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Bioschemas: Markup for the Life Sciences



Exploiting Bioschemas Markup



Exploiting Bioschemas Markup



Specialised Search: TeSS

http://bioschemas.org

• contact
• description
• endDate
• eventType
• hostInstitution

• location
• name
• startDate
• …

Bioschemas Course:
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• contact
• description
• endDate
• eventType
• hostInstitution

• description
• keywords
• name
• about
• abstract

Bioschemas CourseInstance:

Bioschemas TrainingMaterial: toxicology

No need for custom APIs

No concept merging



• name
• description
• ...

Protein 

No need for custom APIs FAIR community registry of  Bioschemas metadata

• name
• description
• ...

SequenceAnnotation

• rangeStart
• rangeEnd
• ...

SequenceRange

http://bioschemas.org29 November 2018 6

Concept merging

Community Registry: IDPcentral



Toxicology
Data

Aggregator

Toxicology Data Aggregation

http://bioschemas.org

• identifier
• name
• inChI
• ...

MolEntity Profile
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• identifier
• name
• chemicalComposition
• ...

ChemSub Profile
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Project 29: 

Pages harvested

413,748

Sites harvested

25 (partially)

https://swel.macs.hw.ac.uk/data/



No need for custom APIs

http://bioschemas.org29 November 2018 9

Concept merging

Global Research Graph: OpenAIRE

Terminology transformation

Markup needs to have:
● Sitemap: Currently only 28/73
● Link to

○ Publication
○ Dataset
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Bioschemas

● Deploy markup
○ Include links to 

publications
● Implement sitemap

FAIRsharing

● Register on 
FAIRsharing

Harvesting & 
Mapping

● Harvest data
● Map Bioschemas to 

Datacite

Lorem 4

● Harvest data
● Align identifiers
● Store in KG



BKG Explorer
Built over Bioschemas markup crawled from 30 live deployments

20,000 pages



Harvesting Bioschemas Markup



Crawling or Harvesting
Harvesting
● Seed list of URLs or 

sitemaps
● Pages retrieved
● Data extracted from 

page
● Finite set of pages 

extracted

Crawling
● Seed list of URLs
● Pages retrieved
● URLs extracted and 

added to seed list
● Data extracted from 

page
● Never ending



Static or Dynamic Sites
Dynamic
● Javascript Single page 

application
● Client side/browser calls to 

retrieve pages
● Rendered page not in 

‘viewsource’
● Larger processing 

overhead

Static
● Markup in the HTML 

provided by the server
● Markup visible in 

viewsource
● No client side processing



Static or Dynamic Sites
https://bioschemas.org/tutorials/what_why_bioschemas 

view-source:https://bioschemas.org/tutorials/what_why_bioschemas  

https://bioschemas.org/tutorials/what_why_bioschemas


Static or Dynamic Sites
https://disprot.org/DP00086 

view-source:https://disprot.org/DP00086 

https://disprot.org/DP00086


Static or Dynamic Sites
https://disprot.org/DP00086 

Developer tools: F12

https://disprot.org/DP00086


JSON-LD or RDFa

view-source:https://bioschemas.org/tutorials/what_why_bioschemas  view-source:https://www.uniprot.org/uniprot



Custom Types: Bioschemas Proposals
https://cells.ebisc.org/BIHi006-D (bioschemas:BioSample)

https://validator.schema.org/#url=https://cells.ebisc.org/BIHi006-D 

https://cells.ebisc.org/BIHi006-D
https://validator.schema.org/#url=https://cells.ebisc.org/BIHi006-D


Non-Conformant Markup
Semantic/Modelling
● Custom context
● Missing @id
● Missing properties from 

profile

Syntax
● Invalid (JSON-LD) 

characters 
Very common in database generated pages

● Non-escaped characters, 
e.g. " included in text
Very common in database generated pages

