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Drug Response and Genotype

ll Patient responses to drugs are variable and Patient responses to drugs are variable and 
sometimes unpredictablesometimes unpredictable

ll Adverse drug reactions account for Adverse drug reactions account for 
more than 2 million hospitalizations and more than 2 million hospitalizations and 
100,000 deaths in 1994100,000 deaths in 1994

ll Current approach: historical; risk Current approach: historical; risk 
stratification (clustering; classification)stratification (clustering; classification)

ll Response to some drugs has a genetic basisResponse to some drugs has a genetic basis

ll Desired approach:  individualized treatment Desired approach:  individualized treatment 
based on genotypebased on genotype

Genotype and Phenotype

ll GenotypeGenotype
nnGenetic makeupGenetic makeup

nnGenetic sequence of DNA in an individualGenetic sequence of DNA in an individual

ll PhenotypePhenotype
nnVisible trait (eye color, disease, etc.)Visible trait (eye color, disease, etc.)

nnManifestation of a genotypeManifestation of a genotype

Pharmacogenetics

ll Discipline to understand how Discipline to understand how genetic variationgenetic variation
contributes to differences in contributes to differences in drug responsesdrug responses

ll Methods: genotypeMethods: genotype--phenotype studiesphenotype studies

ll Goal: drug treatment tailored to individual Goal: drug treatment tailored to individual 
patientspatients

ll Promises: new drug discovery and treatments Promises: new drug discovery and treatments 
by mining genome & SNP databasesby mining genome & SNP databases
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http://www.nigms.nih.gov/news/reports/testim99.html#pharm

Need Integrated Resource for 
Pharmacogenetics

ll Proliferation of experimental dataProliferation of experimental data
nnGene sequencing studiesGene sequencing studies

nnBiological and clinical studies of phenotypeBiological and clinical studies of phenotype

ll Need to connect genotype Need to connect genotype ßàßà phenotypephenotype

ll Gives insight into geneGives insight into gene--drug relationshipsdrug relationships

ll Understand how genetic variation Understand how genetic variation 
contributes to differences in drug responsescontributes to differences in drug responses

PharmGKB:  Pharmacogenetics 
Knowledge Base of the NIH

ll The The PharmPharmacoacoGGeneticsenetics KKnowledge nowledge BBase ase 
((PharmGKBPharmGKB http://http://pharmgkb.orgpharmgkb.org))

ll Part of the Pharmacogenetics Research Part of the Pharmacogenetics Research 
Network Network 
nnNationwide collaborative research effort Nationwide collaborative research effort 

funded by NIHfunded by NIH

ll Accepting data from 10 study centers and Accepting data from 10 study centers and 
public sourcespublic sources

NIH Pharmacogenetics Research 
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Goals of PharmGKB
ll National data resource linking genetic, National data resource linking genetic, 

laboratory data, and clinical datalaboratory data, and clinical data
ll Contain high quality publiclyContain high quality publicly--accessible dataaccessible data

ll Link with complementary databases Link with complementary databases 
(Medline, (Medline, dbSNPdbSNP, , GenbankGenbank, etc.), etc.)

ll Assist researchers discover genetic basis for Assist researchers discover genetic basis for 
variation in drug responsevariation in drug response

ll Receive genotype/phenotype data from Receive genotype/phenotype data from 
participating study centersparticipating study centers

ll Analytical functionality to link genotype and Analytical functionality to link genotype and 
phenotypephenotype

Goal State of PharmGKB

PharmGKBPharmGKB

Submitted 
Data

External 
Data 

Sources

PRE-
DEFINED

OPEN
API

• Sequence data
• Cellular phenotype data
• Clinical data

INFERENCE

QUERIES

SURVEILLANCE

VISUALIZATION

INPUT OUTPUT

Current State of PharmGKB

PharmGKBPharmGKB

Submitted 
Data

External 
Data 

Sources

PRE-
DEFINED

OPEN
API

• Sequence data
• Cellular phenotype data
• Clinical data

INFERENCE

QUERIES

SURVEILLANCE

VISUALIZATION

INPUT OUTPUT

PharmGKB Infrastructure

Protégé KBMS
Oracle

KB API

Applications
Submissions

Analysis
Maintenance

Web Applications
query

analysis
text and graphical display

Apache/Tomcat
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Issues in Designing PharmGKB

ll Data acquisition from study centersData acquisition from study centers

ll Data integration with external sourcesData integration with external sources

ll Data modelData model

ll Data storage (DBMS/KBMS)Data storage (DBMS/KBMS)

ll Query supportQuery support

ll User tools (visualization, etc.)User tools (visualization, etc.)

