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E‘ll Scientists ' data

= Scientists expect to make use of data produced by other labs in
validating and interpreting their own results

= Funding bodies expect the results of projects to have much greater
longevity and usefulness

= As well as publishing in the scientific literature, scientists are
increasingly required to place more of their data in the public domain

' Serious problems arise due to variations in the quality of
the data being shared

Data sets that are incomplete, inconsistent, or inaccurate
can still be useful to those that are aware of these
deficiencies, but can be misleading, frustrating and time-
consuming for those who are not!
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ELI Research in information quality (IQ)

Focus has traditionally been on the identification of generic quality
characteristics

Completeness
Reputation

These “one-size-fits-all” quality characteristics are so broad in their
meaning that they don't fit scientists’ IQ requirements

Alternative approach: identify the quality characteristics that are of
importance in a particular domain. Example:
= one group of scientists may record “accuracy” in terms of some
calculated experimental error,

= others might define it as a function of the type of equipment that
captured the data...
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ELI Qurator manifesto I

It is possible to elicit detailed specifications of 7 @ omiiar
the IQ requirements of individual scientists or iy
communities of scientists, preferably in a formal T et
language so that the definitions are machine- Toncineneaunners
manipulable v @
v TemplateQtyMetric
ConformityMetric
ConsistencyMetric
CorrectnessMetric
It must be possible for scientists to use the Curancee
definitions, by creating executable metrics based pemanaueContorny
on them, and also to reuse definitions created pepee
by others, e.g. by browsing and querying an e e
organised collection of definitions T et
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ELI Qurator manifesto II

The annotation of information resources with detailed
descriptions of their quality can be performed in a cost-
effective manner

This means that the overhead of creating
and managing the definition of a new IQ
characteristic and its associated metrics
should not be too high, and also that it
should be possible to operationalise the

computation of IQ measurements over *
sizeable datasets
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Q Approach

Test the two statements by making a
detailed study of IQ management in
two “omic” biology domains:

= proteomics
= transcriptomics

Today we...

= present the initial version of our IQ framework for capturing scientists'
IQ requirements

= show how a domain-specific IQ characteristic can be defined as part
of our overall framework

= introduce a Web service that automates one kind of IQ annotation of
datasets

... using a motivating example from transcriptomics

&
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ELI Transcriptomics example I

In transcriptomics, microarray experiment data is routinely
captured in MAGE-ML format. Elements of an experiment should be
described in a standard way using terms from the MGED Ontology*

7 ~ e

genid594 ArrayGraup DerivedBioAssayType ImageFarmat

In searching for microarray
experiment data to use for
their own purposes, a k

particular biologist may r——

specify a quallty i PeriurbationalDesign genidd1s FeatureGroup Derivedt
requirement on the extent —
to WhICh partICUIar 1 BioMaterial genid1392 genid1385 Actian
elements of the dataset— -, L RS

called ontology entries —
conform to the MGED
Ontology

Y

BiaSource LabeledExtract AtomicAction CamplexAction
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ELI Transcriptomics example II

<BioSample
identifier="S:Sample:MEXP:167278"
name="CH131_1">
<MaterialType_assn>
<OntologyEntry
category="MaterialType"
value="whole_organism" />
</MaterialType_assn> - - -
<Treatments_assnlist>

<Treatment order="1"
identifier="T:Sample:MEXP:167278"> —

genid594 ArrayGroup DerivedBioAssayType ImageFormat

<A8ﬁ0n|_aS$En> 1 PerturbationalDesign genids15 FeatureGroup Derivedt
<OntologyEntr
=
category=TActior!
value="specified_biomaterial_action" /> Yy
</Acti0n_assn> BioMaterial genid1392 genid1395 Action
- AN i 4 P

BioSaurce LabeledExtract AtomicAction CamplexActian
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ELI Core IQ concepts

A Test Process computes one or more Quality Indicators on
some data
* e.g. OntValidator computes OE Consistency on MAGE-ML data

A Quality Indicator is an objectively-measurable value
either computable from data or obtainable from a user
* e.g. OE Consistency indicates if an OE conforms to its ontology

A Quality Metric is derived from one or more Quality
Indicators

* e.g. MGED-term-consistency is the fraction of conforming OEs
across an entire experiment

A Quality Preference Schema is based on one or more
Quality Metrics and indicates how to produce a quality-based
view of the data

* e.g. an “acceptable” MAGE-ML datafile may be defined as one in

which all OEs must conform
AHM 2005
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Qurator conceptual framework

