
www.sib.swiss

SPARQLing Rhea
Anne Morgat, Swiss-Prot group



Accompanying Jupyter notebook:
https://github.com/sib-swiss/sparql-training/tree/master/rhea/SWAT4HCLS_2019
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Rhea is an expert curated knowledgebase of chemical and transport 
reactions of biological interest that can be used for enzyme annotation, 
genome-scale metabolic modeling and omics-related analysis

Rhea, a biochemical reactions knowledgebase

https://www.rhea-db.org

• 12,290 biochemical reactions

• 10,795	compounds

• 14,082 curated	literature
references

• covers	all	organisms

• Used	by	UniProtKB,	ChEBI,	
SwissLipids,	EBI	Enzyme	Portal,	
MetaboLights,	MetaNetX,...	and	
soon	by	GO	(Gene	Ontology)



Rhea reactions: balanced – non redundant

formula: C23 H30 N8 O9, charge: -2 formula: C23 H30 N8 O9, charge: -2



Rhea curation: describing chemical reactions using ChEBI

5,10-methylenetetrahydrofolate + D-alanine + H2O = tetrahydrofolate + 2-methylserine

Rhea curators

www.ebi.ac.uk/chebi







ChEBI:142610 - relationships









D-alanine

Rhea curation: choice of reaction participants

Rhea curators

5,10-methylenetetrahydrofolate + D-alanine + H2O = tetrahydrofolate + 2-methylserine



Different chemical species for the same compound



Rhea curation: choice of reaction participants

Rhea curators

5,10-methylenetetrahydrofolate + D-alanine + H2O = tetrahydrofolate + 2-methylserine

D-alanine

Major microspecies at pH 7.3
Rhea & MetaCyc: same convention
KEGG: different convention
à Reconciliation issues (MetaNetX/MNXref)



Rhea reaction participants
Protein

Nucleic acid



Rhea reactions hierarchical classification (exploit ChEBI ontology)

“is a”



“is a” “is a”



“is a” reaction relationship 



EC 1.4.3.19 (alternate reaction of glycine oxidase)  

EC 1.4.3.3 (D-amino-acid oxidase)  

“is a” reaction relationship 

< 20% Rhea reactions are classified
(expert curation, on-going process)



Rhea reactions and enzyme catalysts

Enzyme nomenclature (EC numbers)

UniProt enzymes



Enzyme classification and EC numbers
• EC 1    Oxidoreductases

EC 1.1 Acting on the CH-OH group of donors

EC 1.1.1 With NAD+ or NADP+ as acceptor

EC 1.1.1.2 alcohol dehydrogenase (NADP+)

an alcohol + NADP+ = an aldehyde + NADPH + H+
...

EC 1.1.1.19 glucuronate reductase

L-gulonate + NADP+ = D-glucuronate + NADPH + H+

• EC 2    Transferases
• EC 3    Hydrolases
• EC 4    Lyases
• EC 5    Isomerases
• EC 6    Ligases
• EC 7    Translocases

is a

missing deeper levels



Rhea and Enzyme classification



Rhea is used in UniProt since December 2018

Rhea reactions used in UniProtKB/Swiss-Prot 6’629 / 12’290 (54.1%)

UniProtKB/Swiss-Prot proteins
annotated with Rhea reactions

217’207 (38.7%)

UniProtKB/TrEMBL proteins
automatically annotated with Rhea reactions

17’141’552 (9.4%)
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Data model (https://www.rhea-db.org/rhea_rdf_documentation.pdf)



Reactions, sides and participants



Reactions participants: rh:Compound classes



Reactions participants: links to ChEBI
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Rhea SPARQL endpoint: rhea.rdf + chebi.owl

https://sparql.rhea-db.org/sparql



Q1: Retrieve all Rhea reactions (approved or preliminary) and display their
chemical equation

#endpoint: https://sparql.rhea-db.org/sparql

PREFIX rh:<http://rdf.rhea-db.org/>
SELECT ?reaction ?reactionEquation
WHERE {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:status ?status .
VALUES ?status {rh:Approved rh:Preliminary}
?reaction rh:equation ?reactionEquation .

