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Shared Vision

 Worldwide network of integrated data and
knowledge

* Brings relevant information to point of need
* Fosters translation



Long-term Goals

e Contribute to shared vision

e A structural information framework for
biomedicine

e Use as a basis for organizing biomedical
information



Rationale

e Structure of the body is the most useful
means for organizing biomedical information

* Most manifestations of health and disease are
properties of anatomical entities



Primary Informatics Research
Questions

* How to create a structural information
framework

e How to use this framework as a basis for
organizing information



Approach

Classify types of information

Represent and implement as different
modules

Integrate within a distributed framework

Develop applications opportunistically
Applications drive methods



Current Driving Biological Applications

* Anatomy Education

* Brain mapping

* Proteomics

* Clinical trials

* Craniofacial Malformations



Research Themes

Structural framework
Data management
Data integration

Data visualization



Projects

Foundational Model of Anatomy

Ontology Views
Data management
Data integration
Visualization



Foundational Model of Anatomy
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Influence of the FMA
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Current work on the FMA

Reorganizing the neuroantomy axis of RadLex
ncorporating Lymphatics

Representing neural connectivity



Re-organizing the neuroanatomy axis
of RadLex

Enabling RadLex with the Foundational Model of Anatomy Ontology to Organize and Integrate Neuro-imaging Data

5Stanford Center for Bioinformatics Research, Stanford University

Jose Leonardo V. Mejino Jr. MD?, Landon T. Detwiler MS', Jessica A. Turner PhD3, Maryann E. Martone PhD#, Daniel L. Rubin MD, MS?® and James F. Brinkley MD, PhD"2.
'Structural Informatics Group, 2Biomedical and Health Informatics, University of Washington, 3MIND Research Network, “Department of Neurosciences, University of California San Diego,

Abstract
In this study we empowered RadLex with a
robust  ontological  framework  and
dditional content
derived from a reference ontology, the
Foundational Model of Anatomy Ontology
(FMA)!, with the intent of providing
RadLex the facility to correlate the different
standards used in annotating neuro-
radiological image data. It is the objective
of this work to promote data sharing, data
harmonization and interoperability
between  disparate  neuro-radiological
labeling systems.
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FMA-RadLex

igure 1. Enhancement of ontological framework and neuroanatomical content of
RadLex.
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Materials and Methods

Introduction

Huge amounts of neuro-imaging data are being
produced by different groups and they are
recorded based on different, often study
specific, brain parcellation and naming
schemes. Using disparate naming conventions
produces incompatible terms thereby making
the correlation of data difficult to achieve.
Current terminologies for neuro-imaging lack
the semantic framework to explicitly declare the
precise meanings of the terms and therefore
neuro-imaging data and information rep d

Ent the omy ontology of RadLex
involved five major steps (shown in Figure 1):

1. selecting a reference ontology, the FMA
ontology, a target application ontology,
RadLex, three neuro-imaging annotation
terminologies, Talairach Daemon Atlas®,
FreeSurfer atlas*, Anatomical Automatic
Labeling atlas (AAL)® and a neuroanatomical
application ontology, NeuroLex, as inputs to
the system;

2. application of the high level class taxonomy of
the FMA to re-organize the anatomy hi 1

Figure 2. Class taxonomy of FMA applied to RadLex with strict adherence to 1S_A
only relationships between anatomical entities.

Results

Enl of A4 T

of RadLex.
Adoption of the ontological framework of the
FMA assures a consistent Aristotelian-type
inheritance taxonomy for RadLex (Figure 2). The
derived ontology provides explicit ics for

Tatairach

orrclation of part relationships for &1

Conclusion

We have shown how the ontological
framework of the FMA explicitly defined
the entities represented by the different
parcellation and naming schemes and by
doing so it becomes possible to ascertain
the relationships which correlate these
terms, a prerequisite step for sharing and
harmonizing data. We have started using
the ontology to annotate fMRI datasets
and derive inferences about relationships
between the datasets®.

Talairach:

A

Supported by NHLBI grant HL08770 and NIBIB
contract # HHSN268200800020C.

RadLex terms .

Enhancement of Neuroanatomy content of FMA.
Classes and spatio-structural relations were added
in the FMA to accommodate and represent the
entities referenced by the different annotation
terminologies (Figures 3 and 4). Explicit

of RadLex’;

by the terms cannot be readily associated and
applied across different studies. RadLex?
(Radiology Lexicon from RSNA) is a
controlled terminology for radiology and seeks
to provide the needed semantics for correlating
the diverse terminologies used for annotating
neuro-imaging data. In this work we leveraged
the Foundational Model of Anatomy Ontology
(FMA) to re-structure and reinforce the
anatomical domain of RadLex so it can
incorporate, accommodate and correlate the
different annotation terminologies.

