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A Traditional Approaches

T The relational world: Rationales for success and failure

A Semantic Approaches

I Readiness for semantics: why, what and how
i Data-centric, dynamic, flexible solutions: Query by meaning

A Consequences

I Moving from relational to semantic systems: Strategy selection
i New possibilities for cross-domain integration

A The new reality

I Actionable inference and reasoning: Applicable knowledge
I Use case examples: Predictive biology, real-time decision support

A Future outlook
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Traditional Approaches

A Relational data warehouses, Object DBs

I Upfront considerations
ASchema, data model

I Ongoing considerations
ARigid / static structure

AExcellent for final datasets
ADemanding support




Semantic Approaches

A Resource Description Framework (RDF)

I Upfront considerations
ANone; clear relationships

I Ongoing considerations
ADynamic, flexible, extensible structure
AExcellent for changing needs: reuse, repurpose
AEasy to adopt, adjust and maintain
AEfficient, disambiguous query
APerformance can be challenging




Semantic Approaches (2)

A Resource Description Framework (RDF)
I A graph of values and their relations

A Triples: Data in context to others
I Clear relationships: subject, predicate, object
I No predefined schemas: one data model
I Dynamic, flexible, extensible




Resource Description Framework
( RDF) 1 s X

A labeled, directed graph of relations

between resources and literal values.

A RDF graphs are collections of triples

A Triples are made up of a subject, a predicate, and an
object

< . > predicate
subject

A Resources and relationships (metadata)are stored




Example RDF triples

AWTP53 encodes Human pb53)\

encodes
TP53

Awp53 is a tumor suppres:

: tumor
053 ISa )[ suppressor ]

gene

AWTP53 gene is |l ocated ot
chromosome 17W

located
TP53 chromosome 17




Triples Connect to Form Graphs

located




What Vs Di

A No predefined schemas

A Meaningful connections

I The data itself is the core
AReformat, repurpose, reuse information

I Interconnect network graphs
A Discover what you did not consider

I Inference and reasoning
ANavigate concept ontologies
AQuery by meaning
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Why RDF? What Vs

A The data structure makes merging data with
shared identifiers trivial

A Triples act as a least common denominator

A Metadata removes ambiguity
I The same identifier means the same thing




Removing Ambiguity

A Example questions
iwHow fast 1 s a Jaguar ?'
iwWhat i1 s the price of

Jaguar [the sportscar] is NOT the same as Jaguar [the wildcat] T

Apple [the fruit] is NOT the same as Apple [the computer]
- that has big implications
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Strategies to Move to Semantics

A Semantic technology is built on W3C
standards

A Different paths
1. Wholesale Transformation
2. Curated Transformation
3. Stored Procedures plus Web Services
4. SPARQL against RDBMS




From Relational to Semantics
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Technology Stack

Query by Rich Prediction and Other
Meaning Browsing Simulation Applications

APl Layer

Federated Access / Integrated Semantic
Datastore(s) / Inference and Reasoning

r ¢ () ()

ETL Layer

Relational DBs Other _




High Level Architecture
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Introduction to Semantic Web

Semantic Web technologies to answers a complex question:

AFind genes involved in signal transdu
neurons. O

Semantic Approach: Integrate disparate databases
T P BioSystems
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Introduction to Semantic Web (2)

Semantic Approach: Spans Several Databases

prefin go: <http://purl.org/obo/owl/G0 #=

prefix rdfs: <http:/fwww.w3.0rgf2000/01/rdf-schem a# =
prefix owl: =<http:/fwww.w3.0rg/2002/07 jow|#=>

prefix mesh: <http://purl.org/commonsfrecord/mesh/=
prefix sc =http:/fpurl.org/sciencefowl/sciencecommons/=
prefix ro: <http:ffiwww.obofoundry. orgfrofro. owl#=

prefix senselab: <http:/fpurl.org/ycmifsenselab/neuron_ontology. owl#=> M e S h : Py ra m id a I N e u ro n S

SELECT ?genenarne ? processname Treceptor_protein_name
WHERE {
# PubMeSH includes 7gene_records mentioned in 7 articles which are identifi
GRAPH =http:/fpurl.orgfcommons/heclsfpubmesh= {
?pubmed_record sc:has-as-minor-mesh mesh:D017966 |

Tarticle scidentified by prid Ppubmed _record . P u b m e d : J 0 u r n a I A r-t i C I e S

?gene_record sc:describes_gene_or_gene_product_mentioned_by ?article
}
# The Gene Ontology asserts that foreach 7 protein, ?protein ro:has_function [ ro:realized_as 7process |.
GRAPH =http://purl.orgfcommons/hcls/goa= {
?protein rdfs:subClassOf 7restrictionl .
?restrictionl owl:onProperty ro:has function .
?restriction] owl:somevaluesFrom ?restrictionz . E t ' G
7restriction2 owl:onProperty ro:realized_as . n re Z e n e ' e n e S
?restriction2 owl:somevaluesFrom 7 process .
# Also, foreach 7protein, 7protein has a parent class whichis linked by some predicate to 7gene_record.
?protein rdfs:subClassOf ?protein_superclass .
?protein_superclass owliequivalentClass Trestriction3.
?restriction3 owl:onProperty sc:iis_protein_gene product_of dra_described by .