}
ORDER BY ?reaction

rh:Reaction

?reaction

rdfs:subClassOf
?status

{rh:Approved rh:Preliminary}
rh:status

[…]

rh:reactionEquation

rh:equation



Chemical search (data from chebi.owl)

Identifiers (ChEBI IDs, cross-references IDs) [query Q2]

Names and synonyms

ChEBI ontology (‘is a’, ‘has role’ relationships) [query Q3]

Structural search
• Formula, SMILES, InChi, InChiKey [query Q4]
• Substructure search (IDSM/Sachem) [query Q20]



Q2: Retrieve all approved reactions using L-glutamate (CHEBI:29985) AND 
L-glutamine (CHEBI:58359) in opposite reaction sides

#endpoint:https://sparql.rhea-db.org/sparql

PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX ch:<http://purl.obolibrary.org/obo/>

SELECT ?reaction
WHERE {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:status rh:Approved .

?reaction rh:side ?reactionSide1 .
?reactionSide1 rh:contains ?participant1 .
?participant1 rh:compound ?compound1 .
?compound1 rh:chebi ch:CHEBI_29985 .

?reaction rh:side ?reactionSide2 .
?reactionSide2 rh:contains ?participant2 .
?participant2 rh:compound ?compound2 .
?compound2 rh:chebi ch:CHEBI_58359 .

?reactionSide1 rh:transformableTo ?reactionSide2 .
}

rh:Reaction

?reaction

rdfs:subClassOf

?reactionSide1 ?reactionSide2

rh:side rh:side

rh:transformableTo

?reactionParticipant1 ?reactionParticipant2

ch:CHEBI_29985 ch:CHEBI_58369

?compound1 ?compound2

rh:contains rh:contains

rh:compound rh:compound

rh:chebi rh:chebi

rh:Approved
rh:status

CHEBI:29985 (L-glutamate) CHEBI:58359 (L-glutamine)



Q3: Select all approved reactions with CHEBI:17815 (a 1,2-diacyl-sn-glycerol) or one of 
its descendant.

#endpoint:https://sparql.rhea-db.org/sparql

PREFIX up:<http://purl.uniprot.org/core/>

SELECT distinct ?chebi ?chebiUniprotName
?reaction ?reactionEquation

WHERE {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:status rh:Approved .
?reaction rh:equation ?reactionEquation .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
?compound rh:chebi ?chebi .
?chebi rdfs:subClassOf* ch:CHEBI_17815 .
?chebi up:name ?chebiUniprotName .

}

rh:Reaction

?reaction

rdfs:subClassOf

?reactionSide

rh:side
rh:equation

?reactionParticipant

ch:CHEBI_17815

?compound

rh:contains

rh:compound

rh:chebi

rh:Approved
rh:status

?reactionEquation

?chebi

rdfs:subClassOf*

CHEBI:17815 
(a 1,2-diacyl-sn-glycerol)

up:name ?chebiUniprotName



Q3: Select all approved reactions with CHEBI:17815 (a 1,2-diacyl-sn-glycerol) or one of 
its descendant.

[…]

[…]



Chemical structure search

C1[C@@]2([C@]3(CC[C@]4([C@]([C@@]3(CC=C2C[C@H](C1)O)[H])(CC[C@@]4([C@H](C)CCCC(C)C)[H])[H])C)[H])C
SMILES

CHEBI:16113 
(cholesterol)

InChI=1S/C27H46O/c1-18(2)7-6-8-19(3)23-11-12-24-22-10-9-20-17-21(28)13-15-26(20,4)25(22)14-16-27(23,24)5/h9,18-19,21-25,28H,6-8,10-17H2,1-5H3/t19-,21+,22+,23-,24+,25+,26+,27-/m1/s1
InChI

HVYWMOMLDIMFJA-DPAQBDIFSA-N
InChIKey

Formula: C27H46O



Q4: Retrieve Rhea reactions that involve cholesterol using its InChiKey

#endpoint:https://sparql.rhea-db.org/sparql

PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX ch:<http://purl.obolibrary.org/obo/>
PREFIX ch3:<http://purl.obolibrary.org/obo/chebi/> 
PREFIX up:<http://purl.uniprot.org/core/>

SELECT distinct ?chebi ?chebiUniprotName
?reaction ?reactionEquation

WHERE {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:status ?status .
VALUES (?status) {(rh:Approved) (rh:Preliminary)}
?reaction rh:equation ?reactionEquation .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
?compound rh:chebi ?chebi .
?chebi up:name ?chebiUniprotName .
?chebi ch3:inchikey ?inchikey .
VALUES (?inchikey) {("HVYWMOMLDIMFJA-DPAQBDIFSA-N")}