STORAGE

OUTPUT

INPUT

What are the Data?
ll Genotype dataGenotype data

nnGenetic sequencesGenetic sequences

nn Polymorphisms in individualsPolymorphisms in individuals

ll Cellular phenotype dataCellular phenotype data
nnGene expression & proteomicsGene expression & proteomics

nn Functional assaysFunctional assays

nn Pharmacokinetics & Pharmacokinetics & pharmacodynamicspharmacodynamics

ll Clinical dataClinical data
nnDrug responses and clinical outcomesDrug responses and clinical outcomes

What are Polymorphisms?

ATATCGGATAC - - - - TACCCGTATTA

ATATCGGGTACATATTACCC - - ATTA

SNPSNP InsertionInsertion DeletionDeletion

Reference SequenceReference Sequence

Subject SequenceSubject Sequence

Sources of Data

Pharmacogenetics
Research
Network

Direct Submission

Other
Researchers

External Sources

PubMed

Other 
Genetics

Databases

Terminologies

Other
Vocabularies

SNOMED

Gene Ontology

UMLS

dbSNP
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Data Acquisition

Clinical
Experiments

Analysis

Local
DB

XML generation

Submission
(XML) PharmGKB

Affiliated Research 
Project

Data Collection
Interface Repository

IDEAL VIEWIDEAL VIEW

Data Acquisition

Clinical
Experiments

Analysis

PharmGKB

Affiliated Research Project

HELP!

Where’s
the

data?

Excel
Spread-
sheet

ACTUAL VIEWACTUAL VIEW

Challenges for PharmGKB

ll DB vs. KB (relational model vs. ontology)DB vs. KB (relational model vs. ontology)
ll Data integrationData integration

nnData from study centersData from study centers
nnData from external databasesData from external databases

ll Ontology evolutionOntology evolution
nnMaintain mapping from external data Maintain mapping from external data 

input/output formats to internal representationinput/output formats to internal representation
nnChange management between development & Change management between development & 

production versions (schema update problem in production versions (schema update problem in 
databases)databases)

ll Data validation, data editing/audit trailData validation, data editing/audit trail

Biomedical Databases

ll PaperPaper

ll Electronic versions of paper (Electronic versions of paper (pdfpdf, , imgimg files)files)

ll SpreadsheetsSpreadsheets

ll Text files or other formatsText files or other formats

ll RDBMSRDBMS

ll OODBMSOODBMS

ll KBMS (e.g., frame systems)KBMS (e.g., frame systems)
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Definitions
ll DataData: simple description of an observation; : simple description of an observation; 

lowest level of known factslowest level of known facts
ll InformationInformation: data that has been sorted, : data that has been sorted, 

analyzed, and interpreted so known facts have analyzed, and interpreted so known facts have 
substance and purposesubstance and purpose

ll KnowledgeKnowledge: information that has been placed : information that has been placed 
in the context of other informationin the context of other information

ll KBKB: a computational repository of knowledge, : a computational repository of knowledge, 
and the information and data that the and the information and data that the 
knowledge is built uponknowledge is built upon

Gully A. P. C. Burns
http://www-hbp.usc.edu/_Documentation/presentation/neuroscholar_cns98/ 

KB vs. DB:
The Difference is the Data Model
ll In many ways, KB & DB are interchangeableIn many ways, KB & DB are interchangeable

nnData model can be implemented in RDBMS Data model can be implemented in RDBMS 
or KBMSor KBMS

nn “KB” can be implemented in RDBMS“KB” can be implemented in RDBMS

ll Difference in data modelDifference in data model
nnDB: relations, relational schemaDB: relations, relational schema
nnKB: frames, ontology (locality of information)KB: frames, ontology (locality of information)

ll Data model for DB in form to facilitate Data model for DB in form to facilitate 
retrievalretrieval

ll Data model for KB in form to facilitate Data model for KB in form to facilitate 
reasoningreasoning

Data Model InData Model In
a Relational a Relational 

SystemSystem

Class: Variants_In_
Individuals

Slots : 
DisplayName
Citation
Population
VariantDiscovery
PCRAssay
Subject Variants

Class: Citation

Slots :
DisplayName (s)
. . .

Class: Citation

Slots :
DisplayName (s)
. . .

Class: Subject_
Variants

Slots :
DisplayName (s)
SubjectIdentifier (s)
Position (s)
Variant

Class: Subject_
Variants

Slots :
DisplayName (s)
SubjectIdentifier (s)
Position (s)
Variant

Class: PCR_Assay

Slots :
DisplayName
. . .

