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Genotype and Phenotype

e Genotype
= Genetic makeup
m Genetic sequence of DNA in an individual

e Phenotype

m Visibletrait (eye color, disease, €tc.)
= M anifestation of a genotype
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Drug Response and Genotype

e Patient responsesto drugsarevariable and
sometimesunpredictable

Adver se drug reactions account for
mor ethan 2 million hospitalizationsand
100,000 deathsin 1994

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

Response to some drugs has a genetic basis

Desired approach: individualized treatment
based on genotype

Pharmacogenetics

Discipline to understand how genetic variation
contributesto differencesin drug responses

Methods: genotype-phenotype studies

Goal: drug treatment tailored to individual
patients

Promises: new drug discovery and treatments
by mining genome & SNP databases




Pharmacogenetics: A Case Study Need Integrated Resource for
s e gne o e ——— Pharmacogenetics

for an enzyme called TPMT, or ‘of medication that are tallored
10 thair

Proliferation of experimental data
m Genesequencing studies

COEPEE m Biological and clinical studies of phenotype
= ooPPe®
\ ot et pe g ’ i Need to connect genotype < -> phenotype
Eee e Givesinsight into gene-drug relationships
Under stand how genetic variation
& contributesto differencesin drug responses

http://www.nigms.nih.gov/news/r eports/testim99.html#pharm

= ' PharmGKB: Pharmacogenetics NIH Pharmacogenetics Research
== ‘ Knowledge Base of the NIH Network (Initial Study Centers)

. Phase Il Drug
e The acoGenetics Knowledge Base Metabolizing

( http://pharmgkb.org) Enzymes

R. Weinshilboum
Mayo Clinic

e Part of the Phar macogenetics Resear ch
Networ k

= Nationwide collabor ative research effort PP:QarArRGKB
funded by NIH d Unive

Stanford University

e Accepting data from 10 study centers and -
public sour ces Deprason Membrane

Database Tools ) ) Transporters
P. Nadkar ni Mexican-Americans K. Giacomini

YaleUniversity J. Lidnio University of California
University of California San Frandisco
Los Angeles
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Goals of PharmGKB
National data resour ce linking genetic,
laboratory data, and clinical data
Contain high quality publicly-accessible data

Link with complementary databases
(Medline, dbSNP, Genbank, etc.)

Assist resear cher s discover genetic basisfor
variation in drug response

Receive genotype/phenotype data from
participating study centers

e Analytical functionality to link genotype and
phenotype

Current State of PharmGKB

PharmGKB

External

Data
Sources VISUALIZATION
® Sequence data
® Cellular phenotype data INFERENCE
® Clinical data
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Goal State of PharmGKB

PharmGKB PRE-
DEFINED

C—H—

_ SURVEILLANCE
Submitted EXDtgltgal
pata Sources VISUALIZATION

® Sequence data
® Cellular phenotype data
® Clinical data

INFERENCE

PharmGKB Infrastructure

Applications Web Applications
Submissions query

Analysis analysis
Maintenance text and graphical display

KB, API

Protégé KBMS—,




Issues in Designing PharmGKB What are the Data?

e Genotype data
m Genetic sequences

[o Data acquisition from study centers
INPUT
m Polymor phismsin individuals

e Data integration with external sources

STORAGE [' DRI e Cedllular phenotype data

e Data storage (DBM S/IKBMS) m Gene expression & proteomics
e Query support m Functional assays

OUTPUT o g g
[. User tools (visualization, etc.) m Pharmacokinetics & pharmacodynamics

e Clinical data
m Drug responses and clinical outcomes

What are Polymorphisms? Sources of Data

Direct Submission External Sources Terminologies
Reference Sequence

ATATCGGATAC - - - - TACCCGTATTA Research

| | | | | | | Network Gene Ontology
ATATCGG TACATATTACCC - - ATTA
—— —

Insertion Deletion Other th%?cs UMLS

Subject Sequence Researchers Dat.