The approach we describe here serves two

practical purposes:

1) reference ontologies provide a principled
and robust framework on which to build
applications specific to a particular field

2) underlying ontological framework
facilitates and  promotes  integration,
interoperability and reuse of knowledge
among application ontologies.

of the y content of
the FMA to capture the representations that
different terminologies intend to use for
annotating neuroimaging data as well as other
forms of neuroscientific data;

4. extraction of the enhanced neuroanatomy
component of the FMA, the NeuroFMA, as an
ontology “view” for incorporation into
RadLex;

5. merging of the extracted NeuroFMA with the
ontologically re-organized RadLex .

Figure 3. New FM.

has been entere

1 1 ion therefore allowed for
the correlation of the different terms by using
FMA properties such as IS_A and PART_OF
(Figure 5).

Extraction  of  neuroanatomical — “view”,
NeuroFMA, for incoporation into RadLex.

View extraction is performed via a procedural
program that is written in JAVA, utilizing the
Protégé ontology API. Rather than creating a view
by starting from an empty ontology and then
adding classes, the process starts with a complete
copy of the FMA and then eliminates everything
not required in the NeuroFMA (Figure 6).

Merging of NeuroFMA into RadLex.

Technical details for this step are beyond the scope
of this presentation. However we found that we
could coalesce classes from the two ontologies in
RadLex. The merging produced “FMA-like”
structure to RadLex. A total of 12, 579 classes and
33,361 property values were imported into
RadLex from the NeuroFMA. It would have been
very difficult and time- ing to impl

FMA-RadLex
Brodmann area 20 of right nferior temporal gyr
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Gray matter of ight inferior temporal gyrus
Right inferior temporal gyru
(15_A Inferior temporal gyrus),
Right tomporal lobe

(IS_A Temporal obeh,
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Right Brodmann area 20
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Figure 5.
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Incorporating Lymphatics
FMA class taxonomy + vV C £ X ,'C Celiac lymph node (type=Pre-aortic lymph node)

v (€ Lymph node " Preferred Name V  FMAID
» (C)Lymph node of head

v © Lymph node of body proper Celiac lymph node b
» (C)Lymph node of neck
v () Lymph node of trunk Synonym V € % S Non-English Equivalent vV C
b @I Lymph node of thorax > Celiac node = <T>Nodus lymphaticus coeliacus
v (C)Lymph node of abdomen -

v {C)Lymph node of abdomen proper
» (C)Parietal lymph node of abdomen proper
v (C)Visceral lymph node of abdomen prope
v (C) Intestinal lymph node
v (C) Pre-aortic lymph node
{® Celiac lymph node
» (C)Superior mesenteric lymph node
(C) Inferior mesenteric lymph node
» (C) Pre-aortic proper lymph node
» (€) Gastric lymph node
(C) Hepatic lymph node
(C) Gastrohepatic ligament node
(€ Pyloric lymph node
(C) Pancreatic lymph node
@I Pancreaticoduodenal lymph node
(C) Colic lymph node
() lleocolic lymph node
(C) Pararectal lymph node
@I Appendicular lymph node
(€ Sigmoid lymph node ’
(C) Superior rectal lymph node

v

bd By

VVyVYyYVYYVYY

» (C)Mesenteric lymph node -
(C) Anorectal lymph node
(C) Inferior rectal lymph node
@:ﬁl Cardiophrenic angle lymph node Figure 1. Classification of regional lymph nodes of the pancreas.
(C) Retrocrural lymph node Inset, subdivision of area 14, AMS: the superior mesenteric artery;
) (C)Node of posterior iliac crest AJ: the jejunal artery; APDI: the inferior pancreaticoduodenal artery;
» (C)Lymph node of pelvis ACM: the medial colic artery.

= @I Lymph node of upper limb Nakagawa et. al. CANCER 1994, Vol. 73, No. 4, 1155-1162.




Representing Neural Connectivity

Representing Neural Connectivity in the Foundational SE
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AMIA 2010 Annual Symposium Washington, DC November 13-17, 2010




Planned work on the FMA

e Convertto OWL 2

e Use as a basis for application ontologies

e Use as a basis for reorganizing other
ontologies



Projects

Foundational Model of Anatomy
Ontology Views

Data management
Data integration
Visualization



Ontology Views over the Semantic
Web



Motivation

* Reference ontologies like the FMA are (or will be)
too large for practical use

* How can reference ontologies be made practical for
applications?