Class: Subject_
Variants

Slots :
DisplayName
SubjectIdentifier
Position
Variant

Slots

Class: Variant_
Discovery

Slots :
DisplayName
. . .

Class: Citation

Slots :
DisplayName
. . .

Class: Population

Slots :
DisplayName
. . .

Data Model In aData Model In a
FrameFrame--Based Based 

SystemSystem
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Data Model for PharmGKB
OntologyOntology is preferred for is preferred for PharmGKBPharmGKB
nnDomain complexityDomain complexity
uu Many entities and relationships Many entities and relationships 

(is(is--a, hierarchical)a, hierarchical)
uu MultiMulti--valued attributes (simple & object types)valued attributes (simple & object types)

nnRapid evolution of data model Rapid evolution of data model àà changing changing 
database schemadatabase schema
nnStorage schema can closely parallel “common Storage schema can closely parallel “common 

data model”data model”

nnSupport applications relying on inheritance & Support applications relying on inheritance & 
other relationships in ontologyother relationships in ontology

nnReasoning over information in KBReasoning over information in KB

Data Models in Genetic 
Databases

ll Data can be described in “flat” tabular Data can be described in “flat” tabular 
representations  (entry + attributes)representations  (entry + attributes)

ll Relational schema appropriateRelational schema appropriate

ll Fine for preFine for pre--defined functionality  (BLAST, defined functionality  (BLAST, 
etc.)etc.)

ll Goal: storage/retrieval; less so for analysisGoal: storage/retrieval; less so for analysis

……

……

aagggcagagtcaaagggcagagtca
……1 of 61 of 6U44106.1 U44106.1 

GI:1236884GI:1236884
Human histamine NHuman histamine N--
methyltransferase methyltransferase 

(HNMT) gene, exon 1(HNMT) gene, exon 1HSHNMT01HSHNMT01U44106U44106

SequenceSequenceSegmentSegmentVersionVersionDefinitionDefinitionLocusLocusGenbank Genbank 
AccessionAccession

Domain Complexity in 
Pharmacogenetics

ll Different distinctions in the same dataDifferent distinctions in the same data
e.g., for sequences:e.g., for sequences:
nn String of letters making up the sequenceString of letters making up the sequence
nnGenomic structure of the sequenceGenomic structure of the sequence
nn Polymorphisms in the sequencePolymorphisms in the sequence
nnHaplotypesHaplotypes of the sequenceof the sequence

ll Many relationshipsMany relationships
nnGenes have sequences; sequences have Genes have sequences; sequences have 

genomic structure; individuals have genomic structure; individuals have 
polymorphsimspolymorphsims in sequences…in sequences…

More than Letters in a Genetic 
Sequence

1825+
1 ctgccatttc caagtctccc agttaaagat tgttaatgaa taaaacctat attttgaaat U04310
61 atactctaaa gatggcaata taactgatat aattgggaca tttcatgttg gcctagtttt Exon3

121 cattcattgt atttttagtc tgttctcttc aactagacta gataatcaga tttcacaaag
181 cacctaacac atttttctaa aactacataa tttttttctt tcagGATTGG AGACACAAAA
241 TCAGAAATTA AGATTCTAAG CATAGGCGGA GGTGCAGgta tgagtaatat atttttaaag
301 ttcatatttc actttaacca ttatgctgtg tgatgacaat a . . . .  INTRON 3 .

2166+
1 catctttgat ttgatgaaat atagtgatag atgttaaaga tcatgtaaac gaatggatgg U25508
61 cactcacagc cctccttgag tcacattact atgcctactt agaacctagc tgccctgcat Exon4

121 catggcaggg cagcagttga acattattct ttatttatgt taggctttcc tagtaaaggt
181 agggcagata ataaatcagc taaaattgtt tttaatcatt tcttgctgga atgatgtgac
241 ctgtcccata tgtttatctt ctagGTGAAA TTGATCTTCA AATTCTCTCC AAAGTTCAGG
301 CTCAATACCC AGGAGTTTGT ATCAACAATG AAGTTGTTGA GCCAAGTGCT GAACAAATTG
361 CCAAATACAA AGgtacctgt aactcctggt cctctacacc agatcctatc ccaaaagact
421 taactcaaat tgttcccttg aatgattaaa aatatagtta ctgtggtatg cttttcacaa
481 gcttattggg agaagaactg aattagttct tggcaggcat gactaaacat ctcaaaatgt
541 gaacagtgaa taataaactc ccttttctat taacacttca tccattcccc agttgtcatc
601 aatgattacc ttttggatgt ttatgcttaa gtacagattc at. . . . INTRON 4 .

