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Outline

* Motivation

 RDF — Background

* Implementation technigque
 Inference

« Unique identifiers

e |ssues and challenges
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Motivation: knowledge

Management
e Concentrate on the logical structure of
data

e EXxplicit definition of terms and
relationships

 Information integration — one universe for
data from diverse background

* Inference: use existing knowledge to infer
implicit knowledge

10/26/2006



Resource Description Framework

 All information represented as a ‘triple’

eg:is_associated_with

APP (geneid-351)

« Advantages include:
0 machine ‘understandable’
0 enables inference

> Alzheimer’s Disease

- EDESE

0 represents the logical structure of the data

0 integration of data under one universe

Namespace - eg = http://www.ncbi.nlm.nih.gov/dtd/NCBI_Entrezgene.dtd/

10/26/2006



RDF — contd.
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Triples of the Data Model
ject Predicate

& attp:/ fimoe nchd . nlm, nh., gou/ dtd/NCET Entrezzene, dtd/bas uniq
2 attp:/ /e nchl. nln nch, gou/ dtd/HIET Entrezgene. dbd/bas gene
3 attp:/ fwme nchi.nln, u/dtd/N2ET Entrezgene. dtd/kas gene
4 attp:/ /i, nchl. nln.nch, gow/ dtd/NCED Entrezgene, dtd/bes creat
5 attp:/ /upee. nchi. nlm. n-h. 3ov/dtd/NCET Entrezzene. dtd/kas updat
6 attp:/ /wmew. nchi.nln. nch. gov/dtd/HCED Entrezzene. dtd/kes_gene-
i =ne:d/351 attp:/ /vmew, nebi. nln, noh. gov/ dbd/NCET Entreazene. dtd/kas_entr:
8 1Gare-track cenesd/351 attp:/supe nebi.nln. nth. gou/dtd/NCED Entrezzene. dtd/kas_entrs
9 rack zenesd/351 attp:/ Zmew. nebd. nlm. nth. gou/dtd/WCET Entrezcene dtd/kas_enbrs
0 attp:/ fimoe nebd . nln,nzh, g2u/ded/N2EL Entrezzene, dbd/has gencr
-1 attp:/ fimoe nchi, nlm, nh. gou/ dtd/NCET Entrezzene, dtd/tas genc:
2 attp:/ /e nchd. nln.nch, gou/ dtd/NIET Entreagene. dtd/bas bost

Biomedical

Knowledge
Repository




RDF — contd.

 RDF triples can be thought as normalized
assertions

e Similar to normalization of text

* But, instead of lexical resemblance RDF
triples enable semantic resemblance
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Implementation: Entrez Gene
XML to RDF

 Mapped element tags to more meaningful
relations

e Started building an ontology of
relationships

e Using XSLT stylesheet and XPath
expressions converted XML to RDF

 The RDF reflects the nesting structure of
terms in the Entrez gene records
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Implementation: Entrez Gene XML to RDF

<xsl:when test="$currNode="Entrezgene_track-
info"'>
<xsl:element name "{$ns}:ha ne_tra
<xsl:if test="../../* and ./* and not (@ )
<xsl:attribute name="rdf:parseType">
Resource</xsl:attribute>
</xsl:if>

XSLT stylesheet

Entrez Gene Entrez Gene
XML RDF

 Modular - Separates application code from transformation
framework

« Extensible — specific stylesheets may be used to for each of
the Entrez databases

