Appendix: Data retrieval and evaluation functions

This appendix displays the data retrieval and evaluation functions for the 20 rules which are used
to evaluate cardiotoxicity within the HyQue-Cardiotoxicity approach along with the associated
dataset.

Rule Rule Retrieval Evaluation
number

SELECT ?value
WHERE {

(?arg1)

:get_ ChEMBL_molecule_URI (
?chembimolecule ) .

SERVICE
<http://www.ebi.ac.uk/rdf/services/ch
embl/spargl> {

?activity a
<http://rdf.ebi.ac.uk/terms/chembl#Activ
ity> .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Molecule> ?chemblmolecule?2 .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Assay> ?assay .

Drug induced ?assay
apoptosis <http://purl.org/dc/terms/description>
?description .

FILTER (regex(?description,
"TUNEL", "i") && regex(?description,
"apoptosis”, "i")) .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#publi
shedValue> ?value .

?activity
<http://www.bioassayontology.org/bao
#BAO_0000208>
<http://www.bioassayontology.org/bao
#BAO_0001103> .

FILTER
regex(?chemblmolecule2,
?chemblmolecule) .

}.

ASK WHERE {

( ?adrug )
:Retrieve TUNELAssayActivity_2 (
?result) .

FILTER (xsd:float(?result) >
20) .

—

}
SELECT ?activity
WHERE {

SERVICE ASK WHERE {
<http://drugbank.bio2rdf.org/sparqgl> { (?adrug )
Cardiotoxicity assay ?arg1 rdfs:seeAlso ?dbid . :RetrieveCardiotoxicityAssays ( ?result )
involves the drug SERVICE :
<http://www.ebi.ac.uk/rdf/services/ch FILTER bound(?result) .
embl/spargl> { }

?assay
<http://purl.org/dc/terms/description>




?description .

FILTER regex(?description,
"cardiotoxicity", "i") .

?activity a
<http://rdf.ebi.ac.uk/terms/chembl#Activ
ity> .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Assay> ?assay .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Molecule> ?chemblmolecule .

?chemblmolecule
<http://rdf.ebi.ac.uk/terms/chembl#mole
culeXref> ?dbid .

}.

}.

}

Drug inhibits hERG
channel

SELECT ?stdValue
WHERE {

(?arg1)
:getDrug_ATC_Drugbank ( ?atc2 ) .

SERVICE
<http://www.ebi.ac.uk/rdf/services/ch
embl/spargl> {

?activity a
<http://rdf.ebi.ac.uk/terms/chembl#Activ
ity> .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Molecule> ?chemblmolecule .

?chemblmolecule
<http://rdf.ebi.ac.uk/terms/chembl#atcClI
assification> ?atc .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#has
Assay> ?assay .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#stan
dardValue> ?stdValue .

?activity
<http://rdf.ebi.ac.uk/terms/chembl#stan
dardType> "IC50" .

?assay
<http://rdf.ebi.ac.uk/terms/chembl#hasT
arget>
<http://rdf.ebi.ac.uk/resource/chembl/ta
rget/ CHEMBL240> .

FILTER regex(?atc, ?atc2) .

.

ASK WHERE {
( ?adrug )
‘Retrieve_hERG_IC50_2 ( ?IC50 ) .
FILTER (xsd:float(?1C50) > 1) .

}

Drug inhibits a target
linked to
cardiotoxicity

SELECT ?target ?action
WHERE {
SERVICE
<http://drugbank.bio2rdf.org/sparql> {
?interaction a
<http://bio2rdf.org/drugbank_vocabul

ASK WHERE {

( ?adrug )
:RetrieveTargetsAndAction ( ?target
?action ) .

FILTER ((((((((((?target =
<http://bio2rdf.org/drugbank.target:40>)




ary:Target-relation> .

?interaction
<http://bio2rdf.org/drugbank_vocabul
ary:drug> ?arg1 .

?interaction
<http://bio2rdf.org/drugbank_vocabul
ary:action> ?a .

?a
<http://bio2rdf.org/bio2rdf_vocabulary
sidentifier> ?action .

?interaction
<http://bio2rdf.org/drugbank_vocabul
ary:target> ?target .