Presentation layer
<:> Quality-aware data visualization models
Selection of data sources based on their quality
Quality 3 .
preferences | * Logic-based class definition
Qurator () layer + DL-based / Rule-based
environment * Ranking based on metrics
e Data Annotation
¢ Ontology browse aalliT
i
and search Quality metrics (functions of indicators)
layer
Cj Quality indicators (any data / metadata)
Data Testing
Data Model Process Model
1T 10
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yer

quality concepts
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-‘ Ontology / KB fragment

MGED-conformance-schema QualityPreferenceSchema
instanceOf
pref-based-on-metric
Property-from-metric
QtyProperty

pref based-on-metric

\Pl MGED-global-consistency
MGED-term-con

metric-based-on-indicator
& metric-based-on-indicator

Quality
Indicator

Is-output-of

Quality
Metric

instanceOf

OE
Consistency

| instanceOf

Is-output-of

instanceOf

OntValidatorService

TestProcess
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Presentation layer

Example: Dynamic setting of thresholds and other
Cj parameters, on-the-fly filtering

Quality
preferences | Example: class of “acceptable” experiments,
Qurator (:::) layer ranking of experiment description based on
enwronmen_t MGED-consistency
¢ Data Annotation
¢ Ontology browse ?
and search Baseline Example: various types of MGED-
layer Consistency of experiment descriptions
Cj Example: Conformance of
OntologyEntry to MGED
Example: Ontolo%yEntry Example: Spec for the
part-of Experimen OntValidator service

el ane e S SespmpsssmEmsese TS S
IB;;::I’IQ Data binding Tasks binding
Generic Reference} | Y~ @ -——- Y e

IQ Ontology

KB of user Data  [Schema | | Schema |  process |

Executable
Task

Executable
Task

quality concepts layer layer
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E‘Ll IQ ontology FAQ

Why use an ontology at all?

= The formal ontology (expressed in OWL DL) explicitly specifies our IQ
conceptualisation

= We can align it with related ontologies e.g. ™¥Grid data ontology
= We can use a reasoner to check consistency/integrity

= In certain cases we can classify domain-specific IQ elements
automatically (e.g. OE Consistency is related to a kind of
Accuracy...)

Why are the domain-specific concepts instances (not classes)?

= Easier to maintain - the core ontology doesn’t change when new bits
of domain-specific apparatus are added

Why are the “generic” IQ properties included?

= Users have the option to browse/query the ontology/KB both
“bottom-up” and “top-down"”...
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ELI Sample IQ service: OntValidator

The OntValidatorService implementation is a Web service that

= takes a URI (LSID) to an experiment data file (XML doc) and a set of
data bindings

= returns a set of annotations for the OEs in that file
Data bindings for OntValidatorService inputs are to OntologyEntry
elements in MAGE-ML documents, via XPath expressions
Annotations are RDF statements about the original experiment data
file (resource)
For each OntologyEntry, three annotation values are possible

= OK - class/individual combination conforms to the ontology

= BAD_IND - individual is not defined for this class

= BAD_CLASS - class is not defined
Currently, we have simple preferences written as RuleML rules
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OntValidator service Web client

Pleaze choose the data (L) fles that vou want to validate:

ﬁ Browse... | @ Remove Selected | . Remove All
Hame Size Directary
CyelohexamidelLPS_treatmentxml 203236 dema_xml_datafile
PEMC_HIY_Patients_e1 xml 241778 Chdemo_xm|_datafile
FPEMC_HIY_Patients_e2 xml 16347 |CAdemao_xml_datafile
FPEMC_HIY_Patients_e3 xml 16358 |CAdemo_xml_datafile
4] i | [»
0%

Please choose the web senvice which will be used to validate the data files:

| £ Upload & validator | A stop ‘
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OntValidator results page

Total Types of Validation Result DefaultPreference
: VAL OK=70%
Data File Name Ontology - r VAL BAD IND<25%
Entry VAL_OK VAL_BAD_IND VAL BAD CLASS - .
| PEMC_HIV Patients_e2zml | 18 | 83% | 16% 0% Acceptable
CyclohexamideLPS_treatmentxml 106 5% 22% 1% Acceptable
PEMC_HIV_Patients_e1.xml 286 67% 32% 0% Unacceptable
PEMC_HIV_Patients_e3.:ml 1 61% 22% 16%% Unacceptable

You can specify your own preference "Acceptable’ as:
VAL OK [> %70 v oy

VAL BAD IND [« ~|[z5 v5
[0 VAL BAD CLASS < v |0 v %
[ Selectall ” Calculate ][Reset]

[ Sawve Current User Preference ]
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{ﬂ, Sample annotations (raw RDF!)