ll Coding regionsCoding regions
ll Flanking sequenceFlanking sequence
ll Exons/intronsExons/introns
ll Primer regionsPrimer regions
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INT

5’ Partial 
Coding 
Exon5’ UTR

INT INT INT INT

3’ UTR
3’ Partial 
Coding 
Exon

Translated 
Exon

Translated 
Exon

5’ UTR
3’ UTR

INT

Control 
region

Transcribed Sequence

Genomic DNA

Translated 
Exon

Different Entities for “Sequence”

Spliced Sequence
Coding Sequence

Amino Acid Sequence

Translation

GENOMIC FRAGMENTS

POLYMORPHISM

Reference
Allele

Gene

Polyploid Alleles

Diploid Alleles

Haploid Alleles

Transcribed 
Sequences

Spliced 
Sequences

Amino Acid 
Sequences

Genomic 
Fragments

Polymorphisms

Alleles of 
genomic 

fragments

Fragment from 
Reference Allele

Primers

Relationships Among Entities

Genomic
Information

Molecular &
Cellular

Phenotype

Clinical
Phenotype

AllelesMolecules Individuals

Drug
Response
Systems

Drugs Environment

Isolated Isolated 
functional functional 
measuresmeasures

CodingCoding
relationshiprelationship

PharmacologicPharmacologic
activitiesactivities

ProteinProtein
productsproducts

Role inRole in
organismorganism

VariationsVariations
in genomein genome

MolecularMolecular
variationsvariations

TreatmentTreatment
protocolsprotocols

ObservableObservable
phenotypesphenotypes

GeneticGenetic
makeupmakeup

PhysiologyPhysiology

NonNon--geneticgenetic
factorsfactors

IntegratedIntegrated
functional functional 
measuresmeasures

ObservableObservable
phenotypesphenotypes

Complexity of Relationships in PharmacogeneticsComplexity of Relationships in Pharmacogenetics Our Approach to Modeling Genetic 
Information for Pharmacogenetics

ll Data Model: OntologyData Model: Ontology
nnWellWell--suited to complex/diverse data typessuited to complex/diverse data types

nn Specifies:Specifies:
-- the classes of information in the domain the classes of information in the domain 
-- the attributes for these conceptsthe attributes for these concepts
-- the relationships among these conceptsthe relationships among these concepts

nn Intuitive connection to real objects in the worldIntuitive connection to real objects in the world

ll Flexible; suitable for evolving databasesFlexible; suitable for evolving databases

ll Implementation: frameImplementation: frame--based systemsbased systems
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Class: People

Slots:
Name
Address
Sex
Collaborator

Instance:      John2
Slots:
Name                “John”
Address   “55 Left Way”
Sex                     Male
Y-allele        Y234112
Collab:           Jane13

Fred3

Class: Men

Slots:
Name
Address
Sex          Male
Collaborator

Class: Women

Slots:
Name
Address
Sex          Female
Collaborator

Instance:      Fred3
Slots:
Name                “Fred”
Address “39 Center Way”
Sex                     Male
Y-allele        Y534033
Collab:           John2

Instance:    Jane13
Slots:
Name                “Jane”
Address  “17 Right Way”
Sex                     Female
X-alleles        X234, X454
Collab:           John2

Frame Frame 
Representations for Representations for 
Data ModelingData ModelingFramesFrames

SubclassSubclass

ValuesValues

InstanceInstance

SlotsSlots

Database Schema Should Match 
Common Data Model

ll Queries are not predefinedQueries are not predefined——users must interact users must interact 
directly with schemadirectly with schema
nnOpen API for queriesOpen API for queries

nnNeed to understand database schemaNeed to understand database schema

ll Data integration from external databases having Data integration from external databases having 
differing schemasdiffering schemas

ll AnalysisAnalysis is as important as storage/retrievalis as important as storage/retrieval
nnAnalytical functions not predefinedAnalytical functions not predefined——users must users must 

be able to write applicationsbe able to write applications

Pre-defined Queries vs. 
Open API to DB

ll Predefined queries & functionality Predefined queries & functionality 
nn e.g., freee.g., free--text/keyword search; BLASTtext/keyword search; BLAST

nnUser does not directly see DB schema (if at all)User does not directly see DB schema (if at all)

nnDB schema understood only by administratorDB schema understood only by administrator

uuCan be optimized for performanceCan be optimized for performance

uuHard to understand by external userHard to understand by external user

ll Open API for queriesOpen API for queries
nnUsers can formulate customized queriesUsers can formulate customized queries

nnUser must understand the data schemaUser must understand the data schema

A Comparison Study

ll PharmGKBPharmGKB data model for genetic information data model for genetic information 
implemented in:implemented in:
nnRDBMS: Oracle 8.1.7RDBMS: Oracle 8.1.7

nnKBMS: ProtégéKBMS: Protégé--20002000

ll Sample queries pertinent to pharmacogeneticsSample queries pertinent to pharmacogenetics

ll Approximate timings on queries*Approximate timings on queries*

ll Comparison of database schemasComparison of database schemas

*Big grain of salt
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What is Protégé-2000*?

