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e Links of Interest

* http://www.bioontology.org/wiki/index.php/
NCBO Web Services and the Development
of Semantic Applications
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Learning Objectives

REST Web services
BioPortal

NCBO Web Services
BioPortal SPARQL Endpoint
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X Learning Objectives

e Learn what Web services are available from
NCBO

* Learn how to programmatically use these
Web services

e Learn how to combine these Web services to
perform tasks



5
f REST Web Services

 Accessed via HTTP
— http://rest.bioontology.org/{parameters}

 Each unique URL is a representation of some
object

* Operations include GET, POST, PUT, DELETE
* Lightweight, easy to build



QO sioportal | Browse Search Projects Amnotate | AllMappings | All Resources Signn  Register  Help/About ~ Send Feedback
Nipha

Welcome to the NCBO Bioportal

Use BioPortal to access and share ontologies that are actively used in biomedical communities. You can search for terms in ontologies (try typing ‘Melanomat in the "Search all ontologies" box in the left
column), browse a list of ontologes in BioPortal (type “NCI Thesaurus” in the ‘Find an ontology” box in the middle column), search biomedical resources that we automatically annotated with ontology terms
(try typing “Melanoma" in the “Search resources” box in the right column). You can create ontology-based annotations for your own text., link your own project that uses ontologies to the description of those
ontologies , find and create relations between terms in different ontologies, review and comment on ontologies and their components as you browse them. Sign in to BioPortal to submit a new ontology or
ontology-based project, provide comments on ontologies or add ontology mappings.

my #Testset;
#open (PUBMED, *
open (PUBMED,
while (<PUBMED>){
chomp $_;
my (SelementId, SlocalElementID, SdictionaryID, SPM31 title, SPM3L_abstract, SPM31 ke
reshheadings) = split (/\t/,5.);
STestSet{S1ocalElenent D}

/AL1_current_work/NCB0/0ptra/QC/Pubmed/Pubmed_ET.txt") or die "Can't open il
/Pubmed_ET.txt") or die "Can't open input filewn";

SPU31_title SPMB1_abstr

my Sreq = new HTTP: :Request POST = y.org/obs_hibernate/annotator" ;
Sreq->content_typeC" application/x-wi

Iny Snunests = 0;
my TestText = shuffle (sort keys ATestSet);

foreach my Sk (€TestText){

Interface

[~ Search all ontologies [~ Find an ontology [ Search resources
Advanced Search Browse Ontologies > Advanced Resource Search
[ Most Vi s (May, 2010) [ Latest Notes [ Latest Mappings
Ontology Views relationship with Smoking Behavior (NCI ERMOntoloqy:BioMaterial (SysMO-JERM) =>
Thesaurus) BioMaterial (MGED Ontology)
Seems odd that Tobacco Use as a term Is
1612 disconnected from the term Smoking Behavior.
Although To... BioMaterial (MGED Ontology) =>
LT 1567 ERMOntology:BioMaterial (SysMO-JERM
SMOMEDC ncalTerss 17 terms to add under technique (NanoParticle
Ontoloay ERMOntoloqy:ReplicateType (SysMO-JERM) =>
Radlex 880 electron microprobe analysis environmental ReplicateDescriptionType (MGED Ontoloay)
transmission electron microscopy
Foundational Model of Anatom 804 spectrophotometry ele.
ReplicateDescriptionType (MGED Ontoloay) =>
ERMOntoloay:ReplicateType (SysMO-JERM)

Use serice;
~ <success>
irst max maxstr min minstr - <data>
ist>
- <ontologyBean>
# Read in text to annotate, this is just a dump of the _ET table for any resource in OBR: <id>40133</id>
8 X : <ontologyld>1290</ontologyld>

one reading input filen";
alar keys #TestSet, " entries in file\n"; <statusld>3</statusld>
- <categorylds>
# create a user agent <int>2817</int>
ny Sua = new LWP:
my Stimel <Jeategorylds>
Iy sav isFoundry>0</isFoundry>
my Savilor <dateCreated class="sql-timestamp">2009-06-25 15:52:15 0</dateCreated>
# make request to the desired URL <JontologyBean>
¢ gel. staford. ¥ - <ontologyBean>
od1. stanford. 0223