Other
Vocabularies
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Affiliated Research

Data Acquisition

Data Collection

Interface R

Project

Clinica
Experiments

PharmGKB

XML generation

Challenges for PharmGKB

DB vs. KB (relational model vs. ontology)

Data integration
m Data from study centers
m Data from exter nal databases

Ontology evolution

m Maintain mapping from exter nal data
input/output formatsto internal representation

= Change management between development &
production versions (schema update problem in
databases)

Data validation, data editing/audit trail
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Data Acquisition o

Affiliated Research Project S

PharmGKB

Biomedical Databases

Paper

Electronic versions of paper (pdf, img files)
Spreadsheets

Text filesor other formats

RDBMS

OODBMS

KBMS (e.g., frame systems)




Definitions

Data: simple description of an observation;
lowest level of known facts

Information: data that has been sorted,
analyzed, and interpreted so known facts have
substance and purpose

Knowledge: information that has been placed
in the context of other information

KB: a computational repository of knowledge,
and the information and data that the
knowledgeisbuilt upon

Gully A. P. C. Burns
http:/ivww-hbp.usc.edu/_Documentation/presentation/neuroscholar_cns98/
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KB vs. DB:
The Difference is the Data Model

e |n many ways, KB & DB areinterchangeable

m Data model can be implemented in RDBM S
or KBMS

m“KB” can beimplemented in RDBM S
Differencein data model

m DB: relations, relational schema
m KB: frames, ontology (locality of infor mation)

Data model for DB in form to facilitate
retrieval

Data model for KB in form to facilitate
reasoning

Class: Population

Class: Variants_In_ Slots:

Individuals

Slots:

_IgisplayNarne Class Variant_
Citation IDHEEETY
Population
VariantDiscovery
PCRAssay
Subject Variants

Data Model In a
Frame-Based Sibjectidentifier |

System positon |
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Data Model for PharmGKB

Ontology is preferred for PharmGKB

mDomain complexity

& Many entities and relationships
(is-a, hierarchical)

& Multi-valued attributes (simple & object types)

m Rapid evolution of data model - changing
database schema

m Stor age schema can closely parallel “common
data model”

m Support applicationsrelying on inheritance &
other relationshipsin ontology

m Reasoning over information in KB

Domain Complexity in
Pharmacogenetics

e Different distinctionsin the same data
e.g., for sequences:
m String of lettersmaking up the sequence
m Genomic structure of the sequence
m Polymor phismsin the sequence
m Haplotypes of the sequence

Many relationships

m Genes have sequences; sequences have
genomic structure; individuals have
polymor phsimsin sequences...
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Data Models in Genetic
Databases

e Datacan bedescribed in “flat” tabular
representations (entry + attributes)

e Relational schema appropriate

e Finefor pre-defined functionality (BLAST,
etc.)

e Goal: storage/retrieval; lessso for analysis

More than Letters in a Genetic

Sequence

Coding regions
Flanking sequence
Exonglintrons
Primer regions

caagt ct cc

gat ggcaat a

atttttagtc t

a I NTRON 3
gaaat atagtgatag atgttaaal tcat gt aaac gaat ggat gg U25508

tccttgag tcacattact atgcctactt agaacctage tg cat Exon4
tga acattattct ttatttatgt taggctttcc got

601 aatgattacc ttttggatgt ttatgcttaa gtacagattc




Different Entities for * Sequence” Relationships Among Entities

Control g ;1R

region Exon Exon Exon

Transcribed
Sequences

INT INT Nis INT Sxon Nt F T
O - Ve

b i .
GENOMIC FRAGMENTS Haploid Alleles Amino Acid
IR — T — T - T Sequences
RO .\
I n"m

Spliced Sequence / : \‘ Polymorphisms
5 UtR Coding Sequence Tran\dallon FUTR

Fragment from Alleles of
. . Rda.mceA“de genomic )
POLYMORPHI SM Aninoaddiseuency fragments Primers

5 Partial 3 Partial
Coding Trandated Transated Transated Coding 3 UTR R )

Complexity of Relationshipsin Pharmacogenetics Our Approach to Modeling Genetic
Inegrats Information for Pharmacogenetics

functional functional
Genomic YREZICHN Molecular & “\WISeHE

) Cellular
Information - e Data Model: Ontology

Coding Variatio S — m Well-suited to complex/diver se data types
relationship in genome phsrnlmpr; phenotypes Physiology Spec|f| o
2 es | | .

