eg. DISSCo47 and IBISBA48). 
We also acknowledge significant discussions and contribution from FAIRsFAIR, covering similar ground, 
particularly the deliverables: notably “D2.1 Report on FAIR requirements for persistence and 
interoperability” (Lehväslaih et al., 2019),  “D2.2 FAIR Semantics: First recommendations” (Le Franc et al., 
2020), “D2.3 Set of FAIR data repositories features” (Behnke et al., 2020) and “D2.4 2nd Report on FAIR 
requirements for persistence and interoperability” Riungu-Kalliosaari et al., 2020).  

 

In this report we have identified a general strategy to describe metadata flow from relevant resources, 
through registries and catalogues to feed into established feeding streams terminating at the EOSC portal. 
While the specific flow and paths will vary between different domains, through those previously established 
systems and processes that have already been established (resources, registries, central catalogues, etc), this 
strategy is generically applicable across those domains.  

 

For the Life Science domain, which itself is diverse, as evidenced across the RIs and clusters partnered in 
EOSC-Life, the FAIRsharing registry and Bioschemas already play a well established role in resource 

                                                           
39 https://www.eosc-portal.eu/news/five-new-esfri-cluster-projects-eosc-panorama 
40 https://envri.eu/ 
41 https://www.panosc.eu/ 
42 https://projectescape.eu/ 
43 https://www.sshopencloud.eu/ 
44 https://www.eosc-life.eu/ 
45 https://www.fairsfair.eu/ 
46 https://www.go-fair.org/ 
47 https://www.dissco.eu/ 
48 https://www.ibisba.eu/ 

http://guidelines.openaire.eu/
http://graph.openaire.eu/
http://api.openaire.eu/
http://envri.eu/envri-fair/
http://www.panosc.eu/
https://projectescape.eu/
http://www.sshopencloud.eu/
https://www.eosc-life.eu/
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cataloguing and standardised process in exposing key metadata, respectively. Other RIs will have equivalent 
resources and serviced, and this general strategy leverages those pre-existing processes, resources and 
established practices. Importantly, this strategy requires a low barrier for adoption. Specifically, in this 
prototype, we leverage the existing mechanism in FAIRsharing to reflect ‘groups’ or ‘related’ resources 
(‘collections’) to collate appropriate resources for different purposes (eg resources reflecting project level 
collections. EOSC-Life, or RI level ELIXIR resource collections,). This mechanism can simply be extended to 
‘collect’ different domain ‘types’. We further simply this strategy by using established web methodologies, 
specifically sitemaps, to enable the harvest of metadata for defined processes. The strategy for extending 
Schema.org to domain specific purposes is itself becoming more common, as described above, and can be 
adopted to address other domains. Hence, the work described here can be simply extended to other Life 
Science focused registries (eg. workflow hub) to expose appropriate metadata in EOSC Portal, through 
OpenAIRE harvesting processes, targeting specific markup, as defined by domain specific registries such as 
FAIRsharing. This work would entail extending the OpenAIRE library to function with other Bioschema Profiles 
(eg. gene), but also to work with profiles defined by other domains. Those profiles of course may or may not 
be through the Bioschemas community-established mechanism, but potentially through analogous 
efforts/communities. 

 

For this prototype, while the mapping between input (BioSchema profile properties harvested from web 
pages) and target output (DataCite JSON) has been done, some more work is needed to express this process 
as a stable workflow, which requires no manual intervention. ie.Productionisation. Further analysis should 
also be performed to refine and make best use of the mapping work, specifically that information in the 
nquad (.nq) files.  

 

Finally, through this work we have also identified potential issues that will need to be solved: 

1. An initial  curational load is required to ‘frontload’ registries and/or catalogues with adequate 
information to interlink resources to the metadata 'profiles’ that are used by those resources, and 
where the detailed specification of those profiles may lie. 

2. The requirement for resources to implement the web recommended ‘sitemaps’, to allow harvesting 
processes to identify all relevant pages that should be consumed. This may require resource 
providers to think around which types are present on which pages, and how best to represent them. 

3. A process needs to be established to avoid/mitigate against duplication of resources in the end 
destination (EOSC Portal), since metadata may flow through multiple streams to this final 
destination. 

 

https://fairsharing.org/collection/EOSCLife
https://fairsharing.org/collections/?q=ELIXIR
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6 Appendix 
 

Appendix A1 : Bioschema ‘Protein’ properties crosswalk to OpenAIRE elements.  