Approach

* Application ontologies as views over one or
more reference ontologies

* Aview is a query that defines a formal
transformation from one or more source
ontologies to a target application ontology



SparQL Extensions: vSparQL
Marianne Shaw, Todd Detwiler and Dan Suciu
Gleen Regular path library
Subqueries
Recursive Queries

Skolem functions



vSparQL Subquery

PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#>
PREFIX rdf:<http://www.w3.0rqg/1999/02/22-rdf-syntax-ns#>
PREFIX owl:<http://www.w3.0rg/2002/07/owl#>

PREFIX gleen:<java:edu.washington.sig.gleen.>

PREFIX fma:<http://sig.biostr.washington.edu/fma3.0#>

SELECT ?subj ?prop ?0bj
FROM NAMED <liver> |
CONSTRUCT {fma:Liver fma:regional_ part ?z}
Sukxquery FROM <http://sig.biostr.washington.edu/fma3.0>
WHERE {(fma:Liver fma:regional part ?z .}

]
WHERE { CGRAPH <liver> {?subj ?prop ?obj .} }

| fma:Liver | fma:regional part | fma:Right lobe of liver |
| fma:Liver | fma:regional part | fma:Left lobe of liver |



vSparQL Recursive Query

PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl:<http://www.w3.0rg/2002/07/owl#>

PREFIX gleen:<java:edu.washington.sig.gleen.>

PREFIX fma:<http://sig.biostr.washington.edu/fma3.0#>

SELECT ?subj ?prop ?7obj
~ FROM NAMED <liver> |
CONSTRUCT {fma:Liver fma:regional_ part ?z}
FROM <http://sig.biostr.washington.edu/fma3.0>
WHERE {fma:Liver fma:regional part ?z .}

Base case -

— UNION
# Get all of the regional parts of the liver recursively
CONSTRUCT {?c fma:regional_ part ?2d}
H FROM NAMED <liver>
Recursive FROM NAMED <http://sig.biostr.washington.edu/fma3.0>
step — WHERE {
GRAPH <liver>
{ 2a?b ?2c . } .
GRAPH <http://sig.biostr.washington.edu/fma3.0>
{ ?c fma:regional_part 2d . }

- }
]
WHERE { CGRAPH <liver> {?subj ?prop 7obj .} }



vSparQL Recursive Query Results

| subj | prop | obj

| fma:Left_lobe_proper of liver fma:regional part | fma:Medial_segment_of_ left lobe of_liver

| fma:Left lobe_ proper of liver fma:regional part | fma:Lateral_segment_of left lobe_of liver

| fma:Lateral segment _of left lobe of_ liver fma:regional part | fma:Lateral_superior_area_of_lateral_segment_of_left lobe_of_ liver

| fma:Lateral segment of left lobe of liver fma:regional part | fma:Lateral inferior area of lateral segment of left lobe of liver

| fma:Left lobe of liver fma:regional part | fma:Left_ lobe proper of liver

| fma:Left lobe of liver fma:regional part | fma:Caudate_lobe_of liver

| fma:Left lobe_of liver fma:regional part | fma:Quadrate_lobe of liver

| fma:Right_lobe_of_ liver fma:regional_part | fma:Anterior segment of right lobe_of liver

| fma:Right_lobe of liver fma:regional_part | fma:Posterior segment_of right lobe of liver

| fma:Anterior_segment_of right lobe_of liver fma:regional_part | fma:Anterior inferior_area_of_ anterior_segment_of right lobe_of_ liver
| fma:Anterior segment of right lobe of liver fma:regional part | fma:Anterior superior area of anterior segment of right lobe of liver
| fma:Liver fma:regional part | fma:Left lobe of liver

| fma:Liver fma:regional part | fma:Right_ lobe of liver

| fma:Caudate_lobe of liver fma:regional part | fma:Right_segment_of caudate_lobe_of liver

| fma:Caudate_lobe of liver fma:regional part | fma:Papillary process_of_caudate_lobe of liver

| fma:Caudate_lobe of liver fma:regional_part | fma:Left_segment_of caudate_lobe_of liver

| fma:Caudate_lobe of liver fma:regional_part | fma:Caudate_process_of_caudate_lobe_of_ liver

| fma:Medial segment of left lobe of liver fma:regional part | fma:Medial inferior area of medial segment of left lobe of liver

| fma:Medial segment of left lobe of liver fma:regional part | fma:Medial superior area of medial segment of left lobe of liver

| fma:Posterior segment of right lobe of liver | fma:regional part | fma:Posterior_ superior_area of posterior_ segment_of right lobe of liver
| fma:Posterior_segment of right lobe of liver | fma:regional part | fma:Posterior_inferior_ area of posterior_ segment_of right lobe of liver
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VSPARQL: A view definition language for the semantic web
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Translational medicine applications would like to leverage the biological and biomedical ontologies,
vocabularies, and data sets available on the semantic web. We present a general solution for RDF infor-
mation set reuse inspired by datzbase views. Our view definition language, vSPARQL, allows applications

to specify the exact content that they are interested in and how that content should be restructured or

Keywords:

Translational medicine applications
RDF views

Ontologies

Vocabularies

1. Introduction

The semantic web seeks to enable computers to automatically
associate and process well-defined information on the web. To that
end, a number of biological and biomedical information sets have
been developed for or converted to semantic web formats. These
information sets include vocabularies, ontologies, and data sets;
they may be available in basic RDF [1] or languages with higher-le-
vel semantics, such as OWL [2].

