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Large Knowledge Collider in a Nutshell

e LarKC goes beyond the
current limited storage,
guerying and inference
technology

e Fuse reasoning with
search aims for a
paradigm shift

e Achieve “Web Scale

Reasoning”
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Main Innovations

Enriching current logic-based Semantic Web reasoning
Employing cognitively inspired approaches and techniques
Achieve scalability trough giving up completeness

Achieve scalability trough parallelization
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Semantic Data Integration for Early Clinical
Development Use Case

* |mprove the capability to integrate and interpret
heterogeneous data

— Evaluate hypotheses about patient characteristics and other factors
that can explain segmentation criteria

— Data interpretation is a non-trivial process that requires overcoming:
e Semantic differences in the format, e.g. used identifiers

e Verify, validate and compare experimental results with other
established data sets

e Efficient secondary usage of past experimental results and analysis
conducted in later phases

— Signal evaluation of adverse drug event reports

e evaluate if there is a casual relationship between the drug and the
adverse event (method RUCAM)
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Our Objectives

Integrate information using RDF data model

— Integrated data sources to cover the path:
gene — proteins — pathways — targets — disease — drugs — patient

Reason over the integrated dataset

— Remove redundancy / generate new links

— Derive new implicit knowledge (e.g., “caspase activation via cytochrome c” is
special form of “apoptosis regulation”)

Apply information extraction algorithms and generate

semantic annotations

— Perform named-entity recognition and analyze some of the literals (e.g, the
document texts)

— Validate the new relations with the structured information

Do it on a very large scale!
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Our Approach

Release early. Release often!

LinedLifeData is an early prototype:
— To host RDF knowledge base
— Optimized for large scale and high-performance reasoning
— Web interface and SPARQL endpoint to access the knowledge
— Based on OWLIM semantic repository

LifeSKIM is prototype to:

— Recognize biomedical entities in text

— Use semantic repository to store the information
— Based on KIM platform

We aim for constant interactions with the researchers!
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Prototype: LinkedLifeData - PIKB

Platform to automate the process:

— Infrastructure to store and inferences
— Transform the structured data sources to RDF
— Provide web interface to access the data

Currently operates over OWLIM semantic repository

LinkedLifeData - PIKB statistics:

— Number of statements: 1,159,857,602
— Number of explicit statements: 403,361,589
— Number of entities: 128,948,564

Publicly available at: http://www.LinkedLifeData.com
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Uniprot

Entrez-Gene

iIProClass

Gene Ontology

BioGRID

NCI - Pathway
Interaction Database
The Cancer Cell Map
Reactome

BioCarta

KEGG

BioCyc

NCBI Taxonomy

Curated
entries
Complete
Complete

Complete

Complete

Complete

Complete

Complete

Complete

Complete

Complete

Complete

Original by the provider
Custom RDF schema
Custom RDF schema
Schema by the provider

BioPAX 2.0 (custom generated)

BioPAX 2.0 (original by the
provider)

BioPAX 2.0 (original by the
provider)

BioPAX 2.0 (original by the
provider)

BioPAX 2.0 (original by the
provider)

BioPAX 1.0 (original by the
provider)

BioPAX 1.0 (original by the
provider)

Custom RDF schema
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Protein sequences and
annotations

Genes and annotation

Protein cross-
references

Gene and gene product
annotation thesaurus

Protein interactions
extracted from the
literature

Human pathway
interaction database

Cancer pathways
database

Human pathways and
interactions

Pathway database
Molecular Interaction

Pathway database

Organisms
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ontotext

Swraastic Tecteokegy Lot

Linked Life Data

Semantic Data Integration Platform for Biomedical Domain

SPARQL SELECT Query
Append namespaces: |——r‘|amespa|:es—— w
Query: FPREFIX rdf: <http://www.ws.org/1999/02/22-rdf-syntax—nsf>

Contexts:

Predefined queries:

Results limit:

FPREFIX biopaxz: <http://www.biopax.org/release/biopax-levels.ovlf>
PREFIX gene: <urn:lsid:inchi.nlm.nih.gov:ontology:>

PREFIX lifeskim: <urn:lsid:ontotext.com:lifeskim: >

SELECT distinet ?path “?gene ?name
WHERE {

?path biopaxZ iPATHUAY-COMPCNENTS 21
?path hiopaxZ :MNAME ?path name
?i rdf:type biopaxZ:interaction :

?x lifeskim:hasFeferenceTo ?gene
?gene gene:chromosome 7"

gene:hasOfficiallame ?haune
v LTMTT 100

BioGRID - General Repository for Interaction Datasets e
MCI - Mational Cancer research Institute
BioCarta - Life science information provider for proteomics

BioCyc - Description of metabolic pathways and their associated enzymes Bl | Apply contexts
|——Sear|:h topic-- | ESeIem pathways contralled by expression of genes ID::Eif‘F|

