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What is a Knowledge graph

—— Scattered data

—— Knowledge graph —— —— New connections ——

Hidden links

Pavel et al., CSBJ, 2022



What is a Knowledge grap

Attributes of class: CatalystActivity

Type
displayName String 1
stid String 1
physicalEntity  PhysicalEntity 1 Attributes of class: Reaction
. e
displayName
Attributes of class: PhysicaIE I"Itity T stid String 1
Name @ catalystActivity  CatalystActivity  +
displayName String 1 < ®|input PhysicalEntity — +
stid String 1 < ® output PhysicalEntity — +
e ® regulatedBy Regulation +
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Attributes of class: Regulation

Name c

displayName String 1
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regulator PhysicalEntity 1
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Model stored in a graph
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Graph Database (e.g. Neo4|

A

Node properties ©

P_P_INTERACTION

IS_PARALOG_OF

B

Relationship properties ©

P P INTERACTION
OSBPL3 OSBPL5
T |S_PARALOG OF —

<id>: 16

Ensembl_ID: ENSG00000021762

Ensembl_Protein_ID:
ENSP00000437141,ENSP00000263650,ENSPO0000374639,ENSPO0000431412,ENSPO0000433342,ENSPO0000434265,ENSPO
0000302872,ENSPO0000436950,ENSPO0000433754,ENSPO0000435812, ENSPO0000432507, ENSPO0000433222
Entrez_ID: 114879

HGNC_ID: HGNC:16392

Pfam_ID: PFO0169,PF01237

Reactome_Gene_ID: R-HSA-1482801

Swiss_Prot_ID: E9PIJ6,E9PJEG,ESPLN3,E9PNHO,ESPPQ2,ESPOB4,ESPRAS,HOYCD7,QSHOXS

assembly_name: GRCh38

biotype: protein_coding

contig: 11

created: 1570204060558

end: 3166739

gene_name: oxysterol binding protein like 5

gene_symbol: OSBPLS

gene_symbol_aliases: OBPH1,0RP5

start: 3087107

strand: -

<id>: 65180555

HIPPIE_Score: 0.73

HitPredict_Confidence: High
HitPredict_Interaction_score: 0.50102694533318
HitPredict_Method_Score: 0.41838000000000003
Reactome_Interaction_Type: physical association
SignaLink_Interaction_Type: PPI predicted as directed
created: 1572258044084

data_downloaded: 2015-10-24

directed: False

interaction_type: activation

source: HIPPIE,HitPredict, KEGG,STRING,Reactome,SignaLink



History of Knowledge graph developmetn
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KG applications

Applications:

* Search engines

* recommendation systems
* Precision medicine

* drug discovery

Systematic integration of biomedical
knowledge prioritizes drugs for
repurposing

Daniel Scott Himmelstein'?, Antoine Lizee®*, Christine Hessler?,

Leo Brueggeman®?>, Sabrina L Chen®#¢, Dexter Hadley”®, Ari Green?,
Pouya Khankhanian®?, Sergio E Baranzini'**

PharmKG: a dedicated knowledge graph benchmark
for bomedical data mining

Shuangjia Zheng©1, Jiahua Rao', Ying Song, Jixian Zhang, Xianglu Xiao,
Evandro Fei Fang, Yuedong Yang and Zhangming Niu

Corresponding authors: Yuedong Yang, School of Data and Computer Science, Sun Yat-sen University, Guangzhou 510000, China. Tel.: 4-86 020-37106020;
Fax.: +86 020-37106020. E-mail: yangyd25@mail sysu.edu.cn; Zhangming Niu, Aladdin Healthcare Technologies Ltd., 25 City Rd, Shoreditch, London EC1Y
1AA, United Kingdom. Tel.: +44 7934215894; Fax. +49 30 700 140 150. E-mail: zhangming@aladdinid.com
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to enable precision medicine
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A knowledge graph to interpret clinical
proteomics data

Alberto Santos %33, Ana R. Colaco’, Annelaura B. Nielsen’, Lili Niu', Maximilian Strauss'?,
Philipp E. Geyer'*5, Fabian Coscia™'%, Nicolai J. Wewer Albrechtsen©'47, Filip Mundt',
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Challenges

Hete?oa;:nei o Modelling Scalability
e Fragmentation across e Schema design that e Asthe amount of data  * Many graphs are e Lack of user-friendly
multiple data sources balance flexibility and grow, so do the biased towards well- interfaces for non-
¢ Inconsistent formats specificity to computational studied entities. experts.
and identifiers accommodate demands for graph  Underrepresentation
e Lack of different data types construction and of negative results
interoperability and relationships analysis (e.g., failed drug

between sources trials).