}
ORDER BY ?reaction

rh:Reaction

?reaction

rdfs:subClassOf

?reactionSide

?reactionParticipant

?compound

rh:contains

rh:compound

rh:chebi

?chebi

?inchikey
("HVYWMOMLDIMFJA-DPAQBDIFSA-N")

ch3:inchikey

?reactionEquation

rh:equation

?status
{rh:Approved rh:Preliminary} rh:status

rh:side

?chebiUniprotNameup:name



Q4: Retrieve Rhea reactions that involve cholesterol using its InChiKey

[…]



Enzyme search

Enzyme nomenclature (EC numbers)

UniProt enzymes



Q5: Distribution of Rhea reactions based on the first level of IUBMB 
enzyme classification

#endpoint:https://sparql.rhea-db.org/sparql

PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX ec:<http://purl.uniprot.org/enzyme/>
PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#>
PREFIX skos:<http://www.w3.org/2004/02/skos/core#> 

SELECT ?ecClass
?ecClassName
(count(?reaction) as ?reactionCount)

WHERE
{
SERVICE <http://sparql.uniprot.org/sparql> {
?ec rdfs:subClassOf ?ecClass .
?ecClass skos:prefLabel ?ecClassName .
VALUES (?ecClass) { (ec:1.-.-.-) (ec:2.-.-.-)(ec:3.-.-.-)

(ec:4.-.-.-)(ec:5.-.-.-) (ec:6.-.-.-) 
(ec:7.-.-.-) }

}
?reaction rh:ec ?ec .

}
ORDER BY ?ecClass

? reaction

rh:ec

?ec

?ecClass
{(ec:1.-.-.-)
(ec:2.-.-.-)
(ec:3.-.-.-)
(ec:4.-.-.-)
(ec:5.-.-.-)
(ec:6.-.-.-)
(ec:7.-.-.-)}

rdfs:subClassOf

?ecName

skos:prefLabel



Query: retrieve human enzyme metabolizing cholesterol and their reactions

human
enzyme
cholesterol



Query: retrieve human enzyme metabolizing cholesterol and their reactions

compound 
(CHEBI_16113)

Proteins & Rhea reactions
NCBI taxid (taxon:9606)

1

4 reactions

human
enzyme
cholesterol

NCBI taxid
UniProt & Rhea
CHEBI & Rhea

HUMAN UniProt proteins
Rhea reactions with
compound CHEBI:16113 

2
reactions3

proteins



Q6: Retrieve human enzyme metabolizing cholesterol and their reactions
#endpoint:https://sparql.rhea-db.org/sparql
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX up: <http://purl.uniprot.org/core/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/> 
PREFIX rh: <http://rdf.rhea-db.org/>
PREFIX ch:<http://purl.obolibrary.org/obo/>
SELECT DISTINCT ?protein ?proteinId ?proteinName

?reaction ?reactionEquation
WHERE {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
# cholesterol (CHEBI:16113)
?compound rh:chebi ch:CHEBI_16113 .
?reaction rh:equation ?reactionEquation . 
SERVICE <https://sparql.uniprot.org/sparql/> {
?protein up:mnemonic ?proteinId .
?protein up:recommendedName ?rn .
?rn up:fullName ?proteinName .
# HUMAN proteins (taxid=9606)
?protein up:organism taxon:9606 .
?protein up:annotation ?a1 .
?a1 a up:Catalytic_Activity_Annotation .
?a1 up:catalyticActivity ?ca .
?ca up:catalyzedReaction ?reaction .  

}
}

?reaction

?protein

up:Catalytic_Activity_Annotation

taxon:9606

?a1

up:annotation

?ca

up:catalyticActivity

up:catalyzedReaction

?reactionSide

rh:side

?reactionParticipant

?compound

rh:contains

rh:compound
rh:chebi

ch:CHEBI_16113

up:organism

a

?proteinId

?proteinName
up:recommendedName/up:fullName

up:mnemonic

?reactionEquation

rh:equation



[…]

Q6: Retrieve human enzyme metabolizing cholesterol and their reactions



Query form

SELECT Returns all, or a subset of, the variables bound in a query pattern match.

ASK Returns a boolean indicating whether a query pattern matches or not. 