Translational medicine applications want to leverage the bic-
medical information sets available on the semantic web. For exam-
ple, radiologists may want an application for viewing and
annotating medical images. The application can aid annotaticn
by offering suggestions for visible anatomical parts from the Foun-
dational Model of Anatomy (FMA) [10]. Additionally, if suspicious
nodes are identified on an image, the application can offer sugges-
tions from NCI Thesaurus [21] for annotating the nodes.

This paper asks the question: how can we make it easier for appli-
cations to leverage the information sets available on the semantic
web? In leveraging these information sets, applications must con-
tend with their size, content depth and breadth, and rate of change.

Many biomedical information sets are of significant size. For

modified. Applications can access relevant content by querying against these view definitions. We eval-
uate the expressivity of our approach by defining views for practical use cases and comparing our view
definition language to existing query languages.

© 2010 Published by Elsevier Inc.

sets, such as the FMA/NCI example above. The combined informa-
tion sets may be too large for applications to easily manipulate.

Applications may only need a portion of the content contained
in an information set, which are likely to have a wider scope and
greater depth than that needed by any particular application.
Applications determine the set of relevant content needed from
an information set; the set could be a list of concepts, a subgraph
of related terms, a sub-ontology, or any other subset of informa-
tion. Techniques ( [9,41,39,43]) have been developed for some of
these scenarios and are discussed in related work.

‘While leveraging biomedical information sets, applications may
wish to augment, modify, or restructure selected content. For
example, an application may seek to define a new relationship be-
tween selected concepts. Alternatively, an application may dis-
agree with a portion of the information set (e.g. the content is
too coarsely specified) and need to “fix” it.

In addition to specifying relevant content, applications must
accommodate updates to information sets. If an application in-
cludes a materialized subset, new materialized subsets may need
to be derived and distributed every time an update occurs. An
application that queries the information set accesses the most
up-to-date content; however, the queries must be written to re-

example, Reactome [22] as distributed through NeuroC

contains 3.6M triples, the FMA 3.0 in OWL contains 1.7M triples,
and UniProt [5] v13.4 contains 1.7B triples. Additionally, medical
applications may require information from multiple information

* Corresponding author,
E-mail oddresses: mar@cs.washington.edu (M. Shaw), det@u.washington.edu
(LT. Detwiler). edu (N. Noy), edu (J. Brink-
ley), suciu@cs.washington,edu (D, Suciu),

1532-0464/$ - see front matter © 2010 Published by Elsevier Inc.,
doi:10.1016/jb1.2010.08.008

strict to the application-specified content.

‘We propose a general solution for information set reuse. We
validate our approach with eight different use cases over one or
more of four biomedical data sets. Our approach is inspired by
database views. A database view identifies a subset of a dataset
that can be accessed through the view:; queries on the view can
only access the specified subset. However, a database view may ex-
port a restructured or modified version of the data; the exported
view is not limited to faithfully replicating a subset of the underly-
ing information.
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Please cite this article in press as: Shaw M et al. vSPARQL: A view definition language for the semantic web. ] Biomed Inform (2010), doi:10.1016/
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Graphical User Interface over vSPARQL

An Application for Creating and Debugging vSPARQL View Definitions
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1Computer Science & Engineering, 2Structural Informatics Group, University of Washington, Seattle, WA




Intermediate Language (IML)

FMA opPB

| EXTRACT_TREE ...
ED)ETLE?ECTESZEE REPLACE_PROPERTY. DELETE_TREE...
- ADD_EDGE ...

o~ —

UNION_GRAPHS

l




Recursive Liver Parts in IML

PREFIX fma: <http://sig.biostr.washington.edu/fma3.0#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX holder: <http://localhost/holder#>

PREFIX VSparQL: <java:vspargl.ext.#>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

INPUT

<http://sig.biostr.washington.edu/fma3.0>{

EXTRACT_TREE { fma:Liver [ forward (fma:regional_part) , forward (fma:constitutional_part) ] }
GRAPH <http://sig.biostr.washington.edu/fma3.0>

}
OUTPUT <http://localhost/setl>



Graphical User Interface over IML

File Edit View Diagram Window Help

[Blefd] (&S] [+[@[a] [X] @[] [o]@] .| [100% -]

I Basic Operations  » !

