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Overview .[(::E

Motivation

* Our use cases

* Annotating HTP experimental data
 Integrating clinical data

Methodology for creating the ontology
» Semi-automated mapping and manual curation

Current ontology usage
Future use
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Our Use Cases

* Query support (e.g, query for 'cancer' and get also 'leukemia’)

« Over-representation analysis in groups of samples (analogous to the
use of GO terms in over-representation analysis in groups of genes)

- Data visualisation — e.g., presenting an ontology tree to the user of
what is in the database

- Data integration by ontology terms — e.g., we assume that 'kidney' in
independent studies roughly means the same, so we can count how
many kidney samples we have in the database

« Intelligent template generation for different experiment types in
submission or data presentation

«  Summary level data

* Nonsense detection — e.qg. telling us that something marked as
cancer can not be marked as healthy
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Scope of Experimental Factor Ontology (EFO)

- Modelling all of the experimental factors that are currently
present in the ArrayEXxpress repository

» Experimental factors are variable aspects of an
experiment design which can be used to describe an
experiment

« Scope Is primarily determined by data currently held in
ArrayExpress
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‘Experimental Factors’

E-MEXP-114 Transcription profiling of hypothalamus, liver, kidney, ovaries and testis from male and female humans and mice
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Annotating High Throughput Data

« Text mining at data acquisition
» Ontology driven queries
» Data mining

Public/Private

(whatizit)

Experiment
queries > 200
species

acquire Re-annotate
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Integrating Clinical Data

« Use cases include:
* Primary aim: expose our gene expression experimental data
« Secondary aim: harmonizing clinical data for study designs (e.g. GWAS)
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Building the Experimental Factor Ontology

» Position of EFO In the ‘bigger picture’

« Key Is orthogonal coverage, reuse of existing resources
and shared frameworks
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Semi-automated mapping text to ontology

« Following an evaluation from Tim Rayner we selected
Double Metaphone algorithm

» Perform matching of our values in database to ontology
class labels and definitions.

« Also perform mappings from EFO to other ontologies, so
that EFO: cancer = NCI: cancer, DO: cancer et al.

« Sanity checking over mappings before adding to ontology
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Mapping using Agent Technology
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What does agent technology buy us?

« Annotation consistency

« EFO _1001214 is now inconsistent
because DO 15654 has new parent

* Richer mappings (hence annotations)

« EFO 1000156 can have new mappings
because new cancer class found in MIT ontology

- New potentially relevant ontologies
* New ontology found relating to

« Semantic web compatible (i.e. can be deployed as
standards compliant service)
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EFO Axes

Process
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Information
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Material Property

material
property

materlal entltyrqi'

e

- T
I!/e:q:lerlmental fact-:-r 'i:l—i site H
_.{::_\_\_\_ ‘\

\ _T. analyte )
- Gathogen ;I
dlspnﬂtlnn E—;\\

?I:I isease fa ctnr}

— ~—
-\_L__infu:-rmatiu:-n enti?} e
t \ '.’frn.ating t’ypeq}
[ pr-:ucesskﬁ III" -
JF = ! —
—_ - =
\ I, marphaology S
| — -
1 e
i . o,
P L o —I"“Efiﬂm t_rili.
| quality | -
N e — T
1 sex W
M

?E;e notype D

_/..- . ) "y
I_\ ploidy ,»'I

e =

malone@ebi. ' uk EM BL-EBI




Using the ontology: Querying

» Public repository of gene expression data

Experiment, citation, sample and factor annotations [clear] Filker on [reset] Disg
|"|:|reast cancer" | | Any species ;l IE
I Match whole words [ Loaded in ArravExpress Atlas |-':'-|'I‘.|‘ array ;l iy
Egl curator [log out] ) ArrayExpress Browser Help I Any experiment type ;I

