A Review of Relevant Ontologies and
Application of Reasoners
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Outline

= Using ontologies and reasoners for classification
= Anatomy and Stage Ontologies

= Example of ontologies and reasoning at work: diagnosing
diseases

= Environmental ontologies

= How to exchange data better



(?) What is an Ontology?
@ Definition: @ Key Features:

A formal = Terms are defined
conceptualization = Relationships between terms are
of a specified defined, allowing logical inference
domain and sophisticated data queries

= Terms are arranged in a hierarchy

= Expressed in a knowledge
representation language such as
RDFS, OBO, or OWL

@ Examples:

SNOMED, Foundational Model of Anatomy,
Gene Ontology, Linnean Taxonomy of species



Example taxonomy
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Ontologies enable queries to “just work” as
you would hope.

FILTERS
Forebrain
» frontal lobe (25 samples) a
» postcentral gyrus (4 samples)
» parietal lobe (10 samples)
» corpus callosum (3 samples)
» duodenum (2 samples)

Atlas

Developmental stage

[ fetal [ adult

[ newborn
Genetic alteration Species
[ wildtype ] human
[ knockout ] mouse

[ other

Biosamples of ‘forebr?’.,” usenIN:0001890

00+ biosagiples in forebrain’

Human (Homo sapiens)

Without ontological
“subsumption” reasoning,
synonym formalism, the
user would either need to
do 17 different queries, or
get an incomplete set of
results.

= 10031-101E4 (temporzal lobe, adult, pooll) l
» 10032-101ES5 (postcentral gyrus, adult, pooll)

» 10034-101E7 (parietal lobe, adult, pooll)

» 10035-101E8 (paracentral gyrus, adult, pooll)

» 10036-101E9 (occipital pole, adult, pooll)

= 10037-101F1 (nucleus accumbens, adult, pooll)

= 10039-101F3 (insula, adult, pooll)

= 10040-101F4 (frontal lobe, adult, pooll)

» 10042-101F6 (corpus callosum, adult, pooll)

» 10071-10118 (duodenum, fetal, donorl)

M (Mus lus) l

» 10235-104A1 (visual cortex - wildtype)
= 10236-104A2 (visual cortex - wildtype)
= 10237-104A3 (visual cortex - wildtype)
= 10238-104A4 (visual cortex - wildtype)
= 10239-104A5 (visual cortex - wildtype)
= 10240-104A6 (visual cortex - wildtype)
= 10241-104A7 (visual cortex - wildtype)
= 10242-104A8 (visual cortex - wildtype)
» 10243-104A9 (visual cortex - wildtype)
= 10244-104B1 (visual cortex - Mecp knockout)



Ontologies

Ontologies
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Ontologies are formal classifications

Appendage
Tall
Median fin
Paired fin
Pectoral fin
Pelvic fin

appendage

Paired fin

Pectoral
fin



Relationships also support classification

‘pectoral fin radial’ SubClassOf part_of some ‘fin’

part_of some
fin’

pelvic
adductor
profundus

pectoral
fin radial




Necessary and sufficient conditions

Any sense organ that functions in the detection of smell
IS an olfactory sense organ

capable of
some

detection of
smell

olfactory
sense
organ

sense organ




Classifying

capable _of some

sense organ detection of smell ‘

capable of
some

detection of
smell

Sense organ

@ These are necessary and sufficient conditions, also
called an equivalent class axiom



Using reasoners to detect errors

UBERON: bone

B ..

Drosophila melanogaster UBERON: tibia
IS_a IS_a
part_o:\ S - A;rt_of

emur Femur

Trochanter

Fatella =

Tibhia
Fibula

Fruit fly FBbt ‘tibia’ Human FMA ‘tibia’



Using reasoners to detect errors

only in_taxon
UBERON: bone W \/ertebrata

B ..

Drosophila melanogaster UBERON: tibia
IS_a IS_a
part_o:\ S - A:\rt_of

emur Femur

Trochanter

Fatella =

Tikia
Fibula

Fruit fly FBbt ‘tibia’ Human FMA ‘tibia’



Using reasoners to detect errors

only in_taxon
UBERON: bone W \/ertebrata

—p
disjoint_with * T .
IS_a

is_a

—

Drosophila melanogaster UBERON: tibia

IS_a IS_a
part_o:\ / X A:lrt_of

Femur '
Trochanter

emur

Fatella =

Tibhia
Fibula

Fruit fly FBbt ‘tibia’ Human FMA ‘tibia’



A compendium of interoperable ontologies

Functional Genomics: Gene
function

Transcriptomics, proteomics:
Gene expression

Phenomics and assays:
Effects of gene mutations
and environment and their

measurement

Environments: drugs,
exposures, life history

Disease: Effects of gene
mutations + phenotypes
environment + staging

-« 5 &y Wy oy o







P patof S start_stage The Zebrafish Anatomy and stage ontologies
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The Zebrafish Anatomy and stage ontologies
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anatomical
structure
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' respiratory gaseous exchange
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ONTOLOGIES
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Mungall et al. (2012). Genome Biology,
13(1), R5. doi:10.1186/gb-2012-13-1-r5