ll A A tooltool that allows you to create and maintain an that allows you to create and maintain an 
ontology by: ontology by: 
1.  Constructing a domain model using classes and slots 1.  Constructing a domain model using classes and slots 
2.  Customizing forms for acquiring instances of classes2.  Customizing forms for acquiring instances of classes
3.  Entering data as instances3.  Entering data as instances
4.  Querying for instances that match your criteria4.  Querying for instances that match your criteria

ll A A platformplatform on which you can build applicationson which you can build applications

ll A A librarylibrary you can use from other applicationsyou can use from other applications

*http://*http://protege.stanford.eduprotege.stanford.edu//

Sequence Coordinate SystemSequence Coordinate System

MethodMethod

PCR AssayPCR Assay

Reference SequenceReference Sequence

Region of InterestRegion of Interest

Variant DiscoveryVariant Discovery

PopulationPopulation

GeneGene

Subject VariantsSubject Variants

You can implement this 
data model in either a 

relational schema or an 
ontology

DATA MODEL FOR DATA MODEL FOR 
GENETIC INFORMATIONGENETIC INFORMATION

Variants in IndividualsVariants in Individuals

CitationsCitations
1:11:1

1:11:1 1:n1:n

1:11:1

1:n1:n

Class: Variants_In_
Individuals

Slots : 
DisplayName
Citation
Population
VariantDiscovery
PCRAssay
Subject Variants

Class: Citation

Slots :
DisplayName (s)
. . .

Class: Citation

Slots :
DisplayName (s)
. . .

Class: Subject_
Variants

Slots :
DisplayName (s)
SubjectIdentifier (s)
Position (s)
Variant

Class: Subject_
Variants

Slots :
DisplayName (s)
SubjectIdentifier (s)
Position (s)
Variant

Class: PCR_Assay

Slots :
DisplayName
. . .

Class: Subject_
Variants

Slots :
DisplayName
SubjectIdentifier
Position
Variant

Slots

Class: Variant_
Discovery

Slots :
DisplayName
. . .

Class: Citation

Slots :
DisplayName
. . .

Class: Population

Slots :
DisplayName
. . .

Data Model In aData Model In a
FrameFrame--Based Based 

SystemSystem
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Data Model InData Model In
a Relational a Relational 

SystemSystem

SQL Query to RDBMS

SELECTSELECT t0.displayname, t7.precedingvarpos+1,t7.variant, t0.displayname, t7.precedingvarpos+1,t7.variant, 
substr(t1.sequence,t7.precedingvarpos+1,1), t7.subjectident substr(t1.sequence,t7.precedingvarpos+1,1), t7.subjectident 
FROMFROM genesubmissiongenesubmission t0,refseqsubmission t1, t0,refseqsubmission t1, 
seqcoordsubmissionseqcoordsubmission t2, t2, expregionsubmissionexpregionsubmission t3, t3, 
pcrassaysubmissionpcrassaysubmission t4, t4, indivsndsubmissionindivsndsubmission t5, t5, indivsndvariantindivsndvariant t6, t6, 
subjectvariantsubjectvariant t7 t7 
WHEREWHERE t0.displayname = t1.gene AND t1.displayname = t2.refseq t0.displayname = t1.gene AND t1.displayname = t2.refseq 
AND t2.displayname = t3.seqcoord AND AND t2.displayname = t3.seqcoord AND 
t3.displayname=t4.expregion AND t4.displayname = t5.sndassay t3.displayname=t4.expregion AND t4.displayname = t5.sndassay 
AND t5.displayname = t6.indivsnd AND t6.subvariant = AND t5.displayname = t6.indivsnd AND t6.subvariant = 
t7.displayname AND NOT (substr(t7.variant,1,1) = t7.displayname AND NOT (substr(t7.variant,1,1) = 
substr(t1.sequence,t7.precedingvarpos+1,1) AND substr(t1.sequence,t7.precedingvarpos+1,1) AND 
substr(t7.variant,3,1) = substr(t1.sequence,t7.precedingvarpos+1substr(t7.variant,3,1) = substr(t1.sequence,t7.precedingvarpos+1,1)),1))

