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NCBO: Key activities

• We create and maintain a library of 
biomedical ontologies.

• We build tools and Web services to enable 
the use of ontologies and their derivatives.

• We collaborate with scientific communities
that develop and use ontologies.



www.bioontology.org



4

Go to BioPortal
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Ontology 
Services

• Download
• Traverse
• Search
• Comment

Widgets
• Tree-view
• Auto-complete
• Graph-view

Annotation 
Services

Data 
Services

Mapping 
Services

• Create
• Download
• Upload

Views

Concept 
recognition

Fetch “data” 
annotated with a  
given concept

http://bioportal.bioontology.org



ONTOLOGY SERVICES

Accessing, browsing, searching and traversing ontologies in Your
application
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www.bioontology.org/wiki/index.php/NCBO_REST_services



http://rest.bioontology.org/<SERVICE>

Code Specific UI



http://rest.bioontology.org/bioportal/ontologies



http://rest.bioontology.org/bioportal/search/melanoma/?ontologyids=1351



http://rest.bioontology.org/bioportal/virtual/ontology/1351/D008545



Wikipathways uses Ontology Services





Biositemaps Editor



VIEWS

Custom subsets of large ontologies



Views and Value Sets

• Users can contribute their derivatives of BioPortal 
ontologies, 
• which become first-class objects in BioPortal and can be 

used as all other ontologies are (e.g., as value sets)

• Recently added: a view-extractor service
• Enables users to extract a subtree of an ontology in OWL

19



Views in BioPortal
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MAPPINGS

Using NCBO technology to integrate terminologies and ontologies



Mappings

Root

Term-1 Term-2

Term-3 Term-4

Term-5
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Ontology A Upload or Download 
mapping subsets

Ontology B



Using Mappings for query federation

Seizure

Single 
Seizure

Partial
Seizure

Complex
Seizure

Seizure NOS

Epilepsy

Temporal
Epilepsy

Partial
Epilepsy

Single
Seizure

Direct Mappings

FROM (site #1) TO (site #2)

Convulsion disorder



WIDGETS

Using NCBO technology on your web pages



Ontology Widgets

UI components with 
“BioPortal inside”:

• term-selection widget for 
a specific ontology

• form fields with auto-
complete from a specific 
BioPortal ontology

• RSS feed for an ontology

• Visualization widget

• Tree widget



ANNOTATOR SERVICE

Using Ontologies to Annotate Your Data



Annotation as a Web service

Process textual metadata to automatically tag text 
with as many ontology terms as possible.



Annotator: workflow

• “Melanoma is a malignant tumor of melanocytes which 
are found predominantly in skin but also in the bowel and the eye”.

– 39228/DOID:1909, Melanoma in Human Disease

• Transitive closure
– 39228/DOID:191, Melanocytic neoplasm, direct parent of Melanoma in Human Disease
– 39228/DOID:0000818, cell proliferation disease, grand parent of Melanoma in Human Disease



Code

Word Add-in to call the 
Annotator Service

?

Annotator service

Multiple ways to access

Specific UI

Excel

UIMA platform



DATA SERVICE

Using Ontologies to Access Public Data



Resource index: The Basic Idea

• The index can be used for:

• Search

• Data mining



Resources index: Example

http://www.ncbi.nlm.nih.gov/projects/geo/gds/gds_browse.cgi?gds=1989�


Code

Resource Index

Multiple ways to access

Specific UI Resource Tab

• Resources annotated = 22
• Total records = 3.5 million
• Direct annotations = … million
• After transitive closure = 16.4 Billion



PART-II



Use-cases based on ontology 
services



Sample user needs

• I need to restrict user input to a certain value set

• I need to extract the disease branch from 
SNOMEDCT

• I need to identify all terms mapped to UMLS CUI 
C0151779

• I need to code/annotate free-text with ontology 
terms
– For data exchange, export to standard formats



Use-cases for users of i2b2



Aim 1: Integrate NCBO services in i2b2

• Preliminary results:
• Export any ontology stored in BioPortal into the format 

used by i2b2’s ontology cell

• Future Work:
• Make the export code available as a service
• Embed the extraction code into the i2b2 Ontology Cell

to “pull” content
• Ensure we have the latest versions of ontologies used 

by i2b2 and CTSA users (ICD9, ICD10, SNOMEDCT, 
RXNORM, LOINC, CPT)



Aim 2: Mappings for query federation

• Preliminary result:
• Worked out the workflow for using mappings for query 

translation
• Detailed discussions with the HOM and OpenMDR groups to 

define use-case and elicit requirements

• Future work:
• Use BioPortal as the shared repository for inter terminology 

mappings
• Tackle access, IP, performance, and institutional issues

• Key features
 Import outside mappings
Update mappings when versions change
Mechanism to curate mappings
• Support proprietary curation and content



Using Mappings for query federation

Seizure

Single 
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Partial
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Use-cases based on automated 
annotation



Ontology based annotation

20 diseases



Disease card



Tm2d1

RGD1306410

Svs4

Hbb

Scgb2a1

Alb

+

Linking annotations to data
(by Simon Twigger)



Hbb is_expressed_in rat kidney
Tm2d1 is_expressed_in rat kidney

Tm2d1

RGD1306410

Svs4

Hbb

Scgb2a1

Alb

+



Annotation Analytics



High throughput data

• “high throughput” is one of those fuzzy terms that is 
never really defined anywhere

• Genomics data is considered high throughput if:
– You can not “look” at your data to interpret it
– Generally speaking it means ~ 1000 or more genes and 20 

or more samples.

