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IDOBRU: Brucellosis Ontology

« An ontology in the domain of Brucella and brucellosis
 Aligned with the IDO-core.

« Wide coverage: host infection, transmission,
symptoms, virulence factors, pathogenesis, diagnosis,
vaccines, and treatments. Note: Brucella vaccines are
imported from Vaccine Ontology (VO)

References:

- LinY, Xiang Z, and He Y. Ontology-based representation and analysis of host-
Brucella interactions. J Biomed Semantics. 2015, 6:37. DOI: 10.1186/s13326-
015-0036-y. PMID: 26445639. PMCID: PMC4594885.

LinY, Xiang Z, He Y. Brucellosis Ontology (IDOBRU) as an extension of the
Infectious Disease Ontology. J Biomed Semantics. 2011 Oct 31;2(1):9.

PMID: 22041276

Lin'Y, Xiang Z, and He Y. Ontology-based representation and analysis of host-
Brucella interactions. J Biomed Semantics. 2015, 6:37. PMID: 26445639.



Brucellosis and Brucella
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Ontological representation of RB51-
iInduced macrophage cell death

Live attenuated B. abortus vaccine RB51 (wboA gene mutant)
Induces macrophage cell death through activation of caspase-2
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How IDOBRU represents a Brucella
mutant lacking virulence gene: sodC
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IDOBRU representing Brucella Type IV
Secretion System (T4SS)
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Query IDOBRU using SPARQL

« SPARQL: a query language to query ontology

Identify 432 virulence Find 11 biological processes
factors stored in IDOBRU iInvolving Brucella virulence factors

- Prefixes - « -Template- « - StatementHelp - « Example 1, Example 2, Example 3, Example 4, Example 5 Ex:
prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns$>

—Prefises — = —Template— » - StatementHelp - v Example 1, Example 2, Example 3, Examg prefix owl: <http://www.w3.org/2002/07/cwlé>

- : : SELECT distinct ?p 2label

prefix rdf: <http://www.w3.o0rg/1999/02/22-rdf-syntax-nsg> from <http://purl.obolibrary.org/obo/merged/IDOBRU>

prefix owl: <http://www.w3.org/2002/07/owlés ?HERE

PREFIX gbo: <http://purl.obolibrary.org/obo/> 2n rdfs:subClassOf 2nl .

SELECT (count(distinct ?n) as ?count) ?2nl owl:onProperty <http://purl.obolibrary.org/obo/IDO_0101168>; owl:scmeValuesFrom ?p.

?p rdfs:label ?label .
from <http://purl.cbolibrary.org/obo/merged/IDOBRU> }

WHERE

{ Output format Table ~ Max Rows 20 «
Run Query | [ Reset |

0 z9fs:ubClagsOr ml . L funuen J| Recel

n %:M QQVQ:PR_OOOOOOOOI . [Resun][RawReguesthennalinkslITRawRosponsel

?nl owl:gnProperty gbo:BFO 0000053 ; owl:gomeValuesFrom obo:IDO 0100116 . p label

fotr bl o P PSP P T T e

1 http://purl.obolibrary.org/oboIDO_0101178 | ‘Brucella intracellular replication
http://purl.obolibrary.org/obo/IDO_0100895 | Brucella intracellular survival

OU'[DU'[ format Table ~ Max Rows 10 « http://purl.obolibrary.org/obo/IDO_0101170 | Brucella entry into host cell

[ Run CLLIEI'_l,I' “ Reset ] hitp://puri.obolibrary otgv’osoleO_OwO?BS»smoom Brucella resistance to oxidative stress inside BCV
hitp2//purl.obolibrary.org/obo/IDO_0100612 | Brucella intracellular replication in macrophage

http://purl.obolibrary.org/oboDO_0100927 [ Brucella intracellular growth

RESU“' |RE1W Requesb‘Permalinks| |REW RESDU”59| http://purl.obolibrary.org/obo/IDO_0100613 | Brucella intracellular survival in macrophage
hitp://purl.obolibrary.org/oboiDO_0101174 'Brucella intracellular survival in mouse
http:/ipurl.obolibrary.org/oboiDO_0100907 [Brucelia intracellular replication in Hela cell
hitp://purl.obolibrary.org/oboDO_0100610 [ Brucella entry into macrophage
hitp2//purl.obolibrary.org/obo/IDO_0100983 |Brucella intracellular trafficking




IDOBRU ontological representation of
Brucella diagnosis by omp-2 PCR
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Summary and Discussion

IDOBRU serves as a knowledge base of
brucellosis etiology, pathogenesis,
diagnosis, prevention, treatment.

It is a new way of extending IDO ...



Vaccine Ontology (VO)

VO: A biomedical ontology in the domain of vaccine
and vaccination

An OBO Foundry library ontology
Follow OBO Foundry principles

Utilize the Basic Formal Ontology (BFO) as its upper
level ontology.

A collaborative effect:
« University of Michigan
« |DO: Infectious Disease Ontology
« OBI: Ontology for Biomedical Investigations (OBI)
« GO: Gene Ontology

« Many ontology developers: Barry Smith, Lindsay Cowell,
Alexander Diehl, Richard H. Scheuermann, Bjoern Peters, ...

VM VaccineOntology  http://www.violinet.org/vaccineontology



http://www.violinet.org/vaccineontology
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How VO defines a vaccine?