T - A e - the classes of information in the domain
e - the attributes for these concepts

PR S Trestment - the relationships among these concepts
activities organism Molecular .. . . .
’ / variations "")‘“C% NS m | ntuitive connection to real objectsin theworld

factors

e Flexible; suitablefor evolving databases
e | mplementation: frame-based systems
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Frame
Representations for
Class: People 5
Frames Data Modeling
e —

Sats
\Subclass
El /InSIance

Instance:  Fred3 Instance:  Janel3
Slats: Slats:

Name
Address
Sex
Collaborator

Name “Fred” Name “Jane’

Address *55 Left Way’ Address* 39 Center Way" Address *17 Right Way"

o . Sex Male Sex Female

Y-allele  Y234112 Y";‘IJ;E'_E Y55|*14°233 X;:-lll\eives xzr:‘M.ZXASA

Collab;  Jane13 GEleE Collab:  John
Fred3

Pre-defined Queries vs.
Open APIto DB
e Predefined queries & functionality
meg., free-text/keyword search; BLAST
m User does not directly see DB schema (if at all)
m DB schema under stood only by administrator
#Can be optimized for performance
eHard to understand by external user
e Open API for queries
m Users can formulate customized queries
m User must under stand the data schema
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Database Schema Should Match
Common Data Model

e Queriesarenot predefined—usersmust interact
directly with schema

m Open API for queries
= Need to understand database schema
Data integration from external databases having
differing schemas
e Analysisisasimportant asstorage/retrieval

m Analytical functions not predefined—user smust
be able to write applications

A Comparison Study

e PharmGKB data model for genetic information
implemented in:

mRDBMS: Oracle8.1.7

n KBMS: Protége-2000
e Sample queries pertinent to phar macogenetics
e Approximatetimings on queries*

e Comparison of database schemas

*Big grain of salt




What is Protégé-2000*?

e Atool that allowsyou to create and maintain an
ontology by:
1. Constructing a domain model using classes and slots
2. Customizing forms for acquiring instances of classes
3. Entering data as instances
4. Querying for instances that match your criteria

e A platformon which you can build applications
e A library you can use from other applications

*http://protege.stanford.edu/

You can implement thi
data model in either a

relational schema or an

ontology

T
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: Citations

Variants in Individuals e Population
Subject Variants

Sequence Coordinate System

Region of Interest

DATA MODEL FOR
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(O pata_ssbmissions nstance  single classes=(Genamic_Fragments Seauen
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© Methods PositionOFrapmentend single.
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<) Gene_sequence_Data”

Description
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S

: Variants_In_
Individuals

VariantDiscovery
PCRAssay
Subject Variants

Data Model In a
Frame-Based
System
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foenom Fagment

Class: Citation

Slots:
Displ

ayName

Class: Population

Class: Variant_
Discovery

Class:

: Subject_

Variants

Slats;
DisplayName
Subjectldentifier

Position ‘
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o
Displayhame

IndivVariants-Cita

-

Population
O
DisplayName

IndivVariant
Cikation

0

Displayhiane O
Fopulation DisplayMame
VariantDiscovery _

PCRAssay

PCR_assay
+

Displayhame

I ants-SubjVari

0

Indivvariant
Subjitariant

Data Model In e
a Relational .

System i

Query to KBMS
(pseudocode of java program

ery: For each subject, find all the variants

Get all instances of Subject Variants class
for each instance:

get its Subject

get its Variants

add the variants to subject groupings
print the groupings

SQL Query to RDBMS

Query: For each subject, f

SELECT t0.displayname, t7.precedingvarpos+1,t7.variant,
substr(tl.sequence,t7.precedingvarpos+1,1), t7.subjectident

FROM genesubmission t0,refseqsubmission t1,
seqcoordsubmission t2, expregionsubmission t3,
pcrassaysubmission t4, indivsndsubmission t5, indivsndvariant t6,
subjectvariant t7

WHEREt0.displayname =tl.gene AND tl.displayname = t2.refseq
AND t2.displayname = t3.seqcoord AND
t3.displayname=t4.expregion AND t4.displayname = t5.sndassay
AND t5.displayname = t6.indivsnd AND t6.subvariant =
t7.displayname AND NOT (substr(t7.variant,1,1) =
substr(tl.sequence,t7.precedingvarpos+1,1) AND
substr(t7.variant,3,1) = substr(tl.sequence,t7.precedingvarpos+1,1))

Query Performance

Timing for Query
(seconds)
Relational

How many regions of interest are in the
MDR1 gene
List all regions of interest and start/stop 3/
positions relative to the reference sequence
For each variant, what is the base at that
3 same position in the reference sequence?
(e.g. for 97 G/G variant, what is position 98
in reference sequence?)