# set parameters </description>
my Stext = STestSet{sk}; <abbreviation>ATMO</abbreviation>
o <format>0BO</format>

Web Services

<displayLabel>ABA Adult Mouse Brain</displayLabel>
<description>Allen Brain Atlas P56 Mouse Ontology</description>
<abbreviation>ABA</abbreviation>

<format>OWL</format>

<versionNumber>10</versionNumber>
<contactName>Allen Institute for Brain Science</contactName>

</id>
<ontologyld>1099</ontologyld>
displayL Traditional
~ <description>
African Traditional Medicine Ontology (ATMO) describes the actors' function (healer, e
roles and the disease consideration.

i el

Browser



e BioPortal

Outline



OBioPortaI Browse  Search  Mappings

Recommender  Annotator  Resourceindex  Projects

Welcome to BioPortal! For help using BioPortal, click on this icon: @

Search all ontologies

Advanced Search

Find an ontology

Browse Ontologies >

Sign In ’ Help ’ Feedback

¥ Follow | @bioontology - 476 followers

B Like

111

Search resources

Advanced Resource Search

— Most Viewed Ontologies (October, 2011)

Ontology Views
National Drug File 7975
SNOMED Clinical Terms 3977
MedDRA 3293
Medical Subject Headings 1620
NCI Thesaurus 1227
— Statistics
Ontologies 294
Terms 5,670,579

— Latest Notes

RE: what's the difference between this note and
notes on mappings? (Biomedical Resource
Ontology) about 1 month ago by whetze

The Term Notes refer to comments or actions
requested on Terms in the ontology. The
Mapping Notes...

what's the difference between this note and
notes on mappings? (Biomedical Resource
Ontology) 2 months ago by imposimon

Would you guys please ahswer this fdr me?

Re: Why have you deprecated this? (Biomedical
Resource Ontology) 4 months ago by whetze
This term was deprecated because there was a
typo in the term name.

Whv have vnu denrerated thic? (Rinmediral

— Latest Mappings

b117. Intellectual functions (International
Classification of Functioning, Disability and
Health (ICF)) => Ability to perform cognitive
activity (SNOMED Clinical Terms)

] 8/11 samsontu

b110. Consciousness functions (International
Classification of Functioning, Disability and
Health (ICF)) => Consciousness related finding
(SNOMED Clinical Terms)

11/18/11 samsontu

b114. Orientation functions (International
Classification of Functioning, Disability and
Health (ICF)) => Orientation (SNOMED Clinical
Terms)

11/18/11 samsontu

b1109. Consciousness functions, unspecified
(International Classification of Functioning,

Disability and Health (ICF)) = Consciousness

http://bioportal.bioontology.org ‘
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e NCBO Web Services



//rest.bioontology.org }

[ http

~

http://bioportal.bioontology.org

Jump To: Melanor;\'a| ' ]

Legend ‘& Malignant melanoma (zynorym)
Amelanotic melanoma (preferred name)

Excision of melanoma (preferred name)
Melanoma in situ (preferred name)

Melanoma vaccine (preferred name)
T —

Expression, Expression of bladder, bladder, smooth,

bladder. muscle, muscle, smooth muscle, cells,
mechanical, mechanical = stimulation, stimulation,
Chronic, results, bladder overdistension, associated,

associated with,

Biosoues
@
@
=g
%22

sources

with, loss, genes, altered

16.4 Billion

. nnotations Indexed
. 2.4M

mappings

ontologies

3.5M
elements



ONTOLOGY WEB SERVICES

Accessing, browsing, searching and traversing ontologies in Your application
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T Ontology Web Services

* List All Ontologies
— List all ontologies in BioPortal
— Documentation: http://bit.ly/sxL2Qj

— GoogleDoc Excel example:
http://bit.ly/ncbo-list-all-ontologies




— <success>
<accessedResource>/bioportal/ontologies</accessedResource> One OﬂtOlOgy id