<rdf:Description rdf:nodeIlD="A1">
<ontval:pathToNode>
/MNAGE-ML[1]/BioMaterial package[l]
/BioMaterial assnlist[1]/BioSource[9]
/Characteristics assnlist[1]/OntologyEntry[1]
</ontval:pathToNode>
<ontval:qtyIndicatorValue=VAL OK
=/ontval:qtvIndicatorValue=
</rdf:Description>
<rdf:Description rdf:nodeID="A2">
<ontval:pathToNode=
/MAGE-ML[1]/BioMaterial package[l]
/BioMaterial assnlist[1]
/LabeledExtract[10]/MaterialType assn[1]/OntologyEntry[1]
=/ontval:pathToNode>
<ontval:qtyIndicatorValue=VAL BAD IND
</ontval:qtyIndicatorValue>
</rdf:Description>
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{ﬂ, Sample annotatations (styled as HTML)

CyclohexamideLPS_treatment.xml : VAL_BAD CLASS

Xpath to OntologyEntry Nodes . Class/Category . Value

MAGE-ML[1]
b Esperiment_package[1]
*--- Experiment_assnlist[1]
-~ Experiment[1] ReleaseDate 2004-09-21
i+ Descriptions_assnlist{1]
i Description[ 1]
i Annotations_assnlist[1]
- OntologyEntry[1]

MAGE-ML[1]
E'"'Expzaﬂmen'c_pau:kage[1]
Experiment_assolist[1]
Ezperment{1] SubmissionDate 2004-09-24 01:50.08
[ De_st:riplionsiassnlisl{l]
*- Description[ 1]
Annotations_assnlist[1]
- OntologyEntry[2]
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File Edit View Options Windows Help

Getting Qurator closer to biologists:
a Pedro plugin client

5 MAGE-ML
@ £ AUDITANDSECURITY_PACKAGE1]
@ ©3 CONTACT_ASSNLIST (1]
@ ©3 PERSON:(1]
@ ©3 ROLES_ASSNLIST[1])
P

© (°] AFFILIATION_ASSNREF {1]
@ ©1 PROTOCOL_PACKAGE1]
@ ©3 HARDWARE_ASSNLIST1]

ONTOLOGYENTRY:[1]
4| (Fri Sep 16 18:18:19 BST 2005) OntValidator -> VAL_OK
5| (Wed Sep 21 14:25:17 BST 2005) OntValidator -> VAL_OK
) (Fri Sep 16 18:41:51 BST 2005) OntValidator -> VAL_OK

® MAGE-ML/PROTOCOL_PA
® MAGE-ML/PROTOCOL_PA
® MAGE-ML/PROTOCOL_PA
® MAGE-ML/PROTOCOL_PA
& MAGE-ML/PROTOCOL_PA

@ 2 HARDWARE:-FUJIFILM ATTRIBUTES:
@ ©3 TYPE_ASSNI[1]
® ONTOLOGYENTRY:[1] description ‘
@ ©1 SOFTWARE_ASSNLIST1]
@ ©3 SOFTWARE1] walue submitier
@ ©3 TYPE_ASSNI[1]
® ONTOLOGYENTRY:[1] . Roles
@ ©9 PROTOCOL_ASSNLIST(1] category
JE Z [»| | |ELEMENTS:
| Qurator | PropertySets_assnlist e
120 Qurator
@ 30 (CntologyEntry)
@ 3 OntologyEntryMatch (DataTestFunct. o Y -assn [ New
@ 3 OEMatchReport (Indicator)
® MAGE-ML/AUDITANDSEC Associations_assnlist e

Keep Cancel Delete

21‘7_-"& Relevant Plugins: 5
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(8.} Conclusion
Core IQ framework and ontology is in place:
= Ontology scope extends
v “up” to generic IQ concepts
v “down” to domain-specific IQ concepts
= Bindings map things in the IQ-space to scientific data resources
= Test processes assign IQ annotations to data resources
= Preferences give users quality-based views on data
= We have a simple vertical demo in transcriptomics
We are in the process of
= Extending the framework at all levels, initially in proteomics
= Using the framework and demo to elicit user feedback and revised
requirements
= Designing experiments to establish cost/benefits of the approach
AHM 2005 20
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