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- Previous research projects
-  The EpiGraphDB knowledge graph

- The BIueB E RT-E FO mOdel Integrating information from data sources representing different study designs has the potential to

strengthen evidence in population health research. However, this concept of evidence “triangula-

I tion” t ber of chall f tematically identifyi d integrati | t inf -
- ASQ as a natural language interface ton. ‘We present ASQ (Amoated Semartic Queries).a naturallanguage query intriace (0 he -

grated biomedical entities and epidemiological evidence in EpiGraphDB, which enables users to extract

o o

ABSTRACT

~

- E ntlty h a rm 0 n | Z atIO n s “claims” from a piece of unstructured text, and then investigate the evidence that could either support,
contradict the claims, or offer additional information to the query. This approach has the potential to sup-

. port the rapid review of pre-prints, grant applications, conference abstracts and articles submitted for

- EV| d e n Ce g ro u p S peer review. ASQ implements strategies to harmonize biomedical entities in different taxonomies and
evidence from different sources, to facilitate evidence triangulation and interpretation. ASQ is openly

available at https://asq.epigraphdb.org.

- Evidence prioritization

1 Introduction

Researchers in health sciences are encouraged to seek multiple strands of complementary ev-
idence to minimise the risk of bias creating false positives. This has been referred to as the
triangulation’ of evidence, which may combine results from different study designs with differ-
ent sources of bias, including from established findings in the literature. Platforms which offer
a portal to integrated heterogeneous data such as Open Targets? and EpiGraphDB? are highly
valuable sources which have the potential to support evidence triangulation by integrating evi-
dence with relevant information from a range of dedicated data providers, including biomedical
ontologies*®, genetic associations® and literature-derived evidence’. One of the main objec-
tives for the web interface of such integrated data platforms is to present users with focused in-
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Previous work #1: the EpiGraphDB platform

Liu, et al., Gaunt., 2021 Bioinformatics

EpiGraphDB: a database and data mining platform
for health data science 3

Yi Liu &, Benjamin Elsworth &, Pau Erola, Valeriia Haberland, Gibran Hemani,

Bioinformatics.

Matt Lyon, Jie Zheng, Oliver Lloyd, Marina Vabistsevits, Tom R Gaunt &  Author Notes

] Bioinformatics, Volume 37, Issue 9, 1 May 2021, Pages 1304-1311,
Volume 37, Issue 9 https://doi.org/10.1093/bioinformatics/btaa961
1 Mav 2021 Published: 24 November2020  Article history v
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Genome Wide Association Studies
source: |[EU GWAS DB
rels: pairwise MR, p/eQTL MR,
— genetic corr., PRS,
trait-to-ontology, trait-to-literature, ...

L mined / derived

source: SemMedDB, MELODI
format:
(Entity)-...]-(Subject)-{Predicate]-(Object)-...]{Entity) \ = Variants
""""" source: MR-EVE,
---------- IEU GWAS DB,
\ xQTL
HER rels:  SNP instruments
! inMR, .
;o
'] 1
1] /
L 4
!«
I/
¢ Genes
source: BioMart
>, keys:  druggability tier, ...
\\ \\
\\ h
5\ \

Experimental Factor Ontology
source: EFO

®
. N Drugs
\ \ 1  source: Open Targets,
" N~ @ CPIC

D e rels:  drug target to
\

Diseases
source: Monarch, CPIC
doid, icd9, icd10,

label, definition, ...

PubMed articles
b Y
gene, ...

source: SemMedDB,
MELODI keys:
keys: pubmed_id, issn, year, ...

source: BioMart,
STRING, IntAct
protein-protein interaction,

Biological pathways

source: Reactome

rels: event in pathway,
protein in pathway,

rels:

Graph .
l ~® Biological events

40
\
\
\
\
\
\
Y
-
_—

D B source: Reactome

Yi Liu
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i . N )

: hS Tissues

' - /

: source: GTEx

! rels:  gene expression
. :

' o Proteins in tissue, ...