Select input sources

I

4

-]+

From Graph: | fma

A
v

Root: [fma:Liver ]

BE
Direction Property
#| loutgoing fma:regional_part
outgoing fma:constitutional_part

ADD WHERE CLAUSE
[ Match Statements 5] CAdd )

4

-1+

Output URI:
[http://localhost/setl {

Add to data sources




Generated IML and Results

W el

Cenerated Query

| H Save query | | H Save results | | o Run query I l ¥ Visualize results

PREFIX fma: <http://sig.biostr.washington.edu/fma3.0#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schemai#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX holder: <http://localhost/holder#>

PREFIX VSparQL: <java:vspargl.ext.#>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

INPUT

<http://sig.biostr.washington.edu/fma3.0>{

EXTRACT_TREE { fma:Liver [ forward (fma:regional_part) , forward (fma:constitu
GRAPH <http://sig.biostr.washington.edu/fma3.0>

}
OUTPUT <http://localhost/setl>

A

<rdf:RDF

xmlns:VSparQL="java:vspargl.ext.#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:holder="http://localhost/holder#"
xmlins:rdfs="http:/ /www.w3.0org/2000/01/rdf-schema#"
xmlins:fma="http://sig.biostr.washington.edu/fma3.0#" >

<rdf:Description rdf:about="http://sig.biostr.washington.edu/fma3.0#Left_p:
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#

</rdf:Description>

<rdf:Description rdf:about="http://sig.biostr.washington.edu/fma3.0#Liver_s
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#

</rdf:Description>

<rdf:Description rdf:about="http://sig.biostr.washington.edu/fma3.0#Portal_
<fma:constitutional_part rdf:resource="http://sig.biostr.washington.edu/frr
<fma:constitutional_part rdf:resource="http://sig.biostr.washington.edu/frr
<fma:constitutional_part rdf:resource="http://sig.biostr.washington.edu/frr

</rdf:Description>

<rdf:Description rdf:about="http://sig.biostr.washington.edu/fma3.0#Trunk_
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#

</rdf:Description>

<rdf:Description rdf:about="http://sig.biostr.washington.edu/fma3.0#Anteri¢
<fma:regional_part rdf:resource="http://sig.biostr.washington.edu/fma3.0#

€




Visualize Results

File Edit View Diagram Window Help
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More Complex Views

File Edit View Diagram Window Help

Bl@lh] (S [e]@]a][ X[ [o]&@] %] [100% ~]

————a il—'l—’p\._ |
|

P T % e
I T

=
/ [Wiere Maseh. | [ PR

J - /

' b == v
[outpur |

| | - |

[ UnionGraphs ||| ReplaceNode i</ Replace Node |

| _— Twhers |

|
Delete Edges | oo
[outpur




Views current work

Optimization of query execution
Evaluate on use cases
Examine other query languages

View Query Manager



Projects

Foundational Model of Anatomy
Ontology Views
Data management

Data integration
Visualization



Data Management



Driving applications

e |nstitute of Translational Health Sciences
(ITHS)

* UW Neuroproteomics Center

* UW Interdisciplinary Brain Imaging Center
(1BIC)



ITHS

Stevens Lab

ITHS =

Institute of Translational Health Sciences

Hello, demo | Edit Profile | Logout | Help

SUBJECTS

SEARCH || CONFIGS

N
UW Seattle — Family: FS 119 M Aliquot Info
Institute of Translational Health Science (ITHS) ~Subject: PLE 022A :
—Sample: 2003-01-0€| Aliquot type wB
Wennberg R21: k factors for h in ns Aliquot: WB |
with severe hyperbilirubinemia Aliquot: WB | Aliquot label 1
. |
This application was designed to collect and report data for a specific research Aliquot: WB | Box 33
project. Please cite Institute of Translational Health Science (ITHS) grant support Aliquot: W8 |
(UL1 RR025014 from NCRR/NIH) in publications relating to this project. Please ’ |
also cite the REDCap project when publishing manuscripts (citation information and Aliquot: PLASMA || Row D
template methods language are available here). Contact Joshua Franklin for Aliquot: DRY_peL|!
additional details or help with this application. £ General Information P | Col 1
iquot:
|
ey Aliquot: PBMC State ALL_USED
Current Users Database Statistics Demorgraphic And Family oot pave | -
User Expires Records in database o History fauets ! Ali d b
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aleksandr nfant History -
yakovievitch d0/01/2010]  |[Faggedievents 20) Admission Assessment Aliquot: WB | Aliquot used date | 1976-06-06
aravkin) Most recent activity  10/20/2009 10:23 Bind 1 Aliquot: WB |
amiraelshenawy Database status In Production Bind 2 !
(AMIRA 10/01/2010 Bind 3 Aliquot: WB | Comments
SHENNAWY) Bind 4 Aliquot: WB \ sample used prior to CHRMC move
hutani i i Bind 5
:’wﬁznéhumn O/OT 2010 Video Tutorials e Aliquot: W8 !
[El General Overview of Database Creation (5 min) 3 \
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jdftest Hospital Course And .
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RedCap Electronic Data Capture

