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Advanced Library Services project

¢ Biomedical Knowledge Repository

e Knowledge extracted from

= Textual sources (e.g., biomedical literature) using Natural
Language Processing (NLP) techniques

= Structured knowledge bases (e.g., Entrez)
= Terminological resources (e.g., UMLS)

¢ Support services including
e Enhanced information retrieval
e Multi-document summarization
e Question answering
e Knowledge discovery



Outline

¢ Examples of provenance information
In biomedical knowledge bases

¢ Examples of applications requiring provenance
Information

# Issues and challenges



Examples of provenance information
In biomedical knowledge bases



References for the examples

¢ Entrez System
National Center for Biotechnology Information (NCBI)

e Entrez Gene
= http://www.ncbi.nlm.nih.gov/gene/7068

e PubMed
= Nttp://www.ncbi.nlm.nih.gov/pubmed/17177139
¢ Mouse Genome Informatics (MGI)
The Jackson Laboratory

e Mammalian Orthology
= http://www.informatics.jax.org/searches/homoloqy form.shtmi
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[]1: THRB thyroid hormone receptor, beta (erythroblastic leukemia viral (v-erb-a) oncogene homolog 2, avian) [
Homo sapiens ]

GenelD: 7068 updated 17-0Oct-2009
Summary

Official Symbol THRBE

Official Full Name thyroid hormone receptor, beta (erythroblastic leukemia viral {v-erb-a) oncogene hamolog
2, avian}
HGHE

Primary source HGKC:11739
See related Ensembl ENSGE00000151090; HPRD:OYS521; MMIM: 190160

Gene type protein coding
RefSeq status REYIEWED

Organism Homo sapiens

Lineage CEukaryvots, Metazos, Chordats; Craniata; VYertebrats, Eutelecstorni; Mammalia; Eutheria;
Euarchontoghires; Primates; Haplorrhing Catarrhing, Hominidae, Homno

Also known as GRTH; PRTH; THR1; ERBAZ; NR1AZ2; THEBL; THREZ; ERBA-BETA; MGC1256109; MGC1256110;
THRE
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yroid hormone receptor, beta {erythroblastic leukemia wviral (v-erb-a}) oncogene homolog
HGMNC
00000151090; HPRD:07521; MIM: 190160
protein coding
REVIEWED

Marnmalia, Eutheris;
GRTH; PRTH; THR1; ERBAZ; MR1AZ; B A MGC126109; MEC126110;
THRE



Hormo sapiens ]
Genell: 7068 updated 17-0

[]1: THRB thyroid hormone receptor, beta (erythroblastic leukemia viral (v-erb-a) oncogene homolog 2, e >
-

NCBI

Interactions

Description

Product Interactant Other Gene Complex| Source Pubs
TR-beta interacts with pp32,

MP_0004E52.2 MP 006Z296.1 AMNPIZA BIMD Fubhied

BTGL interacts with THRBE (TR-beta-1), This interaction was modeled on a demonstratzd interaction between
human BTGL and TR-beta-1 from an unspecified species.

MP_O000452.2 MNP 001722.1 Fubed

MP_000452.2 Thyroid hormone receptor PubMed
interactor 15

TR interacts with CTCF.
MP_000452.2 MNP 006556.1 PubMed

MP_Oo00452.2 MP 0032742 Fubled

MP_000452.2 Thyroid hormone receptor Fubed
interactar 8

MP_000452.2 TRAP2Z0 FubMed
TR-beta interacts with hSrh?.
MP_000452.2 NP 004255.2 PubMed

MPG interacts with THRB {TR-beta). This interaction was modeled on a demonstrated nteraction between MPG
from an unspecified species and THRE from an unspecified species,

MP_Oo00452.2 MP 00242E5.1 MPG Fubled




NCBI

Interactions

Description ..........
Product Interactant Other Gene Complex| Source Pubs
TR-beta interacts with pp32,
MP_0004! MP 0062965,
BTG inter with THEB {TR-beta-1}. This interaction w:
human BTGL and TR-beta-1 from an unspecified s
MP_000452.2 MNP 001 BTGl D PubMed

MP_000452.2 Th Y roid hormone receptaor COpSS PubMad
interactor 15 —
TR interacts
NP_0O00452,

interactsWith providedBy

EG:7068 mummmmwd EG:8125 4 BIND
g EG:7068 ey EG:9318 4 HPRD
MP_O00452,

MPG interact:
from an unsp PMID: 7776974
NP_000452, supportedBy
PMID:10207062

NMP_O000452,

MP_000452.