1D Title fssays | Species D at
H E-GEQD-10780  Transcription profiling of hurman histologically normal breast tissues reveals proliferat 135 Homo sapiens 200
# E-GEQD-8977 Transcription profiling of hurman stromal samples prepared from 15 normal/DCIS anc 22 Homo sapiens 200
H E-GEQD-2034 Transcription profiling of human breast cancer samples - relapse free survival 286 Homo sapiens 200
H E-GEQD-10797  Transcription profiling of human breast epitheliurm and stroma in normal reduction mez G5 Homo sapiens 200
#H E-GEQD-11078  Transcription profiling of hurman cohart of Iyrmph node-neqgative breast cancer patient 23 Haormo sapiens 200
A E-GEOD-11259 Transcription profiling of mouse BALBSc strain animals injected with breast cancer 4T, 9 Mus musculus 200
H E-TABM-BS7 Y Transcription profiling of human breast epithelial tissue 6 Homo sapiens 200
H E-ME#P-2065 & Transcription profiling of hurman breast cancer cell lines treated with dasatinib and he 8 Homo sapiens 200
4 E-GEQD-14584&  Transcription profiling of human turmor microenvironment during breast cancer progre G5 Homo sapiens 200
H E-TABM-390 Transcription profiling of hurman daorrmant and angiogenic breast cancer, osteasarcom 8 Hormo sapiens 200
H E-TABM-631 Transcription profiling time series of hurman estrogen-responsive human breast cance 27 Homo sapiens 200
H E-GEQD-7700 shRMA profiling of human normal breast and breast cancer cell lines to identify genes 10 Homo sapiens 200
#H E-GEQD-11429  Transcription profiling of hurman basal-like breast cancer - in witro and in vivo analvsi 10 Homo sapiens 200
H E-GEQD-12777  Transcription profiling of hurman (51) breast cancer cell lines 51 Homo sapiens 200
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Using the ontology: Atlas Querying

HGenes

Crganism

Conditions

"Cell adhesion"

| |upfd|:|wr‘| Iy V| |H|:|m|:| sapiens

V| |g|ar'|d

| [ Search atlas

2.9. ASPM, "pi3 binding”

a.g. Mver, cancer, diabatas

advanced search

Your query was expanded via EFO, an ontology of experimental variables developed by ArrayExpress Production Team

REFIME YOUR QJUERY

Experiment
E-GECD-3202 |

E-AFMX-5 | )
E-TABRM-276 [ ]
E-AFM-G [ ]
E-MEZP-561 [ ]
Organism part

lung ¢ ]
cerebellum ]
fturnar | ]

caudate nucleus |

white blood cells | ]
Compound treatment
none | ]

FL&P [ ]

MESEE | ]

HNRPAZE | )
methotrexate | ]
Disease state

narmmal [ ]
breast carcinoma | )
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Using the ontology:
Exposing data via external resources
 NCBO Bionortal

Experimental Factor Ontology

Melanoma (Get a direct link to this concept in BioPortal)

Details | “isualization Motes | Mappings Resources

C39

Sane Expreselon Duadius A gene expression/molecular abundance repository supporting MIAME compliant data submissions, and a curated,

: . . . Annotations: 20
online resource for gene expression data browsing, query and retrieval.

Gene Expression
Omnibus DataSets

a public repository for microarray data, which is aimed at storing MIAME-compliElgEEEERT
accnrdance '-.-'-.-'Ith MGED recommendations. The ArrayE}{press Diata WWarehouse stores gene-indexed expressian Annatations:30
prafiles from a curated subset of experiments in the repositary.