4 |Which subject has the most variants?

5

For each subject, find all the variants
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Data Submitted Now

Challenges for PharmGKB

DB vs. KB (relational model vs. ontology)

Data integration
m Data from study centers
m Data from exter nal databases

Ontology evolution

= Maintain mapping from exter nal data
input/output formatsto internal representation

= Change management between development &
production versions (schema update problem in
databases)

Data validation, data editing/audit trail

Our Work Addresses this Problem

PharmGKB DEAED DRG] PharmGKB

Evolves

Data Model NEW Data Model

Data Submitted Later
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Need to Integrate Different Data
Models

e Ontology (PharmGKB data model)

m Describes phar macogenetics concepts &
relationshipsamong them

= Flexible and highly expressive
m Suitablefor rapidly evolving knowledge bases

e Relational (incoming study center data)
= Tabular

= Predominant in most biology databases

e Data Integration Task:
m | mport study center data into PharmGKB

Goals

e |nterface ontology models with exter nal
relational data sources

e Import raw sequence data (relational) into
ontology of phar macogenetics

e Automate updating links between ontology
and data acquisition when ontology changes




Relational Data vs. Ontologies

Data
Columns

CLASSES

an instance
(holds data)

INSTANCES

Study Center data in PharmGKB
Relational Format Ontology

Direct Data Entry Into Ontology

PharmGKB

Submitter directly creates
instances in ontology

35

Bata Model

Submitter must
understand
ontology model

Data to be
Submitted
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Current Approaches to Integrating
Relational Data into Ontologies

e Direct data entry into ontology
m Requiresunder standing of ontology structure
m Usually different from “intuitive” view of data
e Static mappings
m Map each slot in ontology to column in table
m Difficult to maintain as ontology changes

e The challenge: maintaining thelinks asthe
ontology changes

Static Mappings for Data Integration

Mapping Relations

Submitter matches
data columns to Links must be
map columns maintained as
ontology changes

PharmGKB

Data to be
Submitted Data Model

13



Our Approach

e Declarativeinter face between relational data

acquisition and ontology
m XML schema

#Defines mapping & constraints on incoming data
= Ontology storesinformation needed to specify

XML schema

m Automated update of XML schema when
ontology changes
e Incoming datain XML

m Existing relational tables mapped to XML
schema

XML Schema

e Self-describing syntax for defining valid
XML documents

e Derived from ontology
e Updated asontology changes

<xsd:element name="PCR_Assay_Submissions">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="Comment" type="xsd:string" minOccu

<xsd:element name="StsId" type="xsd:integer" minOccurs ="
</xsd:sequence>

="0" maxOccurs
maxOccurs ="

</xsd:complexType>
<Ixsd:element>

PharmGKB Ontology
/ \ Instance-based storage Application Layer:

/ API Programs
Frame

API

Data Entry Layer
HTML Form

Create
Instances
eme XML /
Validation
Translation

] to/ from

XML Schema XML

[CEOE RG]
ontology)

Middle Translation Layer: Relational Data
XML Document & Validation Storage

The XML Schema is Defined by the
Ontology

e Facetson sots define data constraints
m Range of legal values

m Data type (string, number, I nstance, or Class)
= Required or optional

m Single or multiple cardinality

e \When ontology changes, facets change too!
m Updated XML schemaimmediately available

e Code handling XML remainsunchanged
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Storing Information Needed to Specify
the XML Schema in Ontology