}

&& (xsd:string(?action) = "inhibitor")) ||
((?target =
<http://bio2rdf.org/drugbank.target:950>)
&& (xsd:string(?action) = "antagonist")))
|| ((?target =
<http://bio2rdf.org/drugbank.target:228>)
&& (xsd:string(?action) = "antagonist")))
|| ((?target =
<http://bio2rdf.org/drugbank.target:32>)
&& (xsd:string(?action) = "antagonist")))
|| ((?target =
<http://bio2rdf.org/drugbank.target:407>)
&& (xsd:string(?action) = "antagonist")))
|| ((?target =
<http://bio2rdf.org/drugbank.target:26>)
&& (xsd:string(?action) = "antagonist")))
|| ((?target =
<http://bio2rdf.org/drugbank.target:748>)
&& (xsd:string(?action) = "inhibitor"))) ||
((?target =
<http://bio2rdf.org/drugbank.target:281>)
&& (xsd:string(?action) = "inhibitor"))) ||
((?target =
<http://bio2rdf.org/drugbank.target:851>)
&& (xsd:string(?action) = "inhibitor"))) .

}

Drug is associated
with MeSH disease
terms linked to
cardiotoxicity

SELECT ?disease ?article
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql> {

?arg1 a
<http://bio2rdf.org/cardiotox_vocabular
y:Drug> .

?arg1
<http://bio2rdf.org/cardiotox_vocabular
y:x-mesh> ?meshiD .

}.
SERVICE
<http://ctd.bio2rdf.org/sparql> {

?association a
<http://bio2rdf.org/ctd_vocabulary:Che
mical-Disease-Association> .

?association
<http://bio2rdf.org/ctd_vocabulary:che
mical> ?meshID .

?association
<http://bio2rdf.org/ctd_vocabulary:dise
ase> ?disease .

?association
<http://bio2rdf.org/ctd_vocabulary:articl
e> ?article .

ASK WHERE {

( ?drug )
:getDiseaseArticleCTD ( ?disease ) .

FILTER
(Ceeceeccecccccccc(?disease =
<http://bio2rdf.org/mesh:D009203>) ||
<http://bio2rdf.org/mesh:D015428>) ||
<http://bio2rdf.org/mesh:D017202>) ||
<http://bio2rdf.org/mesh:D017180>) ||
<http://bio2rdf.org/mesh:D006332>) ||
<http://bio2rdf.org/mesh:D002312>) ||
<http://bio2rdf.org/mesh:D001145>) ||
<http://bio2rdf.org/mesh:D009202>) ||
<http://bio2rdf.org/mesh:D001919>) ||
<http://bio2rdf.org/mesh:D013610>) ||
<http://bio2rdf.org/mesh:D002311>) ||
<http://bio2rdf.org/mesh:D009205>) ||
<http://bio2rdf.org/mesh:D010493>) ||
<http://bio2rdf.org/mesh:D016757>) ||
<http://bio2rdf.org/mesh:D004489>) ||
<http://bio2rdf.org/mesh:D013617>) ||
<http://bio2rdf.org/mesh:D002303>) ||
<http://bio2rdf.org/mesh:D006333>) ||
<http://bio2rdf.org/mesh:D054143>) ||
<http://bio2rdf.org/mesh:D054144>) ||
<http://bio2rdf.org/mesh:D006973>) ||

}. <http://bio2rdf.org/mesh:D003328>) ||
} <http://bio2rdf.org/mesh:D001281>) .
}
D t . SELECT ?disease ASK WHERE {
rug acts on gene in WHERE { (?adrug )




a chemical-gene
association, where
the gene is involved in
a disease-gene
association related to
cardiotoxicity

( ?arg1 ) :getMeSHID ( ?mesh

SERVICE
<http://ctd.bio2rdf.org/sparqgl> {

?association_c a
<http://bio2rdf.org/ctd_vocabulary:Che
mical-Gene-Association> .

?association_c
<http://bio2rdf.org/ctd_vocabulary:che
mical> ?mesh .

?association_c
<http://bio2rdf.org/ctd_vocabulary:gene
> ?gene .

?association_d
<http://bio2rdf.org/ctd_vocabulary:dise
ase> ?disease .

?association_d a
<http://bio2rdf.org/ctd_vocabulary:Gen
e-Disease-Association> .

?association_d
<http://bio2rdf.org/ctd_vocabulary:gene
> ?gene .

}.