● Missing commas
● Missing brackets
● Included after </html>
● …



Markup Harvesting Tools



Markup Harvesting Tools
BMUSE Gleaner

Seed sitemaps, URLs sitemaps

Static Sites Yes Yes

Dynamic Sites Yes Yes

JSON-LD Yes Yes

RDFa Yes No

Bioschemas 
types

Yes No

Syntax 
correction

No No

Modelling 
correction

Some No

BMUSE
● Markup extractor
● Markup agnostic
● Adds provenance
● Introduces missing @id
● Single page or whole site
● Web service or standalone app

Gleaner
● Markup extractor
● Validates against Schema.org
● Part of GleanerIO providing 

triplestore and GraphQL

https://github.com/HW-SWeL/BMUSE
https://gleaner.io/
https://github.com/HW-SWeL/BMUSE
https://gleaner.io/
https://gleaner.io/bigpicture.html


BMUSE: Bioschemas Markup 
Scraper and Extractor

https://github.com/HW-SWeL/BMUSE

● Data harvester
○ List of URLs and sitemaps

● Extracts markup
○ JSON-LD or RDFa or both
○ Static or dynamic

● Useful for testing deployments
● Building block for

○ Registry population
○ Validation

● Includes provenance of extraction

https://app.swaggerhub.com/apis-docs/swel/BMUSE/

https://github.com/HW-SWeL/BMUSE
https://app.swaggerhub.com/apis-docs/swel/BMUSE/


JSON-LD Playground

● Data harvester
○ List of URLs and sitemaps

● Extracts markup
○ JSON-LD or RDFa or both
○ Static or dynamic

● Useful for testing deployments
● Building block for

○ Registry population
○ Validation

● Includes provenance of extraction

https://json-ld.org/playground/

https://json-ld.org/playground/


Hands-on: Retrieving and Exploring Markup

● Use BMUSE to retrieve a page
https://app.swaggerhub.com/apis-
docs/swel/BMUSE/ 

● Explore the retrieved markup 
using JSON-LD Playground
https://json-ld.org/playground/ 

https://app.swaggerhub.com/apis-docs/swel/BMUSE/
https://app.swaggerhub.com/apis-docs/swel/BMUSE/
https://json-ld.org/playground/


Markup to Knowledge Graph



Harvested Markup to Knowledge Graph

No need for custom APIs

Concept merging

Terminology transformation

● Markup harvested through standard API

○ HTTP Get requests

○ Saves time as common API and model 

(Bioschemas) for all sites

● Harvested markup is page centric

○ Multiple sites represent the same concept

○ Sites use their own IDs

● Needs to be concept centric

○ Reconcile IDs

○ Merge entries

● Model transformation



Merging Entries Options

1. Pick canonical source

Useful for values like name
○ Supplement with other entries when 

values are missing

2. Concatenate entries from all sources

Useful for values like synonym

3. Keep all values with provenance of 

source

Wikidata approach

Choice will depend on application needs!

Concept merging



Model Transformation

1. Identify common concepts and 

properties between models

2. Create mapping between 

concepts and properties

3. Apply mapping to harvested data

Terminology transformation

    Mapping



Existing Markup



Bioschemas Live Deployment List
bioschemas.org/liveDeploys

https://bioschemas.org/liveDeploys
https://github.com/BioSchemas/bioschemas.github.io/blob/master/_data/live_deployments.json


Bioschemas Data Harvest

https://github.com/HW-SWeL/COVID-19

https://github.com/HW-SWeL/COVID-19
https://github.com/BioSchemas/bioschemas-data-harvesting
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Project 29: 

Pages harvested

413,748

Sites harvested

25

https://swel.macs.hw.ac.uk/data/



Exploring Bioschemas Harvested Data

https://mybinder.org/v2/gh/BioSchemas/bioschemas-data-harvesting/HEAD?labpath=AnalysisQueries.ipynb


Summary

No need for custom APIs

Concept merging

Terminology transformation

● Markup harvested through standard 
API

● Markup is often messy and inaccurate
● Need a data harvester tool, e.g. 

BMUSE
● Markup is page centric, common 

concepts need to be merged
● Over 150 deployments to be 

exploited!
○ Bioschemas has harvested a small 

fraction