Existing Knowledge graphs for chemical
safety and drug discovery
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Edge labels are highly etherogeneous
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FAIR principles
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FAIRness of KG components

* FAIRness of the nodes
* FAIRness of the edges

* FAIRness of the extracted new knowledge



Possible data sources

* Ontologies

GENEONTOLOGY
Unifying Biology

Pub@hem MIM

on Genets Koo @ RUGBANK

for the World

e Databases

* Literature SEnrichr

%7 STRING
Prot ¢ MIMIC-III Clinical Database



BRCA2 DNA repair Fanconi anemia, P51587
associated complementation group
D1
BRCA2
PNCA2
FACD
FAD1
breast cancer 2
CCDS9344.1

ENSGO0000139618

Breast cancer type 2 susceptibility

protein
BROVCA2

HGNC:1101

Chromosome 13:
32,315,086-32,400,268
forward strand

GLM3

XRCC11
675



Data integration

* |[n order to integrate
* Entities need to be identified and mapped to a common vocabulary

Name ? Diabetes Mellitus, Type 1
Synonyms ? Autoimmune Diabetes | Brittle Diabetes Mellitus | Diabetes, Autoimmune | Diabetes, Juvenile-Onset | Diabetes Mellitus, Brittle | Diabetes Mellitus, Insulin Dependent | Diabetes
Mellitus, Insulin-Dependent | Diabetes Mellitus, Insulin-Dependent, 1 | DIABETES MELLITUS, INSULIN-DEPENDENT, 1, INCLUDED | Diabetes Mellitus, Juvenile Onset | Diabetes
Mellitus, Juvenile-Onset | Diabetes Mellitus, Ketosis Prone | Diabetes Mellitus, Ketosis-Prone | Diabetes Mellitus, Sudden Onset | Diabetes Mellitus, Sudden-Onset | Diabetes
Mellitus, Type I | Diabetes, Type 1 | IDDM | IDDM1, INCLUDED | Insulin-Dependent Diabetes Mellitus | Insulin Dependent Diabetes Mellitus 1 | Insulin-Dependent Diabetes Mellitus
1 | INSULIN-DEPENDENT DIABETES MELLITUS 1, INCLUDED | Juvenile Onset Diabetes | Juvenile-Onset Diabetes | JUVENILE-ONSET DIABETES;JOD TYPE 1 DIABETES MELLITUS
1, INCLUDED | Juvenile-Onset Diabetes Mellitus | Ketosis-Prone Diabetes Mellitus | KPD | Sudden-Onset Diabetes Mellitus | T1D | T1D1, INCLUDED | Type 1 Diabetes | Type 1
Diabetes Mellitus
Definition ? A subtype of DIABETES MELLITUS that is characterized by INSULIN deficiency. It is manifested by the sudden onset of severe HYPERGLYCEMIA, rapid progression to DIABETIC
KETOACIDOSIS, and DEATH unless treated with insulin. The disease may occur at any age, but is most common in childhood or adolescence.
Categories ? Endocrine system disease | Immune system disease | Metabolic disease
MeSH® ID * D003922
OMIM® IDs ? 222100 | 612227

External Links po -
DOID:9744

* Manually not possible on large scale
* NLP applications

* Entity recognition
* Entity linking
* Sentiment analysis



KG use different identifiers
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Quality of edges

) 0
Gene .r'i|:.IIIL|‘II.I.LII.I..!IIII.|.J Dlsease

* Quantitative evaluation of edges is often MISSING  cresting interrea gene-aisease retationships:
 Curated vs inferred information
* Missing contextualization (e.g. biological system, dose, time)

* Same type of association can be interpreted differently based on
the source: e.g. gene ASSOCIATED_WITH disease:
* GWAS,
« EWAS,
* The gene might be a target of a drug used to treat the disease



Hetionet: a knowledge graph for drug
repositioning

/ *\ Cellular 'Y Molecular
Function

S

HETIONET
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Process
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Knowledge graph metadata

"metanode_kinds": [ "kind_to_abbrev": { CErEE e |
||Gene|| "Molecular FUﬁCthﬂ": "MF", [
r

IlGenell: IIGII'

"Molecular Function" N L he e "Gene",
] } participates": "p "Gene",
"regulates",
"nodes": [ "forward"
{ 1,
""kind": "Molecular Function", [
"identifier": "G0:0031753", "Gene"
"name": "endothelial differentiation G-protein coupled receptor binding", !
ndata": { "Molecular Function",
"source": "Gene Ontology", ‘participates”,
"license": "CC BY 4.0", "both"
"url": "http://purl.obolibrary.org/obo/G0_0031753" ]
¥ ]
}
"metaedges": {
"Anatomy—downregulates—Gene'": "The Gene is under—-expressed in the Anatomy in post-juvenile adult human samples according to Bgee",