Query: For each subject, find all the variantsQuery: For each subject, find all the variants

Query to KBMS
(pseudocode of java program)

Get all instances of Get all instances of Subject VariantsSubject Variants classclass
for each instance:for each instance:

get its Subjectget its Subject
get its Variantsget its Variants
add the variants to subject groupingsadd the variants to subject groupings

print the groupings print the groupings 

Query: For each subject, find all the variantsQuery: For each subject, find all the variants

Query Performance

0.60.65.55.5For each subject, find all the variantsFor each subject, find all the variants55

4.1139Which subject has the most variants?Which subject has the most variants?44

8.4338

For each variant, what is the base at that For each variant, what is the base at that 
same position in the reference sequence? same position in the reference sequence? 
(e.g. for 97 G/G variant, what is position 98 (e.g. for 97 G/G variant, what is position 98 
in reference sequence?)in reference sequence?)

33

0.60.61.31.3List all regions of interest and start/stop List all regions of interest and start/stop 
positions relative to the reference sequencepositions relative to the reference sequence

22

0.60.62.02.0How many regions of interest are in the How many regions of interest are in the 
MDR1 gene?MDR1 gene?11

RelationalRelationalOntologyOntologyQueryQuery

Timing for Query Timing for Query 
(seconds)(seconds)

0.60.65.5/5.5/3.03.0
4.1139/1.4

8.4338/3.8

0.60.61.3/1.3/0.040.04

0.60.62.0/2.0/0.020.02
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Challenges for PharmGKB

ll DB vs. KB (relational model vs. ontology)DB vs. KB (relational model vs. ontology)
ll Data integrationData integration

nnData from study centersData from study centers
nnData from external databasesData from external databases

ll Ontology evolutionOntology evolution
nnMaintain mapping from external data Maintain mapping from external data 

input/output formats to internal representationinput/output formats to internal representation
nnChange management between development & Change management between development & 

production versions (schema update problem in production versions (schema update problem in 
databases)databases)

ll Data validation, data editing/audit trailData validation, data editing/audit trail

Need to Integrate Different Data 
Models

ll Ontology (Ontology (PharmGKBPharmGKB data model)data model)
nnDescribes pharmacogenetics concepts & Describes pharmacogenetics concepts & 

relationships among themrelationships among them
nn Flexible and highly expressiveFlexible and highly expressive
nn Suitable for rapidly evolving knowledge basesSuitable for rapidly evolving knowledge bases

ll Relational (incoming study center data)Relational (incoming study center data)
nnTabularTabular
nn Predominant in most biology databasesPredominant in most biology databases

ll Data Integration Task:Data Integration Task:
nn Import study center data into Import study center data into PharmGKBPharmGKB

Data Submitted NowData Submitted Now

PharmGKB

Data Model

PharmGKB

NEW Data Model

Our Work Addresses this Problem

Data Submitted LaterData Submitted Later

Data ModelData Model
EvolvesEvolves

?

Goals

ll Interface ontology models with external Interface ontology models with external 
relational data sourcesrelational data sources

ll Import raw sequence data (relational) into Import raw sequence data (relational) into 
ontology of pharmacogeneticsontology of pharmacogenetics

ll Automate updating links between ontology Automate updating links between ontology 
and data acquisition when ontology changesand data acquisition when ontology changes
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Relational Data vs. Ontologies

Slots in 
a class

Slots in 
an instance
(holds data)

C
LA

S
S

E
S

C
LA

S
S

E
S

IN
S

T
A

N
C

E
S

IN
S

T
A

N
C

E
S

PharmGKBPharmGKB
OntologyOntology

Study Center data in Study Center data in 
Relational FormatRelational Format

Data 
Columns

Current Approaches to Integrating 
Relational Data into Ontologies

ll Direct data entry into ontologyDirect data entry into ontology
nnRequires understanding of ontology structureRequires understanding of ontology structure

nnUsually different from “intuitive” view of dataUsually different from “intuitive” view of data

ll Static mappingsStatic mappings
nnMap each slot in ontology to column in tableMap each slot in ontology to column in table

nnDifficult to maintain as ontology changesDifficult to maintain as ontology changes

ll The challenge: maintaining the links as the The challenge: maintaining the links as the 
ontology changesontology changes

Data to be Data to be 
SubmittedSubmitted

PharmGKB

Data Model

Direct Data Entry Into Ontology

Submitter directly creates Submitter directly creates 
instances in ontologyinstances in ontology

