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Monday 22" June 2020
Linked data in practice

General Introduction
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General introduction

k0=

Reasoning

Data and metadata

RDF and SPARQL

Current omics data landscape
SPARQLing Genomics project
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REASON

Interoperability across data, platforms, research
lines, disciplines

Harmonizing data and metadata
FAIR data requirements

Reusable and trustworthy data and information
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DATA and METADATA

® ® ® ©: SPREADSHEET.xIsx Info

2. SPREADSHEET.xIsx 8 KB
“_‘I Modified: Today, 15:10

Add Ta ]S

¥ General:

Kind: Microsoft Excel Workbook (.xlsx)
Size: 8.209 bytes (12 KB on disk)
Where: Macintosh HD » Users » joohmer »
Desktop
Created: Tuesday, 9 June 2020 at 15:10
Modified: Tuesday, 9 June 2020 at 15:10

[ Stationery pad
"] Locked

¥ More Info:

» Name & Extension:
» Comments:

» Open with:

> Preview:

_ » Sharing & Permissions:

% https://www.flaticon.com/authors/smashicons
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DATA and MIETADATA

® @ @ ©: SPREADSHEET.xlsx Info
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¥ General:

Kind: Microsoft Excel Workbook (.xisx)
Size: 8.209 bytes (12 KB on disk)
Where: Macintosh HD » Users » joohmer »
Desktop
Created: Tuesday, 9 June 2020 at 15:10
Modified: Tuesday, 9 June 2020 at 15:10

("] Stationery pad
() Locked

¥ More Info:
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» Name & Extension:
» Comments:

Collaborator
License
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and METADATA

A B C D E F

H
Has Omni Has Axiom Has Affy 6.0 as

Sample Population Exome/LOF
Genot G t G t

: enotypes enotypes Genotypes Genotypes
2 HGO00096 GBR 1 1
3 HGO00097 GBR 1 1
4 HGO0098 GBR 1 1
5 HGO00099 GBR 1 1
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ftp.1000genomes.ebi.ac.uk/voll/ftp/technical/working/20130606_sample_info/20130606_sample_info.xIsx = h



UATA and METADATA

/ \ GENERAL and
EXTRA METADATA
Author

( \ Modification Date
Access Rights

Keywords

DATA CONTENT as
SPECIFIC METADATA

Sample-ID
Population-ID
Gender
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METADATA-Standard
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XLS
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Standardised METADATA:

/

Creator:

Creation Date:

Gender:

Sample-ID:

Data-Type:

Access Condition:

% https://www.flaticon.com/authors/smashicons
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METADATA-Standard

-

\_

~

Standardised METADATA:

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

Creator:

Creation Date:

Gender:

Sample-ID:

Data-Type:

Access Condition:

Free Text
DD.MM.YYY
CONTROLLED
SYNTAX
CONTROLLED

CONTROLLED
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Semantic ambiguity

How many ways can you say ‘female’?

18-day pregnant females
2 yr old female

400 yr. old female
adult female

asexual female
castrate female
cf.female
cystocarpic female
dikaryon

dioecious female
diploid female

f

famale

femail

female

female - worker
female (alate sexual)
female (calf)

hen

female (lactating)
female (pregnant)
female (outbred)
female parent
female plant
female with eggs
female worker
female, 6-8 weeks old
female, virgin
female, worker
female(gynoecious)
femele

female, pooled
femalen

females

females only
gynoecious

healthy female

individual female

Igb*cc females

mare

female (worker)
monosex female
ovigerous female
oviparous sexual females
worker bee

female enriched
pseudohermaprhoditic female
remale

semi-engorged female
sexual oviparous female
sterile female worker
strictly female

tetraploid female

thelytoky
female (gynoecious)

probably female (based on morphology)

worker caste (female)
sex: female

female, other

female child

femal

3 female

| female (phenotype) l

female mice

female, spayed

femlale

metafemale

sterile female

normal female

sf

vitellogenic replete female
worker

hexaploid female

female (f-0)

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 meantime clearly show that this sample stems from a

female individual)",

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

EMBL-EBI
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Semantic ambiguity and ontology terms

| e
Meta-data Preferred ontology term Issue ssu
Value types (open/
element for meta-data Number
closed)
Individual ID NCIT:C164337 ID [string] #3 closed