BEO terms Asserted Class Hierarchy

+ entity
+ continuant
+ independent_continuant
+ material entity
OBI term _& processed material
& _—  +%accine
+ bacterial vaccine
+ Brucella waccine
+ Brucella abortus wvaccine
VO terms — - Brucella abhortus DA vaccinge pcOMA-SOD

- Brucella abortus RES1
- Brucella ahortus strain 149

Superclasses & Asserted Axioms

* Brucella abotus vaccing
¢ has part some (Brucella aborus lipopolysaccharide and {lacks pant some Brucella O-palysaccharide))

VO includes >1000 vaccines for >20 host species against >150
pathogens or diseases



Define and differ ‘vaccination’ and
‘Yvaccine immunization’ in VO

Equivalents Class Hierarchy
Thing
» (realizes some (material to be added role and (role_of some vaccine))) ¥ E'f'fj'wrr;m
and (realizes some (target of material addition role and (role_of some Tt process
anatomical entity or organismy))) + immunization

+ active immunization
- induction of adaptive immune response to antigen
- modification of adaptive immune response to antigen
- natural active immunizaticn
+ entity +vaccine immunization
- bacterial vaccine immunization
+
el , - Cancervaccing immunization
+ processual_entity - viral vaccine immunization
+ process - parasite vaccine immunization
+ planned process
+ processing material
+ adding a material entity into a target
+ administering substance in vivo

+vaccination

Asserted Class Hierarchy

Superclasses & Asserted Axioms

active immunization

hasz specified input some vaccine

achieves planned ohjective some immunization ohjedtive
realizes some (vaccine hostrole and (inheres in some grganismp)

« Both are processes

« Vaccination: administrating vaccine to inside host

* Immunization: priming or modifying adaptive immune
response to an antigen.

« Some vaccination may not result in immunization



VO-supported immunology data
Integration

Transfer VIOLIN vaccine data to VO directly.
Use VO to integrate different VIOLIN components.

The VO IDs more like primary keys in VIOLIN relational
database.

VIOLIN links its data contents to VO data

VO contents provide ports to integrate with other
existing data resources such as GO



VO supports VIOLIN vaccine data
Integration and sharing

VIOLIN: Largest vaccine research
database and analysis system VIOLIN: >3200
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eax 9 ===
Huve o
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Mational Center for Biomedical Ontology (MCBO) and the

Vaccine Literature Infestious Disease Ontolagy (00} initiatire

* Riedmann EM. Human Vaccines &amp; Immunetherapeutics: News

vO-Seihdiner Human vacoines & immunotherapeutios B(2) 2013 [PMID: 23440312]

Litesearch .
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Reference: He Y, Racz R, Sayers S, LinY, Todd T, Hur J, Li X, et al. Updates on the web-based
VIOLIN vaccine database and analysis system. Nucleic Acids Research. 2014. 42 (D1): D1124-D1132.
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VO integrates different vaccine data

Example: Afluria Influenza Vaccine

has bearer
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VO-based integration of vaccine
protection assay data

containing function is_device_for is_device_for containing function

is_ is_realized
realized : s _realized is_realizea is_realized _by
vaccine host role 9 pathogen role
is_a
= ; is_ a ; ;
T is a mheres_/ni
w y o
Administrating = Admlnlstratlng
-~ VacX substance in vivo substance in vivo Influenza Vius 3
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) target of
material to be material material to
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has_specified_ m specified_output | Survived Mice | js a 1 oasirement
organism <« = Survival value: 75

o datum
w unit: %

This model was also used for Brucella vaccine data meta-analysis

Reference: Brinkman et al. (2007). Modeling biomedical experimental processes with OBI.
Journal of Biomedical Semantics. 2010, 1(Suppl 1):S7. PMID: 20626927.



VO-based literature mining
of IFN-y gene interaction
network

Interferon-gamma (IFN-y; Gene symbol:
IFNG): Regulates immune responses
critical for vaccine protection.

Search “Interferon-gamma OR IFNG” in
PubMed: 69816 hits (~2 years ago) =2
5/2/2012:73696 hits.

Question: How can we identify the
generic IFNG interaction network and a
specific IFNG and vaccine-mediated
sub-network using all PubMed
publications?

I
I
PubMed Abstracts

H—
iy

Sentence Splitting

11

Gene Name Tagging and
Normalization

L

Sentence Filtering

il

Interaction Extraction
(Dependency Parsing and
Machine Learning)

1L

Network Centrality
Analysis

1L

IFNG and Vaccine
Related Genes




VO supports literature mining

VO classifies vaccines, e.g., live attenuated
vaccines

VO supports literature mining of vaccine-mediated
gene interaction networks

Predicts new vaccine candidates and gene
Interaction mechanisms

IFNG network

1060 genes IFNG-vaccine network

26313 interactions
102 genes
154 interactions



VO-based literature mining identifed more
genes interacting with “live attenuated
Brucella vaccine”
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CONDL Strategy:

Centrality and Ontology-based
Network Discovery using Literature data

Scientific Literature _u { - Corcept, e.g., vaccine }

L e - Known concept-related genes, e.g., IFNG

* 44— L -Ontology, e.g., VO
T —— Interaction Network Ontology (INO)
gene interaction netwark also developed to support mining of
* Interaction words
Centrality-based
netwa'ignatysis .‘ Ontology term network
+ + Ontology andysis
g Ontology term - gene
Concept-related genes > asenialions




VO Is also used to support he
development of other ontologies

* Ontology of Adverse Events (OAE)

* Ontology of Vaccine Adverse Events
(OVAE)

« Vaccination Informed Consent Ontology
(VICO)

VO has also been used as the ontology
model for developing Ontoanimal tools
(e.g., OntoFox, Ontorat) in He lab.



Discussion

What’s next?
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