Schema.org, Bioschema ‘Protein’ profile and OpenAIRE guidelines were crosswalked to determine semantic relationships between terms. Row colours for 
mappings reflect the ‘marginality’ of individual terms, specifically, ‘mandatory’ (green),’ recommended’ (yellow), and ‘optional’  (blue) properties.  Original source 
here, downloaded 21/10/21). 

https://docs.google.com/spreadsheets/d/1vbB2Rn77Kk9pkVHb1UIVx1AiJl51kYA-XaNztUW2bD8/edit#gid=1833996427
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BioSchema - 
Proteins2 
OpenAIRE 
mapping               

          Proposal for a path  

 schema.org bioschemas OpenAIRE  

Property 
Expected 
Type Description Type Type URL 

BSC 
Description 

Marginali
ty 

Cardinali
ty 

Controll
ed 
Vocabul
ary Example 

Appl. Profile 
Elements (from 

inst.&them. 
Guidelines) 

req
. 
lev
el 

Car
d. Note 

same 
meaning 
approved 

@context               

@id URL    

Identifier 
declared using 
JSON-LD Minimum ONE  

{ 

"@id": 
"http://purl.uniprot.org/uniprot/P0
0519" 

} 

datacite:identifier 
with extensions from 
OpenAIRE to handle 
ARK,PURL,URL,UR
N,Handle not only 
DOI 

M 1 this identifies the 
subject of resource; 
identifier of the node; 
all statements relate to 
this node 

TRUE 

@type Text    

Type declared 
using JSON-
LD Minimum ONE 

Schema.
org, 
Biosche
mas 

{ 

"@type": "Protein" 

} 

oaire:resourceType 

 

M 1 try not to have more 
than 1 type else may 
be multiple resources 
identified; need 
subtype in OA ie 
dataset of subtype 
protein (bioentity to 
begin with) 

TRUE 

http://schema.org/
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/
http://schema.org/
http://schema.org/
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_publicationtype.html
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_publicationtype.html
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dct:conformsTo URL    

Indicates the 
Bioschemas 
profile to which 
this markup 
conforms. A 
versioned URL 
should be 
used. Minimum   

{ 

"http://purl.org/dc/terms/conforms
To": { 

"@id": 
"https://bioschemas.org/profile/Pr
otein/0.11-RELEASE/", 

"@type": "CreativeWork" 

} 

} 

--   nothing in OA for this - 
ignore 
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identifier 

PropertyV
alue or 

Text or 

URL 

The identifier 
property 
represents 
any kind of 
identifier for 
any kind of 
Thing, such 
as ISBNs, 
GTIN codes, 
UUIDs etc. 
Schema.org 
provides 
dedicated 
properties 
for 
representing 
many of 
these, either 
as textual 
strings or as 
URL (URI) 
links. See 
[background 
notes](http://
schema.org/
docs/datamo
del.html#ide
ntifierBg) for 
more details.    Minimum ONE  

{ 

"@type": "Protein", 

"identifier": 
"http://purl.uniprot.org/uniprot/P0
0519" 

} 

datacite:alternateIde
ntifier 

R 0-n 

ignore type, not to be 
confused with @id or is 
the same? can map to 
alternative identifier 

TRUE 
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name Text 
The name of 
the item.    Minimum ONE  

{ 

"@type": "Protein", 

"name": "ABL1" 

} 

datacite:title M 1-n xml:lang usable 

TRUE 

associatedDiseas
e 

MedicalC
ondition 
or 

PropertyV
alue or 

URL 

Disease 
associated 
to this 
BioChemEnti
ty. Such 
disease can 
be a 
MedicalCond
ition or a 
URL. If you 
want to add 
an evidence 
supporting 
the 
association, 
please use 
PropertyValu
e. 

bioschem
as  

Disease 
associated to 
this protein, if 
any. 

Recomm
ended MANY  

{ 

"@type": "Protein", 

"associatedDisease": { 

"@type": "MedicalCondition", 

"name": "Leukemia, chronic 
myeloid (CML)", 

"code": { 

"@type": "MedicalCode", 

"codeValue": "608232", 

"codingSystem": "OMIM" 

}, 

"id": 
"http://purl.uniprot.org/diseases/0
3735" 

} 

} 

datacite:relatedIdent
ifier 

R 0-n add as 
externalReference in 
OA? needs 'disease 
label' and URL 

TRUE 

http://purl.uniprot.org/diseases/03735
http://purl.uniprot.org/diseases/03735
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_relatedidentifier.html
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_relatedidentifier.html
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description Text 
A description 
of the item.   

Protein 
function. We 
recommend to 
start the 
description 
with "Function: 
[...]". 

