


Linking genes to traits

yellow pigment
(Adato et al., 2009) (flavonoid)
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https://github.com/candYgene
https://www.research-software.nl/software/linked-data-platform-for-plant-breeding-genomics
https://www.research-software.nl/software/grlc
https://www.research-software.nl/software/fairdatapoint
https://www.research-software.nl/software/siga-py
https://www.research-software.nl/software/xenon-cli
https://www.research-software.nl/software/qtl-tableminer

Linked Data approach

% Machlne read
h{ ) " Non- propnetafy
'rﬁ_"‘ ' RDF standards

* Linked RDF

sYOUR DATA 5+

Sir Tim Berners-Lee (W3C)

netherlands

LRI center

» Use (persistent) URIs/IRIs to identify things
 Use HTTP-resolvable URIs

* Use RDF graph model (triples)

» Link to other resources

Wredicate @

<URI> <URI> <URI| Literal>

RDF turtle format
@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .

@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> . .
@prefix obo: <http://purl.obolibrary.org/obo/> . SOIyCOOQOOSOOOZ IS a gene

<http://solgenomics.net/genome/Solanum_lycopersicum/gene/Solyc00g005000.2> rdf:type obo:S0 0000704 ;

rdfs:label "gene Solyc00g005000.2"""xsd:string ;
L2\ 2\ ¢
. <
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Genome annotations

Use controlled vocabularies & ontologies Software architecture
(e.g. GenBank Feature Table, SO[FA], FALDO, DCMI)
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Mining QTLs from literature
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e.g., QTL mapped on chrl2
(Faino etal., 2012)
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QTLs "buried" in tables

@ B
Contral
Filter trait tables

Table Subject

Table Headings
Table Captions
Table Footer

Normalize table
structure

Yable Properties

Table Headings
Table Captions
Table Orientation
Rows-Headings
Column datatypes
Abbreviations

[
<>

Trait Table (Example 2)

Cl of table columns based on

and ontology-based concept

Sgotde 2ot 2esiosde 2o

PATO SPTO PO T0 GO SO  ChEeBl SGN Dictionary

S

Results and
List of QTLs
N Semi-automated d
—— B[ Y
OPEN _
Database Reﬁne» R
SQLite

QTL TableMiner++
(Singh et al. 2018)
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Data sources

é Domestic tomato (Solanum lycopersicum)
. gene models (SGN & Ensembl) + proteins (UniProt)
. genetic markers (SGN & SolCAP)

QTLs (Europe PMC)

Sl Wild tomato (S. pennellij
. gene models (SGN)
genetic markers (SGN)
QTLs (Europe PMC)
“ Potato (S. ftuberosum phureja)
. gene models (PGSC & Ensembl) + proteins (UniProt)

genetic markers (SolCAP & DArT)

QTLs (Europe PMC)

netherlands

LRI center

. Europe PMC
Linked data QTLs, traits,
markers,
g rap hS candidate genes
SGN ) J

(S. lycopersicum) SGN )

genome (S. pennellii) SGN
annotations, genome (S. tuberosum)
markers annotations, genome
|\ markers annotations,

ﬁ |\ markers

N\
Ensembl Plants
(S. lycopersicum) | Ensembl Plants
genome (S. tuberosum)
annotations genome
annotations
§
Y
UniProt )
(S. lycopersicum) UniProt
proteome (S. tuberosum)
proteome
\
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FAIR research output

netherlands center About the directory

candYgene

Research Software Directory

Software developed as part of the NLeSC & WUR project: Prediction of candidate genes for lraits using interoperable genome
annotations .
Encouraging the re-use of research software
Netherlands hitps/www.esciencecanter.nl
B ——— The Research Software Directory aims to promote the impact, the exchange and
R itori P le Te P 1 Setti

O Reposhiaries @ e @ e @ Mhecie @ i) re-use of research software. Please use our tools! Read more
Pinned repositories Cuslomize pinned reg

= pbg-ld = Q™ = siga Start typing he:

Forked from PER/QTM

Sortby: | Most mentions v

Linked Data Platform for Plant Breeding & Genemics Semantically Inleroperable Genome Annotations

QTL TableMiners+ ool for mining tables in scienlific

articles

Tags -
QTLTableMiner++ QT pbg-ld pb

pbg-ld: Linked Data Platform for Plant Breeding
& Genomics

e
Quantitative Trait Loci in Solanaceae species

A tool to extract Quantitative Trait Locus data Provides easy access to integrated plant-
from tables in genetics literature and make this specific data on genes associated with traits of
data more FAIR. interest.