 Flexible — changes in application logic or transformation

logic are separate
10/26/2006



Implementation

Entrez Gene

pdie il () e

Gome deverigtion: amylied bas (Ad) pre
RefSeq statun:
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Linesge: &
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ntrez Gene
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.
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— <Entrezgene-Set>
— <Entrezgene_prot>
— <Prot-ref>
— <Prot-ref_name>
<Prot-ref_name_E>amyloid beta A4 protemn</Prot-ref_name_E>
<Prot-ref_name_E=protease nezin-I1</Prot-ref_name E>
<Prot-ref_name_E=>44 amyloid protem</Prot-ref name E>
<Prot-ref_name_E>amyloid-beta protein=/Prot-ref_name_E>
<Prot-ref_name_FE=beta-amyloid peptide</Prot-ref_name_E>
<Prot-ref_name_E=cerebral vascular amyloid peptide</Prot-refl name E>
— <Prot-ref_name_E>
amyloid beta (44) precurser protein (protease nexin-I1, Alzheimer disease)
</Prot-ref_name_E=>
</Prot-ref_name>
<[Prot-ref>
</Entrezgene_prot>
</Entrezgene-Set>

Entrez Gene XML

<rdf :ROF mlns:rvdf="http://vuw.ud. orc/1999,02/22-rdf-syntax-nsf"

="attp:// wiv. nchi. nlm. nib. gov/ ded/HC3T_Entrezgene. did! ">

<rdf :Description rdf:ahout="ey:Gene-track geteid/351"

<eq:has_entrezgene protein rdf:parselype="Resource”>

:has_protein reference rdf:parselype="Resource”>

<eg:has_protein reference name rdf:parselype="Resource”>

zey:has protein reference name Esanyloid beta A¢ proteinc/eg:has protein reference nane E>

has_protein refzrence name Erprosease nexin-I2</eq:has protein reference name Ex
<ey:has protein reference name E:24 amyloid prote:n:/eg:has protein reference name E»
<eyihas_protein_refsrence name Erawyloid-heta protein</eqihas yrotein reference name B>
<ey:has protein reference name E:beta-amyloid peptidec/ey:has protein reference name By
<eyihas_protein_refsrence name Ercerehral vascular auyliid peptide</egihas_protein reference name B>
seg:has protein reference nane Esaxyloid beta (4] precursor prote:n [yratesse rexin-[I, Alzheirer

izease) </sy:has_protein_reference nane I

</eg:has protein reference name>
</eygrhas protein reference:
</egihas_entrezgene protein>
</vif:Desoriptions
</ xdf :1DF>

Entrez Gene RDF




Web interface

— !!][ HCBI

-
SBVIM Entrez Gene - = ani s

All Databases FubMed Huzleotide

Frotain FEnome Structure FhC Taxonamy Boaoks A Ihd

Search Gene v fc.r AF"F" amyluld I::leta [M] precursnrpmtem peptld m m

Limits | Preview/ndex | H|st|:|r-_¢ Cl|phuard Detans

D:s;:llay FuII Fiepl:urt SRR Shnw EVSEHEHD N |

All 1 | Current Only: 1 | Genes Genomes. 1 | SNP Geneview: 1 ’}t

GEHE]:D 351 Prpmary source: HGIC 620 updated 26-Jul-2006 = Table Of Conterts |
Summarny

Su \ ﬂry ? .' Genomic regions, transeripts. .

Ganomic context

bol: APP and Name: amyloid beta (A4) precursor protem (pephidase nexan-I1, Alzhewner disease) provided by HUGO ﬁ:{’}"fi’;i‘:i‘*; T
Interactions

General gene information
General protain intormation
Reference Sequances
Related Sequences
Additional Links

vlotd beta (A4) precursor protein (peptdase nexn-II, Alzhemner disease) 3

mrlultl beta (A4) precursor protein (peptidase nexin-II, Alzheimer disease) [Homo sapiens) f\ Entrez Gene Home

Links

protease nexiTe vioid protein; amyloid-beta prutem beta-amyloid peptide; cerebral vascular amyloid
peptide; amyloid beta (A4) precursor protein (protease nexin-II, Alzheimer disease)
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Implementation

Entrez Gene

— <Entrezgene-Set>

— <Entrezgene_prot>
Learch Care | T perp— oy
— <Prot-ref>
— <Prot-ref_name>
Wl W Sein W

