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Introduction

• Emerging trends in bioinformatics and health data 
science: 

• Rise of systematic approaches using computational 
methods in mining epidemiological relationships

• Increasing availability of complex, high-dimensional
epidemiological data

• EpiGraphDB as a project seeks to develop innovative 
and scalable approaches to harness their potentials to 
address research questions of biomedical importance.
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EpiGraphDB project
• Integration of a range of data sources:

• Systematic MR

• Observational and genetic correlations

• Literature-mined relationships

• Molecular pathways

• Protein-protein interactions 

• Drug-target relationships

• Data mining on the mechanisms of 
complex networks of association of risk 
factor / disease relationships
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EpiGraphDB http://epigraphdb.org
• DB, API, web UI, R pkg, etc
• v0.2 (v0.3 in the works!)



Integrated Epidemiological Evidence
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External data sources
• EFO
• Gtex
• IntAct
• MeSH
• OpenTargets
• Reactome
• SemMedDB
• STRING-db
• …

Systematic evidence from IEU studies
• IEU GWAS Database (Elsworth et al., forthcoming a); 
• MR-EVE (Hemani et al., 2017)
• MELODI (Elsworth et al., 2017)
• pQTL MR (Zheng et al., 2019)
• p/eQTL MR (Zheng et al., forthcoming)
• PRS atlas (Richardson et al., 2019)
• Vectology (Elsworth et al., forthcoming b)
• Research studies by EpiGraphDB group members 

(http://docs.epigraphdb.org/)

http://docs.epigraphdb.org/
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Confounders

epigraphdb.org/confounder/

http://epigraphdb.org/confounder
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Pathways

epigraphdb.org/pathway/

http://epigraphdb.org/pathway/
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Drugs

epigraphdb.org/risk-factor-drugs/

http://epigraphdb.org/risk-factor-drugs/
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Integrated epidemiological evidence
http://docs.epigraphdb.org

• Causal relationships
• Association relationships
• Molecular pathways
• Literature mined / derived 

evidence
• Others



Use case 1
Pleiotropy (pQTL)



Problem (pQTL)
• Can we distinguish vertical and horizontal pleiotropic instruments 

using biological pathway data?
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violates the “exclusion restriction criterion”



Hypothesis

For any instrument associated with multiple proteins, if
• these proteins are mapped to the same biological pathway
• exists a protein-protein interaction (PPI) between them

then, by definition, the instrument is more likely to act through vertical 
pleiotropy and it is more likely to be a valid instrument for MR.
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Hypothesis
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PPIs

• We checked the number of pathways and PPIs each protein is 
involved in for all the instruments associated with 2 to 5 proteins

• We used EpiGraphDB to extract high confidence PPIs from 
StringDB (confidence score >0.7)

• How many PPIs they have
• How many PPIs are shared between groups of proteins that 

are associated with the same SNP (or SNPs in strong LD)
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P3

P2P1



PPIs - examples
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Pathways

• We checked the number of pathways and PPIs each protein is 
involved in for all the instruments associated with 2 to 5 proteins

• We used EpiGraphDB to extract pathway information from 
Reactome (lower level pathways)

• Number of pathways each protein is involved in (either 
directly or as part of a complex)

• How many pathways are shared between groups of proteins 
that are associated with the same SNP (SNPs in strong LD)
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Pathways – examples
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Conclusions

Jie Zheng et al., Phenome-wide Mendelian randomization mapping the 
influence of the plasma proteome on complex diseases, under revision 
• 263 tier 1 instruments associated with between two and five proteins

• Test if mapped to the same pathway or PPI
• After the analysis, 68 instruments were considered valid instruments  

• Limitation: some pathways and PPIs that may be not included in 
Reactome and STRING
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Summary

EpiGraphDB allows the users to 
evaluate the potential pleiotropic 
profile of genetic instruments.
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Use case 2
Therapy response



IL23R and Inflammatory 
Bowel Disease (IBD)
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A genome-wide 
association study 
identifies IL23R as an 
inflammatory bowel 
disease gene.

Duerr et al.
Science

Momozawa et al.
Nat. Genetics

Resequencing of 
positional candidates 
identifies low 
frequency IL23R 
coding variants 
protecting against 
inflammatory bowel 
disease.

IL23R polymorphisms 
influence phenotype 
and response to 
therapy in patients with 
ulcerative colitis.

Cravo et al. 
Eur J Gastroenterol 
Hepatol.