MP_000452,




[11: THRB thyroid hormone receptor, beta (erythroblastic leukemia viral (v-erb-a) oncogene homolog 2, avian) [

Homo sapiens ]
Genell: 7065

updated 17-Oct-2009

GeneOntology

Functon

Provided by GOs

Evidence

metal ion binding

protein hinding

seguence-specific DMNA binding

steroid hormone receptor activity

thyroid hormone receptor activity

transcription corepressor activity

transcription factor activity

zinc ion binding

Process

IEA
IPI Pubkled
IEA
IEA
TAS FPubred
TAS Pubkled
MAS Pubkied
IEA

Evidence

regulation of transcription, DMNA-dependent
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[EA
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nucleus

T&S PubMed
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transcrip

transcrip

hasEvidence
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zinc ion hasFunction
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You searched for...

Organism(s): equals mouse, faboratory

Marker Symbol/MName: contains thrd searching curre
Comparison Organism: equals Auman sea

Sort: by Marker in prirrary species

Display Limit: equals 500

1 matching item displayed

human 3 (p24.2)

mouse, laboratory

Mammalian Orthology
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2 Mammalian Orthology Query Form

[ Search ][ Reset ]

Sort by: @ Marker in primary species {:} Chrarmosornal location in primmary spacies
Include in results: @ only selected species {:} all Crthologous species,
Max number of items returmed: DlDD G}SDD OND limnit

Primary Species
AN
mouse, laboratory (Mus musculus domesticus)
hurnan (Homo sapiens)
cat, domestic (Felis catus)
cattle (Bos taurus)

Marker Symbol/MName:
[ MOT | contains | [thrb Search | current symbols/names & synonyms %
Chromosome(s]):
= W
Cytogenetic Band;
begins
Author:
contains %
Reference Accession ID: (from MGI, MEDLIMNE, etc.)

Marker Accession ID: (from MGI, GDB, etc.)

Comparison Species
A MY
muouse, laboratory (Mus musculus domesticus
hurman {Homo sapiens)
cat, domestic (Felis catus)
cattle (Bos taurus)

Chromosome(s]):

= o
Cytogenetic Band;
beqgins v ~BThe
-l" P kson
v |

Laboratory

Search ][ Reset ]




Exp Clin Endocrinol Disbetes. 2006 Movw;114(10%:563-T5.

A novel mutation (E333D) in the thyroid hormone beta receptor causing resistance to thyroid hormone syndrome.

Maraninchi M, Bourcigaux M, Dace A El-Yazidi C, Malezet-Desmaoulins C, Krempf M, Tarresani J, Margotat A
UhiR 476 INSERMM 260 INRA, Université de la Méditerranée, Faculté de Médecine, Marzeile, France.