}

:RetrieveDiseasesAssociatedWithGeneT
hatinteractsWithDrug ( ?disease ) .
FILTER
(CCcceccceeccccecccccc>disease =
<http://bio2rdf.org/mesh:D009203>) ||
(?disease =
<http://bio2rdf.org/mesh:D015428>)) ||
(?disease =
<http://bio2rdf.org/mesh:D017202>)) ||
(?disease =
<http://bio2rdf.org/mesh:D017180>)) ||
(?disease =
<http://bio2rdf.org/mesh:D006332>)) ||
(?disease =
<http://bio2rdf.org/mesh:D002312>)) ||
(?disease =
<http://bio2rdf.org/mesh:D001145>)) ||
(?disease =
<http://bio2rdf.org/mesh:D009202>)) ||
(?disease =
<http://bio2rdf.org/mesh:D010490>)) ||
(?disease =
<http://bio2rdf.org/mesh:D001919>)) ||
(?disease =
<http://bio2rdf.org/mesh:D013610>)) ||
(?disease =
<http://bio2rdf.org/mesh:D002311>)) ||
(?disease =
<http://bio2rdf.org/mesh:D009205>)) ||
(?disease =
<http://bio2rdf.org/mesh:D010493>)) ||
(?disease =
<http://bio2rdf.org/mesh:D016757>)) ||
(?disease =
<http://bio2rdf.org/mesh:D004489>)) ||
(?disease =
<http://bio2rdf.org/mesh:D013617>)) ||
(?disease =
<http://bio2rdf.org/mesh:D002303>)) ||
(?disease =
<http://bio2rdf.org/mesh:D006333>)) ||
(?disease =
<http://bio2rdf.org/mesh:D054143>)) ||
(?disease =
<http://bio2rdf.org/mesh:D054144>)) ||
(?disease =
<http://bio2rdf.org/mesh:D006973>)) ||
(?disease =
<http://bio2rdf.org/mesh:D003328>)) .
}

Drug side-effect is
linked to cardiotoxicity

SELECT ?sideEffect
WHERE {
SERVICE
<http://drugbank.bio2rdf.org/sparqgl> {
?arg1
<http://bio2rdf.org/drugbank_vocabular
y:x-pubchemcompound> ?pcc .

ASK WHERE {
( ?drug ) :RetrieveSideEffects
( ?sideEffect ) .
FILTER
(Ceeeeeceeceeeeeeecceecceeeceeeceecceeccecec
(((((((?sideEffect =
<http://bio2rdf.org/umls:C0018802>) ||




SERVICE
<http://sider.bio2rdf.org/sparqgl> {

?compound
<http://bio2rdf.org/sider_vocabulary:pu
bchem-stereo-compound-id> ?pcc .

?compound
<http://bio2rdf.org/sider_vocabulary:sid
e-effect> ?sideEffect .

}.

}.

(?sideEffect =
<http://bio2rdf.org/umls:C0151878>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428772>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242698>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0948089>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0027051>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151744>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0031039>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0003811>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0031046>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0878544>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018801>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018800>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018799>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0232197>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0023212>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1383860>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264714>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520863>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018808>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242973>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0007177>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039240>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0155652>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428977>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0859934>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0741921>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0007166>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0036974>)) ||
(?sideEffect =




<http://bio2rdf.org/umls:C1444565>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0854612>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0852940>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1141959>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1167732>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0340324>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0160318>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0085298>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0010054>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264733>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0919857>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0042510>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520870>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877038>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0600125>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877658>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520887>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877452>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520888>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1328381>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039239>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0340517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1536093>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0344720>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0238705>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039231>)) .
}

Drug predicted side

SELECT 7?SideEffect ?pvalue
WHERE {

ASK WHERE {
(?drug)
:RetrievePredictedSideEffectsOFFSIDES




effect is linked to
cardiotoxicity

SERVICE
<http://pharmgkb.bio2rdf.org/sparqgl> {

?pharmgkbid
<http://bio2rdf.org/pharmgkb_vocabul
ary:xref> ?arg1 .

?pharmgkbid
<http://bio2rdf.org/pharmgkb_vocabul
ary:xref> ?pccid .

?drugEffect
<http://bio2rdf.org/pharmgkb_vocabul
ary:chemical> ?pccid .

?drugEffect
<http://bio2rdf.org/pharmgkb_vocabul
ary:event> ?SideEffect .