Class: Variants In_
Individuals
Sample integer single

Subject Variantsins  multiple! Class: Subject_Variants

-z -
Subject ID string ~ single

— )
Position integer  single
Data Model Variant sring  single
Evolves

Class: Variants In_
Individuals

Sats:
New Slot

Sample integer single
Subject VariantsIns  multiple|

Evaluation

Study center mapped sequence datato XML
schema

Data submitted to PharmGKB in XML
m PharmGK B inter nal storage format: ontology

m Output (query) format: relational, like
original data

Ontology changed—XML schema rapidly
updated

No change needed in processing code

Classes, Slots, and Facets in
PharmGKB Ontology

Slots/facets for PCR Assay Class

75 Uploaded._Data Type Cardinality Other Facets
K e e

() Subject Variants

9 ©Por_Primers A

Fonward_Pcr_Primer

(© Reverse_Per_Primer

Siring  single
siring  required single

muti O Interest_sut
Integer required single

® Data_SubmissionsA sting  single
(D) cene_submissions Instance required single classes={Forward_Per_Primer}
(© Reterence_sequence_submissions [ /| [S]Hasaeenvalivate Boolean single defauli=ifalse)
© sequence_Coordinate_Syster_Sua(i] :| [5] LastPastionininterragatedRang..Integer requived single
©-(0) Region_0f Interest_ or muti. R
(© Indiidual_SND_: T Instance multiple classess{THING)
(© sND_subrmissions Instance required single classes={Reverse_Por_Primery
(© Pooled_SND_Submissions Instance multiple classes={Data_Submissions}
(©) Population_Submissions Sting  single
@ (©5ND_Assay_Submissions & string__single
PCR_Assay_Submissions
© wethod_Subrnissions ontologyoperations [ V] CJ[+] =] xmiscnematiements [V] ] +] -]
(© Citation_Subrmissions 5 Comment =

(5 Gontact_Information_Submissions

[SlDisplaynarme
[S] ExperimentalR e gionSubmission
[S] ForwardP orPrimer

Input Experimental Data in
Relational Format

Reference Sequence

NT Position in
GenBank Sequence

"Wild Type"
Nucleotide

Variant Nucleotide

Subject 2
Subject 3
bject 4
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Internal Storage in Ontology

Class: Variants In_
Individuals

Experimental Data in XML

<Variants_In_Individuals>
<DisplayName >SNP@1002 </DisplayName>
<Assay>PCR 10B</Assay>
<Sample>PDR -90</Sample>
<Subject_Variants>
<DisplayName >Subj_3_SNP<DisplayName >
<SubjectID>3</SubjectID>
<Position>1002</Position> | nstance: SNP@1002
<Variant>C</Variant> e
</Subject_Variants>
<Subject_Variants>
<DisplayName >Subj_4_SNP<DisplayName >
<SubjectlD>4</SubjectID> :;ZI‘T;'D znuz 2‘;’:‘?:‘”'0 imz
<Position>1002</Position> Variant © Variant  CIT
<Variant>C/T</Variant>
</Subject_Variants>
</Variants_In_Individuals>

Assay Class: Subject_Variants
Sample Sats:
Subject Variant: Subject Identifier
Position
Variant

CLASSES

Assay  PCR10B

Sample  PDR-90

SubjectVariants

Subj 1SNP Subj 3SNP Instance: Subj_3 SNP Instance: Subj_4 SNP
Sais Slats

Subj 1SNP Subj 4 SNE

INSTANCES

Attribute Values

Data in Ontology Viewed in Result: A Transparent Interface
Relational Form Between Ontology and Data

Assayed SNP Positions

PharmGKB

S

Position ) Subject Data Model R
Suhject 5 .
i

Preceding g Variants
Variation. | 'dentilier | o ol
[HITMT
Tndividual  |271 126745291 |snp 4 S CLULLTTTETTTTEFREPRTTED) =

126745291 Tndividual g

[ENMT anp 4 [EIAT A i i
Indimidual 126745304 |snp 4 Incoming Data
126745304 Individual

Queries
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Conclusions (1)

e An ontology provides a flexible data schema
e Built ontology of phar macogenetics infor mation

e Model isexpandable; permits broad range of
queries

e Datamodel closetothebiological model isuseful
e Tradeoffs between RDBM S/IKBM S

e Practical issues of importing data and data
integration overwhelm theor etical issues

Future Work

Develop improved database back end for KBM S
Provide graphical views

Develop open API for querying KB

Develop analytic routines

Conclusions (2)

Method for integrating ontology and
relational data

XML schema interface
= Simplifies mapping to relational data
m Shields user from ontology structure

XML for data exchange--keepsthe datain
clear, human-readable format

Can rapidly update XML schema interface
even after ontology changes
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Thank you.

Contact info:

rubin@smi.stanford.edu
help@pharmgkb.org

http://www.pharmgkb.or g/
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