2006

2011

2014



IL23R therapy response

Search for interacting* druggable** proteins:

* STRING (https://string-db.org/) and IntAct (https://www.ebi.ac.uk/intact/)

** Finan et al, "The druggable genome and support for target identification 
and validation in drug development", Sci. Transl. Med. 9, eaag1166 (2017)
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Druggability Tier Number of interacting proteins
Tier 1 25

Tier 2 8

Tier 3A and 3B 9

https://string-db.org/
https://www.ebi.ac.uk/intact/


Interacting proteins (Tier 1)

Gene A Druggability 
Tier A Uniprot ID A Gene B Druggability 

Tier B Uniprot ID B

IL23R null Q5VWK5 IL12B Tier 1 P29460

IL23R null Q5VWK5 IL12RB1 Tier 1 P42701

IL23R null Q5VWK5 IL23A Tier 1 Q9NPF7

IL23R null Q5VWK5 JAK1 Tier 1 P23458

IL23R null Q5VWK5 JAK2 Tier 1 O60674

IL23R null Q5VWK5 STAT3 Tier 1 P40763
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Alternative drug targets

Gene Effect size SE P-value ID Outcome

IL23R 1.5 0.0546 2.21E-166 294 Inflammatory 
bowel disease

IL12RB1 -0.0097 0.0142 0.49 294 Inflammatory 
bowel disease

IL12B 0.42 0.0345 9.59E-34 294 Inflammatory 
bowel disease
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Search for MR results* for strongly related proteins (Tier 1) and their effect on 
IBD:

* Zheng, Haberland, Baird, et al. "Phenome-wide Mendelian randomization 
mapping the influence of the plasma proteome on complex diseases", Submitted 
revised version to Nat. Genetics (2019)

https://www.biorxiv.org/content/10.1101/627398v1


Summary

EpiGraphDB allows the users to 
search for therapy response 
related information either for the 
intended target or along its 
pathway.
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Use case 3
Literature



Literature data v0.2

• Limited literature data 

• Links to Publications from 
various places

• Links to SemMedDB via 
ontology matches

10 December 2019 EpiGraphDB IEU Monthly Meeting Talk 27



Literature data v0.3

v0.3 (some time next year)

• All SemMedDB and PubMed
• MELODI Lite enrichment for each GWAS
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MELODI
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http://melodi.biocompute.org.uk/

SemMedDB

Database of triples extracted 
from MEDLINE titles and 
abstracts, e.g.

PCSK9 (subject)
PREDISPOSES (predicate)
Cardiovascular Diseases (object)

http://melodi.biocompute.org.uk/


MELODI Lite
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Restricted to certain types and 
predicates 100x quicker

Multiple exposures and 
outcomes

Application programming 
interface:
http://textbase.biocompute.org.uk/docs/

http://textbase.biocompute.org.uk/docs/


v0.3 Literature Metrics
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Genes represented in the literature 15,489 / 57,736

Pathways represented by genes in the literature 2,249 / 2,259

GWAS with literature evidence 4,226 / 11,016

Trait-MR->Trait (p<1e-20) pairs with no literature connection 1,839 / 8,830



Risk factors for Crohn’s disease 
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1. Find potential risk factors      
(no ncase value - continuous)

match (g1:Gwas)-[mr:MR]->(g2:Gwas) where g2.id = 'ieu-a-30' 
and not exists(g1.ncase) and mr.pval<1e-5 with order by 
mr.pval asc, mr.moescore desc limit 5 with g1,g2,mr 
collect(distinct(g1.id))+collect(distinct(g2.id))as g_list



Risk factors for Crohn’s disease 

10 December 2019 EpiGraphDB IEU Monthly Meeting Talk 33

1. Find potential risk factors      
(no ncase value - continuous)

2. Get SNP-gene data for all 
GWAS

match (g1:Gwas)-[mr:MR]->(g2:Gwas) where g2.id = 'ieu-a-30' 
and not exists(g1.ncase) and mr.pval<1e-5 with order by 
mr.pval asc, mr.moescore desc limit 5 with g1,g2,mr 
collect(distinct(g1.id))+collect(distinct(g2.id))as g_list

match (gene1:Gene)<-[vg:VARIANT_TO_GENE]-(v:Variant)-
[gv:GWAS_TO_VARIANT]-(gwas:Gwas) where gwas.id in g_list and
gv.pval<1e-20 with gene1,gwas,v,vg



Risk factors for Crohn’s disease 
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1. Find potential risk factors      
(no ncase value - continuous)

2. Get SNP-gene data for all 
GWAS

3. Get literature data for all GWAS

match (g1:Gwas)-[mr:MR]->(g2:Gwas) where g2.id = 'ieu-a-30' 
and not exists(g1.ncase) and mr.pval<1e-5 with order by 
mr.pval asc, mr.moescore desc limit 5 with g1,g2,mr 
collect(distinct(g1.id))+collect(distinct(g2.id))as g_list

match (gene1:Gene)<-[vg:VARIANT_TO_GENE]-(v:Variant)-
[gv:GWAS_TO_VARIANT]-(gwas:Gwas) where gwas.id in g_list and
gv.pval<1e-20 with gene1,gwas,v,vg

optional match (gwas)-[gs:GWAS_SEM]-(s:SemmedTriple)-
[:SEM_SUB|:SEM_OBJ]-(st:SemmedTerm)-[sg:SEM_GENE]-
(gene2:Gene) where gs.pval<1e-20 with
gwas,gene1,gene2,v,s,st