?drugEffect a
<http://bio2rdf.org/pharmgkb_vocabul
ary:Side-Effect> .

?drugEffect
<http://bio2rdf.org/pharmgkb_vocabul
ary:p-value> ?pvalue .

}.

!

( ?sideEffect ?pvalue ) .

FILTER
(Ceerecceeceeceeceeceeceeeeeceeceeceecceccecc
((((((((?sideEffect =
<http://bio2rdf.org/umls:C0018802>) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151878>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428772>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242698>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0948089>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0027051>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C0151744>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C0031039>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0003811>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0031046>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0878544>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C0018801>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018800>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018799>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0232197>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0023212>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1383860>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264714>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520863>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C0018808>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242973>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0007177>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039240>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0155652>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428977>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0859934>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C0741921>)) ||




(?sideEffect =
<http://bio2rdf.org/umls:C0007166>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0036974>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1444565>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0854612>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0852940>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1141959>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1167732>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0340324>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0160318>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0085298>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0010054>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264733>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0919857>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0042510>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520870>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877038>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0600125>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877658>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520887>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877452>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520888>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1328381>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039239>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0340517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1536093>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0344720>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0238705>)) ||
(?sideEffect =




<http://bio2rdf.org/umls:C0039231>)) &&
(xsd:float(?pvalue) < 0.0001)) .

}
. WHERE )
article for the {( 2arg1) ‘RetrievePubmedArticleMeshTerms (
. g : 2
association between | :getbrugnameDrugBank1 ( 2dname ) .| 7™ ) FILTER
SERVICE
9 2 drug and MeSH <http://cu.pubmed.bio2rdf.org/sparql> (CLCCCCCECCCLCCCttC((t(xsdk:string (Pmesh)
term related to heart ( = "Tachycardia") || (xsd:string(?mesh) =
. "Myocardial Ischemia")) ||
7article xsd:string(?mesh) = "Cardiotoxins"
<http://bio2rdf.org/pubmed_vocabular (xsd:s . 9(?mesh) = " ardio o. sl
. . . (xsd:string(?mesh) = "Myocardial
y:chemical> ?chemical . ) .
. . Infarction")) || (xsd:string(?mesh) =
?chemical rdfs:label e i
2drugname 'Atrial Fibrillation")) || (xsd:string(?mesh)
' '?a.rticle = "Myocardial Reperfusion Injury")) ||
' -string(? = i
<http://bio2rdf.org/pubmed_vocabular (xsd.;trlng(.mesh) Tachycardla,
) . . Ventricular")) || (xsd:string(?mesh) =
y:mesh_heading> ?heading . ) .
. ) "Cardiomegaly")) || (xsd:string(?mesh) =
?heading rdfs:label ?label . |~ ) o
Pericardial Effusion")) ||
FILTER regex(?drugname, . " .
2dname) (xsd:string(?mesh) = "Arrhythmias,
’ '} Cardiac")) || (xsd:string(?mesh) =
} ' "Cardiomyopathies")) ||
(xsd:string(?mesh) = "Bradycardia")) ||
(xsd:string(?mesh) = "Pericardial
Effusion")) || (xsd:string(?mesh) =
"Cardiomyopathy, Dilated")) ||
(xsd:string(?mesh) = "Myocarditis")) ||
(xsd:string(?mesh) = "Pericarditis")) ||
(xsd:string(?mesh) = "Death, Sudden,
Cardiac")) || (xsd:string(?mesh) =
"Edema, Cardiac")) || (xsd:string(?mesh)
= "Tachycardia, Supraventricular")) ||
(xsd:string(?mesh) = "Cardiac Output,
Low")) || (xsd:string(?mesh) = "Heart
Failure")) || (xsd:string(?mesh) = "Heart
Failure, Systolic")) || (xsd:string(?mesh)
= "Heart Failure, Diastolic")) ||
(xsd:string(?mesh) = "Hypertension")) ||
(xsd:string(?mesh) = "Coronary
thrombosis")) .
}
Presence of article in| SELECT ?text
o WHERE {
Pubmed linking drug (2arg1)
10 to cardiotoxicit : ?
Yy :getDrugnameDrugBank1 ( ?dname ) . ASK WHERE {
SERVICE

<http://cu.pubmed.bio2rdf.org/sparql>
{

?article
<http://bio2rdf.org/pubmed_vocabular
y:chemical> ?chemical .