"Anatomy—expresses—Gene": "The Gene is over—-expressed in the Anatomy according to Bgee or TISSUES",
"Anatomy—upregulates—Gene": "The Gene is over-expressed in the Anatomy in post-juvenile adult human samples according to Bgee",



Experimental data are less present in KG

* Experimental data (e.g. gene expression data, bioassay,)

* Epigenetic data



nature nanotechnology

Explore content ¥  About the journal ¥  Publish with us v

Epigenetic for safety assessment -~

Analysis = Open access | Published: 08 May 2023

An ancestral molecular response to nanomaterial

. particulates
Does a gene expression Are there common regulatory ¢
4 ) 3 Is this regulatory
signature of ENM exposure mechanisms underlymg the gene > G. del Giudice, A. Serra, L. A. Saariméki, K. Kotsis, |. Rouse, S. A. Colibaba, K. Jagiello, A. Mikolajczyk,
. S 5 mechanism relevant? e
exist? expression signature?

M. Fratello, A. G. Papadiamantis, N. Sanabria, M. E. Annala, J. Morikka, P. A. S. Kinaret, E. Voyiatzis, G.

Melagraki, A. Afantitis, K. Tamm, T. Puzyn, M. Gulumian, V. Lobaskin, |. Lynch, A. Federico & D. Greco ™

ENM Ensemble
transcriptomic meta-analytical
data collection approach

103 ENM

ENM Genes commonly Promoter A. thaliana

ffected by long- motifs analysis C,H,-ZNF Other 51.08% G H,-ZNF 48.97% ***

term exposures TFBS regulatory model // \
* (’ |
/Z/ b
C,H,-ZNF 77.78% **
D. rerio
: Other 39. 43%
: - ‘
u E & Drugs MIE — AO 4 ’%
‘ Open TG-gates e-0-0 AOP D/ /
Functional Molepular annotation ’ sl
annotation . Inorganic descriptors , e o

molecular signature

H. sapiens/M. musculus
Other 22.22%

Does it explain
individual ENM MOA?

Which functions
are represented?
Is it specific to ENM?
Does it correlate with
ENM characteristics?
Is it relevant for
risk assessment?
Does it explain ENM
MOA in other species?

Transcriptome

C. elegans
compounds Complete N of eco-tox C,H,-ZNF39. 53% *
CTD transcriptome Q species
after ENM
exposures EDs,
Dose E. albidus
dependence C,H,~ZNF 33.33%

Other 60.47%

Other 66.67%



Adding omics data to the Knowledge graph

PPI EntrezID:
i Symbol: v Na_me: ;
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INTERACTS
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Chemical TESTED_AT Condition: MEASURED_IN Experiment REGULATES CAUSES Disease
TS EntrezID: 3

Type: Eoms‘; Type: RNAseq Symbol: Source:
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FoldChange Source: GSExxx
lowly_upregulated
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~ o low short -
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. ~
===== Predicted Seaa __,—'
- -
Observed '~._._ CAUSES =
-
-...--------_---

Key event

Name:
Source:AOPWiki

KE-KE (AOP)



Reusability

* There is a fragmentation of data in different KG
 KG do not tend to be reused, but rather KG are built from scratch.

* Smaller and well documented KG such as Hetionet are more likely
to be reused



Knowledge graph for SSbD of chemicals and
materials

Linking toxicology, environmental, and socio-economic data for
Integrated impact assessment

Human Health: Connecting exposure to health outcomes.
Environment: Assessing ecological impacts and biodiversity.
Society: Understanding societal acceptance and ethics.
Economy: Evaluating cost-benefit trade-offs.

Using graph embeddings for predicting possible associations between
chemicals and impacts



Possible Metanodes

"metanode_kinds": [ y

"Chemical",

"Gene",

"Disease", )
"Pathway",

"Biological Process",

"Adverse Qutcome Pathway",

"Human Health Impact",

"Environmental Impact",

"Social Impact",

""Economic Impact"

Less standardized ontologies for impacts different than safety
* Persistent URI are missing

Possible suggestion is to use the impacts/indicators defined
by the SSbD framework or in LCA databases and extract
association between chemicals and this indicators from the
literature by means of NLP/LLMs




Applications of Al

Leveraging Al and Large Language
Models (LLMs):

* Enhanced data harmonization and
Interpretability.

* Natural language interfaces for KG
querying.
* Improved explainability of predictions

(A)
g'A‘\,
[, Ingest
B0 ™
(B)
(o) RO
Retrieve (:{ C

S
=
[




Summary

* KGs are powerful tools for data representation

* Data preprocessing and harmonization is needed before
populating the knowledge graphs

* FAIRness of knowledge graph components

* Encouraging collaborative, community-driven KG development to
Improve interoperability



Thank you!
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