<accessDate>2011-12-04 22:01:39.603 PST</accessDate>
— <date> has many ontology

- diSD ] n
+ <ontologyBean></ontologyBean> version i d S

+ <ontologyBean></ontologyBean>
+ <ontologyBean></ontologyBean>
— <ontologyBean> /
<id>44776</id>
<ontologyld>1351</ontologyld>
- <virtualViewlds>
<int>1420</int> T Ontology id
<int>1456</int>
</virtualViewlds>
<internalVersionNumber>3</internal VersionNumber>
- <userlds>
<int>38134</int>
</userlds>
<versionNumber>2011_2010_08_30</versionNumber>
<isRemote>0</isRemote>
<statusld>3</statusId>
<dateCreated>2010-11-09 11:16:42.0 PST</dateCreated>
<dateReleased>2010-08-30 00:00:00.0 PDT</dateReleased>
<isManual>1</isManual>
<displayLabel>Medical Subject Headings</displayLabel>
— <description>
Medical Subject Headings (MeSH);National Library of Medicine;Februrary, 2009;Bethesda, MD;ENG
</description>
<abbreviation>MSH</abbreviation>
<format>RRF</format>

Ontology version id



“ Ontology Web Services cont.

e Search

— Search by term or term identifier across all ontologies
in BioPortal

* Documentation: http://bit.ly/tMDkr6

 Example clients
— Java: http://bit.ly/ttTb1G
— Perl: http://bit.ly/sPXC2X
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+ Ontology Web Services cont.

* Term

— get details about a term including it’s definition,

synonyms, URI, super- and sub-classes, and other
properties http://bit.ly/teedbd

* Hierarchy

— get parent, children, and sibling terms
http://bit.ly/tPzm75




NOTES WEB SERVICES

Propose new terms and comment on ontologies



e Notes Web Service

* Add terms proposals and comments on
ontology terms

* Documentation:
http://www.bioontology.org/wiki/index.php/
Ontology Notes




Biomedical Resource Ontology [ Notes - |

Notes

Subscribe to notes emails

Show [ 50 %] entries Filtering Options » Search:

SUBJECT AUTHOR TYPE TARGET CREATED

New Term Pro I: Exercise Study Facil Physiology Facility (Class) 06/15/2010

New Term Proposal: Exercise Study Facility  archived
New Term Proposal submitted by Mette over 1 year ago on Physiology Facility in Biomedical Resource Ontology

Exercise Study http://bioontology.org/ontologies

Facility /BiomedicalResourceOntology.owl#Physiology_Facility
Physiology

facility child

A facility or core devoted to exercise studies

Responses e a | sowal

RE: New Term Proposal: Exercise Study Facility by whetzel over 1 year ago

Can you expand on what an exercise study is?

ranlu




WebProtégé

My WebProtégé ~ BRO *

Classes * Properties * Individuals * Notes and Discussions *

Add contentto thistab v [Ed Add tab

Classes ~|2/@x!| || Properties for Physiology Facility NBIEE

v | Search: | Type

= @ Resource - Property « Value
* Fundmg‘ Resource core:note pending final vetting: Refine definition
# & Information Resource . . =
@ ® Material Resource 1 core.pn?ﬂ.e-ibel Pnysiology Facmt-y B 2
@ © People Resource core:editorialNote pending final vetting: Refine definition
= » Service Resource definition A facility or core devoted to physiology

http://fen.wikipedia.orgiwiki/Physiolo
@ » Computational Service (http P g ysiology)

Data Storage Service rdfs:label Physiology Facility

= @ Facility Core e
Biosafety Level Facility ' BioPortal notes and proposals for Physiology Facility a)[2)@)xN
@ o Cell Biology Facility : . Date - :
Fabrication Facility 1 x|

Imaging Facility 1 New Term Proposal: Exercise Study Facility Tue Jun 15 13:59:36 PDT 2010 =
@ @ Molecular Biology Facility ' RE: New Term Proposal: Sleep Study Facility Tue Jun 15 22:18:05 PDT 2010 | ;
= @ Physiology Facility : RE: New Term Proposal: Exercise Study Facility Tue Jun 15 22:23:20 PDT 2010 -:
Cotomsett | e owe:(ouisno (3 :
Metabolism Facility : Type: ProposalForCreateEntity Status: | Under review| [ :
Neurological Facility 1 Body: | Afacility or core that provides services and equ Under review ay |a
Nutrition Facility 1 New term created 1
Sleep Study Facility : Rejected :
# ©» Research Animals Facility ' 3 Linked to existing term P
@ » Tissue Organ Facility 1 1
o Material Service : 1

http://protegewiki.stanford.edu/wiki/\WebProtege




VIEWS

Custom subset of large ontologies



e

s Views and Value Sets

e Users can submit their own derivatives of
BioPortal ontologies

— these which become first-class objects in BioPortal and
can be used as all other Web services
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Views in BioPortal

