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General Introduction



General introduction

1. Reasoning
2. Data and metadata
3. RDF and SPARQL
4. Current omics data landscape
5. SPARQLing Genomics project



REASON

§ Interoperability across data, platforms, research 
lines, disciplines

§ Harmonizing data and metadata

§ FAIR data requirements

§ Reusable and trustworthy data and information



DATA and METADATADATA and METADATA

https://www.flaticon.com/authors/smashicons



DATA and METADATA

G
EN
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Collaborator
License
Keywords
Access Rights
…

EXTRA

https://www.flaticon.com/authors/smashicons



DATA and METADATA

https://www.flaticon.com/authors/smashicons
ftp.1000genomes.ebi.ac.uk/vol1/ftp/technical/working/20130606_sample_info/20130606_sample_info.xlsx



DATA and METADATA

DATA CONTENT as 
SPECIFIC METADATA

GENERAL and 
EXTRA METADATA
Author
Modification Date
Access Rights
Keywords
…

Sample-ID
Population-ID
Gender
…

https://www.flaticon.com/authors/smashicons



Standardised METADATA:

METADATA-Standard

Creator: …

Creation Date: …

Gender: …

Sample-ID: …

Data-Type: …

Access Condition: …

… : …

https://www.flaticon.com/authors/smashicons



Standardised METADATA:

METADATA-Standard

Creator: Free Text

Creation Date: DD.MM.YYY

Gender: CONTROLLED

Sample-ID: SYNTAX

Data-Type: CONTROLLED

Access Condition: CONTROLLED

https://www.flaticon.com/authors/smashicons



Semantic ambiguity

18#day'pregnant'females' female'(lacta4ng)' individual'female' worker'caste'(female)'
2'yr'old'female' female'(pregnant)' lgb*cc'females' sex:'female'
400'yr.'old'female'' female'(outbred)' mare' female,'other'
adult'female' female'parent' female'(worker)'' female'child'
asexual'female' female'plant' monosex'female' femal'
castrate'female' female'with'eggs' ovigerous'female' 3'female'
cf.female' female'worker' oviparous'sexual'females' female'(phenotype)'
cystocarpic'female' female,'6#8'weeks'old' worker'bee' female'mice'
dikaryon' female,'virgin' female'enriched' female,'spayed'
dioecious'female' female,'worker' pseudohermaprhodi4c'female' femlale'
diploid'female' female(gynoecious)' remale' metafemale'
f' femele' semi#engorged'female' sterile'female'
famale' female,'pooled' sexual'oviparous'female' normal'female'
femail' femalen' sterile'female'worker' sf'
female' females' strictly'female' vitellogenic'replete'female'
female'#'worker' females'only' tetraploid'female' worker'
female'(alate'sexual)' gynoecious' thelytoky' hexaploid'female'
female'(calf)' healthy'female' female'(gynoecious)' female'(f#o)''
hen' probably'female'(based'on'morphology)'

female'(note:'this'sample'was'originally'provided'as'a'\"male\"'sample'to'us'and'therefore'labeled'this'way'in'the'brawand'et'al.'paper'
and'original'geo'submission;'however,'detailed'data'analyses'carried'out'in'the'mean4me'clearly'show'that'this'sample'stems'from'a'
female'individual)",'

How many ways can you say ‘female’? 

https://www.slideshare.net/ConnectedDataLondon/ontology-services-for-the-biomedical-sciences; Courtesy of N. 
Silvester, European Nucleotide Archive, EMBL- EBI 



https://github.com/fairgenomes/information/tree/master/fairgenomes_semantic_model

Semantic ambiguity and ontology terms



Linked Data with RDF and SPARQL

Protocol to query 
RDF content

• raw values

• Information

• True/False

Resource Description 
Framework

Expresses natural facts 
in triplets

SUBJECT OBJECT
PREDICATE

RDF SPARQL

https://en.wikipedia.org/wiki/Resource_Description_Framework
https://en.wikipedia.org/wiki/SPARQL



RDF triplets

https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html



https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html

Query: 
When was Bob born?

RDF triplets



https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html

Query: 
Does Bob have a friend?

RDF triplets



https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html

Query:
Does Alice know a Person that 
likes paintings of Leonardo Da 
Vinci?

Query:
Does Alice know a person that 
likes paintings of Leonardo Da 
Vinci?

RDF triplets



https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html

Query:
Does Alice know a person that 
likes paintings of Leonardo Da 
Vinci?