?restriction3 owl:hasvalue ?gene_record . . H I T d t'
# Each ?process (that we are interested in) is a subclass of the signal t|'.'1|'|:-:ll.|-tiG|O:. S I g n a ra n S u C I O n
GRAPH <http:/fpurl.org/fcommons/hcls/20070418/classrel ations= {

{ 7process cbopart_of go:GO_0007165 } /

UNION

{ 7process rdfsisubClassOf go:GO_0007166 }

1

GRAPH =http:/fpurl.orgfcommons/hclsfgene= {
7gene_record rdfs:|abel 7genename

}

GRAPH =http:/fpurl.org/commons/hcl s/20070416= {
?process rdfs:label 7processname

}
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How Do We Get there?
Knowledge Building and Exploration

AMerge data dynamically into an extensible &
reconfigurable ontology

AApply thesauri for classes, entities and relationships

wuUsing a specific thesaurus, columns in each result

Entity I\/Ierging set are mapped to the same class. Equivalent
entities are merged to their representative terms.

wDuring data import, equivalent classes with

Ontology I\/Ierging equivalent superclasses are merged using a
specified thesaurus

Rel ationship wUser specifies a relationship thesaurus at import.
: Upon import, relationships are converted to their
Merglng respective groupsV representat




Workflow

Unify & analyze data

Create semantic networks to visualize and explore
biomarkers

Capture combinatori al

Test hypotheses, qualify & validate model

Apply Applied Semantic Knowledgebase (ASK)
for predictive biology



Life Sciences /
Clinical Applications-

Patient Target
Stratification Validation

Disease Compound
Signatures Efficacy

Predictive Toxicity
Screening Profiling

Compound
Safety
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The Toolset

A Triples / RDF Stores
A Relational-to-RDF Mappers
A Ontology Management tools

A Network Graph Visualizers
| Faceted Browsing, Network layouts

A SPARQL Query Tools

I Command Line vs. Visual
I Inference and reasoning support
I Advanced SPARQL 1.1. functionality




Example 1

A Share, Browse & Search:

Semantic Data Integration & Ontology
Merging




@ Sentient Knowledge Explorer

File  Edit

View  Triple Store  Tools  Help

,
ot Import Biomedical Ontalogy f

Instances

Service:

Ortologies:
Orntology Wersion Creator Description a
Proteinprotein interaction 152 Psi-mi Administrators A structured controlled vocabulary for the annctation of experiments concemed with protein-protein interactions. Develo..
Situation-Based Access Control 1.2 Mar Peleg Context-based healthcare access-control policies
Dictyostelium discoideum anatomy 1.10 Rex Chisholm A structured controlled vocabulary of the anatomy of the slime-mould <i=Dictyostelium discoideum</iz.
Subcellular Anatomy Ortolagy (SAQ) 125 Maryann Martorie SAQ describes structures from the dimensional range encompassing cellular and subcellular structure, supracellular dom..
Orntology of Geographical Region 11 Yu Lin This OWL ontology classified the geograhical regions related vocabularies extracted from UMLS.
Rat Strain Ontology 20 Rajni Migam This ontology defines the hierarchical display of the different rat strains as derived from the parental strains
Intemational Classification of Diseases 9 The Word Health O...  The ICD is the intemational standard diagnostic classification for all general epidemiological, many health management p.
Cell Line Ontology 1.0 Sirarat Samtivijai The Cell Line Knowledge Base is a public data warehouse for searching cell ine data extracted from both ATCC and Hy..
Human disease 1.203 Human_disease Ad...  Creating a comprehensive hierarchical cortrolled vocabulary for human disease representation.
Pathogen transmission 1.1 Human_disease Ad...  This vocabulary describes a process that is the means of how a pathogen is transmitted from one host, reservair, or sour..
NIFSTD 18 Fahim Imam NIF Standard ontology (MIFSTD)is a core component of Neuroscience Information Framework (MIF) project (http:-//neui..
Mammalian phenctype 1.355 JAK list The Mammalian Phenotype Ontology is under development as a community effort to provide standard tems for annotati...
MGED Ontology 1311 MGED Concepts, definitions, terme, and resources for standardized description of @ microamay experment in support of MAGE v.

1.022610

Animal natural history and life histony See Remote Site Hitp://animaldiverst... An ontology for animal life histary and natural history characteristics suitable for populations and higher tawonomic entities | _
Gene Regulation Ontology See Remote Site Vivian Lee The BOOTStrep Ontology is a conceptual model for the domain of gene regulation. it covers processes that are linkedt.. r
Amino Acid 12 Mick Drummond, Ge...  An ontology of amino acids and their properties. i

Basic Vertebrate Anatomy 11 A basic vertebrate anatormy derved mainly from FMA.

Evidence codes 1.21 Michelle Giglio A rich ontology for experimental and other evidence statements.

Yeast phenotypes 1.20 Mike Chemy A structured controlled vocabulary for the phenotypes of budding yeast.

Cereal plant gross anatomy See Remote Site Po_anatomy Admini... A structured controlled vocabulary for the anatomy of Graminae. Please note that this ontology has now been supersede.
Cell type 143 Alex Diehl The Cell Ortology is designed as a structured controlled vocabulary for cell types. This ontology was constructed for use.
Mosquito insecticide resistance 1.831 C. Louis Application ortology for entities related to insecticide resistance in mosquitos

Orntology of Glucose Metabolism Dizorder 1.2 Yu Lin Including the disease names. phenotypes and their classifications involved in Glucose Metabolism Disorder i
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Status: Ready
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@ Pathway_Ontology0.rdf - Sentient Knowledge Explore

File Edit View TripleStore Tools Help

=- p;thway.obo

- complement system pathway
[+ glucose utilization pathway
- Pathway Ontology

EI classic metabolic pathway

[+]- disease pathway

Ei regulatory pathway

B signaling pathway

Instances

< | m

Entity List 1 Entity Details I Relationship [ Relations
hasWeight
Name / Content
e dataType
URLConstructor

URLConstructorParameter
drillOutClass

Status: Ready
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