Male SI0:010048
Gender S10:010029 Female S10:010052 #4 closed
Unknown / Undetermined

UNKNOWN_KARYOTYPE, XX, XY, XO,
Genotypic sex PATO:0020000 XXY, XXX, XXYY, XXXY, XXXX, XYY, #69 closed
OTHER_KARYOTYPE

L]
% https://github.com/fairgenomes/information/tree/master/fairgenomes_semantic_model X — O | | I I C S'nl



Linked Data with RDF and SPARQL

Resource Description
Framework

Expresses natural facts
in triplets

PREDICATE

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

/" SPARQL  \

Protocol to query
RDF content

SELECT - raw values

CONSTRUCT - Information

ASK « True/False

\_ /
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RDF triplets

Alice Leonardo Da Vinci

O

)

is interested in

(s'\é The Mona Lisa

/.
J9

%

Person 14 July 1990 . )
La Joconde a Washington
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RDF triplets

Leonardo Da Vinci

Alice
@ Query:
When was Bob born?
®
@45.
Zn
is interested ih
) The Mona Lisa
Q o)
N7 O,
/ O
Person 14 July 1990

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

La Joconde a Washington
AL

D

KW -omicsn



RDF triplets

Alice Leonardo Da Vinci

@ Query:
Does Bob have a friend?

is interested in

o)
>

Person 14 July 1990 . )
La Joconde a Washington
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RDF triplets

Alice Query: Leonardo Da Vinci
@ Does Alice know a person that
likes paintings of
: 2

)

is interested in

(s'\é The Mona Lisa

/.
J9

%

Person 14 July 1990 . )
La Joconde a Washington
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RDF triplets
I

Alice Query: Leonardo Da Vinci

@ Does Alice know a person that
\ likes paintings of
6
®

?

/‘
Z

Person 14 July 1990

La Joconde a Washington
AL

>

% https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html X — O I I I | C S.nl



RDF triplets

>

is interested in

The Mona Lisa

e PREDICATE e

% https://dvcs.w3.org/hg/rdf/raw-file/default/rdf-primer/index.html X — O | I I | C Soﬁl
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RDF triplets in a knowledge graph

“Eukaryotic...factor 6"} [ “elF-6" J[ “CDC95" J
) s

“MATR..." J

“UniProt” }

Data%ase

CrossReference Protein
m Accession

“Q12522" ][ “YPRO16C

[ “MIPS” ]

A
Datapase

R

>

L]
A Scale-Out RDF Molecule Store for Improved Co-ldentification, Querying and Inferencing - Scientific Figure on ResearchGate. O m I C S . nl
Available from: https://www.researchgate.net/figure/RDF-triples-about-a-yeast-protein_figl_ 43516365 [accesse d 17 Dec, 2019]



Current Omics data landscape

Python

MIABIS

.mzXML

ISO

GO
Bash .mzTAB

NCIT

Cs .BAM

.FASTQ
.dta
LISP

SNOMED

EFO

.VCF
DUO

Perl DUBLIN
CORE

Scheme

RDF
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SPARQLing Genomics — Pilot 2019

##fileformat=VCFv4.0
##fileDate=20090805

yImputati Dodl
##reference=1000GenomesPilot-NCBI36
##phasing=partial
##INFO=<ID=NS ,Number=1, Type=Integer, Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer, Description="Total Depth">
##INFO=<ID=AF ,Number=., Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String, Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag, Description="dbSNP membership, build 129">
##INFO=<ID=H2 ,Number=0, Type=Flag, Description="HapMap2 membership">
##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50% of samples have data">
##FORMAT=<ID=GT , Number=1, Type=String, Description="Genotype">
##FORMAT=<ID=GQ, Number=1, Type=Integer, Description="Genotype Quality">
##FORMAT=<ID=DP, Number=1, Type=Integer, Description="Read Depth">
##FORMAT=<ID=HQ, Number=2, Type=Integer, Description="Haplotype Quality">

#CHROM POS i) REF ALT  QUAL FILTER INFO FORMAT N
A00001 NA00002 NA00003

20 14370  rs6054257 G A 29 PASS  NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:
HQ 0]0:48:1:51,51 1]0:48:8:51,51 1/1:43:5:.,.