Submitter must Submitter must 
understand understand 

ontology modelontology model

Data to be Data to be 
SubmittedSubmitted

PharmGKB

Data Model

Static Mappings for Data Integration
Mapping Relations

Submitter matches Submitter matches 
data columns to data columns to 

map columnsmap columns
Links must be Links must be 
maintained as maintained as 

ontology changesontology changes
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Our Approach

ll Declarative interface between relational data Declarative interface between relational data 
acquisition and ontologyacquisition and ontology
nnXML schema XML schema 
uuDefines mapping & constraints on incoming dataDefines mapping & constraints on incoming data

nnOntology stores information needed to specify Ontology stores information needed to specify 
XML schemaXML schema

nnAutomated update of XML schema when Automated update of XML schema when 
ontology changesontology changes

ll Incoming data in XMLIncoming data in XML
nnExisting relational tables mapped to XML Existing relational tables mapped to XML 

schemaschema

Application Layer:
API Programs

Frame
API

<?xml version="1.0"?>
<SUBMISSION>
<Gene>
<GeneName>

HNMT
< /GeneName>

</Gene>
</SUBMISSION>

Middle Translation Layer:
XML Document & Validation

Data Entry Layer:
HTML Form

Relational Data
Storage

PharmGKB Ontology
Instance-based storage

<xsd:elementname=
"Gene">

<xsd:complexType >
<xsd:sequence>
< /xsd:sequence >

</xsd:complexType>
</xsd:element>

XML Schema 
(derived from 

ontology)

Translation 
to / from 

XML

XML 
Validation

Create 
Instances

XML Schema

ll SelfSelf--describing syntax for defining valid describing syntax for defining valid 
XML documentsXML documents

ll Derived from ontologyDerived from ontology

ll Updated as ontology changesUpdated as ontology changes

<<xsd:elementxsd:element name="PCR_Assay_Submissions">name="PCR_Assay_Submissions">
<<xsd:complexTypexsd:complexType>>

<<xsd:sequencexsd:sequence>>
<<xsd:elementxsd:element name="Comment" type="name="Comment" type="xsd:stringxsd:string" " minOccursminOccurs ="0" ="0" maxOccursmaxOccurs ="1"/>="1"/>
<<xsd:elementxsd:element name="name="StsIdStsId " type="" type=" xsd:integerxsd:integer" " minOccursminOccurs ="0" ="0" maxOccursmaxOccurs ="1"/>="1"/>

</</ xsd:sequencexsd:sequence>>
</</xsd:complexTypexsd:complexType>>

</</xsd:elementxsd:element>>

The XML Schema is Defined by the 
Ontology

ll Facets on slots define data constraintsFacets on slots define data constraints
nnRange of legal valuesRange of legal values
nnData type (string, number, Instance, or Class)Data type (string, number, Instance, or Class)
nnRequired or optionalRequired or optional
nn Single or multiple cardinalitySingle or multiple cardinality

ll When ontology changes, facets change too!When ontology changes, facets change too!
nnUpdated XML schema immediately availableUpdated XML schema immediately available

ll Code handling XML remains unchangedCode handling XML remains unchanged
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Class: Variants_In_
Individuals

Slots: Type Cardinality
Sample integer  single
Subject Variants Ins multiple Class: Subject_Variants

Slots: Type Cardinality
Subject ID string single
Position integer     single
Variant string       single

SlotsSlots

Storing Information Needed to Specify 
the XML Schema in Ontology

FacetsFacets

Class: Variants_In_
Individuals

Slots: Type Cardinality
Assay string single
Sample integer  single
Subject Variants Ins multiple

Data ModelData Model
EvolvesEvolves

New SlotNew Slot

Classes, Slots, and Facets in 
PharmGKB Ontology

PharmGKB ontology Slots/facets for PCR Assay Class

Evaluation

ll Study center mapped sequence data to XML Study center mapped sequence data to XML 
schemaschema

ll Data submitted to Data submitted to PharmGKBPharmGKB in XMLin XML
nn PharmGKBPharmGKB internal storage format: ontologyinternal storage format: ontology

nnOutput (query) format: relational, like Output (query) format: relational, like 
original dataoriginal data

ll Ontology changedOntology changed——XML schema rapidly XML schema rapidly 
updatedupdated

ll No change needed in processing codeNo change needed in processing code TTGGC/TC/TSubject  4Subject  4
C/TC/TGGCCSubject  3Subject  3
TTGGTTSubject  2Subject  2
TTGGC/TC/TSubject  1Subject  1