<Prot-ref_name_E>amyloid beta A4 protemn</Prot-ref_name_E>
<Prot-ref_name_E=protease nezin-I1</Prot-ref_name E>
<Prot-ref_name_E=>44 amyloid protem</Prot-ref name E>
<Prot-ref_name_E>amyloid-beta protein=/Prot-ref_name_E>
<Prot-ref_name_FE=beta-amyloid peptide</Prot-ref_name_E>
<Prot-ref_name_E=cerebral vascular amyloid peptide</Prot-refl name E>
— <Prot-ref_name_E>
amyloid beta (44) precurser protein (protease nexin-I1, Alzheimer disease)

:{.m‘. iptiam: anyloed bana (A4} precarsar protem (peps </Prot-ref_name_E=>
W

vy maiem </Prot-ref_name>
Linesge: &

<[Prot-ref>
</Entrezgene_prot>
</Entrezgene-Set>

Entrez Gene XML

[ E—
Lr—

<rdf :ROF mlns:rvdf="http://vuw.ud. orc/1999,02/22-rdf-syntax-nsf"

="attp:// wiv. nchi. nlm. nib. gov/ ded/HC3T_Entrezgene. did! ">

<rdf :Description rdf:ahout="ey:Gene-track geteid/351"

<eq:has_entrezgene protein rdf:parselype="Resource”>

:has_protein reference rdf:parselype="Resource”>

<eg:has_protein reference name rdf:parselype="Resource”>

zey:has protein reference name Esanyloid beta A¢ proteinc/eg:has protein reference nane E>

has_protein refzrence name Erprosease nexin-I2</eq:has protein reference name Ex
<ey:has protein reference name E:24 amyloid prote:n:/eg:has protein reference name E»
<eyihas_protein_refsrence name Erawyloid-heta protein</eqihas yrotein reference name B>
<ey:has protein reference name E:beta-amyloid peptidec/ey:has protein reference name By
<eyihas_protein_refsrence name Ercerehral vascular auyliid peptide</egihas_protein reference name B>
seg:has protein reference nane Esaxyloid beta (4] precursor prote:n [yratesse rexin-[I, Alzheirer

izease) </sy:has_protein_reference nane I

</eg:has protein reference name>
</eygrhas protein reference:
</egihas_entrezgene protein>
</vif:Desoriptions
</ xdf :1DF>

!
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!
!

Entrez Gene RDF
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XML

<!DOCTYPE Entrezgene-Set PUBLIC "-//NLM//DTD NCBI-Entrezgene, Z1st January 2005//EN" "NCBI Entrezgene.dtd"»
<Entrezgene-5Set>
<Entrezgene>
{Entrezgene track-info>
<bene-track>
{Eene—trank_geneid}ﬁ51{HEene—trauh_qeneid}
</Gene-track>
</Entrezgene_track-info>
{Entrezgene prot>
<Prot-ref>
<Prot-ref name>
<Prot-ref name E>amyloid beta A4 prutein{HPrut—ref_namﬂ_E}
<Prot-ref name Eprotease nexin—II{HPrut—ref_namg_E}
<Prot-ref name E>1% awyloid prutein{HPrut—ref_namﬂ_E}
<Prot-ref name Examyloid-beta prutein{HPrut—ref_namg_E}
{Prot-ref name E>beta-amylold peptidE{HPrut—ref_namg_E}
<Prot-ref name E>cerebral vascular amyloid peptidE{HPrut—ref_namﬂ_E}
<Prot-ref name E-amyloid beta (A4) precursor protein [(protease nexin-II, Llzheimer disease]{HPrut—ref_namﬂ_E}
</Prot-ref name>
¢/Prot-ref>
</Entrezgene prot>
</Entrezgene>
</Entrezgene-Set>
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Implementation

— <Entrezgene-Set>

Entrez Gene

— <Entrezgene_prot>
Learch Care | T perp— oy
— <Prot-ref>
— <Prot-ref_name>
Wl W Sein W