RDF triplets



https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html

SUBJECT OBJECT
PREDICATE

RDF triplets



RDF triplets in a knowledge graph

A Scale-Out RDF Molecule Store for Improved Co-Identification, Querying and Inferencing - Scientific Figure on ResearchGate. 
Available from: https://www.researchgate.net/figure/RDF-triples-about-a-yeast-protein_fig1_43516365 [accessed 17 Dec, 2019]



Current Omics data landscape
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SPARQLing Genomics – Pilot 2019

https://www.internationalgenome.org/wiki/Analysis/vcf4.0/
"Graph of klick.jÖrg - Die Homepage" by jÖrg is licensed under CC BY-SA 2.0
https://www.sparqling-genomics.org/

RDF Triple Store
[Virtuoso]

Variant Call Format - VCF
[Genomics]

Web Interface
[SPARQL]



SPARQLing Genomics – Pilot 2019

https://www.sparqling-genomics.org/
https://dublincore.org/
http://geneontology.org/
https://github.com/EBISPOT/DUO

&

&
+

VCF2RDF
TABLE2RDF

XML2RDF
JSON2RDF

…



SPARQLing Genomics – Portal 2020

https://www.sparqling-genomics.org/
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RDF intro and SPARQLing Genomics demo



Insights from the first XO workshop

From Mentimeter Quiz, X-Omics Workshop Part 1 “Data standards and multi-omics data integration”, 18th June 2020
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QUIZ TIME!
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We need to talk about data standards vocabularies 
ontologies



Back to the semantic ambiguity

18#day'pregnant'females' female'(lacta4ng)' individual'female' worker'caste'(female)'
2'yr'old'female' female'(pregnant)' lgb*cc'females' sex:'female'
400'yr.'old'female'' female'(outbred)' mare' female,'other'
adult'female' female'parent' female'(worker)'' female'child'
asexual'female' female'plant' monosex'female' femal'
castrate'female' female'with'eggs' ovigerous'female' 3'female'
cf.female' female'worker' oviparous'sexual'females' female'(phenotype)'
cystocarpic'female' female,'6#8'weeks'old' worker'bee' female'mice'
dikaryon' female,'virgin' female'enriched' female,'spayed'
dioecious'female' female,'worker' pseudohermaprhodi4c'female' femlale'
diploid'female' female(gynoecious)' remale' metafemale'
f' femele' semi#engorged'female' sterile'female'
famale' female,'pooled' sexual'oviparous'female' normal'female'
femail' femalen' sterile'female'worker' sf'
female' females' strictly'female' vitellogenic'replete'female'
female'#'worker' females'only' tetraploid'female' worker'
female'(alate'sexual)' gynoecious' thelytoky' hexaploid'female'
female'(calf)' healthy'female' female'(gynoecious)' female'(f#o)''
hen' probably'female'(based'on'morphology)'

female'(note:'this'sample'was'originally'provided'as'a'\"male\"'sample'to'us'and'therefore'labeled'this'way'in'the'brawand'et'al.'paper'
and'original'geo'submission;'however,'detailed'data'analyses'carried'out'in'the'mean4me'clearly'show'that'this'sample'stems'from'a'
female'individual)",'

How many ways can you say ‘female’? 

https://www.slideshare.net/ConnectedDataLondon/ontology-services-for-the-biomedical-sciences; Courtesy of N. 
Silvester, European Nucleotide Archive, EMBL- EBI 



RDF version



RDF version



SPARQL query to select “female”



https://github.com/fairgenomes/information/tree/master/fairgenomes_semantic_model

FAIR genome definition of gender



Using SPARQL to ontologise



Unifying omics data one term at a time
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FAIR data with linked data



FAIR data work around

https://zenodo.org/
http://geneontology.org/
https://www.ebi.ac.uk/QuickGO/



Find standards on FAIRsharing.org

https://fairsharing.org/



SUMMARY

§ We can create a knowledge graph of diverse omics data using RDF

§ Ontologies help unifying terminology across research domains

§ We can transform a spreadsheet into ontologically defined data

§ Flexible data management requires easy data transformations, 

which can be done with SPARQL

§ SPARQLing Genomics is a starting point for interoperable 

omics data
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Q&A
Open Discussion



This work is licensed under a Creative Commons Attribution 4.0 International License.

http://creativecommons.org/licenses/by/4.0/