Kohler et al. (2014) F1000Research
2:30 Haendel et al. (2014) JBMS 5:21
doi:10.1186/2041-1480-5-21






The challenge of multiple perspectives: how can we

bridge these?
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Disease classifications and lists...there are a lot of them



i 4 disease resources
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Mungali Harmonizing disease vocabularies: http://bit.ly/Monarch-Disease
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http://bit.ly/Monarch-Disease
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Ontology 1 : . : .
mapping
Ontology 2 obl Inter-
o Ontology
Ontology .. v Mappings
mapping Hypothetical :
Ontology n curation Logical Axioms § segipt

plus Weights (H) Curation

 Probabilistic Ontology O°=<A,H>

Elk
Reasoner

Merged Coherent

Merge equivalent OWL Ontology

classes



http:monarchinitiative.org

MonDO: Merged Ontology of Disease Entities

“Ontology” Classes (before, after SubClass axioms Mappings
merge)

Inputs:

DOID 6878 - 6012
MESH (D) 11314 > 4152
OMIM (D) 7783 > 7783
Orphanet (D) 8740 - 4683
OMIA 4833 - 4833
DC 209 - 208
Medic 0

Output:

MonDO 39757 - 27617

7082
19036
0
15182
3120
310
8630

44837

36656

31242
20326
355
316
3435

https://github.com/monarch-initiative/monarch-disease-ontoloqy



https://github.com/monarch-initiative/monarch-disease-ontology

Phenotype ontologies



Different communities use different languages
Palmoplantar \ Dege_nerate
hyperkeratosis 4 AN fin

7 o' epithelium

Ulcerated
paws



Challenge: Each data source uses their
own vocabulary/ontology

4
:




Challenge: Each data source uses their
own phenotype vocabulary/ontology




Decomposition of complex concepts
allows interoperabillity

Human phenotype

increased

,-ﬂ.rlﬂ

“Palmoplantar

hyperkeratosis”

Stratum corneum
layer of skin

Species neutral ontologies, homologous concepts



Semantic similarity of phenotypes for disease
discovery

Human

Zebrafish Drosophila

mut

PAX6*"

pax6b”
EQ cornea opaque eye decreased size eye decreased size eye absent
S Jris absent lens fused to cornea lens decreased size
retina degenerate iris morphology retina malformed
lens opaque .
aqueous humor of eyeball ants rlortch:amber
increased pressure BOseEn
FMA+PATO MP ZFA+PATO FBbt+PATO

"Linking Human Diseases to Animal Models Using Ontology-Based Phenotype Annotation.”" PLoS Biol 7(11): e1000247.
doi:10.1371/journal.pbio.1000247 Washington NL, Haendel MA, Mungall CJ, Ashburner M, Westerfield M, Lewis SE



The Human Phenotype Ontology for
deep phenotyping

2150 phenotype
annotations



Ontologies at work:
Data integration and disease
diagnosis
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A Data types covered by Monarch ::Iir:ﬁn::i sources

-
.
)
F

_.
()

C: Mappings to bridging ontologies,
I 1

- B: Monarch data sources and onfology annofations

e o & O

0000 O
e @

@

L

&

L] o
® @

MGl

ZFIN
Ensembl
NCBI
UCSC
HGNC
BioGrid
Panther

w2 Do %g_ﬁﬁ,ﬁgg f l
com == ﬂ g = o = . .
fiifEii it Dawsource Ontology ~ Bridging
5" = = .:ui,' oL N Monarch annotations mappings nrology
: ® ®® ClinVar msgﬁen UMLS "
e e L PR 1 DOID 7]
@ & Gene Revs <
o0 & OMIM db MONDO ELER s
®@® HPOA OMIM i
o0 & Orphanet ORDO
e ®® GwAS . “Elements of Morphelogy &
L X o0 Coriell RERY HP -
& e o KEGG EFO E
o o0 eee OMIA VT UPheno =

" IEEETEMAPA 7
Zt GENO O
ZFA =
20 L
e} -
O
FALDO
Contributed
# Annctated fo mony sources | (S0
= Annotated to all sources ECO . Maintained

= Annotated to all sources RO lCreu’red




Phenotypic matchmaking for disease diagnostics

Gene D Patient A Gene M or

One or more homology gene aen[eu orthology Genotype

mnowuto OllllllllngvevngI%e Oueennnnnnn M
DieeaseD
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C\)
Je muun 8 comatng PSS ON
D Y N

Phenotype Profile




Combining genotype and

phenotype data for variant prioritization
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Putting all that data to use to diagnhose a rare
platelet syndrome

http://bit.ly/stimd1paper

|5 B Ranked STIM-1 variant maximally pathogenic mona rCh
EXOM SER based on cross-species G2P data, C@ NITIATIVE

in the absence of traditional data sources

http://bit.ly/exomiser
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http://bit.ly/stim1paper

What about environment and
exposure ontologies?












| = Occupational diseases caused by exposure to agents arising
from work activities