EpiGraphDB-ASQ

EpiGraphDB v1.0

* # nodes: 9,995,580
* # edges: 204,943,810

*  #node types: 12
* # edge types: 38

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

. Causal relationships
Association relationships
. Molecular pathways
Literature mined / derived
evidence

. Others
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CYP26A1 rs11591147 rs2073547
- rs1800961
|
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781: LDL cholesterol
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EplGraphDB query example

lankaamia

Dle noses - mam |
ICD9: 59979

# Phenotype selection
# Mapping to ontology

Dii
CD

Diagnoses -
seoon a ICD10:

I ronic <
ocytic - ..
Ym kaemia Diagnoses - main
- 1ICD10: C91.1 Chronic

Diagnoses -
secondary ICD9:
59979 Haematuria
(not otherwise
specified)

or chronic

.uDIOpe C%f1e?n(§§:onlc

‘-—_ e
\

.hame
?]leukemia”

= O

Diagnoses - main
ICD10: C92.1 Chronic
myeloid leukaemia

Diagnoses - main
ICD10: C91.4 Hairy-
cell leukaemia

MRC Integrative
Epidemiology
Uni

Menta
otherwise specifi
Dla
ICD1 0:

Diagnoses - main
ICD10: J40
Bronchitis, not
specified as acute

.% University of
4 BRISTOL

Dia noses main
Tubulo-inte
nephritis, ICD 0 F99 Mental

Haematuria (not pecifi

otherwise specified) | * o,%ﬂr%s, otherwise speoiﬁed
uiagnoses - main

External causes: ICD9: 5908
Y91.9 Alcohol Pyelonephritis or
Invotvement not pyonephrosls, not

otherwise
Diagnoses - main
lCD10 N12 Tubulo-
nterstitial

nephrltis, not
spedﬁed as acute
or chronic

ICD10 F99
Isorder not

Y91 .9 Alcohol
DY: ' involvement, not
konhoe otherwise specified
pecified as
infective
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Frontend Backend EpiGraphDEB: knowledge graph OpenGWAS:
e o . Associated GWAS consortium
epigraphdb.org api.epigraphdb.org Graph CEIEEEED comp Onents <_> " ' ieu
tl
GET /gwas . datgct])ase owas
-~ e
project
GET /drugs E
R package
mrcieu,github.lo/epigraphdb-r . _ neural
> GET /literature . == engine
ol = .
requesis protoco > 8 ~ MELODI Presto:
. Literature enrichment
S TE A > POST /cypher
Embedded
E J7JELODI
QneOAJ requests P store
- Cypher requests - B
API clients via Bolt protocol
: _— TwoSampleMR,
cur Source data and integration N — MR-EVE,
T COCaES =8 |
associations mined/derived semantics .
. etc.:

https://epigraphdb.org

Yi Liu

https://github.com/mrcieu/epigraphdb

EpiGraphDB-ASQ

Biostatistical analytics

8



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

‘ | Graph % E"p'?gemoelggga;we Elic University of
DB Unit

BRISTOL

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

Yi Liu EpiGraphDB-ASQ 9




€55 Previous #2: Trait mapping ¥ Bl et

Experimental
Factor
Ontology
(EFO)

disease

Query text Variable text disorder genetic disease disease
- . of 4 . b b
eg RI/VhO|e body Map to ontOIOQY’[ Ontologlcal term Map to ontOIOQy eag"aulmepeedxa.r;.ce of developm HESEE anato)l/mca SLIDC)éHUI
by . e.g “whole organism” -g. .
fat mass whole body”
Vectorise Cosine distance Vectorise i
developmen... e |siease
g DATS cefect ceII)L)A,Iar

Rare [ endocrine
metabolic Genetic s errors S Tar
disease overgrowth... 9 = of Y

" endocri met dis

An ontology distance predictor based on
the BERT language model

nutritiona...
disorder

BlueBERT-EFO :=
BlueBERT (Peng, Yan, Lu, 2019)

+ Experimental Factor Ontology

(Syndromic| | Genetic |
obesity | non-syndro... |

overnutrit...

Yi Liu EpiGraphDB-ASQ 10
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€157 ML training L e B s

lcancer-related condition | [searen o

[ http:/ipurl.obolibrary.org/obo/MONDO_0045054 ) Copy

. .
e Training data:
.
. A disorder either associated with an increased risk for malignant transformation (e.g., intraepithelial neoplasia, leukoplakia, dysplastic nevus, myelodysplastic
EXp e rl l I I e n ta | F a Cto r O n to I Og y develops as a result of the presence of an existing malignant neoplasm (e.g., paraneoplastic syndrome). [ NCIT : C8278 |