Rlab Freezer Management
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J 1] caTissue Suite v 1.1

alissue at ITHS

!
Résh CA Tissuesu
Collection Protocol:

L CP Prostate Cancer v

Participant (Protocol ID): | Register New

Butterworth , Job (N/A)
Doe , John (N/A)

Fruit , JuJu (N/A)

Specimen Details for Doe , John (N/A)
[=] @T3.0: CP Prostate Cancer Label: 10-21-
o1

)

Report Problems % Contact Us "] togout
Home v Administrative Data ~ Biospecimen Data ~ Search ~ Help ~
| Edit Specimen Collection Group | Yiew Surgical Pathology Report View Annotation Consents ;I

+ Collection Protocol CP Prostate Cancer * Participant Name Doe, John(N/A)

Title (Protocol ID)
* Specimen Group Name ICP Prostate Cancer_1_1 Barcode I
* g;?:ty Calendar Event [0 Cr Prostate Cancer L=] Days * Collection Site | ]

offset Jo
+ Clinical Diagnosis lNOt Specified E] * Clinical Status |Mot Specified ﬂ

Medical Record Surgical Pathology

Number [ - select -- = Number I
+ Activity Status Jactive ﬂ + Collection Status |Pending ﬂ

Comments
Events Hide Details &
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* Time [1a ﬂ Hr. [33 ﬂ Min. + Time |18 ﬂ Hr. 33 L] Min.
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* Container |use CP Defaults ﬂ
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Comments
Add Multiple Specimens
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v Specimen entry based on collection protocol
I Print Labels ||

Submit | Add Specimen I Add Multiple Specimens | Delete I Ll



UW Neuroproteomics Center
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Welcome Jim Brinkley! m m
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Data management challenges/future
work

* Build versus buy

* [ncorporating common terminology for later
data integration

* Reducing the time to develop custom
applications
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Projects

Foundational Model of Anatomy
Ontology Views
Data management

Data integration

Visualization



Data Integration



Lightweight Distributed Queries

Intelligent Queries over BIRN Data using the Foundational Model of Anatomy and a
Distributed Query-based Data Integration System

JF Brinkley, MD, PhD?, JA Turner, PhD?, LT Detwiler, MS?, JLV Mejino, Jr, MD?, ME Martone, PhD3, and DL Rubin, MD, MS*
IStructural Informatics Group, University of Washington, Seattle, WA; 2Mind Research Network, Albuquerque, NM; 3Dept of Neurosciences, UC San Diego; “Center for Biomedical Informatics Research, Stanford University

“htp:/fsig uw.edfmat;

Fig 3. Embedded vSparQL
query to the FMA to find

u/imar
the parts of the coescrpioniabout ot edumarodman.rcs_46_of_gh. il fontalgrs'>
D

pi
cortex (DLPFC) and their <rdfDescripion f bout="itpf/ i edu/fmadrodmann_area__of ef_middle_frontal_gyrs">

PREF <t g/ 2000/0dl cheman>

PREFIX df:<hitp/ w3, ora/1999/02/22 1 syntax s> i i < Descriptir
it s 50T cetsate ikt e (bl besonon ifabout- /i dumaftrodma,res . of Jef_riddle onal gy

PREFIX een s dumashingion s leen> Results of this query are &

PREFX mai<htt://ig owed > N <JrdfDescripton>

PREFIX tmp:<hito//sig blostrwashington edu/tmp> shown on the right. The <rdf Description rdf:about="http://sig uwedu/fmaiBrodmann_area_9_of left_superior_frontal_gyrus">

PREFIXap: ava:com.hp hp jena avery plunceion.brary.> part in bold matches the <frdfDescripto

constRucT  name.. aeraized Pteratized srcture_name . Zoart_namel in Fi CaiDesrpion about="t: g dmaWrodman e 9 of gt upero_ oty
M /.ol 113> = 2 L bold terms in Figs 4 and 5.
Shepecthisiochages seion e £aiionalelcbs oo i sbou s, .5 of (g i il gy

<frdpescriptons
<JrdtROF>

Fig 4. Create simplified list

<l version="1.0"encoding="UTF 8°7>
<resuls>

Tt DLPFC. The label in bold
forSublnsen De: matches the example site
<imatab> shown in Fig 5.
{5sub/ffmaTalaiach/text()
<fimatal>