Recomm
ended ONE  

{ 

"@type": "Protein", 

"description": "Function: Non-
receptor tyrosine-protein kinase 
that plays a role..." 

} 

datacite:description MA 0-n  

TRUE 

isEncodedByBioC
hemEntity 

DNA or 

Gene or 

RNA 

Another 
BioChemEnti
ty encoding 
by this one. 
Inverse 
property: 
encodesBio
ChemEntity. 

Inverse 
property: 
encodesBio
ChemEntity. 

bioschem
as   

Recomm
ended MANY 

Any 
suitable 
ontology 

{ 

"@type": "Protein", 

"isEncodedByBioChemEntity": 
"https://www.ncbi.nlm.nih.gov/Un
iGene/clust.cgi?ORG=Hs&CID=1
46339" 

} 

datacite:relatedIdent
ifier 

R 0-n add as 
externalReference in 
OA? needs 'disease 
label' and URL 

TRUE 

https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_relatedidentifier.html
https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_relatedidentifier.html
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taxonomicRange 

DefinedT
erm  or 

Taxon  or 

Text  or 

URL 

The 
taxonomic 
grouping of 
the organism 
that 
expresses, 
encodes, or 
in someway 
related to the 
BioChemEnti
ty. 

bioschem
as  

**Bioschemas 
Protein**: For 
proteins, it is 
recommended 
to use this 
property to 
specify the 
taxon/organis
m 
corresponding 
to a genome 
including a 
expressed 
gene that can 
be translated 
to this protein. 
For 
taxon/organis
m, it is a good 
practice to use 
hasCategoryC
ode to point to 
a controlled 
vacabulary 
such as NCBI 
taxon or 
UniProt 
Taxonomy. 

Recomm
ended MANY 

Taxonom
ies or any 
suitable 
controlled 
vocabular
y 

{ 

"@type": "Protein", 

"taxonomicRange": { 

"@type": "DefinedTerm", 

"termCode": "9606", 

"url": 
"http://purl.bioontology.org/ontolo
gy/NCBITAXON/9606", 

"sameAs": 
"http://purl.uniprot.org/taxonomy/
9606", 

"inDefinedTermSet": { 

"@type": "DefinedTermSet", 

"name": "NCBI taxon", 

"url": 
"https://bioportal.bioontology.org/
ontologies/NCBITAXON" 

} 

} 

} 

// This could also be e.g. all 
bacteria and does not need to be 
a single organism 

   external Reference , 
generic way to include 
vocabularies (later on 
the roadmap) 
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url URL 
URL of the 
item.   

Link to the 
official 
webpage 
associated to 
this entity. 

Recomm
ended ONE  

{ 

"@type": "Protein", 

"url": 
"https://www.uniprot.org/uniprot/
P05519" 

} 

datacite:alternateIde
ntifier 

R 0-n  

TRUE 

alternateName Text 
An alias for 
the item.   

Use it for 
alternate 
names of this 
Protein Optional MANY  

{ 

"@type": "Protein", 

"alternateName": ["ABL", "JTK7"] 

} 

titleType="Alternate
Title" , xml:lang 

M if 
alte
rna
teI
de
ntifi
er 
is 
use
d 

1 will skip in 1st round 
and come back when 
there is a good way to 
capture this 
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bioChemInteractio
n 

BioChem
Entity 

A 
BioChemEnti
ty that is 
known to 
interact with 
this item. 

bioschem
as   Optional MANY 

Any 
suitable 
source of 
informati
on 

{ 

"@type": "Protein", 

"@id" : 
"http://purl.uniprot.org/uniprot/P0
5067", 

"bioChemInteraction": [{ 

"@id": 
"http://purl.uniprot.org/uniprot/Q3
06T3" 

},{ 

"@id": 
"http://purl.uniprot.org/uniprot/Q0
2410" 

}] 

} 

datacite:relatedIdent
ifier 

R 0-n  
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bioChemSimilarity 
BioChem
Entity 

A similar 
molecular 
entity, e.g., 
obtained by 
fingerprint 
similarity 
algorithms. 

bioschem
as   Optional MANY  

{ 

"@type": "Protein", 

"@id": 
"http://purl.uniprot.org/uniprot/P0
5067" , 

"bioChemSimilarity": [{ 

"@id" : 
"http://purl.uniprot.org/uniprot/O9
7584" 

}, { "@id" : 
"http://purl.uniprot.org/uniparc/U
PI0000110448" } ] 