?chemical rdfs:label
?drugname .

?article
<http://purl.org/dc/terms/abstract>

(?adrug)
:RetrievePubmedArticleAbstract (
?abstract ) .

FILTER regex(?abstract,
"cardiotoxic", "i") .

}




?abstract .

?abstract
<http://bio2rdf.org/pubmed_vocabular
y:abstract_text> ?text .

FILTER regex(?drugname,

11

Predicted DDI with the
drug indicates

cardiotoxicity

?dname) .
}.
}
SELECT ?label ASK WHERE {
WHERE { ( ?adrug )
SERVICE :RetrieveDrugBankDDI ( ?label ) .
<http://drugbank.bio2rdf.org/sparqgl> { {
?arg1 {
<http://bio2rdf.org/drugbank_vocabular {
y:ddi-interactor-in> ?interaction . {
?interaction rdfs:label ?label . {
}. FILTER regex(?label
} "atria", "i") .
}
UNION
{
SELECT ?effect ?pvalue ?drug2 FILTER regex(?label
WHERE { "card", "i") .
SERVICE }.
<http://cu.drugbank.bio2rdf.org/sparql> }
{ UNION
?arg1 {
<http://bio2rdf.org/drugbank_vocabular FILTER regex(?label
y:x-pubchemcompound> ?pcc . "heart", "i") .
SERVICE }.
<http://cu.pharmgkb.bio2rdf.org/spargl> }
{ UNION
?association a {

<http://bio2rdf.org/pharmgkb_vocabular
y:Drug-Drug-Association> .

?association
<http://bio2rdf.org/pharmgkb_vocabular
y:chemical> ?pcc .

?association
<http://bio2rdf.org/pharmgkb_vocabular
y:event> ?effect .

?association
<http://bio2rdf.org/pharmgkb_vocabular
y:chemical> ?drug2 .

?association
<http://bio2rdf.org/pharmgkb_vocabular
y:p-value> ?pvalue .

}.

}.

}

SELECT ?text
WHERE {

SERVICE
<http://cu.pharmgkb.bio2rdf.org/spargl>

{

FILTER regex(?label, "Qtc

prolongation”, "i") .
}.
}
UNION

{

FILTER regex(?label,
"Qtc-prolongation”, "i") .

}.
}
UNION

{

FILTER regex(?label, "ventri",

"y
.
}

ASK WHERE {
(?drug)

:RetrieveDDIEventandPvalue (

?sideEffect ?pvalue
FILTER

).

(CCceeececeececeecececcececeececeececeeeecodc




?pharmkgbid
<http://bio2rdf.org/pharmgkb_vocabular
y:xref> ?arg1 .

?pharmkgbid
<http://bio2rdf.org/pharmgkb_vocabular
y:xref> ?pccid .

?pccid rdfs:label ?drugname .

SERVICE
<http://cu.pubmed.bio2rdf.org/sparqgl> {

?article
<http://bio2rdf.org/pubmed_vocabulary:
chemical> ?chemical .

?chemical rdfs:label
?drugname .

?article
<http://bio2rdf.org/pubmed_vocabulary:
mesh_heading> ?heading .

?heading rdfs:label "Drug
Interactions" .

?article
<http://purl.org/dc/terms/abstract>
?abstract .

?abstract
<http://bio2rdf.org/pubmed_vocabulary:
abstract_text> ?text .

}.

}.

((((((((?sideEffect =
<http://bio2rdf.org/umls:C0018802>) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151878>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428772>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242698>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0948089>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0027051>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151744>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0031039>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0003811>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0031046>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0878544>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0018801>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018800>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0018799>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0232197>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0023212>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1383860>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264714>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520863>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0018808>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0242973>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0007177>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039240>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0155652>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0428977>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0859934>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0741921>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0007166>)) ||
(?sideEffect =




<http://bio2rdf.org/umls:C0036974>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1444565>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0854612>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0852940>)) ||
(?sideEffect =
<http://bio2rdf.org/umlis:C1141959>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C1167732>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0340324>)) ||
(?sideEffect =
<http://bio2rdf.org/umis:C0160318>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0085298>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0010054>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0264733>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0919857>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0042510>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520870>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877038>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0600125>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877658>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520887>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0877452>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0520888>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0151517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1328381>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039239>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0340517>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C1536093>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0344720>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0238705>)) ||
(?sideEffect =
<http://bio2rdf.org/umls:C0039231>)) &&
(xsd:float(?pvalue) < 0.0001)) .

