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whoami

Senior research associate in health data science, 
MRC Integrative Epidemiology Unit, University of Bristol

Data mining epidemiological relationship programme 
(Programme Lead: Professor Tom Gaunt)

• Lead EpiGraphDB working group

• Architect and lead developer on EpiGraphDB
platform and components

• Data mining and knowledge discovery with 
knowledge graph and machine learning methods



Yi Liu                                                                                                          EpiGraphDB-ASQ                                                                                                           3

Outline

- Previous research projects
- The EpiGraphDB knowledge graph
- The BlueBERT-EFO model

- ASQ as a natural language interface
- Entity harmonization
- Evidence groups
- Evidence prioritization

Liu, Gaunt., 2022 MedRxiv



Yi Liu                                                                                                          EpiGraphDB-ASQ                                                                                                           4

Previous work #1: the EpiGraphDB platform
Liu, et al., Gaunt., 2021 Bioinformatics
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EpiGraphDB

Integrated epidemiological evidence
http://docs.epigraphdb.org

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

evidence
• Others

EpiGraphDB v1.0

• # nodes: 9,995,580
• # edges: 204,943,810
• # node types: 12
• # edge types: 38
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# Exploration of causal pathways of 
cardiovascular risk factors
# And identification of drug targets
MATCH
(disease:Trait)
<-[MR]-
(risk_factor:Trait)
-[ASSOC]-(SNP)
-[ASSOC]-(Gene)
-[ASSOC]-(Drug)

WHERE
disease.category =
”cardiovascular”

AND
MR.method = “IVW”

EpiGraphDB query example
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# Phenotype selection
# Mapping to ontology 
MATCH

(root_term:EFO)
<-[CHILD_OF*1..5]-
(child_term:EFO)

MATCH
(root_GWAS:GWAS)
-[EXACT|FUZZY|NLP]-
(root_term)

MATCH
(child_GWAS:GWAS)
-[EXACT|FUZZY|NLP]-
(child_term)

WHERE
root_term.name =
”leukemia”

EpiGraphDB query example



Yi Liu                                                                                                          EpiGraphDB-ASQ                                                                                                           8

EpiGraphDB and IEU health data science

EpiGraphDB: knowledge graph

MELODI Presto:
Literature enrichment

OpenGWAS:
GWAS consortium

TwoSampleMR,
MR-EvE,

xQTL-MR,
etc.:

Biostatistical analytics
https://epigraphdb.org https://github.com/mrcieu/epigraphdb

https://epigraphdb.org/
https://github.com/mrcieu/epigraphdb
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Previous work #2: Trait Mapping
Liu, Elsworth, Gaunt, 2022 BioRxiv, 
Using language model and ontology topology to perform 
semantic mapping of traits between biomedical datasets
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Previous #2: Trait mapping
Experimental
Factor
Ontology
(EFO)

An ontology distance predictor based on 
the BERT language model

BlueBERT-EFO := 
BlueBERT (Peng, Yan, Lu, 2019)
+ Experimental Factor Ontology 
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ML training

● Training data: 
Experimental Factor Ontology

○ EFO as a graph

○ Pairwise distance of ontology terms

■ Shortest distance between two 
nodes

■ Self distance of a node of its 
synonyms

● Finetuning a transformer language 
model with a sequence classification 
task
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Semantic phenotype harmonization

top-1 top-3

top-5 top-10

Ontology classifier (BlueBERT-EFO)
based on Transformer language model 
greatly improved relevancy of candidate 
retrieval

Trait-to-Trait relationships predicted by 
BlueBERT-EFO resemble their 
corresponding representation in the 
ontology

Serves as the basis of entity 
harmonization in evidence triangulation



Yi Liu                                                                                                          EpiGraphDB-ASQ                                                                                                           13

EpiGraphDB-ASQ 
(Annotated Semantic Queries, ASQ)

Liu, Gaunt, 2022 MedRxiv, 
Triangulating evidence in health sciences with Annotated Semantic Queries
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ASQ: Fact checking scientific claims

claim triple
Obesity CAUSES Asthma

Scientific text: “Obesitysubj: Obesity causes substantial 
changes to the mechanics of the lungs and chest 
wall, and these mechanical changes causepred: 
CAUSES asthmaobj: Asthma and asthma-like symptoms 
such as dyspnea, wheeze, and airway 
hyperresponsiveness”