CONSTRUCT Returns an RDF graph constructed by substituting variables in a set of triple 
templates.

DESCRIBE Returns an RDF graph that describes the resources found.

SPARQL query forms

(from https://www.w3.org/TR/rdf-sparql-query/#QueryForms)



#endpoint: https://sparql.uniprot.org/sparql/

PREFIX up:<http://purl.uniprot.org/core/>
PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/>
PREFIX ch:<http://purl.obolibrary.org/obo/>
ASK {
SERVICE <https://sparql.rhea-db.org/sparql> {
?reaction rh:status ?status .
VALUES (?status) {(rh:Approved) (rh:Preliminary)}
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
# cholesterol: CHEBI:16113
?compound rh:chebi ch:CHEBI_16113 .

}
?protein up:annotation/up:catalyticActivity/up:catalyzedReaction ?reaction .
# Fungi (taxon:4751),  kingdom
?protein up:organism ?taxid .
?taxid rdfs:subClassOf taxon:4751 .
?protein up:reviewed true .

}

Q7: Ask if there are fungal UniProtKB/Swiss-Prot protein(s) 
metabolizing cholesterol (for QC)

Expected: false
Answer (2019_10): true à to-do: fix errors

?reaction

?protein
up:reviewed

true

taxon:4751

up:organism

up:annotation/up:catalyticActivity/up:catalyzedReaction

rh:status

?reactionParticipant

?compound

rh:side

rh:compound

ch:CHEBI_16113
rh:chebi

?status
{rh:Approved rh:Preliminary}

?reactionSide

rh:contains

?taxid

rdfs:subClassOf



Query: where are the human enzymes metabolizing cholesterol located in the cell?

compound
(CHEBI_16113)

NCBI taxid (taxon:9606) 
Proteins & Rhea reactions
Proteins & Subcell. location

1

4

reactions

NCBI taxid
UniProt & Rhea
CHEBI & Rhea

HUMAN UniProt proteins
Rhea reactions with
compound CHEBI:16113
Subcellular locations 

3
reactions2



Q8: Where are the human enzymes metabolizing cholesterol located in the cell? 

?reaction

?protein

up:Catalytic_Activity_Annotation

taxon:9606

?a1

up:annotation

?ca

up:catalyticActivity

up:catalyzedReaction

?reactionSide

rh:side

?reactionParticipant

?compound

rh:contains

rh:compound
rh:chebi

ch:CHEBI_16113

#endpoint: https://sparql.uniprot.org/sparql/
PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#> 
PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX ch:<http://purl.obolibrary.org/obo/> 
PREFIX up:<http://purl.uniprot.org/core/>
PREFIX taxon:http://purl.uniprot.org/taxonomy/
PREFIX skos:<http://www.w3.org/2004/02/skos/core#>
SELECT distinct ?protein ?reaction

?upLocation ?upLocationLabel ?goId
WHERE {
SERVICE <https://sparql.rhea-db.org/sparql> {
?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:equation ?reactionEquation .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
?compound rh:chebi ch:CHEBI_16113 .

}
# Human proteins (taxid=9606)
?protein up:organism taxon:9606 .
# Rhea catalayzed reactions
?protein up:annotation ?a1 .
?a1 a up:Catalytic_Activity_Annotation .
?a1 up:catalyticActivity ?ca .
?ca up:catalyzedReaction ?reaction .
# UniProt cellular components
?protein up:annotation ?a2 .    
?a2  a  up:Subcellular_Location_Annotation .    
?a2 up:locatedIn ?lIn .
?lIn up:cellularComponent ?upLocation .    
?upLocation skos:prefLabel ?upLocationLabel .    
?upLocation skos:exactMatch ?goId .

}

?a2

up:Subcellular_Location_Annotation

?lIn

up:organism

up:annotationa

?upLocation

?upLocationLabel

?goId

up:cellularComponent

skos:prefLabel
skos:exactMatch

up:locatedIn

a



[…]

Q8: Where are the human enzymes metabolizing cholesterol located in the cell? 