}




ASK WHERE {

( ?adrug )
:RetrieveDDIPubmedArticleAbstract (
?abstract ) .

FILTER regex(?abstract,
"cardiotoxic", "i") .

}

Drug acts on a
pathway related to
cardiotoxicity.

SELECT ?pathway
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql>

12 {
?arg1 a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .
?arg1
<http://bio2rdf.org/cardiotox_vocabul
ary:x-mesh> ?meshiD .
}.
SERVICE
<http://ctd-vt;::fhrjvgzrg;zzggql> { ASK WHERE {
) — 2d :getPathwayInCTD
<http://bio2rdf.org/ctd_vocabulary:pat ?pathway(’?pvzjlge) )ge aihwayin (
R 7 ? .
hway> 'pith"‘t’:y : FILTER (((((((?pathway =
_ ‘pathway_assoc <http://bio2rdf.org/kegg:04150>) ||
<http://bio2rdf.org/ctd_vocabulary:ch <http://bio2rdf.org/kegg:04010>) |
) N : . :
emical> 'Test:'D : <http://bio2rdf.org/kegg:04012>) ||
~ fpalhway_assoc <http://bio2rdf.org/kegg:04141>) ||
<http://bio2rdf.org/ctd_vocabulary:p-v <http://bio2rdf.org/kegg:04370>) ||
5 : . :
alue> ?pval . <http://bio2rdf.org/kegg:04630>) &&
b (xsd:float(?pvalue) < 0.00000000001)) .
; )
athway related to WHERE {
pathway re SERVICE
cardiotoxicity. <http://drugbank.bio2rdf.org/spargl> {
?arg1
ASK WHERE
<http://bio2rdf.org/drugbank_vocabul ( ?dr{ug )
oy 2 )
13 ary-x phar}mgkb> ?Pharm_ID . :getPathwaylnPharmGKB ( ?pathway ) .

SERVICE
<http://cu.pharmgkb.bio2rdf.org/sparq
I>{

?pathway a
<http://bio2rdf.org/pharmgkb_vocabul
ary:Pathway> .

?pathway
<http://bio2rdf.org/pharmgkb_vocabul
ary:chemical> ?Pharm_ID .

}.
ki

FILTER ((((((?pathway =
<http://bio2rdf.org/pharmgkb:PA1647141
40>) ||
<http://bio2rdf.org/pharmgkb:PA1647134]
52>) ||
<http://bio2rdf.org/pharmgkb:PA1647136
67>) |
<http://bio2rdf.org/pharmgkb:PA2032>) ||
<http://bio2rdf.org/pharmgkb:PA1647135
29>) ||
<http://bio2rdf.org/pharmgkb:PA2032>) .

}

Mouse model for

SELECT DISTINCT ?phenotype

ASK WHERE {




drug target has

WHERE {

(?drug)