Synonyms: | problem/condition, cancer-related||cancer-related condition |[cancer related problem/condition|[cancer-related problem or condition

o E F O a S a g r a p h problem/condition, cancer related|[oncologic complications ]
trait efo_term pred target diff
H . . 0 Malignant mesothelioma mesothelioma 1.000238 1.0 0.000238
© P a I rW I Se d I Sta n Ce Of O n to I og y te rm S l Metabolite levels metabolite measurement  0.999371 1.0 0.000629
2 Tyrosine levels tyrosine measurement  1.000991 1.0 0.000991
[ ] S h O rtest d |Sta n Ce betwee n tWO 3 Butyrylcholinesterase levels butyrylcholinesterase measurement 0.998593 1.0 0.001407
4 Hypertension (SNP x SNP interaction) hypertension  1.001603 1.0 0.001603
n Od eS 5 Optic disc area optic disc area measurement 0.998011 1.0 0.001989
6 Esophageal cancer (alcohol interaction) esophageal carcinoma  1.003343 1.0 0.003343
[ ] Self d |Sta n Ce Of a n Od e Of |tS 7 Obsessive-compulsive disorder or autism spectr...  obsessive-compulsive disorder, autism spectrum... 0.995708 1.0 0.004292
8 Vestibular neuritis vestibular neuronitis  0.995653 1.0 0.004347
Syn O n ym S 9 Nonalcoholic fatty liver disease non-alcoholic fatty liver disease 1.004780 1.0 0.004780
10 Pit-and-Fissure caries pit and fissure surface dental caries  0.995210 1.0 0.004790
. F i n et u n i n g a tra n Sfo rm e r I a n g u a g e 1 White matter lesion progression white matter lesion progression measurement 1.004839 1.0 0.004839
Prostate cancer (SNP x SNP interaction) prostate carcinoma 0.993228 1.0 0.006772
3 Large artery stroke (TOAST classification) large artery stroke 0.993190 1.0 0.006810

model with a sequence classification

14 Pulse pressure (dietary potassium intake inter... pulse pressure measurement, dietary potassium ... 0.992917 1.0 0.007083

t a S k 15 Schizophrenia or cigarettes per day (pleiotropy) schizophrenia, cigarettes per day measurement 1.008028 1.0 0.008028
16 Hypersomnia (HLA-DQB1*06:02 negative) hypersomnia 0.991550 1.0 0.008450
17 Prostate cancer (early onset) prostate carcinoma 0.991139 1.0 0.008861
18 Hemaoglobin concentration hemoglobin measurement 1.012157 1.0 0.012157
19 Niacinamide levels niacinamide measurement  0.987777 1.0 0.012223

Yi Liu EpiGraphDB-ASQ 11
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€155 Semantic phenotype harmonization Universioyof
. top-1 . top-3

Ontology classifier (BlueBERT-EFO) }

based on Transformer language model )

greatly improved relevancy of candidate  “* o S

retrieval 0> s

Trait-to-Trait relationships predicted by " e W R

BlueBERT-EFO resemble their

corresponding representation in the o7 " top-10

ontology . top-5 .

Serves as the basis of entity : e " =

harmonization in evidence triangulation .

EpiGraphDB-ASQ 12
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EpiGraphDB-ASQ
(Annotated Semantic Queries, ASQ)

Liu, Gaunt, 2022 MedRxiv,
Triangulating evidence in health sciences with Annotated Semantic Queries

Yi Liu EpiGraphDB-ASQ 13



€515 ASQ: Fact checking scientific claims BT B BRISTOL

Scientific text: - Obesity causes substantial Evidence Experimental
changes to the mechanics of the lungs and chest triangulation with ’ Factor

wall, and these mechanical changes causepred: ® P EpiGraphDB Ontology
cAUsEs asthmaobj Asthma and asthma-like symptoms @ T knowledge

such as dyspnea, wheeze, and airway @ = *
hyperresponsiveness” = O

¢ .

claim triple @ @
Obesity CAUSES Asthma (&, = iy -] |
®‘ o harmonization

| = .
EpiGraphDB . . ‘

- Biomedical entities @ @ (=S Asthma ‘ ’

- Supporting / contradictory )

evidence ‘ ‘ ‘ ‘ ‘ S

Triple and literature evidence

— ‘ Sci

-
- spaCy
ey é ~vidence
oy e -I retrieval -
: U (e -
Number of evidence item: Number of evidence fiem: elasticsearch
@ Triple evidence @ Literature evidence @ Association evidence
Yi Liu EpiGraphDB-ASQ 14