<Prot-ref_name_E>amyloid beta A4 protemn</Prot-ref_name_E>
<Prot-ref_name_E=protease nezin-I1</Prot-ref_name E>
<Prot-ref_name_E=>44 amyloid protem</Prot-ref name E>
<Prot-ref_name_E>amyloid-beta protein=/Prot-ref_name_E>
<Prot-ref_name_FE=beta-amyloid peptide</Prot-ref_name_E>
<Prot-ref_name_E=cerebral vascular amyloid peptide</Prot-refl name E>
— <Prot-ref_name_E>
amyloid beta (44) precurser protein (protease nexin-I1, Alzheimer disease)

G decpe: s ) pcce poim «[Protrefl_name_E>
vy maiem g </Prot-ref_name>
Linwage: & ~d </Prot-ref>

[——" </Entrezgene_prot>

Lr—

</Entrezgene-Set>

Entrez Gene XML

<rdf :ROF mlns:rvdf="http://vuw.ud. orc/1999,02/22-rdf-syntax-nsf"

="attp:// wiv. nchi. nlm. nib. gov/ ded/HC3T_Entrezgene. did! ">

<rdf :Description rdf:ahout="ey:Gene-track geteid/351"

<eq:has_entrezgene protein rdf:parselype="Resource”>

:has_protein reference rdf:parselype="Resource”>

<eg:has_protein reference name rdf:parselype="Resource”>

zey:has protein reference name Esanyloid beta A¢ proteinc/eg:has protein reference nane E>

has_protein refzrence name Erprosease nexin-I2</eq:has protein reference name Ex
<ey:has protein reference name E:24 amyloid prote:n:/eg:has protein reference name E»
<eyihas_protein_refsrence name Erawyloid-heta protein</eqihas yrotein reference name B>
<ey:has protein reference name E:beta-amyloid peptidec/ey:has protein reference name By
<eyihas_protein_refsrence name Ercerehral vascular auyliid peptide</egihas_protein reference name B>
seg:has protein reference nane Esaxyloid beta (4] precursor prote:n [yratesse rexin-[I, Alzheirer

izease) </sy:has_protein_reference nane I

</eq:has_protein reference name>
</egihas_protein_reference>

</egihas_entrezgene protein>
</vif :Deseription>
</ xdf :1DF>

!
Gar)
!
!

s | Entrez Gene RDF
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APP (geneid-351)
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RDF Graph

eg:has _protein_reference _name E

> Alzheimer’s Disease

- EDESE



RDF Graph

http:/www.ncbi,nlm.nih.gov/dtd/NCBI_Entrezgene dtdthas protein reference name E

® amyloid beta Ad protein

http:/www.ncbi.nlm.nih.gov/dtd/NCBI Entrezgene dtdthas protein reference name E

T

protease nexin-ll

/
;
f

e name " hitp: Jwww.nchi.nimnih,gov/dtd/NCBI Entrezgene.dtdfhas protein reference name E
Genid:ARPL2030 hittp: www.ncbi.nimnih.gov/dtd/NCBI_Entrezgene.dtdfhas_protein reference name E

http:/www.ncbi.nlm.nih.gov/dtd/NCBI_Entrezgene.dtdfhas_protein reference name E Ad amyloid protein

B amyloid-beta protein

\ http:/www.ncbi.nlm.nih.gov/dtd/NCBI_Entrezgene dtdthas_protein reference name E bata-amyloid peptide

cerebral vascular amyloid peptide

http:/fwww.ncbi.nlm.nih.gov/dtd/NCBI_Entrezgene.dtdfhas_protein reference name E

amyloid beta (Ad) precursor protein (protease nexin-Il, Alzheimer disease)

Entrez Gene RDF graph

W3C Validator Site - http://Iwww.w3.org/RDF/Validator/
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Implementation

— <Entrezgene-Set>

Entrez Gene

— <Entrezgene_prot>
Learch Care | T perp— oy
— <Prot-ref>
— <Prot-ref_name>
Wl W Sein W