. . SERVICE :getPhenotypeAlleleType (
cardiotoxic <http://drugbank bio2rdf.orgsparql> { | PPhenotype.uri)
?
Phenotypes gt @ (CCCCCCCCCCCCccceeeeeeeeeccccccccccccceeeee
14 <http://bio2rdf.org/drugbank_vocabul phenotype._uri =
ary:Drug> . <http://bio2rdf.org/mp:0002795>) ||
?arg1 <http://bio2rdf.org/mp:0005598>) ||
<http://bio2rdf.org/drugbank_vocabul | <http://bio2rdf.org/mp:0002753>) ||
ary:target> ?target . <http://bio2rdf.org/mp:0003140>) ||
2target <http://b?oZrdI.org/mp:000(1)274>) It
< . : >
<http://bio2rdf.org/drugbank_vocabul <Egg;§g:g§:gfg;gjmggggéiL; ”
ary:x-hgnc> 7hgnc . <http://bio2rdf.org/mp:0001914>) ||
. <http://bio2rdf.org/mp:0010594>) ||
SERVICE <http://bio2rdf.org/mp:0002626>) ||
<http://hgnc.bio2rdf.org/sparql> { <http://bio2rdf.org/mp:0001917>) ||
hgne St blo2rdf orgmp:00053300 |
e ) p://bio2rdf.org/mp: >
<http.//b|o2rdf.org/hgnc_vocabulary.x <http-//bio2rdf.org/mp-00002925) ||
-mgi> ?marker . <http://bio2rdf.org/mp:0000280>) ||
}- <http://bio2rdf.org/mp:0003921>) ||
SERVICE <http://bio2rdf.org/mp:0002626>) ||
<http://mgi.bio2rdf.org/sparql> { <http://bio2rdf.org/mp:0003897>) ||
Jmodel htpbio2rdt orglmpi00041200) |
i : ) <http://bio2rdf.org/mp: >
<http://bio2rdf.org/mgi_vocabulary:Ge <http-//bio2rdf.org/mp-0001853>) |
notype> . <http://bio2rdf.org/mp:0002625>) ||
?model <http://bio2rdf.org/mp:0000231>) ||
<http://bio2rdf.org/mgi_vocabulary:ma | <http://bio2rdf.org/mp:0003037>) ||
rker> ?marker . <http://bio2rdf.org/mp:0006138>) ||
?2model <http://bio2rdf.org/mp:0001855>) ||
<http://bio2rdf.org/mgi_vocabulary:all | <http://bio2rdf.org/mp:0003141>) ||
ele> 2all . <http://bio2rdf.org/mp:0008772>) ||
" <http://bio2rdf.org/mp:0010579>) ||
2all <http://bio2rdf.org/mp:0008774>) ||
<http://bio2rdf.org/mgi_vocabulary:all <http://bio2rdf.org/mp:0003915>) ||
ele-attribute> ?allele_type . <http://bio2rdf.org/mp:0000304>) ||
?model <http://bio2rdf.org/mp:0000233>) ||
<http://bio2rdf.org/mgi_vocabulary:ph <:ﬁp3%?Ogrg;-orgjmpigggggg?; ”
5 <http://bio2rdf.org/mp: >
enotype> ?phenotype . <http://bio2rdf.org/mp:0001636>) ||
s <http://bio2rdf.org/mp:0001628>) ||
FILTER (?allele_type = <http://bio2rdf.org/mp:0006112>) ||
"Null/knockout") . <http://bio2rdf.org/mp:0005140>) ||
} <http://bio2rdf.org/mp:0002974>) ||
<http://bio2rdf.org/mp:0001625>) ||
<http://bio2rdf.org/mp:0003393>) ||
<http://bio2rdf.org/mp:0004085>) ||
<http://bio2rdf.org/mp:0005330>) ||
<http://bio2rdf.org/mp:0002833>) .
}
Drug has cardiotoxic SELECT ?effects ?effect_article ASK WHERE {
. WHERE { FILTER (?drug !=
effects in the SERVICE 2side_effect) .
database <http://134.117.108.187:8890/sparql> | 7eﬁectsg?dmg ) :getEffectsfromDB
15 { FILTER (?effects =

?argl a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .

?arg1
<http://bio2rdf.org/cardiotox_vocabul

2side_effect) .

}




ary:hasCardiotoxicEffect> ?effects .
?effects
<http://bio2rdf.org/cardiotox_vocabul
ary:hasArticle> ?effect_article .
}.
}

16

Drug has cardiotoxic
targets in the
database

SELECT ?target ?target_article
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql>
{

?arg1 a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .

?arg1
<http://bio2rdf.org/cardiotox_vocabul
ary:hasTarget> ?target .

?target
<http://bio2rdf.org/cardiotox_vocabul
ary:hasArticle> ?target_article .

}.

}

ASK WHERE {

( ?drug ) :getTargetsfromDB
( ?target) .

FILTER bound(?target) .
}

17

Drug has clinical
observations linked
to cardiotoxicity in
the database

SELECT ?observation
?observation_type
?observation_article
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql>
{

?arg1 a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .

?arg1
<http://bio2rdf.org/cardiotox_vocabul
ary:hasObservation> ?observation .

?observation
<http://bio2rdf.org/cardiotox_vocabul
ary:hasMeasurement>
?observation_type .

?0observation
<http://bio2rdf.org/cardiotox_vocabul
ary:hasArticle> ?observation_article .

}.

!