} 

datacite:relatedIdent
ifier 

R 0-n  

 

hasBioChemEntit
yPart 

BioChem
Entity or 
URL 

Indicates a 
BioChemEnti
ty that (in 
some sense) 
has this 
BioChemEnti
ty as a part. 
Inverse 
property: 
isPartOfBioC
hemEntity. 

bioschem
as   Optional MANY 

Any 
suitable 
ontology  
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hasBioPolymerSe
quence Text 

A symbolic 
representatio
n of a 
BioChemEnit
y. For 
example, a 
nucleotide 

sequence of 
a Gene or an 
amino acid 
sequence of 
a Protein. 

bioschem
as   Optional MANY  

{ 

"@type": "Protein", 

"hasSequence": 
"MVLSPADKTN" 

} 

    

 

hasMolecularFun
ction 

DefinedT
erm or 
PropertyV
alue or 
URL 

Molecular 
function 
performed 
by this 
BioChemEnti
ty 

bioschem
as  

GO term 
corresponding 
to the 
Molecular 
Function 
branch of the 
GO ontology. Optional MANY 

Any 
suitable 
ontology 

{ 

"@type": "Protein", 

"hasMolecularFunction": 
"http://purl.obolibrary.org/obo/GO
_0035325" 

} 

datacite:relatedIdent
ifier 

R 0-n  
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hasRepresentatio
n 

PropertyV
alue, Text 
or URL 

A common 
representatio
n such as a 
protein 
sequence or 
chemical 
structure for 
this entity. 
For images 
use 
schema.org/i
mage. 

bioschem
as  

**Bioschemas 
Protein**: This 
property could 
be used, for 
instance, to 
link to a page 
containing the 
corresponding 
sequence 
protein. If you 
want to better 
define the 
nature of the 
representation, 
use a 
PropertyValue 
as described in 
[additionalProp
erty](http://bios
chemas.org/de
vSpecs/Protein
/specification/#
additionalProp
erty). Optional MANY   
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image 

ImageObj
ect or 

URL 

An image of 
the item. 
This can be 
a URL or a 
fully 
described 
ImageObject
.    Optional MANY  

{ 

"@type": "Protein", 

"image": 
"https://commons.wikimedia.org/
wiki/File:Spombe_Pop2p_protein
_structure_rainbow.png" 
"http://rdf.wwpdb.org/pdb/2WJD" 

} 

oaire:file MA 0-n  

 

isInvolvedInBiolog
icalProcess 

DefinedT
erm or 
PropertyV
alue or 
URL 

Biological 
process this 
BioChemEnti
ty is involved 
in; please 
use 
PropertyValu
e if you want 
to include 
any 
evidence. 

bioschem
as  

Functional 
term 
corresponding 
to the 
biological 
process 
(typically the 
Biological 
Process 
branch of the 
GO ontology). Optional MANY 

Any 
suitable 
ontology 

{ 

"@type": "Protein", 

"isInvolvedInBiologicalProcess": 
"http://purl.obolibrary.org/obo/GO
_0005739" 

} 

datacite:relatedIdent
ifier 

R 0-n  

 

isLocatedInSubce
llularLocation 

DefinedT
erm or 
PropertyV
alue or 
URL 

Subcellular 
location 
where this 
BioChemEnti
ty is located; 
please use 
PropertyValu
e if you want 
to include 
any 
evidence. 

bioschem
as  

Functional 
term 
corresponding 
to the 
subcellular 
location 
(typically the 
Subcellular 
Location 
branch of the 
GO ontology). Optional MANY 

Any 
suitable 
ontology 

{ 

"@type": "Protein", 

"isLocatedInSubcellularLocation"
: 
"http://purl.obolibrary.org/obo/GO
_0005739" 

} 
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isPartOfBioChem
Entity 

BioChem
Entity 

Indicates a 
BioChemEnti
ty that is (in 
some sense) 
a part of this 
BioChemEnti
ty. Inverse 
property: 
hasBioChem
EntityPart. 

Inverse 
property: 
hasBioChem
EntityPart. 

bioschem
as  

**Bioschemas 
Protein**: For 
proteins, it can 
be used to link 
to protein 
sequence 
annotations 
such as 
domains, sites, 
regions, etc. Optional MANY 

Any 
suitable 
ontology 

//Protein is part of a protein 
complex 

{ 

"@type": "Protein", 

"isPartOfBioChemEntity": { 

"@type": "BioChemEntity", 

"url": 
"https://www.ebi.ac.uk/complexp
ortal/complex/CPX-2158" 

} 

} 

datacite:relatedIdent
ifier 

R 0-n  

 



 

 

 

D4.4 Guidelines for RIs to enable discoverability of 
research data 

 

42 
 

mainEntityOfPage 

Creative
Work or 

URL 

Indicates a 
page (or 
other 
CreativeWor
k) for which 
this thing is 
the main 
entity being 
described. 
See 
[background 
notes](http://
schema.org/
docs/datamo
del.html#mai
nEntityBackg
round) for 
details. 