<Prot-ref_name_E>amyloid beta A4 protemn</Prot-ref_name_E>
<Prot-ref_name_E=protease nezin-I1</Prot-ref_name E>
<Prot-ref_name_E=>44 amyloid protem</Prot-ref name E>
<Prot-ref_name_E>amyloid-beta protein=/Prot-ref_name_E>
<Prot-ref_name_FE=beta-amyloid peptide</Prot-ref_name_E>
<Prot-ref_name_E=cerebral vascular amyloid peptide</Prot-refl name E>
— <Prot-ref_name_E>
amyloid beta (44) precurser protein (protease nexin-I1, Alzheimer disease)

G decpe: s ) pcce poim «[Protrefl_name_E>
vy maiem g </Prot-ref_name>
Linwage: & ~d </Prot-ref>

[——" </Entrezgene_prot>

Lr—

</Entrezgene-Set>

Entrez Gene XML

<rdf :ROF mlns:rvdf="http://vuw.ud. orc/1999,02/22-rdf-syntax-nsf"
="attp:// wiv. nchi. nlm. nib. gov/ ded/HC3T_Entrezgene. did! ">
<rdf :Description rdf:ahout="ey:Gene-track geteid/351"
<eq:has_entrezgene protein rdf:parselype="Resource”>
:has_protein reference rdf:parselype="Resource”>
<eg:has_protein reference name rdf:parselype="Resource”>
zey:has protein reference name Esanyloid beta A¢ proteinc/eg:has protein reference nane E>
has_protein refzrence name Erprosease nexin-I2</eq:has protein reference name Ex
<ey:has protein reference name E:24 amyloid prote:n:/eg:has protein reference name E»
<eyihas_protein_refsrence name Erawyloid-heta protein</eqihas yrotein reference name B>
<ey:has protein reference name E:beta-amyloid peptidec/ey:has protein reference name By
<eyihas_protein_refsrence name Ercerehral vascular auyliid peptide</egihas_protein reference name B>
seg:has protein reference nane Esaxyloid beta (4] precursor prote:n [yratesse rexin-[I, Alzheirer
izease) </sy:has_protein_reference nane I

</eg:has protein reference name>
</eygrhas protein reference:
</egihas_entrezgene protein>
</vif:Desoriptions
</ xdf :1DF>

!
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RDF

<rdf :RDF smlns:rdf="http://wiw.wd,org/1999/02/22-rdf-ayntax-nag"
xmins:eq="http://vuw. nchi. nln. nih. gov/ded/NCBI Entrezgene.ded/™
<rdf :Description rdf:ahuut="eg:Gene—track_geneidfﬁsl”}
<eg:has entrezgene protein rdf:parselype="Resource":
<eg:has protein reference rdf:parselype="Resource":
<eg:has protein reference name rdf:parseType="Resource">
<eg:has protein reference name Eramyloid heta 14 prutein{feg:has_prutein_referenne_namg_E}
<eg:has protein reference name E>protease nexin-II{feg:has_prutein_referenng_namﬂ_E>
<eg:has protein reference name E>i4 amyloid prutein{feg:has_prutein_referenng_namﬂ_E}
<eg:has protein reference name Eramyloid-heta prDtEin{feg:has_prutein_referenﬂe_namg_E}
<eq:has protein reference name Erbeta-amyloid peptidE{feg:has_prutein_referenne_namﬂ_E}
<eg:has protein reference name E:cerehral vascular amyloid peptidefﬁeg:has_prutein_referenn:_namg_E}
<eg:has protein reference name Eramyloid bets [i4) precursor protein (protease nexin-II, Alzheimer
diseasej{feg:has_prutein_referenng_namg_E}
{feg:has_prutein_referenne_namﬂ}
{feg:has_prutein_referenne}
{feg:has_entrezgene_prutein}
</rdf:Description>
</ pdf :RDF >
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Im