Views Create new view
Expand All | Collapse All

» CORE Subset of SNOMED CT

» Neoplasm_breast_cancer
» Neoplasm_hamartoma
» SNOMED Anatomy

~ SNOMED Clinical Findings

Description: The Clinical Finding subtree of SNOMED CT
Definition: Class subtree of ClinicalFinding
Ontology I1D: 2018

L}
| |
|}
» Definition Language: Manual

VERSION BASE VERSION CREATED CREATED BY ONTOLOGY FILE DIFF FILE VISIBILITY
1.2 2009_07_31 07/16/2010 Tania Tudorache, tudorache@stanford.edu  Download View Public
1.1 2009_07_31 03/23/2010 Tania Tudorache, tudorache@stanford.edu  Download View Public
1.0 2009_01_31 09/09/2009 Tania Tudorache, tudorache@stanford.edu  Download View Public

» SNOMED Ethnic Group

» SNOMED Morphologically Abnormal Structure
» SNOMED Organism

» SNOMED Terminos Clinicos

» SNOMED Test Findings
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s Views and Value Sets

 View Extraction Web service

— Given a root node term, extracts all child terms
http://bit.ly/uXeh?2s

* Access directly from Protégé via the BioPortal
Import plugin
http://protegewiki.stanford.edu/wiki/
BioPortal Import Plugin




MAPPING WEB SERVICES

Using NCBO technology to integrate terminologies and ontologies
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+ Mappings

Ontology A Ontology B Upload or Download
mapping subsets



.

 Mappings Web service

— Documentation:
http://www.bioontology.org/wiki/index.php/
BioPortal Mappings Service

* Functions
— Get
— Create/Upload

* Example Perl client to Get mappings:
http://bit.ly/tDKPQd




WIDGETS

Using NCBO technology on your web pages



Widgets

Form auto-complete — auto-complete function
and can return term URI, term ID or term
name

Jump To — auto-complete function to select
term and Jump To BioPortal to view term
details

Visualize widget — view the ontology structure
and relations

Tree widget — view the ontology tree

Code for widgets is available on BioPortal




Widgets

Example 1 (start typing the term name to get its full URI)

http://www.ebi.ac.uk/efo/EFO_0000756
Example 2 (get the ID for a term)

EFO_0000756
Example 3 (get the preferred name for a term)

[mela
melanocyte (preferred name)
MELAS syndrome (preferred name)
Drosophila melanogaster (preferred name)

' repos

‘ Form auto-complete

Jump To: melanoma / Go to BioPortal’\
melanoma (preferred name)
cutaneous melanoma (preferred name)
metastatic melanoma (preferred name)

. amelanotic skin melanoma (o
Example

http://w Results provided by NCBO BioPo J u m p I O

—

Get RSS feed for changes in  Ontology added 11/05/09

Experimental Factor Ontology Experimental Factor Ontology version 1.7 was added to the repository
Ontology Ontology added 10/07/09

Ontology Experimental Factor Ont

Get Code

RSS feed




Experimental Factor Onto... J@@&JI Ontology

Find:
= ® experimental factor
[ @ information entity
@ ® material entity
& ® material property
& ® process
@ site
& ® obsolete class

Experimental Factor Ontology

[Vj = subClassof

[¥] Hice Orphans
V] Arc Labels
V] Rotate Labels

¥ Node Types
Vi@ class

(© Add Node Filter

children 12
ArrayExpress_label information

EFO_URT http://wwmi.
ebl.ac.uk/ef
©/EFO_0001

source_definition an

Find:

Experimental Factor Ontology

popula

= @ e population

# { mixed sex population

=

+

1+

\ population based study

population growth assay

- prepeTey
1+ @ cell type
# @ chemical compound
# @ environmental factor
® gene
® hermaphrodite
# @ Instrument
i+ @ organism
# @ organism part
® organization
® pool
i+ @ population