20 17330 . @ A 3 ql0  NS=3;DP=11;AF=0.017 GT:GQ:DP:
HQ 0]0:49:3:58,50 0|1:3:5:65,3  0/0:41:3

20 1110696 rs6040355 A G,T 67 PASS  NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:
HQ 1]2:21:6:23,27 2|1:2:0:18,2  2/2:35:4

20 1230237 . @ o 47  PASS =13; AA=T GT:GQ:DP:
HQ 0]0:54:7:56,60 0|0:48:4:51,51 0/0:61:2

20 1234567 microsatl GICT G,GTACT 50 PASS  NS=3;DP=9;AA=G GT:GQ:DP
0/1:35:4 0/2:17:2 1/1:40:3

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

https://www.spargling-genomics.org/

spargling-benomics

Login

v0.99.9 | Download the source code of this page.




SPARQLing Genomics — Pilot 2019

EIDublin Core Metadata Initiative

"vef2rdf" ;
t "Tool to convert VCF files to RDF." .

f el "table2rdf" ;
ent "Tool to convert tabular data to RDF." . GENEO NTO LOGY
2 -0.99.9

CwareProgram ; Unifying Biology
"folder2rdf" ;
t "Tool to extract RDF from files in a directory." .

"SPARQLing genomics web interface" ;
t "Tool for querying multiple SPARQL endpoints using a web interface" .

9 Il Data
mill Use
2 Ontology

https://www.spargling-genomics.org/
https://dublincore.org/
http://geneontology.org/

https://github.com/EBISPOT/DUO



SPARQLing Genomics — Portal 2020

spargling-Henom

Dashboard Manual +| Log out

Overview - [Collect] - [Structure] - [Query] - [Report] - [Automate|

Manual
Members

CS

Assigned gmphs

Members of this project have access to the following graphs.

https://manual spargling-genomics.org (moonstone)

Queries
Connection Executed by

SELECT ?s 7p 70 FROM <https://manual.sparqling-genomics.org> { ?s ?p 70
LIMIT 100 ° " parqiinge s DD moonstone roel

Duration (in seconds)

(X123

v0.99.11 | Source code

spargling-genomics

https://www.sparqling-genomics.org
version 0.99.11, June 19, 2020

https://www.spargling-genomics.org/
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Monday 22" June 2020
Linked data in practice

RDF intro and SPARQLing Genomics demo
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Insights from the first XO workshop

Go to www.menti.com and use the code 45 38 35

Which skills are needed for Big data and multi- e
omics data integration?

Knowledge on data
structure

1st

2nd

Programming Skills

Knowledge on common
experimental design

3rd

Following multi-omics
analytical developments

4th

5th Identification burdens and
algorithmic details

6th

Statistical Knowledge

>

. . .
% From Mentimeter Quiz, X-Omics Workshop Part 1 “Data standards and multi-omics data integration”, 18t June 2020 X — O I I I | < S . r]l
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Monday 22" June 2020
Linked data in practice

QUIZ TIME!
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Monday 22" June 2020
Linked data in practice

We need to talk about -data-standards- -vocabularies
ontologies
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Back to the semantic ambiguity

How many ways can you say ‘female’?

18-day pregnant females
2 yr old female

400 yr. old female
adult female

asexual female
castrate female
cf.female
cystocarpic female
dikaryon

dioecious female
diploid female

f

famale

femail

female

female - worker
female (alate sexual)
female (calf)

hen

female (lactating)
female (pregnant)
female (outbred)
female parent
female plant
female with eggs
female worker
female, 6-8 weeks old
female, virgin
female, worker
female(gynoecious)
femele

female, pooled
femalen

females

females only
gynoecious

healthy female

individual female

Igb*cc females

mare

female (worker)
monosex female
ovigerous female
oviparous sexual females
worker bee

female enriched
pseudohermaprhoditic female
remale

semi-engorged female
sexual oviparous female
sterile female worker
strictly female

tetraploid female
thelytoky

female (gynoecious)

probably female (based on morphology)

worker caste (female)
sex: female

female, other

female child

femal

3 female

female (phenotype)
female mice

female, spayed
femlale

metafemale

sterile female

normal female

sf

vitellogenic replete female
worker

hexaploid female
female (f-0)