Inverse 
property: 
mainEntity.   

Link to the 
main 
DataRecord 
representing 
this entity in a 
dataset. Optional ONE  

//From a webpage 

{ 

 

"@type": "WebPage", 

"@id": 
"https://www.uniprot.org/uniprot/
P05519", 

"mainEntity": { 

"@type": "Protein", 

"@id" : 
"http://purl.uniprot.org/uniprot/P0
5519" 

#Any other property for this 
Protein entity 

} 

} 

 

//Also possible from Protein or 
any other entity referred to from 
the Protein, e.g., associated 
disease 

{ 

"@type": "Protein", 

datacite:relatedIdent
ifier 

R 0-n  
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"@id" : 
"http://purl.uniprot.org/uniprot/P0
5519" 

"mainEntityOfPage": { 

"@id": 
"https://www.uniprot.org/uniprot/
P05519" 

} 

} 



 

 

 

D4.4 Guidelines for RIs to enable discoverability of 
research data 

 

44 
 

sameAs URL 

URL of a 
reference 
Web page 
that 
unambiguou
sly indicates 
the item's 
identity. E.g. 
the URL of 
the item's 
Wikipedia 
page, 
Wikidata 
entry, or 
official 
website.   

Link to any 
resource other 
than the 
Record and 
the official 
webpage, for 
instance a 
Wikipedia 
page. Optional MANY  

{ 

"@type": "Protein", 

"sameAs": [ 

"https://www.wikidata.org/wiki/Q5
87961", 

"https://identifiers.org/uniprot:P05
519", 

"https://purl.org/uniprot/P05519" 

] 

} 

datacite:relatedIdent
ifier 

R 0-n  

 

          datacite:date M  
not in protein profile; 
date harvested  

          datacite:creator MA  not in protein profile  

 

https://openaire-guidelines-for-literature-repository-managers.readthedocs.io/en/latest/field_publicationdate.html
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Appendix A2. DataCite JSON for the protein https://proteinensemble.org/PED00001#P38634_A_1 

{ 

   "types": { 

      "resourceType": "Protein", 

      "resourceTypeGeneral": "Dataset" 

   }, 

   "creators": [], 

   "identifiers": [ 

      { 

         "identifier": "https://proteinensemble.org/PED00001#P38634_A_1", 

         "identifierType": "URL" 

      } 

   ], 

   "relatedIdentifiers": [ 

      { 

         "relatedIdentifier": "http://purl.uniprot.org/uniprot/P38634" 

      } 

   ], 

   "alternateIdentifiers": [ 

      { 

         "alternateIdentifier": "https://identifiers.org/ped:PED00001" 

      }, 

      { 

         "alternateIdentifier": "https://identifiers.org/uniprot:P38634" 

      } 

   ], 

   "descriptions": [], 

   "titles": [ 

      { 

         "title": "Protein SIC1" 

      } 

   ] 

} 

 

 

 

 

 

 

https://proteinensemble.org/PED00001#P38634_A_1
http://purl.uniprot.org/uniprot/P38634
https://identifiers.org/ped:PED00001
https://identifiers.org/uniprot:P38634
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Appendix A3. Example DataCite JSON following library conversion (for example a protein represented 

in  Protein Ensembl) 

 

 

{ 
   "types": { 
      "resourceType": "Protein", 
      "resourceTypeGeneral": "Dataset" 
   }, 
   "creators": [], 
   "identifiers": [ 
      { 
         "identifier": "https://proteinensemble.org/PED00014#P07834_D_0", 
         "identifierType": "URL" 
      } 
   ], 
   "relatedIdentifiers": [ 
      { 
         "relationType": "IsIdenticalTo", 
         "relatedIdentifier": "http://purl.uniprot.org/uniprot/P07834" 
      } 
   ], 
   "alternateIdentifiers": [ 
      { 
         "alternateIdentifier": "https://identifiers.org/uniprot:P07834" 
      } 
   ], 
   "descriptions": [], 
   "titles": [ 
      { 
         "title": "Cell division control protein 4" 
      } 
   ] 
} 
 

 

 

 

 

 

 

 

 

https://www.uniprot.org/uniprot/P07834
https://proteinensemble.org/PED00014#P07834_D_0