Transcription profiling of human non-invasive  invasive, ANDN-vivo passaged (very-invasivel cancer cell lines were compared FEOM breast carcinoma (WMCEY
MADA-MBZ3T, Z3TMEFY, ovarian carcinoma (O%W-CART, Sk-OWT, SE-OW3sc), AND melanoma (MumZde, CE161, CE161sc) reveal dysregulated ether lipid
metabolism drives Fra-1-dependent cancer pathogenesis

|D: E-GEOD-10703 Annotation Context: description

Transcription profiling of hurman non-invasive, invasive, AND IMN-vivo passaged (very-invasivel cancer cell lines were compared FROR breast carcinoma (MCFT
MDA-MBZ31, 231 MFFY, ovarian carcinoma (ChW-CART, SK-O3, Sk-OWIsc), AND melanoma (MumZe, ©8161, ©8161sc) reveal dysrequlated ether lipid
metabolism drives Fra-1-dependent cancer pathogenesis

I0: E-GEOD-10709 Annatation Context: name
Adenovirus-mediated E2F-1 gene transfer in melanorma cell line
[0 E'GEUOL%.EE_E Annotation Context: description
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Using the ontology:
ISACreator (www.ebi.ac.uk/bioinvindex)

O M ISAcreator - Beta

file view help

- LLAA - LALRLAL A" A0}
€ OVERVIEW = < -
rstudy description

2 Sf_li:j;tudyl.txt study identifier fsludyl
- a_micro_trans_profile.... study title FETm T
study submission date u
study public release date . u
study description a test study D

rstudy design descriptors

+) Add new design...

Field Name
Design Type
ontologylookup recenthistory
) recommended search @ all ontologies

-study publications [ term I |experimental ) search |+ UO:microliter .
-+ Add new publication... @cL - Cell Type ~ |+ PATO:male

Field Name publication © DOID - Human Disease r OBI:data transformation
PubMed ID

— EFO - ArrayExpress Experimental Fach (4 OBI:growth
-~ experimental autoimmune encephalomyfiil ) EFO:genotype

Publication DOI
Publication Author list e i T -
Publication Title EERPENTSIITE] gl LA +NEWT:Saccharomyces cerevisi
Publication Status - experimental factor<< 0000001 >> -

@EV - eVOC (Expressed Sequence Annot
@ MI - Molecular Interaction (PSI MI 2.5 *

+ STUDY - STUDY < OVERVIEW . v |(+)EFO:experimental factor E:
(@ wrorvaTon | . e T e P

@ NrFormaTION

+ ) OBI:protein extraction

+)0BL:auto injector;OBI:chromat'

+) Add new factor... @ select from previous factl calected term(s) | bm m
ontologylookup || LS i
double click on this cell to access |||Factor Name dose compound
the ontology lookup facility. use ||| Factor Type |[EFO:experime... [EFO:experime...|

this to select controlled terms!

controlled terms provide a way to
accurately describe data,

experimental workflow, protocols
and so forth to others... +) Add new assay... F

rstudy assays




Using the Ontology:
Detecting Nonsense: Enforcing correctness

species

(human)

cell line | organism part

»

(Hela) (cervix)

cell type disease

(epithelial) (cervical
adenocarcinoma)
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Using the Ontology:
Detecting Nonsense: Enforcing correctness

species . _organism part
(human) (hair follicle)

v

disease
(cardiovascular
disease)
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Future Work for EFO

« Mapping in external ids— Snomed-CT, FMA, ChEBI, Brenda tissue
ontology — and on requested

« APl development for serving external ids from ArrayExpress Atlas
API

»  Working with external ontologies to produce validated cross products
« Extensions for clinical data integration Gen2Phen, Engage

« Extensions for mouse model of human disease queries

» Addressing ‘temporal dimension’

« Addition of units

« Improving query implementation in ArrayExpress Atlas — GUI
changes

» Addition of synonyms
« Semantic clustering of experiments
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Conclusion

* Ontology development for text mining, annotation, query
Built with our needs in mind, however covers a wide
range of experimental variables across a wide range of
technologies, extensible, open source

« Xref'd to existing ontology resources when possible
« Text mining works, reduces the workload
* 1.0is released on April 1st 2009

» 0.10 version currently available in OLS and NCBO
bioportal
 http://www.ebi.ac.uk/ontology-lookup/browse.do?ontName=EFO
o http://www.ebi.ac.uk/microarray-srv/efo/
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