• There are about 40 different high throughput 
genomics data generation technologies.
– DNA, mRNA, proteins, metabolites … all can be measured



How do ontologies help?

• An ontology provides a organizing framework for 
creating “abstractions” of the high throughput data

• The simplest ontologies (terminologies, controlled 
vocabularies) provide the most bang-for-the-buck
– Gene Ontology (GO) is the prime example

• More structured ontologies – such as those that represent 
pathways and more higher order biological concepts – still have to 
demonstrate real utility.



Black box of Analysis

Analyzing Microarray data

Preprocessing:
Normalization
Flag ‘bad’ spots
Handling duplicates
Filtering
Transformations

Raw Data:

Lists of “Significantly 
changing” Genes.

End up: ‘Story telling’



Gene Ontology (GO)



Generic GO based analysis routine

• Get annotations for each 
gene in list

• Count the occurrence (x) 
of each annotation term 
in gene list

• Count the occurrence (y) 
of that term in some 
reference set (whole genome?)

• P-value for how 
“surprising” is it to find x, 
given y.

Set

Reference

x

y



DIY Ontology Enrichment Analysis

Live Demo



Cfl1

Cofilin is a widely distributed intracellular actin-modulating
protein that binds and depolymerizes filamentous F-actin and
inhibits the polymerization of monomeric G-actin in a pH-
dependent manner. It is involved in the translocation of actin-
cofilin complex from cytoplasm to nucleus. … The sequence
variation of human CFL1 gene is a genetic modifier for spina
bifida risk in California population

G-n Some text …

:

Cfl1 spina bifida

G-n Some disease condition

:

Cfl1 spina bifida

G-n Some disease condition

:

http://rest.bioontology.org/obs/rootpath/<ontologyid>/<conceptid>

http://rest.bioontology.org/obs/annotator



Mutation enrichment



Data mining: Drug, Disease, Gene relationships

Example: 
p(salmeterol | Asthma, ADRB2) = 0.07
p(salbutamol | Asthma, ADRB2) = 0.16

At best these are pointers to hypotheses: 
• Stronger biomarker? 
• More reported side effects? 
• Simple recency? 
• Many interpretations are possible!



Disease Annotations – by Paea LePendu

Cfl1

Cofilin is a widely distributed intracellular actin-modulating
protein that binds and depolymerizes filamentous F-actin and
inhibits the polymerization of monomeric G-actin in a pH-
dependent manner. It is involved in the translocation of actin-
cofilin complex from cytoplasm to nucleus. … The sequence
variation of human CFL1 gene is a genetic modifier for spina
bifida risk in California population

G-n Some text …

:

:



An Ontology Neutral analysis tool

www.bioontology.org/wiki/index.php/Annotation_Summarizer

Sunday, 11/14, 3:30 – 5:00 PM, Session S07 in Lincoln West



Patient cohort analysis

Extended 
criteria 
kidney 

transplant

Standard 
criteria 
Kidney 

transplant

P (A | B, C …)

P (A | B, C …)



An “enrichment experiment” on EHRs

• Corpus of 90,000 EHR discharge 
summaries, progress reports, and other 
notes

• 233 Patients with discharge diagnosis, 
“Abdominal pain, not otherwise specified.”

• Identify other diagnoses (and their 
abstractions) that are “enriched” in this 
sample.



Enrichment of EHR records 
selected for “Abdominal Pain”



Data driven medicine



Example: 
p(salmeterol | Asthma, ADRB2) = 0.07
p(salbutamol | Asthma, ADRB2) = 0.16

At best these are pointers to hypotheses: 
• Stronger biomarker? 
• More reported side effects? 
• Simple recency? 
• Many interpretations are possible!

Data mining: Drug, Disease, Gene relationships



Annotator

Lexicon Builder

Outcome 
of interest

Tuesday, Nov 16th, 3:30 to 5:00 PM
S76: Use of Knowledge Sources 

Biomedicine and Discovery



Example: 
p(salmeterol | Asthma, ADRB2) = 0.07
p(salbutamol | Asthma, ADRB2) = 0.16
p(readmission|Code-1, Code-8) = 0.70

These are pointers to hypotheses: 
• Stronger biomarker? 
• More reported side effects? 
• High risk of readmission?

Learning and Prediction Classification Summarization

ID-1 fever pain catheter prostate mass diabetes bleeding

ID-2 no pain swelling abdomen burning kidney stone 724.0

:

:

:

:

:

:

:

:

ID-n Code-1 Code-2 Code-8 Code-6 Code-3 Code-5 Code-2

Outcome 
of interest



Research questions

• Is it possible to perform “big-data” mining 
on medical records?

• Disease management

• Data-driven guideline design

• Risk and outcome prediction
• E.g. 30 day readmission for patients covered by 

Medicare cost $17.4 billion (2004 data in Jencks et al 

NEJM, April 2, 2009)



NCBO related talks

• Sunday, Nov 14th, 3:30 PM to 5:00 PM
• S07: Making the Most of Ontologies

• Monday, Nov 15th, 3:30 PM to 5:00 PM
• S39: Informatics Tools to Support Ontology 

Development

• Tuesday, Nov 16th, 1:45 PM to 3:15 PM
• S62: Managing Terminologies to Realize Clinical 

Benefits

• Tuesday, Nov 16th, 3:30 PM to 5:00 PM
• S76: Use of Knowledge Sources Biomedicine and 

Discovery



THE END
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www.bioontology.org/project-team
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