Query: where are the human genes encoding enzymes metabolizing cholesterol
expressed?

compound
(CHEBI_16113)

NCBI taxid (taxon:9606) 
Proteins & Rhea reactions
Proteins & Ensembl genes

1

6

reactions

NCBI taxid
UniProt & Rhea
CHEBI & Rhea
UniProt & Ensembl
Ensembl & UBERON

HUMAN UniProt proteins
Rhea reactions with compound 
CHEBI:16113
Human Ensembl genes
Uberon Anatomic entities

3
reactions2

bioSODA

Ensembl gene

5
4

Uberon
anatomic entities



?reaction

rh:Approved
rh:status

?protein

up:Catalytic_Activity_Annotation

taxon:9606

up:organism

?a

up:annotation

?ca

up:catalyticActivity

up:catalyzedReaction

?reactionSide

rh:side

?reactionParticipant

?compound

rh:contains

rh:compound
rh:chebi

ch:CHEBI_16113

?ensemblGene

?gene

?anatomicEntity

?anatomicEntityLabel

genex:isExpressedIn

lscr:xrefEnsemblGene

rdfs:label

#endpoint: https://sparql.uniprot.org/sparql/
PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#>
PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX ch:<http://purl.obolibrary.org/obo/> 
PREFIX up:<http://purl.uniprot.org/core/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/>
PREFIX genex: <http://purl.org/genex#>
PREFIX lscr: <http://purl.org/lscr#>

SELECT distinct ?protein ?ensemblGene ?reaction
?anatomicEntityLabel ?anatomicEntity

WHERE {
SERVICE <https://sparql.rhea-db.org/sparql> {

?reaction rdfs:subClassOf rh:Reaction .
?reaction rh:equation ?reactionEquation .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
?compound rh:chebi ch:CHEBI_16113 .

}

?protein up:organism taxon:9606 .
?protein up:annotation ?a .
?a a up:Catalytic_Activity_Annotation .
?a up:catalyticActivity ?ca .
?ca up:catalyzedReaction ?reaction .
?protein rdfs:seeAlso / up:transcribedFrom ?ensemblGene .

SERVICE <http://biosoda.expasy.org/rdf4j-server/repositories/bgeelight> {
?gene genex:isExpressedIn ?anatomicEntity .
?gene lscr:xrefEnsemblGene ?ensemblGene .
?anatomicEntity rdfs:label ?anatomicEntityLabel .

}
}

Q9: Where are the human genes encoding enzymes metabolizing cholesterol
expressed? 

a



Q9: Where are the human genes encoding enzymes metabolizing cholesterol
expressed? 



Explore/exploit the enormous richness of UniProt (Jerven) 

Diseases

3D structures (PDB)

Homologs: orthoDB (Dima) and OMA (Tarcisio)

Taxonomy / complete proteomes

…



Q10: Build the UniProt H. pylori proteome scale metabolic network
#endpoint: https://sparql.rhea-db.org/sparql

PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX up:<http://purl.uniprot.org/core/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/>
SELECT  ?protein ?proteinId

?reaction ?reactionSide
?compound  ?chebi
?reactionEquation

WHERE {
SERVICE <http://sparql.uniprot.org/sparql> {
?protein up:reviewed ?status .
# Filter by NCBI taxid (H. pylori == 85962)
?protein up:organism taxon:85962 .
?protein up:mnemonic ?proteinId . 
# Rhea reactions catalyzed by UniProt proteins
?protein up:annotation ?a .
?a up:catalyticActivity ?ca .
?ca up:catalyzedReaction ?reaction .  

}
?reaction rh:equation ?reactionEquation .
?reaction rh:side ?reactionSide .
?reactionSide rh:contains ?participant .
?participant rh:compound ?compound .
OPTIONAL {?compound rh:chebi ?chebi } .

}

?reactionEquation

?protein

up:Catalytic_Activity_Annotation

taxon:85962

?a
a

?proteinId
up:mnemonic

rh:equation
?reaction

up:catalyzedlReaction

up:organism

up:annotation

?reactionSide

rh:side

?reactionParticipant

?chebi

rh:contains

?compound

rh:compound

rh:chebi



[…]

Q10: H. pylori metabolic network (UniProtKB/Swiss-Prot and Rhea-ChEBI) 

à To compare with published GSMNs (MetaNetX, Marco)



Q11: Explore H. pylori tryptophan biosynthesis pathway
(GO:0000162)

#endpoint: https://sparql.uniprot.org/sparql/
PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#> 
PREFIX up:<http://purl.uniprot.org/core/>
PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/>
PREFIX ch:<http://purl.obolibrary.org/obo/>
PREFIX GO:<http://purl.obolibrary.org/obo/GO_>
SELECT distinct ?upProteinId ?goId ?rhReaction ?upPathway
WHERE{