€555 Annotated Semantic Queries (ASQ) [ e B vt

“ . ” . . . il Annotated Semantic Queries
Fact checking” biomedical claims EpicrapnB o B
1 WA S SemR Parsed claim triples
- EpiGraphDB curated e i
knowledge cupromenztonsoss
. . . Ent!ty o Query claim triple
- Entity harmonization L T
- Evidence harmonization N Pm— o —
T = | e entes =
- Evidence groups w.r.t. type of — L e
the evidence (e.g. literature, I entitos GWAS traits
statistics) I R
. . haﬁf:i:;zon
- Evidence groups w.r.t. the claim / Ty
(supporting, contradictory, ec.) [ s EYEy [ ]
Semantc @ ———————— -GEN —
Queries -

Yi Liu EpiGraphDB-ASQ 15
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- Named entity recognition: SemRep (Kilicoglu et al., 2020 BMC Bioinformatics)

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

- Obesity CAUSES Asthma Scientific text: - Obesity causes
substantial changes to the mechanics of

the lungs and chest wall, and these

- Subjects / objects: )
mechanical changes causepred causes

UMLS Metathesaurus terms asthmaon; 2sthma and asthma-like
symptoms such as dyspnea, wheeze,
- Predicate: and airway hyperresponsiveness”

UMLS Semantic network
relationships

claim triple

Obesity CAUSES Asthma

Yi Liu EpiGraphDB-ASQ 16
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Entity harmonization

MRC Integrative
Epidemiology
Unit

Elic University of
BRISTOL

[ query entity }

Cosine
similarity

mapping by
vector search
(SciSpaCy +

Elasticsearch)

filter by
ontology distance
(BlueBERT-EFO)

Yi Liu

Ontology entities + evidence entities

1st stage retrieved candidates

> 50
4 N\ 4
target target target
candidate candidate | candidate
& VRN
( N\ (
target target target
candidate candidate | candidate
& VRN
4 N\ a
target target target
candidate candidate _ candidate
& VRN J
e N N (
target target target
candidate candidate _ candidate
& VRN J
e N N (
target target w@q
_ candidate || candidate _ candidate

EpiGraphDB-ASQ

Ontology entities

BlueBERT-EFO
identity score

Ontology
information
content
score

2nd stage
<10

fm@m
L candidate

fm@m
L candidate

(w@m
L candidate

(w@m
L candidate

p
target

L candidate
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From claim triple to triangulatable evidence

Triple and literature evidence group Association evidence group

- Semantic SemMedDB triples Systematic statistical analysis

derived from literature results

EpiGraphDB entities
(Gwas) (OpenGWAS)
[MR_EVE_MR] (Hemani et al)

- EpiGraphDB entities: - [PRS] (Richardson et al)

- (LiteratureTerm)
- (LiteratureTriple)
- (Literature)

- Source literature

[GEN_COR] (Neale Lab)

Common properties: beta, se, p-val

Yi Liu EpiGraphDB-ASQ 18
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- 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

Supporting Reversal Insufficient Additional
Directional predicates
CAUSES, TREATS, PRODUCES, AFFECTS

Triple and literature S—P—>0 O—-P—S N/A N/A

Association S—P—0,Pp—Value<n O—P—S,Pp—Value<n S—P— O,Pp—Value>n non-directional S—P—0

Non-directional predicates
INTERACTS_WITH, COEXISTS_WITH, ASSOCIATED_WITH

Triple and literature S—P-0 N/A N/A N/A

Association S—P—0, Pp—Value<n N/A S—P—0,Pp—Value>rn N/A

Yi Liu EpiGraphDB-ASQ 19
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Braooing = max (S uerv—EFO: X SEFO, evidence) Strength of an
PRIng H J S ’ = ’ individual evidence to the

i € [subject,object] claim

B

evidence entities to claim

D + Semantic similarity of the

Prgi. = 1 +1og1oNijterature FAssoc. = max (0’ I'+logyo

o entities
E — P X L « Strength of the evidence
TalL. mapping PraL Epssoc. = Pmapping X Passoc. per se
evidence_group = triple evidence_group = assoc Aggregated intO the Strength

of an evidence group to
compare with other evidence
groups

0.25

0.20

adAy @duapina

0.15

Density

0.10

S — Metrics should
evidence_score NOT
mapping_score - replace in depth
strength_score  jnyestigations