Jbeb310542253_5 55/t _abel> Region Filtered Healthy  Schizo-phrenic :
fetSact._doc = docl’ 310542253</BIRN_10> (Red)  (Yellow) Anterior
letSraw_stecount = count(Sact_doc//ste) <Diagrosic_group>hs/Diagnostic_group>

Vorelp65iores>
<Max_ 225 55</Max_2»

P>3746 4</>
ottt ogiors
for Simatal <Distance>1</Distar
mnumm-m(sevr;\smm S o sosgn coort>
<sup_coord>30</sup_coord>
<ant_coord>40</ant coord>

else()
letSfitred_sitecount = count($act_by_tal)

<Size>175¢/Size>
<Shape>BIG_SPHERE/Shape>
<Color>Red</Color>

<fste>

Brodmann area
6

t_by._talDiagnostic._group/text)<h]
) <Color{Sh_color}</Color></ste>
o S Aot eoraShmi o]

Frontallobe.
Sy gt ropheni)

e e Se) <ok sl et
let Sschizo,sitecount = coun{Sschizo_sites)

retum
<resulis>
<raw_stecount>(Sraw_sitecount)</rau.sitecount>

Fig 5. Retrieve summary data, keep only those that are in Fig 6. Summary of retrieved data. Each row shows a region, the
sitecount>{Sschizn_sitecount</schizo_sitecount> the DLPFC, divide into two diagnostic groups, add number of sites retained after removing sites not in the region
c‘zsn:»w'gum distinguishing colors. Above shows an example activation (Filtered), the number of healthy sites in the filtered data, and the
) it site from summary BIRN data that is located in the DLPFC. number of schizophrenic sites. Images show sites superimposed on
Elements added by the XQuery are bold. <fmatal> is added the Colin standard atlas brain. Sites do not always fall on the brain
to show the automatic match with the FMA. The BIRN surface because the spatial normalization is coarse. For this simple
summary data has 1741 such activation sites. motor task there is no significant difference in distribution.

Fig 2. XQuery at h /xbrain.bi i du:8080/dxb:
TestQuery.jsp?query_id=312




View Query Manager



A tool for creating, managing and
guerying views over the web

Many web representations
— XML, RDF, OWL

Many query languages and Interfaces
— SparQL, vSparQL, XQuery, DL-Query ...
Common foundation is XML

Allow user to choose the sources and query
language



Distributed XQuery

Query Manager

Hello Jim Brinkley -0gC

Title
AMIA 2010: BIRN data: Healthy vs schizophrenic activations confined to a specified region of the brain
Description

Determine parts of a given structure. Retrieve summary BIRN fmri activations, retain only those that have been annotated by the Talairach demon (TD) to be in the given structure. Divide
into healthy vs schizophrenic, and set color of display spheres to be different for each type of population. Also shows automatic matching of matching of TD labels with FMA labels. This is

(a0 :::Healthy versus Schizophrenic activations confined to a specified region of the brain
declare namespace fma="http://sig.uw.edu/fma#";

declare namespace rdf= "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#";

declare namespace rdfs="http://www.w3.0rg/2000/01/rdf-schema#";

( t parameters. These could be set by a GUI :::
let $h_color :='Red’

let $s_color := Yellow'

let $shape :='BIG_SPHERE'

let $size :='1.75'

(a2 :::Embedded query to ontology web service to find parts of the Dorsolateral prefrontal cortex - DLPFC
let $wsdIURL := "http://ontviews.biostr.washington.edu:8080/VSparQL_Service/wsd|/VSparQLService.wsdl"

let $serviceName := "VSparQLService"

let $methodName := "executeQuery"

let $query :=

"PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema # >
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl:<http://www.w3.0rg/2002/07 /ow|# >

PREFIX gleen:<java:edu.washington.sig.gleen.>

PREFIX fma:<http://sig.uw.edu/fma#>

PREFIX tmp:<http://sig.biostr.washington.edu/tmp#>

PREFIX apf: <java:com.hp.hpl.jena.query.pfunction.library.>




Search over any Bioportal Ontology

User URI Name Language  isPublic

BioPortal http:/ /sig.uw.edu/biop Subcellular Anatomy Ontology { OWL true
BioPortal http://sig.uw.edu/biop Ontology for disease genetic in1 OWL true

BioPortal http://sig.uw.edu/biop Comparative Data Analysis Ontc OWL true
BioPortal http://sig.uw.edu/biop RNA ontology OWL true
BioPortal http://sig.uw.edu/biop Ontology of Clinical Research ({ OWL true
BioPortal http://sig.uw.edu/biop Parasite Life Cycle true




Value sets over OCRe

Query Manager

Hello Jim Brinkiey TP

Title
OCRe telecommunication value set over Bioportal version of OCRe
Description