&linked data (10)

Software  Open Access

QTLTableMiner**: semantic mining of QTL tables in
scientific articles

QTLTableMiner++: a tool for mining tables in
scientific articles

[— ]~ —]
FAIR Data Point: a web service to provide
machine-readable descriptions about datasets

Gumeer Singh, Arnold Kuzniar, Erik M. van Mulligen, Anand Gaval, Christian W. Bachem, Richard G.F. Visser and
Richard Finkers i

Prp—
[er— BMC Bioinformatics 2018 19183

https://dol org/10.1186/512859-018-21657 © The Author(s) 2018
Received: 1 February 2018 | Accepted: 25 April 2018 | Published: 25 May 2018



https://doi.org/10.5281/zenodo.1193640
https://doi.org/10.5281/zenodo.1458169
https://doi.org/10.5281/zenodo.1215044
https://doi.org/10.5281/zenodo.1076438
https://doi.org/10.5281/zenodo.1083951

Linked Data Platform

Text Search Entity Label Lookup  Entity URI Lookup Featured | Demo Queries | About

Precision Search & Find

Label

fruit shape]

firuit shape _hitp./ouri.obonibrary.ora/oboise 0000038}
fruit shape
fruit shape circular
frult shape eccentric
fruit shape ellipsoid
fruit shape index hit
fruit shape index external 1
fruit shape index external 2

Opentink Virtuoso vers| Uit shape rectangular
fruit shape triangle

v Edition (62 GB total memory)

fruit shape triangle 30%
fruit shape triangle 5% ht!

Trait

netherlands

eSciencd =11

About: QTL:4321030_4_14 coto Sponge

NotDistinct
An Entity of Type : http://purl.obolibrary.org/obo/S0_0000771, within Data Space

Type: QTLv Command: Start New Facet ~ Go
Attributes Values

type QTL

label QTL:4321030_4_14

det:identifier QTL:4321030 4 14

def edBy tifiers.org/pme/PMCA321030
correlated with

variation genel65_0-i23
variation gene210_0-i23
variation gene220_0-i23
variation gene221_0-23

fruit shape
overlaps gene Solycl1g038340.1

gene Solyc11g039370.1
»mores

About: gene Solycl1g038340.1 coto Sponge
An Entity of Type : http://purl.obolibrary.org/obo/SO_0001217, within Data Spaj

Type: protein_coding_gene ¥ Command: Start New Facet e Ga

Alias: Solyc11g038340; Name: Solyc11g038340.1

Attributes  Values
type protein_coding_gene

label gene Solyc11g038340.1

comment Alias: Solyc11g038340; Name: Solyc11g038340.1
sameAs gene Solycl1g038340.1

dctiidentifier Solyc11g038340.1

location chromosome 11:45259363-45259605

has_part prim_transcript Solyc11g038340.1.1
transcribed_to prim_transcript Solyc11g038340.1.1

is overlaps of QTL:3464107 4 25
QTL:4321030_4_14
QTL:4321030_ 4 7



https://github.com/candYgene/pbg-ld

Data access & analysis

Virtuoso SPARQL Query Editor
Default Data Set Name (Graph IRI)

Query Text

PREFIX rdfs: <http://waw.u3.orq/2000/01/rdf-schena#>
PREFIX Owl: <http://wwe.w3.org/2002/07/oulé>

PREFIX dcterms: <http://purl.org/dc/terms/>

PREFIX 0bo: <http://purl.obolibrary.org/obo/>
PREFIX 50: <http://purl.obalibrary.org/obo/so#>

SELECT
str(7qtl id) As 7qtl id
s1r(7sgn gene_id) AS 7sgn gene_id
str(?sgn trans_id) AS ?sgn trans_id
str(7annot) AS Fanngt

WHERE

GRAPH <http://europepac.org/articles> {
7qt1 a obo:S0 8886771 ;
obo:RD_ 86803388 7trait ;
so:overlaps 7gene ;
determs: identifier 7ggl id .
FILTER(7trait = gbo:SP 8080366)

GRAPH <http://solgenonics.net/gename/Solanun_lycopersicums {
7gene so:transcribed to Ptranscript ;
i der 7sgn gene id .

Ptranscript rots A
detarms: identitier 7sgn trans id
¥
1
netherlands

center

Count genomic features

e —

Get gene annotations from SGN given a gene ID

Get genes contained ina QTL

fEwthenesInQTL e proes oniiad i T

Get QTLs in an article

fRetQrLimArticle Gergns mansme

(Get QTLs assaciated with a trait ID

T T ——

REST API

In [8]: df = pd.resd csu(Stringlo(resp. text))
ar

outlB]: [ieature_name teature_id n
0 eson B
1|cos. (50000031 6]ihdip.pusr abalbrary org/obe/SO.._| 252950
2[intron 204027
3 protein_coding_primary 1 apu23
4 proten_ccrding_gene a1s05
5 genetic_markar 2225
[6]womesome S w0RGRaDl ey g0 | 13|
[7[genome | 50900128ttt aooraey orpomses. | 1

‘Wi Gan then manipulals the DalaFrams to visuslizs our resulls

In (8] df = df.set_indexfeature nane’)
df1n° ] plot (kind='bar-)

Qut[s]: <natplotlib. axes

_subplots AxesSubalot sl Bx7e238309958~




Conclusions & future work

* Use/develop open-source, standards-compliant, well-documented software
« Linked (Open) Data principles = FAIR Data principles (in practice)
* FAIR compliance not only for data but also for software/workflows

+ Integrating & "semantifying” (semi-)structured data requires significant time
investment & domain expertise

 Improve data access & processing workflow
« Extend pbg-/d with algorithms for candidate gene prioritization
* Prepare new software & data releases

* Deploy pbg-ld software stack in production environment (HPC Cloud)
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