@® material property

— Tree wi




Break



ANNOTATOR WEB SERVICE

Using Ontologies to Annotate Your Data



Annotator: The Basic Idea

* Tag textual metadata with ontology terms

-
<3 NCBI

Gene Expression Omnibus
GEOQ Publications FAQ MIAME Email GEO
Not logged in | Login 2

(Ve T semwen s |

NCBI > GEO > Accession Display 2

Scope: [ sef ~] Format: [HtmL -] Amount: [quie« ~| GEO accession: [Gse12391 =
Series GSE12391 Query DataSets for GSE12391

Status Public on Sep 30, 2009

Title Melanoma: comparison between common nevi, radial/vertical growth phase

an nevi

Organism Homo sapiens
Experiment type  Expression profiling by array

Summary T TeTaTvenyTar W
'skin cancers, it is still responsible for 80% of all skin cancer-related deaths. To
identify ig o gressi

eaks repair and downregulation of cellular adhesion genes were observed i

d .
e ™ T T

f " isi biopsies
from 18 common melanocytic nevi (CMN), 8 primary radial growth phase
melanomas (RGPM), 15 primary vertical growth phase melanomas (VGPM) and
5 melanoma metastases (MTS) were profiled using whole genome oligo-
microarrays. Differentially expressed genes for each progression step were
identified, and validation of selected transcripts by gRT-PCR was performed on
an independent cohort of fixed samples. The comparison between CMN and
RGPM showed 2n enrichment of Gene Ontology (GO) terms related to inter and
intra-cellular junctions, whereas the transition from RGPM to VGPM was
characterized by the deregulation of WNT3, MAPK and AKT pathways. In this
step, enrichment analysis underlined the alteration of biological processes
linked to 2poptosis. Upregulation of genes involved into DNA double-strand

Melanoma Genes Malignant melanoma

growth & development Structuralgene Growth Skin Skin  Skin Neoplasms

Nevus Neoplasms Abnormal or excess nevi DNA Oncogenes Genome Biological Processes Genome

isk Gene Expression Overall Heterogeneous analysis Intermediate Vertical Apoptosis Blopsy
Gene Expression Proflling DNA Mismatch Repailr Neoplasm Metastasis Nevus, Pigmented Down-Regulation Up-Regulation

Deoxyribonuclelc acld Pigmented nevl Circumpennate Polymerase Chaln Reaction Dysplastic Nevus Syndrome Family




Annotator Workflow

Tomorrow, and
tomorrow, and
tomorrow; creeps
in this petty pace
from day to c{:y,
until the last syll-
able of recorded
time. And all our
yesterdays have
lighted fools the
way to dusty

Raw Text

Mg:rep Meta'Map

Entity

Recognition
Tool

Dictionary

= ( )
—p |IS_a Transitive
Closure
v
|
|
( ™\
| Semantic Distance
S 18 e N J =
e 8 e | ey
= e I =
o — N e
Direct Annotations i
_______________ : — Mapping Semantically
: L ) Expanded
) | Semantic Annotations
BioPortal I Expansion
: Components . . .
it SV XM JOWL |
Ontologies

J




“* Annotator Web Service

* Tag free text with ontology terms

* Documentation:

http://www.bioontology.org/wiki/index.php/
Annotator Web service

 Example clients:
— Perl: http://bit.ly/vKYpCP
— Java: http://bit.ly/rRFoKd




DATA SERVICE

Using Ontologies to Access Public Data



Resource Index: The Basic Idea

\
9 NCBO
PharmGks VB
Pharmacogenomics Knowledge Base Biomedical
y ArrayExpress Resources
\ Index
e ’.\‘ 4 ) > —
Prot o Y B (56 BioPortal
- NCBO Annotator g & s =
) — s - — =i
o workflow @ = _
GoldVfer — &
CIoB e i
— - / DOID:1909 annotates PMID25263
ClinicalTrials.gov C0025202 annotates GDS2563
GO0:00565 annotates NCT25698

Conserved
Domains

MIM

Online Mendelian Inheritance in |

The index can be used for

e Search
* Data mining
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“ Resources index: Example

Gene Expression Omnibus

e.g., element GDS1989

Melanoma, concept (DOID:1909) in
ontology Human disease.



L Data Access

e Resource Index Web service

— Documentation:
http://www.bioontology.org/wiki/index.php/
Resource Index