Risk factors for Crohn’s disease 
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1. Find potential risk factors      
(no ncase value - continuous)

2. Get SNP-gene data for all 
GWAS

3. Get literature data for all GWAS

4. Find shared pathways between 
SNP-genes and literature 
genes

match (g1:Gwas)-[mr:MR]->(g2:Gwas) where g2.id = 'ieu-a-30' 
and not exists(g1.ncase) and mr.pval<1e-5 with order by 
mr.pval asc, mr.moescore desc limit 5 with g1,g2,mr 
collect(distinct(g1.id))+collect(distinct(g2.id))as g_list

match (gene1:Gene)<-[vg:VARIANT_TO_GENE]-(v:Variant)-
[gv:GWAS_TO_VARIANT]-(gwas:Gwas) where gwas.id in g_list and
gv.pval<1e-20 with gene1,gwas,v,vg

optional match (gwas)-[gs:GWAS_SEM]-(s:SemmedTriple)-
[:SEM_SUB|:SEM_OBJ]-(st:SemmedTerm)-[sg:SEM_GENE]-
(gene2:Gene) where gs.pval<1e-20 with
gwas,gene1,gene2,v,s,st

optional match (gene1)-[:GENE_TO_PATHWAY]->(p:Pathway)<-
[:GENE_TO_PATHWAY]-(gene2)



Risk factors for Crohn’s disease 
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1. Find potential risk factors      
(no ncase value - continuous)

2. Get SNP-gene data for all 
GWAS

3. Get literature data for all GWAS

4. Find shared pathways between 
SNP-genes and literature 
genes

5. Map SNP-genes to literature 
genes

match (g1:Gwas)-[mr:MR]->(g2:Gwas) where g2.id = 'ieu-a-30' 
and not exists(g1.ncase) and mr.pval<1e-5 with order by 
mr.pval asc, mr.moescore desc limit 5 with g1,g2,mr 
collect(distinct(g1.id))+collect(distinct(g2.id))as g_list

match (gene1:Gene)<-[vg:VARIANT_TO_GENE]-(v:Variant)-
[gv:GWAS_TO_VARIANT]-(gwas:Gwas) where gwas.id in g_list and
gv.pval<1e-20 with gene1,gwas,v,vg

optional match (gwas)-[gs:GWAS_SEM]-(s:SemmedTriple)-
[:SEM_SUB|:SEM_OBJ]-(st:SemmedTerm)-[sg:SEM_GENE]-
(gene2:Gene) where gs.pval<1e-20 with
gwas,gene1,gene2,v,s,st

optional match (gene1)-[:GENE_TO_PATHWAY]->(p:Pathway)<-
[:GENE_TO_PATHWAY]-(gene2)

optional match (gene1)-[:SEM_GENE]-(st2:SemmedTerm) return 
gwas,gene1,gene2,v,s,st,p,st2;
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6 SNPs
9 genes
6 semantic
• 292 papers
• 232 journals



Summary

EpiGraphDB allows the users to 
search for literature evidence.
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Platform



EpiGraphDB platform
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Web UI
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http://epigraphdb.org

Network plot Query



Web UI
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http://epigraphdb.org/explorer http://epigraphdb.org/gallery

Explorer Gallery
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Gallery views come 
in and too!

tinyurl.com/ur69aw4



epigraphdb R package

• API client package
• tidyverse compliant
• pkgdown doc site
• Need user feedbacks!
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install.packages(“devtools”)
devtools::install_github(
“MRCIEU/epigraphdb-r”

)
library(”epigraphdb”)

https://mrcieu.github.io/epigraphdb-r



Query EpiGraphDB: colliders
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query_epigraphdb( 
endpoint = "/confounder",
params = list(
exposure = "Body mass index",
outcome = "Coronary heart disease”,
type = ”collider” 

)
)

R package API
confounder(
exposure = ”Body mass index”,
outcome = “Coronary heart disease”,
type = “collider”

)

epigraphdb::confounder

epigraphdb::query_epigraphdb

Documentation (pkgdown):
https://mrcieu.github.io/epigraphdb-r

import requests

api_url = “http://api.epigraphdb.org
endpoint = “/confounder”
response = requests.get(

url=api_url + endpoint,
params={

“exposure”: “Body mass index”,
”outcome”: “Coronary heart 

disease”,
“type”: ”collider”

}
)

print(response.json())

Python requests

Documentation (swagger interface):
http://api.epigraphdb.org



Summary



Summary

• EpiGraphDB as a database and platform powers 
the the data mining of high dimensional, complex 
epidemiological relationships.

• We are actively developing EpiGraphDB and 
working on associated research studies.

• Please use EpiGraphDB and get in touch!
• Email: feedback@epigraphdb.org
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