buioddng

0.05

0.00 EaEs

EpiGraphDB-ASQ
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y - 3 ™\
/ Claim parsing stage \
26,846 documents
MedRxiv abstracte
2020-01-01 — 2021-12-31
\ /
/ ™
. 13,295 doc-triples
- We parsed abstracts of medRxiv
4,685 non-directional pairs
6,870 documents
1 H f \ L “4,436 claim tripos ) )
bm m 2020 - 2021 ‘ ‘ d
Su ISSIONS 1ro 1
- —_ N
. /" Entity harmonization stage / B N\
( 6,694 EFO entities \
- utomatea using the patchn- e O3 o
Semantic similarity 0.7 - 3,921 objects
nformation content score 0.6 - 1,006 valid documents
H HH dentity score 1.5 - :,5% va:ng ;I:im lri‘:bs
- Max candidates 10 (448 valid dac-trigles
processing capability of ASQ
Semantic similarity 0.7
Max candidates 20
.
- Available . * N
139,306 UMLS entities 11,081 GWAS trait entities
6,549 subjects - 4612 subjecls
H H Al 6.469 objects
" - - 1,096 valid documents 348 valid documents J
https://asq.epigraphdb.org/medrxiv | Sl
\\ - V. (,/,
.
a n a I ! S I S / Evidence retrieval stage N
g "\ Triple & iteratura avidence . ~N
3,959/5,204 - NA 6,420/ 27,471 *
Triple & literature Association evidence Association
evidence items FREOIOTCS evidence items
1924/3,169 867/9,157
directional evidence directional evidence
- 2035/2035 5,553/18.314
non-directional evidence non-directional evidence )
W y B /)
b o 4
S ! =
- ) ~ * Item count in
ting avider
Systematic analysis results ;‘,f.,p: ,Hﬂzgu’gﬁn
337 valid documents all evidence groups
386 valid trioles .
412 valid doc-triples
6 predicate terms
\ 275 subject / object terms,

Yi Liu
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https://asq.epigraphdb.org/medrxiv-analysis
https://asq.epigraphdb.org/medrxiv-analysis

B o Systematic analysis, contd ¥ el R

Claim term Supporting Any Init.
T&L. + Assoc. T&L. Assoc.
Disease 41 74 4 77 715
A P G:‘ B T, GO v Obesity 20 25 25 30 125
Hggrant neopagm o rosite v / Diabetes 17 19 18 20 87
PadaricOvgsty | | ® 5 Depressive disorder 14 20 16 26 100
\ Addictve Behavioc Parkinson Disease 13 13 13 13 111
Heart failar® Diabetes Mellitus, Non-Insulin- 10 12 12 15 84

Functional &
unctional WMalignahit Neoplasm:

Dependent

m;m Alzheimer’s Disease 8 10 8 10 111

Schizophrenia 8 11 8 11 32

® C-reactive protein 7 7 9 10 24

Calorectal Carcinoma cacum Malignant Neoplasms 7 8 15 19 100
rsrenmengens CNFONIC Kidney Diseases 6 9 6 9 35

Agihma Chronic disease 5 6 5 6 44

Latent Autoimmune Diabete S / . ‘ Fatigue 5 5 6 6 25
= / Sleep 5 5 6 6 21

.- Vim Clanses Atrial Fibrillation 5 6 6 9 57

Pain 4 4 6 6 30

- o on Pe | Choniciverdsease  Onesie el Glucose 4 5 4 6 20

Diabetes Mellitug/ Ncn-ln\swn-;s;gﬁdem " Blood Glucose 4 5 4 5 15

L Peei carcindmgDYSIPETIaS e e — O Hypertensive disease 4 12 4 13 90

’ ® O i Mental disorders 4 8 4 10 42

/ Sloep disturbances Sieep i ® Cardioembolic stroke 3 3 3 3 14

[ Mo Testosterone 3 5 3 6 21

== sk bciun duasss Diabetes Mellitus 3 4 5 6 25

Yi Liu EpiGraphDB-ASQ 22
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DMER programme and EpiGraphDB working group

Tom Gaunt
Benjamin Elsworth
Pau Erola

Valeriia Haberland
Jie Zheng

Marina Vabistsevits
Oliver Lloyd

Thank you
for listening.
Questions &
comments welcome.

DMER programme htips://biocompute.org.uk
« EpiGraphDB platform https://epigraphdb.org
» EpiGraphDB-ASQ https://asq.epigraphdb.org

Yi Liu EpiGraphDB-ASQ 23



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