ASK WHERE {
(?drug)
:getObservationfromDB ( ?observation

FILTER bound(?observation)

18

Drug has identified
off targets suspected
to play a role in
cardiotoxicity in the
database

SELECT ?Evidence ?Observ ?Article
?0ffTarget ?DrugAction
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql>
{

?arg1 a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .

ASK WHERE {

(?drug)
:getEvidenceEffectOffTargetArticlefro
mDB ( ?Evidence ) .

FILTER (?Evidence =
<http://semanticscience.org/resource/
SI0_001210>) .

}




?arg1
<http://bio2rdf.org/cardiotox_vocabul
ary:hasObservedEffectOnOffTarget>
?0bserv .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:hasEvidenceOfCardiotoxicity>
?Evidence .

?0Observ
<http://bio2rdf.org/cardiotox_vocabul
ary:hasArticle> ?Article .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:hasOffTarget> ?OffTarget .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:DrugActionOnOffTarget>
?DrugAction .

}.
ki

19

Drug has an
identified off target
contributing to a
cardioprotective
effect in the
database

SELECT ?Evidence ?Observ ?Article
?0ffTarget ?DrugAction
WHERE {

SERVICE
<http://134.117.108.187:8890/sparql>
{

?arg1 a
<http://bio2rdf.org/cardiotox_vocabul
ary:Drug> .

?arg1
<http://bio2rdf.org/cardiotox_vocabul
ary:hasObservedEffectOnOffTarget>
?0bserv .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:hasEvidenceOfCardiotoxicity>
?Evidence .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:hasArticle> ?Article .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:hasOffTarget> ?OffTarget .

?0bserv
<http://bio2rdf.org/cardiotox_vocabul
ary:DrugActionOnOffTarget>
?DrugAction .

}.

}

ASK WHERE {

(?drug)
:getEvidenceEffectOffTargetArticlefro
mDB ( ?Evidence ) .

FILTER (?Evidence =
<http://semanticscience.org/resource/
SI0_001211>).

}

20

Drug has clinical
trial.

SELECT DISTINCT ?trial ?condition
WHERE {
(?arg1)
:getDrugnameDrugBank ( 7d ) .
SERVICE

ASK WHERE {

(?drug)
:getBasicClinicalTrial ( ?trial ?condition
?t_title ) .

FILTER
(CCCceeceeceeccecceccc((str(?condition) =




<http://clinicaltrials.bio2rdf.org/sparql>
{

?trial a
<http://bio2rdf.org/clinicaltrials_vocab
ulary:Clinical-Study> .

?trial
<http://bio2rdf.org/clinicaltrials_vocab
ulary:condition-mesh> ?c .

?trial
<http://bio2rdf.org/clinicaltrials_vocab
ulary:intervention> ?int .

?int
<http://purl.org/dc/terms/titie>
?intervention .

?c
<http://purl.org/dc/termsititie>
?condition .

FILTER CONTAINS(str(?d),
str(?intervention)) .

}.

}

"Myocardial Ischemia") ||
(str(?condition) = "Myocardial
Infarction")) || (str(?condition) =
"Myocardial Reperfusion Injury")) ||
(str(?condition) = "Tachycardia,
Ventricular")) || (str(?condition) =
"Cardiomegaly")) || (str(?condition) =
"Cardiomyopathy, Hypertrophic")) ||
(str(?condition) = "Arrhythmias,
Cardiac")) || (str(?condition) =
"Cardiomyopathies")) || (str(?condition)
= "Pericardial Effusion")) ||
(str(?condition) = "Bradycardia")) ||
(str(?condition) = "Tachycardia")) ||
(str(?condition) = "Cardiomyopathy,
Dilated")) || (str(?condition) =
"Myocarditis")) || (str(?condition)
"Pericarditis")) || (str(?condition)
"Death, Sudden, Cardiac")) ||
(str(?condition) = "Edema, Cardiac")) ||
(str(?condition) = "Tachycardia,
Supraventricular")) || (str(?condition) =
"Cardiac Output, Low")) ||
(str(?condition) = "Heart Failure")) ||
(str(?condition) = "Heart Failure,
Systolic")) || (str(?condition) = "Heart
Failure, Diastolic")) || (str(?condition) =
"Hypertension")) || (str(?condition) =
"Coronary thrombosis")) ||
(str(?condition) = "Atrial Fibrillation")) .