Entrez Gene
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plementation

— <Entrezgene-Set>
— <Entrezgene_prot>
— <Prot-ref>
— <Prot-ref_name>
<Prot-ref_name_E>amyloid beta A4 protemn</Prot-ref_name_E>
<Prot-ref_name_E=protease nezin-I1</Prot-ref_name E>
<Prot-ref_name_E=>44 amyloid protem</Prot-ref name E>
<Prot-ref_name_E>amyloid-beta protein=/Prot-ref_name_E>
<Prot-ref_name_FE=beta-amyloid peptide</Prot-ref_name_E>
<Prot-ref_name_E=cerebral vascular amyloid peptide</Prot-refl name E>
— <Prot-ref_name_E>
amyloid beta (44) precurser protein (protease nexin-I1, Alzheimer disease)
</Prot-ref_name_E=>
</Prot-ref_name>
<[Prot-ref>
</Entrezgene_prot>
</Entrezgene-Set>

Entrez Gene XML

<rdf :ROF mlns:rvdf="http://vuw.ud. orc/1999,02/22-rdf-syntax-nsf"
="attp:// wiv. nchi. nlm. nib. gov/ ded/HC3T_Entrezgene. did! ">
<rdf :Description rdf:ahout="ey:Gene-track geteid/351"
<eq:has_entrezgene protein rdf:parselype="Resource”>
:has_protein reference rdf:parselype="Resource”>
<eg:has_protein reference name rdf:parselype="Resource”>
zey:has protein reference name Esanyloid beta A¢ proteinc/eg:has protein reference nane E>
has_protein refzrence name Erprosease nexin-I2</eq:has protein reference name Ex
<ey:has protein reference name E:24 amyloid prote:n:/eg:has protein reference name E»
<eyihas_protein_refsrence name Erawyloid-heta protein</eqihas yrotein reference name B>
<ey:has protein reference name E:beta-amyloid peptidec/ey:has protein reference name By
<eyihas_protein_refsrence name Ercerehral vascular auyliid peptide</egihas_protein reference name B>
seg:has protein reference nane Esaxyloid beta (4] precursor prote:n [yratesse rexin-[I, Alzheirer
izease) </sy:has_protein_reference nane I
</eq:has_protein reference name>
</egihas protein reference:
</eg:has_entrezgene protein>
</af :Descriptions

Entrez Gene RDF
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Connecting different genes

amyloid-beta protein

4

protease nexin-Il beta-amyloid peptide

A

A

A4 amyloid protein APP gene [Homo sapiens] cerebral vascular amyloid peptide

amyloid beta (A4) precursor protein (protease nexin-1l, Alzheimer disease)

amyloid beta A4 protein

APP gene [Gallus gallus]

» amyloid protein

APP gene [Canis familiaris ]

— > eg:has_protein_reference_name E



Inference

* Rules are objects that allow Iinference from
RDF data [1]

e Oracle 10g allows the creation of rulebase
based on RDFS (RDF Schema)

amyloid beta (A4) precursor protein (protease nexin-1l, Alzheimer disease)

eg:has_protein_rg#érence_name E

eg:Gene-track_geneid/351 0000000000000 0 o@generaﬂ@
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Unique Identifier

 Identification of a resource uniquely

e |SsSuUes:
0 Can be dereferenced or not
0 Persistent or transient identifiers

e We use the Entrez Gene DTD as the
namespace

http://www.ncbi.nlm.nih.gov/dtd/NCBI Entrezgene.dtd
 The possible candidates include:

o LSID: Life Sciences Identifier

0 URI: NLM through UMLS and Entrez Gene
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Issues and Challenges

* \We implemented one of the multiple
approaches for transformation

o |dentifier for biological entities Is an issue
of debate In the community

e Nesting structure, bi-directionality of
relations and, circularity need to be solved

* Evolve the form of relationships used as
predicate In the triples
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