EpiGraphDB
- Biomedical entities
- Supporting / contradictory 

evidence

Evidence 
triangulation with
EpiGraphDB
knowledge

Experimental
Factor
Ontology

Entity 
harmonization

Evidence
retrieval
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Annotated Semantic Queries (ASQ)

“Fact checking” biomedical claims

- EpiGraphDB curated 
knowledge

- Entity harmonization

- Evidence harmonization

- Evidence groups w.r.t. type of 
the evidence (e.g. literature, 
statistics)

- Evidence groups w.r.t. the claim 
(supporting, contradictory, etc.)
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From free text to structured entities

- Named entity recognition: SemRep (Kilicoglu et al., 2020 BMC Bioinformatics)

- Syntax: (Subject) - [PREDICATE] - (Object)
- Glucose TREATS Diabetes
- Obesity CAUSES Asthma

- Subjects / objects: 
UMLS Metathesaurus terms

- Predicate:
UMLS Semantic network 
relationships

claim triple

Obesity CAUSES Asthma

Scientific text: “Obesitysubj: Obesity causes 
substantial changes to the mechanics of 
the lungs and chest wall, and these 
mechanical changes causepred: CAUSES

asthmaobj: Asthma and asthma-like 
symptoms such as dyspnea, wheeze, 
and airway hyperresponsiveness”
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query entity

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

1st stage retrieved candidates
> 50

target 
candidate

target 
candidate

target 
candidate

target 
candidate

target 
candidate

2nd stage
< 10

mapping by
vector search
(SciSpaCy + 
Elasticsearch)

filter by
ontology distance
(BlueBERT-EFO)

Entity harmonization

Cosine
similarity

BlueBERT-EFO
identity score

Ontology 
information
content
score

Ontology entities + evidence entities Ontology entities
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From claim triple to triangulatable evidence

Triple and literature evidence group

- Semantic SemMedDB triples 
derived from literature

- Source literature

- EpiGraphDB entities:
- (LiteratureTerm)
- (LiteratureTriple)
- (Literature)

Association evidence group

- Systematic statistical analysis 
results

- EpiGraphDB entities
- (Gwas)  (OpenGWAS)
- [MR_EVE_MR]  (Hemani et al)
- [PRS]  (Richardson et al)
- [GEN_COR]  (Neale Lab)

- Common properties: beta, se, p-val

Evidence entities and groups
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Evidence types w.r.t the claim

- Supporting evidence: sufficiently supports the claim
- Reversal evidence: sufficiently contradicts the claim from reversal 

direction
- Insufficient evidence: scope of evidence identification
- Additional evidence: additional information for expert knowledge
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Evidence strength and prioritization
Strength of an 
individual evidence to the 
claim

• Semantic similarity of the 
evidence entities to claim 
entities

• Strength of the evidence 
per se

Aggregated into the strength 
of an evidence group to 
compare with other evidence 
groups

Metrics should 
NOT
replace in depth 
investigations
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Systematic analysis

- We parsed abstracts of medRxiv
submissions from 2020 - 2021

- Automated using the batch-
processing capability of ASQ

- Available
https://asq.epigraphdb.org/medrxiv-
analysis

https://asq.epigraphdb.org/medrxiv-analysis
https://asq.epigraphdb.org/medrxiv-analysis
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Systematic analysis, contd
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Thank you
for listening.
Questions & 

comments welcome.

DMER programme and EpiGraphDB working group

• Tom Gaunt
• Benjamin Elsworth
• Pau Erola
• Valeriia Haberland
• Jie Zheng
• Marina Vabistsevits
• Oliver Lloyd

• DMER programme https://biocompute.org.uk
• EpiGraphDB platform https://epigraphdb.org
• EpiGraphDB-ASQ https://asq.epigraphdb.org

https://biocompute.org.uk/
https://epigraphdb.org/
https://asq.epigraphdb.org/