A simple of example of a query generated value set from OCRe, in this case values are chosen as all instances of http://purl.org/net/OCRe/research.owl#Telecommunication_scheme

PREFIX rdfs:<http://www.w3.0rg/2000/01/rdf-schema # >
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX research: <http://purl.org/net/OCRe/research.owl#>
PREFIX valset:<http://sig.uw.edu/valueset#>

CONSTRUCT {valset:set valset:hasMember ?x.}
FROM <http://rest.bioontology.org/bioportal/ontologies/download/44678>
WHERE
{
?x rdf:type/rdfs:subClassOf* research:Telecommunication_scheme

}
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Value Set Service
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%) (M) (&) (=) (|| hup://xiphoid:8080/QueryService/ParameterizedQueryResults?qid=62

Most Visited ¥  Getting Started Latest Headlines &

D http:/ /xiphoid....ryManager.html# € n D DXBrain Project - Query (%) [l [ ] htp://xiphoid:...yResults?qid=62 €3 |

<rdf:RDF

xmlns:
xmlns:
xmlns
xmlns:
xmlns:
xmlns
xmlns:
xmlns:
xmlns
xmlns:
xmlns:
xmlns:
xmlns:
xmlns:
xmlns:
xmlns
xmlns:
xmlns:
xmlns
xmlns:
xmlns:
xmlns
xmlns:
<rdf:Des
<valse
<valse
<valse
<valse
</rdf:De
</rdf :RDF>

OCRe-Start-Here="http://purl.org/net/OCRe/OCRe~-Start-Here#"
protege="http://protege.stanford.edu/plugins/owl/protege#"

:research="http://purl.org/net/0OCRe/research.owl#"

xsp="http://www.owl-ontologies.com/2005/08/07 /xsp.owl#"
owlapi="http://www.semanticweb.org/owlapi#"

:study_protocol="http://purl.org/net/OCRe/study_protocol#"

clinical2="http://purl.org/net/OCRe/clinical.owl#"
valset="http://sig.uw.edu/valueset#"

:statistics="http://purl.org/net/OCRe/statistics.owl#"

owl2xml="http://www.w3.0rg/2006/12/0wl2-xml#"
swrlb="http://www.w3.0rg/2003/11/swrlb#"
fma3="http://sig.biostr.washington.edu/fma3.0#"
rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
study_design="http://purl.org/net/0OCRe/study_design.owl#"
study_exposure="http://www.hsdb.org/StudyExposure.owl#"

:study_protocol2="http://purl.org/net/OCRe/study_protocol.owl#"

clinical="http://purl.org/net/0OCRe/clinical#"
owl="http://www.w3.0rg/2002/07 /owl#"

:xsd="http://www.w3.0org/2001/XMLSchema#"

swrl="http://www.w3.0rg/2003/11/swrl#"
ontologies="http://purl.org/net/OCRe/"

:owl2="http://www.w3.0rg/2006/12/0owl2#"

rdfs="http://www.w3.0rg/2000/01/rdf-schema#" >

cription rdf:about="http://sig.uw.edu/valueset#set">

t:hasMember rdf:resource="http://purl.org/net/OCRe/OCRe-Start-Here#tel"/>
t:hasMember rdf:resource="http://purl.org/net/OCRe/OCRe-Start-Here#mailto"/>
t:hasMember rdf:resource="http://purl.org/net/OCRe/OCRe-Start-Here#x-text-fax"/>
t:hasMember rdf:resource="http://purl.org/net/OCRe/OCRe-Start-Here#http"/>
scription>



View Query Manager Further Work

* Additional query languages
* Graphical user interfaces

* Results visualization

* Optimize execution time

* Views over views

* Deliver to NCBO



Projects

Foundational Model of Anatomy
Ontology Views

Data management

Data integration

Visualization




Visualization



The Intelligent Virtual Cadaver

e Collaboration with ISIS
e Uses Biolucida
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Projects

Foundational Model of Anatomy
Ontology Views

Data management

Data integration

Visualization



Foundational Model of Anatomy:
Challenges

Representing development
Conversion to OWL 2
Modularity

How to allow multiple contributors while also
maintaining principles



Ontology Views: Challenges

* |ncorporating semantics
e User interface and results visualization
* Response time



Data Management: Challenges

* How to create a custom data management
tool for little cost

 How to utilize standards and ontologies from
the outset



Data integration: Challenges

How to make it lightweight
How to ensure interoperability

Privacy and security
Scalability and response time
Integration with larger efforts
Usability



Visualization: Challenges

* Integration with other tools
* Content creation
e Usability



Funding

Ontology views

RadlLex

OcRE

UW Neuroproteomics Center
ITHS

SIS

caBIG

NLM fellowships

Facebase

IBIC
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Towards a Structural Information
Framework