Resistance to thyroid hormane (RTH) is an inherited syndrame characterized by elevated serum thyraid hormones (TH), failure to suppress pituitary thyroid stimulating hormone TSH) secretion,
and variahle peripheral tissue responsiveness to TH. The disorder is associated with diverse mutations in the thyroid hormone beta receptor (TRbeta). Here, we repart a novel natural ETH
mutation (E3330) located inthe large carhoxy-terminal ligand hinding domain of TRbeta. The mutation was identified in a 22-year-old French woman coming to medical attention hecause of an
increasing ovenwaight. Biochemical tests showed elevated free thyroxine (T4: 20.8 pafml {normal, 8.58-18)) and triiodathyranine (T3: 5.7 pa/ml (normal, 1.4-43) in the serum, tagether with an
inappropriately nonsuppressed TSH level of 4.7 mUImI (normal, 0.4-4). Her father and her brother's serum tests also showed biochemical abnormalities consistent with RTH. Direct sequencing
ofthe TRheta gene revealed a heterozygous transition 1284A=C in exon 9 resulting in substitution of glutamic acid 333 by aspartic acid residue (E3330). Further functional analyses of the novel
TRbeta mutantwere conducted. We found that the E3330 mutation neither significantly affected the affinity of the receptar for T2 nor modified heterodimer formation with retinaid X receptar (RXR)
when bound to DMA, However, in transient transfection assavs, the E3330 TRbeta mutant exhihited impaired transcriptional regulation on two distinct positively regulated thyroid response
elements (F2- and DR4-TREs=) as well as on the negatively regulated human TSHalpha pramaoter. Mareover, a dominant inhihition of the wild-type TRbeta counterpart transactivation function was

ohzerved on both a positive (F2-TRE) and a negative (TSHalpha) promater. These results strongly suggest that the E3330 TRbeta mutation is responsible forthe RTH phenotype in the
proposita's family.

PRAID: 17177135 [Pubihded - indexed for MEDLIME]

@ Fublication Types, MeSH Terms, Substances

Publication Types:

MeSH Terms:
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Electrophoretic Mobility Shift Assay
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A novel mutation (E333D) in the thyroid hormone beta receptor causing resistance to thyroid hormone syndrome.
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Examples of applications requiring
provenance information



Types of applications

¢ Information retrieval

¢ Multi-document summarization
¢ Question answering

¢ Knowledge discovery



Information retrieval

¢ Application

e Search by statements
e.g., find all documents asserting that
“IL-13 inhibits COX-2”
¢ Provenance information
e Publication date
e Origin of indexing
e ...

e (Similar to traditional search engines)



Multi-document summarization

¢ Application

e Extract and prioritize statements from multiple
documents to create a summary

& Provenance information

e Level of confidence (e.g., for automatic extraction
using NLP techniques)



Question answering

¢ Application
e Find answers to templated questions (e.g., “what genes
does IL-13 exhibit?”)
¢ Provenance information

e Select reputable sources (provenance information
associated with the documents: source)

e Select recent documents (provenance information
associated with the documents: publication date)

e Select valid statements (provenance information
associated with the statements: level of confidence)



Knowledge discovery

¢ Application

e Find path in a graph between entities of interest, using
patterns of link types

¢ Provenance information
e Origin of the statements (not entities)

e Required for both asserted and inferred statements
= Compute provenance information for inferred statements



Issues and challenges



Limitations of naive implementation

¢ Reification through blank nodes

e Not intuitive to users
= Further away from the domain model
= Increases the complexity of queries
e Inefficient

= Increases the number of triples
= Scalability issues



Lack of support for provenance

¢ No native support for provenance information in
e Mainstream triple stores

e Major query languages for triple stores
= Many variants of SPARQL and RQL provide limited support

¢ Named graphs (supported in quad stores) do not
offer the required level of granularity

& Standardization of emerging provenance models



Linked data
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Linked biomedical data

[Tim Berners-Lee TED 2009 conference]
http:/Awww.w3.0rq/2009/Talks/0204-ted-thl/#(1)

_J'L.thﬂm

TIMBERNERS-LEE

I:}:ln:lltL.LL——'
= Tirug
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Linked data vs. provenance

¢ Currently
e No provenance information in Linked Data

e Does BiI02RDF’s “Banff manifesto” exclude
provenance de facto? (no blank nodes allowed)

e Ability to link datasets outweighs absence of
provenance information

¢ Limitations
e Applications cannot select/exclude specific statements
e Navigation vs. knowledge discovery



Summary

¢ Need for systems handling provenance
Information

e Transparently for the user
= Directly in the triple stores / query languages

e At different levels of granularity
= €.0., resource vs. statement within a resource

e For both asserted and inferred statements
e Scalability

¢ Not exposing provenance information in Linked
Data Is a major limitation
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