CCAACCVariant NucleotideVariant Nucleotide
TTGGTT

"Wild Type" "Wild Type" 
NucleotideNucleotide

108810881034103410021002
NT Position in NT Position in 

GenBankGenBank SequenceSequence

U44106U44106U44106U44106U44106U44106Reference SequenceReference Sequence
Assayed SNP PositionsAssayed SNP Positions

Input Experimental Data in 
Relational Format
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Experimental Data in XML
<Variants_In_Individuals><Variants_In_Individuals>

<<DisplayNameDisplayName >>SNP@1002SNP@1002 </</DisplayNameDisplayName>>
<Assay><Assay>PCR 10BPCR 10B</Assay></Assay>
<Sample><Sample>PDRPDR --9090</Sample></Sample>
<Subject_Variants><Subject_Variants>

<<DisplayNameDisplayName >>Subj_3_SNPSubj_3_SNP<<DisplayNameDisplayName >>
<<SubjectIDSubjectID>>33</</SubjectIDSubjectID>>
<Position><Position> 10021002</Position></Position>
<Variant><Variant> CC</Variant></Variant>

</Subject_Variants></Subject_Variants>
<Subject_Variants><Subject_Variants>

<<DisplayNameDisplayName >>Subj_4_SNPSubj_4_SNP<<DisplayNameDisplayName >>
<<SubjectIDSubjectID>>44</</SubjectIDSubjectID>>
<Position><Position> 10021002</Position></Position>
<Variant><Variant> C/TC/T</Variant></Variant>

</Subject_Variants></Subject_Variants>
</Variants_In_Individuals></Variants_In_Individuals>

Instance:SNP@1034
Slots:
Assay PCR 10B
Sample PDR-90
SubjectVariants
Subj 1 SNP @ 1034
Subj 2 SNP @ 1034

Class: Variants_In_
Individuals

Slots:
Assay
Sample
Subject Variants

Instance:SNP@1002
Slots:
Assay PCR 10B
Sample PDR-90
SubjectVariants
Subj 1 SNP Subj 3 SNP
Subj 1 SNP  Subj 4 SNP

Class: Subject_Variants

Slots:
Subject Identifier
Position
Variant

Instance: Subj_3_SNP
Slots:

Subject ID 3
Position   1002
Variant     C

Instance: Subj_4_SNP
Slots:

Subject ID 4
Position 1002
Variant  C/T

Attribute ValuesAttribute Values

Internal Storage in Ontology

C
LA

S
S

E
S

C
LA

S
S

E
S

IN
S

T
A

N
C

E
S

IN
S

T
A

N
C

E
S

Data in Ontology Viewed in 
Relational Form

TTGGTTSubject  2Subject  2
TTGGC/TC/TSubject  1Subject  1

U44106U44106U44106U44106U44106U44106Reference SequenceReference Sequence
Assayed SNP PositionsAssayed SNP Positions

Result: A Transparent Interface 
Between Ontology and Data

Incoming DataIncoming Data

PharmGKB

Data Model

QueriesQueries
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Conclusions (1)

ll An ontology provides a flexible data schemaAn ontology provides a flexible data schema

ll Built ontology of Built ontology of pharmacogeneticspharmacogenetics information information 

ll Model is expandable; permits broad range of Model is expandable; permits broad range of 
queriesqueries

ll Data model close to the biological model is usefulData model close to the biological model is useful

ll Tradeoffs between RDBMS/KBMSTradeoffs between RDBMS/KBMS

ll Practical issues of importing data and data Practical issues of importing data and data 
integration overwhelm theoretical issuesintegration overwhelm theoretical issues

Conclusions (2)

ll Method for integrating ontology and Method for integrating ontology and 
relational datarelational data

ll XML schema interfaceXML schema interface
nn Simplifies mapping to relational dataSimplifies mapping to relational data

nn Shields user from ontology structureShields user from ontology structure

ll XML for data exchangeXML for data exchange----keeps the data in keeps the data in 
clear, humanclear, human--readable formatreadable format

ll Can rapidly update XML schema interface Can rapidly update XML schema interface 
even after ontology changeseven after ontology changes

Future Work

ll Develop improved database back end for KBMSDevelop improved database back end for KBMS

ll Provide graphical views Provide graphical views 

ll Develop open API for querying KB Develop open API for querying KB 

ll Develop analytic routinesDevelop analytic routines
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Thank you.Thank you.

Contact info:Contact info:
rubin@smi.stanford.edurubin@smi.stanford.edu

help@pharmgkb.orghelp@pharmgkb.org

http://http://www.pharmgkb.orgwww.pharmgkb.org//