?upProtein up:reviewed true .
?upProtein up:mnemonic ?upProteinId . 
# HELPY proteins (taxid=85962)
?upProtein up:organism taxon:85962 .
?upProtein up:annotation/up:catalyticActivity/up:catalyzedReaction ?rhReaction .  
?upProtein up:classifiedWith ?goId .
VALUES ?goId {GO:0000162} # GO: tryptophan biosynthesis
OPTIONAL {?upProtein up:annotation ?pa . # Pathway annotation

?pa a up:Pathway_Annotation .  
?pa rdfs:seeAlso/rdfs:label ?upPathway . }

}
ORDER BY ?upPathway

taxon:85962

?upProteinId
up:mnemonic

up:organism

?rhReaction

?goId
{GO:0000162} 

up:classifiedWith

?paup:PathwayAnnotation

up:annotation/up:catalyticActivity/up:catalyzedlReaction

a

?upPathway

rdfs:seeAlso/rdfs:label

up:annotation

?upProtein



Q12: H. pylori enzyme complexes for tryptophan biosynthesis pathway
(MetaNetX: seed_Opt85962_1)

?upProtein

taxon:85962

?upProteinId
up:mnemonic

up:organism

?rhReaction

?goId
{GO:0000162} 

up:classifiedWith

?paup:PathwayAnnotation
a

?upPathway

rdfs:seeAlso/rdfs:label

#endpoint: https://sparql.uniprot.org/sparql/
PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#>
PREFIX up:<http://purl.uniprot.org/core/>
PREFIX rh:<http://rdf.rhea-db.org/>
PREFIX taxon:<http://purl.uniprot.org/taxonomy/>
PREFIX mnx:<https://rdf.metanetx.org/schema/>
PREFIX mnet:<https://rdf.metanetx.org/mnet/>
PREFIX GO:<http://purl.obolibrary.org/obo/GO_>

SELECT distinct ?upPathway ?upProteinId ?rhReaction
?mnxr ?cplx_label ?mnet

WHERE{
?upProtein up:reviewed true .
?upProtein up:mnemonic ?upProteinId .
?upProtein up:organism taxon:85962 .
?upProtein up:classifiedWith GO:0000162.
?upProtein up:annotation/up:catalyticActivity/up:catalyzedReaction ?rhReaction

.
# Pathway annotation
OPTIONAL {?upProtein up:annotation ?pa . 

?pa a up:Pathway_Annotation ;  
rdfs:seeAlso/rdfs:label ?upPathway . }

SERVICE <https://rdf.metanetx.org/sparql> {
?mnxr mnx:reacXref ?rhReaction .
?reac mnx:mnxr ?mnxr .
?gpr mnx:reac ?reac .
?gpr mnx:cata ?cata .
?cata mnx:cplx ?cplx .
?cplx rdfs:label ?cplx_label .
?mnet mnx:gpr ?gpr .
VALUES ?mnet {mnet:seed_Opt85962_1}

}
}
ORDER BY ?upPathway

up:annotation

?mnxr

up:annotation/up:catalyticActivity/up:catalyzedlReaction

?gpr

?reac?cplx

?mnxr
{mnx: seed_Opt85962_1}

mnx:reacXref

mnx:mnxr

mnx:cata

mnx:reac

mnx:gpr

?cata

mnx:cplx

?cplx_label rdfs:label



Q12: H. pylori enzyme complexes for tryptophan biosynthesis pathway
(MetaNetX: seed_Opt85962_1)



Programmatic access

Rhea reactions used in UniProtKB/Swiss-
Prot annotation (release: Rhea 108 / 
UniProt 2019_09)

SPARQLWrapper
pandas
matplotlib
matplotlib_venn

+

[…]



Jupyter notebook: rhea_tutorial_SWAT4HCLS_2019.ipynb



Overview

Data model

SPARQLing Rhea

Summary

What is Rhea?01

02

03

04



Summary

How to query metabolic data across multiple data source :

Programmatic access in Python

Conclusion: very powerful but... still some technical issues to be resolved

• Do simple chemical and reaction searches
• Do structural search using InChiKey
• How to use ASK for QC
• How to link chemical data to enzymes, subcellular location or anatomic entities
• How to enter in the world of metabolic models
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