--Select guerny--
[ sFARCOL =elect template

select interactions where participates specified protein
Select interacting partners for specified protein

GOwvLim

melect equivalent interactions from different sources
melect pathways contralled by expression of specified gene

Select pathy controlled by expression of genes located on specified chromosome

melect pathways associated with specified GO term

Hied thh@drgicahit d dfe <Sei errdendth be g dS son pf specified gene
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==== Linked Life Data

Semantic Data Integration Platform for Biomedical Domain

Explore Resource: urn:lsid:geneontology.org:go:G0:00057 37

FPerform another query

Statements with this resource as subject

Subject: Predicate: Ohject:

this hittp:/fwww.ws.orefigogfozfze-rdf-syntax-ns#type http://proton.semanticweb.ore/=006/0 5 /protons#Entit

this http:/fwww.ws.orefioogfosfze-rdf-syntax-ns#type urn:lsid:geneontology.orgmontology:GeneOntology Term

this httpyffvwww o sorgfioggfoz/ze-rdf-syntax-ns#type urn:lsid:geneontology.orgontology:CellularComponent

this http:/fproton.semanticweb.org/ 2008/ o0 5/protons#eeneratedby | httpy fwoww.ontotext.com/kim/zo006/ o5/ whkb#Trusted Instance

this urn:lsid:geneontology.orgiontologyiis a urn:lsid:geneontology.orgrmo3 0000587 s

this urn:lsidigeneontology orgiontology:iz a urn:lsid:geneontology.orgmorS30i00g 4404

this urn:lsidmgeneontology orgiontologyiz a urn:lsid:geneontology.orgmmer3 00044404

this urn:lsidsgeneontology orgiontology hasDefinition "&ll of the contents of a cell excluding the plasma membrane and nucleus, but including other subcellular structures.”
this http:Mfproton.semanticweb.org/ 2008/ o5/ protons#mainLabel "cytoplasm”

Statements with this resource as object

Subject: Predicate: Object:

urn:lsid:nchi.nbm.nibgovigene: 3258531 urn:lsid:ncbinlm.nib . goviontologyzoTerm | this
urn:lsid:inchi.nbm.nib.govigene:scasgig urn:lsid:ncbinlm.nib.goviontologyizoTerm | this
urn:lsidinchi.nbm.nib.govigene:8coozl urn:lgid:mcbinlm.nib . goviontologyzoTerm | this
urn:sidinchbi.nbm.nibsovigene:Ba440 urn:lgidmebinlm.nib . goviontologyizoTerm | this
urn:lsidinchi.nbin.nib.govigene:s8ig7g urn:lgidmcbinlm.nib.goviontologyizoTerm | this
urn:lsidimchbi.nbm.nib.govigene:caoig urn:lsidmebinlm.nib.goviontologyizoTerm | this
urn:sidmchbi.nbm.nibsovigeneg 871 urn:lgid:mcbinlm.nib.goviontologyizoTerm | this
urtlsidinchi.nbm.nibh.govigeneis4 4815 urn:leidmcbinlm.nib.goviontologyizoTerm | this
urtilsidinchi.nbn.nib.govigene:z8og urn:lgid:mcbinlm.nib.goviontologyizoTerm | this
urtlsidinchi.nlm.nih.eovigene:8go7 urn:lsidmcbinlm.nib.soviontologyizoTerm | this
urn:lsidmnchinlmaniheoviseneissiy urn:lsidmcbinlm.nib . soviontologyizoTerm | this
urnilsidinchi.nlmnihsovigene: 4856 urn:lsidmcbinlm.nib.eoviontologyizoTerm | this
urtizlsidinchi.nlimniheovigeneiigzizo urn:lsidmchinlm.nih.goviontologyizaTerm | this
urtitlsidinchi.nbmniheovigeneiiisgse urn:lsidmcbinlm.nib.goviontologyizaTerm | this
urnlsidinchi.nlm.nihsovigene:d 6850 urn:lsidmebinlm.mih . goviontologyizaTerm | this
urtlsidinchi.nlm.niheovigene: urnilsidmebinlm.nih . soviontologyizaTerm | this
urn:lsidmcbhinlm.nibovisenetBsobs urn:lsidmebinlm.nib soviontologyizoTerm | this
nrtlasidmeohinlmonihoeavieeneiesfa s nrndlaid meohinlm nih e entalnersrnTerm | this
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Semantic Annotation Generation

Semantic annotations stands for:

— Textual references to formally described entity in ontology (e.g., LLD)
— The process of semantic annotations generation
— Closes the gap between the structured and unstructured knowledge