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 meantime clearly show that this sample stems from a

female individual)",

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

EMBL-EBI
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RDF version

sl J gender <
52 J gender <
S3 J gender <

7

\

female

‘thelytoky

s

\

f
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RDF version

sl J gender
52 J gender >
s3 J gender >L

v\

female

.

Is-equivalent-to

‘thelytoky

f

female ]

o™ R

>
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SPARQL query to select “female”

SELECT ?s WHERE {

7S

7gender

J gender

>

7gender

) is-equivalent-to

q

female

-OmMICS



FAIR genome definition of gender

| e
Meta-data Preferred ontology term Issue ssu
Value types (open/
element for meta-data Number
closed)
Individual ID NCIT:C164337 ID [string] #3 closed

Male SI0:010048
Gender S10:010029 Female S10:010052 #4 closed
Unknown / Undetermined

UNKNOWN_KARYOTYPE, XX, XY, XO,
Genotypic sex PATO:0020000 XXY, XXX, XXYY, XXXY, XXXX, XYY, #69 closed
OTHER_KARYOTYPE

L]
% https://github.com/fairgenomes/information/tree/master/fairgenomes_semantic_model X — O | | I I C S'nl



Using SPARQL to ontologise

INSERT INTO <...> {

] .
[?genderJ 510010059 }[SI0.0lOOSZ]
}
WHERE {
]
[?genderJ is-equivalent-to’[ female ]
}
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Unifying omics data one term at a time

Q 4 Q)
\>‘5 OO @)QDUO Q}(o fbv.
v.
® N
R
& © ?‘l‘“o Oé )
[ N &
20 ¢ C (€)
.dfa 00%/ < ?e‘\ 3
v, A
& © 7 o
668/7
ONTOLOGIES

LINKED DATA
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FAIR data with linked data

(FAIRGenomes

Layer 1 [?—»[ NCIT:C164337

S|o:010029]—>[5|o:01oo48]

> J

SPARQL
INSERT
( Spreadsheet A QUERY
Layer 0 [E—b[ col:patient_id
col:gender "male"
\ ’ SPARQL
INSERT
QUERY
Wikidata
Layer 1 [@_.[ wd:Q48277]—>[wd:084048850]]
o~

>
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FAIR data work around

Subjects optional ¥

Specify subjects from a taxonomy or controlled vocabulary. Each term must be uniquely identified (e.g. a URL). For free form text, use the keywords field in basic information section.

W Subjects female germ-line cyst formation G0:0048135 s

e GENEONTOLOGY

Unifying Biology
+ Add another subject

12

W Keywords RNA-directed 5-3' RNA polymerase activity

N ° G0O:0003968 ()
,Q RNA-directed 5'-3' RNA polymerase activity

:0 Molecular Function

d Definition (GO:0003968 GONUTS page)

£ Iy N -omicsn

https://www.ebi.ac.uk/QuickGO/



Find standards on FAIRsharing.org

Alsharingors I S S

Showing records 1 - 50 of 422.

View as Table View as Grid
« 2 3 4 5 é 7 8 9 »
Sort by
Best Match j
Registry Name Abbreviation Type Subject Domain Taxonomy
© woms  Newome  omnwe  CEEEERY = e & o i
Recommended Records

) (e

Recommended

Ii

@ Plus 2 more..

Associated Publication?

© =0T e CEE CEED @
Has Publication Discovery Index
=
et =0 e
Record Status © Morowimowen  owbee  CEEIEE CEEEE
= =
Uncertair| Deprecat
@ Aspergilus tecreus
Standard Type

AT

- . ° ®
% https://fairsharing.org/ .X —_— O m iC S-nl \
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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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Monday 22" June 2020
Linked data in practice

Q&A
Open Discussion
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This work is licensed under a Creative Commons Attribution 4.0 International License.



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