Common tasks related to semantic annotations
— Automatic semantic annotations of text
— Ontology population
— Semantic indexing and retrieval of content
— Query and navigation involving structured knowledge
— Combination with classical information retrieval tasks
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Semantic Annotation

apopt08|s of neutrophils from patients suffering osteomyelitis ... increase of
,v and |L-1alpha was found in osteomyelitis .. ‘\
z
/ \
/ I
( Semantic Repository >
J‘! l
I organism Organism EXpressedin :
I
I Protein encodedBy Gene :
|
f%s"., 19{{(\ type '
“ "SdWith GO Term 9° !
1 IL& [
I
' Mol. Function R 7
\ : ;
Biological ’ 4
\3‘ type Process DeEE HGF
Apoptosis of neutrophils Is_a type | programmed cell death
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Current Entity Categories

=€) Entity
i) Gene
EME) GeneOntologvTerm e Gene names (Entrez-Gene)

@ MalecularFunction

©) EilogicalProcess * Gene and gene production annotations
ellularZomponen
o S A (Gene Ontology)

@ g anismm

@ armbiguousGene
@ Cellline

E o e Diseases (SNOMED from UMLS)
DE ' e Drug compounds (DrugBank)

El €} PathologicFunction

T ———— e The classes Ambiguous gene, Cell Line,

@) MentalorBehavioralDysfunction DNA and RNA are automatically learned
1€} MeoplasticProcess from text

@ CellOrMalecularDysfunckion
€} ExperimentalModelOfDisease

"@ Crug

e QOrganisms (NCBI Taxonomy)

Health Care and Life Sciences Interest Group #14




Results of the Semantic Annotation Process

e 1,204,063 Medline Type |

Genes 12,416
abstracts are annotated organism 10617
e 10,884,032 semantic Diseases 9,290
. Drugs 2,029
annotations are created [ p— 1,667
. Biological process 1,604
[
Saye_d IlnkS tO 40'5 10 Pathological functions 1,342
eX|St| ng ent|t|es Mental/behaviour dysfunction 749
Molecular function 624
Cellular component 205
DNAs (newly recognized) 156,426

Cell lines (newly recognized) 89,217
Cell types (newly recognized) 85,199
RNAs (newly recognized) 6,001

Health Care and Life Sciences Interest Group #15



Powered by:

Prototype: LifeSKIM

To get access to prototype send a request:
lifeskim@ontotext.com

Lir:@M CORE Search

| Clear | Options |

e Document keyword Filter flilf Gene [l GeneOntologyTerm Drug [l Related Concepts

Entity Patkern Search
Predefined Patterns
Entity Lookup

25 of 12416 shown helow

25 of 2433 shown below

25 of 13015 shown helow

25 of 2029 shown below

Kesmord Search Matching documents: 1205023 LG

Browss Ontology [ Daocuments ][ Timelines ] YEERS
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Contatext Lab

developmental proc...

hiosynthetic proce. ..
zignal transductio...
positive regulatia...
feeding behavior
extracellular regi...
metabolic process
mairtenance of loc...
catabolic process

sensary perception...

bincding

behavior

female pregnancy
visual perception
interleukin-10 rec...
mitochondrion
fibrinogen complex
integral to memkbra...
mitochondrial chra...
transcription, RNA...
peptidaze activity
interleukin-12 rec...
gelatinasze B activ...
vascular endatheli...
gelatinase A activ...

Clinical disesse o...

Meoplasm of unspec...

[®]Malignant neaogl...
Dizorder duetoin...

Malignant neoplasm...

Syndrome, NOS

Depressive disorde..

Azthma (dizorder) ...
[®]Malignant neaogl...

Obesity [Ambiguous...
Obstruction (morph...
Stroke and cerebra...

Hypertensive dizor...
Mutritional defici...

Pathogeneses (qual...

Functional disorde. ..
Inflamimstion (marp...

Carcinoma, no subt..

Complication (sttr...

Secondary malignan...

UTS - Unahle to s&..
[®]=chizophrenia, ...

Acguired human imm...

(Epilepsy) ar (epi...
Infection dus to M...
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Cholezsterol
Calzium
Heparin
Cizplatin
Mitric Cxide
Aspirin
Testosterans
Estradial
Paclitaxel
Ethanal
Potaszium
Dopamine
larphine
Cocaineg
Tamoxifen
Propofol
Micotine
Dexamethasone
Daccarubicin
Progesterone
Cyclophospharmide
ladine
Adenoszine
Methotrexate
Glutathione

Clinical dizease o..
Meoplastn of Unspec...
developmental proc...
[®IMalignant neagl...
Dizarder due toin...
Malignant necplasm...
hiosynthetic proce...
Syndrome, NOS
zignal tranzsductio...
Depressive dizorde...
positive regulatio...
Asthing (disorder) ...
[¥]Malignant neopl...
Obesity [Ambiguous...
Obstruction (margph...
Stroke and cerebro...
Cholesterol
Hypertensive dizor...
Calcium

Mutritional defici...
Pathogeneses (gual...
Functional disorde. ..
mizcellaneous nucl...
Inflammation (marp...
Carcinoma, no subt. .
pa3

Complication (attr ...
Laser

Secondary malignan...
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