1.1, Diseases caused by chemical agents

o U [ Diseases caused by beryllium or its compounds

112 Diseases caused by cadmium or its compounds

1.1.3. Diseases caused by phosphorus or its compounds International
1.1.4.  Diseases caused by chromium or its compounds Labour
IS Diseases caused by manganese or its compounds Organ'zat'on
1.1.6. Diseases caused by arsenic or its compounds

el 7 Diseases caused by mercury or its compounds

1.1.8. Diseases caused by lead or its compounds

ilnt, Diseases caused by fluorine or its compounds

1.1.10.  Diseases caused by carbon disulfide

1.1.11. Diseases caused by halogen derivatives of aliphatic or aromatic hydrocarbons
1.1.12.  Diseases caused by benzene or its homologues

1.1.13. Diseases caused by nitro- and amino-derivatives of benzene or its homologues
1.1.14.  Diseases caused by nitroglycerine or other nitric acid esters

1.1.15. Diseases caused by alcohols, glycols or ketones

1.1.16. Diseases caused by asphyxiants like carbon monoxide, hydrogen sulfide, hydrogen cyanide
or its derivatives

1.1.17.  Diseases caused by acrylonitrile
, 1.1.18. Diseases caused by oxides of nitrogen
s M 1.1.19. Diseases caused by vanadium or its compounds

' f_ 1.1.20. Diseases caused bi antimoni or its comiounds .



3.

3.1
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Occupational cancer

Cancer caused by the following agents

Asbestos

Benzid
Bis-chl
Chromil
Coal ta
Beta-n3
Vinyl ch

Benzer, Can we make these lists computable?

Toxic n
lonizing
Tar, pit
these s
Coke o
Nickel
Wood g
Arseniq
BerylliJ
Cadmit

Translate them into a form a machine can

residues of
understand and reason over?

Erionite
Ethylene oxide

Hepatitis B virus (HBV) and hepatitis C virus (HCV)

International
Labour
Organization

. 3.1.21. Cancers caused by other agents at work not mentioned in the preceding items where a



We have a precise machine-readable language for
describing some environmental exposures

=
e —
I 2 : 4
y 1

= CCOC(=0)CC(SP(=S)(OC)OC)C(=0)OCC

]
{
4

S0 0 CH,

H-C P O CH
CHEBI:6651 0“1 s Bogr

CheBIl is a chemical ontology


http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI:6651

But others are harder to define
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Image: Zol87 CC by/nc



¥..

conditions

v

V.

‘control conditions’

‘experimental conditions’

" 'biological treatment’

b 'bacterial treatment’

B "fungal treatment’

----- ‘germ free’

----- ‘protozoan treatment’

----- 'vaccine treatment’

B 'viral treatment’

B 0 xenotransplantation
‘chemical treatment’

----- ‘chemical treatment by diet’

----- ‘chemical treatment by injection’
diet
‘electromagnetic field'
‘food availability'

- gravity

'housing conditions”
'in vitro culture’

- 'lighting conditions’

b "light duration’
B 'light intensity'

- @ 'physical alteration’

b ablation

----- abrasion

g "cold damage'

----- contusion

----- laceration

- 'light damage’

----- perforation

B 0 "surgical manipulation’
radiation

- stress

» & 'mechanical stress’
e 'stress by handling’

- 'temperature exposure’

b 'stable temperature exposure’
B "temperature shock'

- 'water quality’

b 'gas composition’

b @ "ion composition’

B 0 "'water salinity’
‘standard conditions’

----- ‘'chemical treatment by environment’

The Zebrafish
Environmental

Conditions Ontology

https://github.com/ybradford/zebrafish-
experimental-conditions-ontology


https://github.com/ybradford/zebrafish

The Environment Ontology

* Originally created for
metagenome samples
e Characterize microbial
environments

Material

Water

Soil

Air
Features

Natural

Anthropogenic

 Extended for ecological BIOT: ?restrial
science Aquatic
e The “Earth Phenotype Polar
Ontology” Process
 Being adapted for human Erosion
exposures Pollution
Biological
Algal bloom...

Buttigieg, P. L., Morrison, N., Smith, B., Mungall, C. J., & Lewis, S. E. (2013). The environment ontology: contextualising
biological and biomedical entities. Journal of Biomedical Semantics, 4(1), 43. doi:10.1186/2041-1480-4-43
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CHEBI: chemical classification

organmo carbocyclic organooxygen
compound compound

aromatic
compound

benzenoid ] carbonyl

aromatic
compound compound

is_a lis_a is_ is_ IS_ application

benzenes aromatic carboxylic : pharmacological aetiopathogenetic
ester ester - role role

diester IS_ is_ plasticiser

PPAR teratogenic
modulator agent

is_a |has role



http:monarchinitiative.org

Environmental conditions, treatments
and exposures ontology (ECTO)

PECO

Pombe ExO NCI
experimental Exposure Thesaurus
conditions

ontology clinical

ontology

SNOMED

clinical

ZECO:
Zebrafish

environmental
conditions

XCO

Experimental
conditions
ontology

MRE

Medically
relevant
exposures

-\

https://github.com/cmungall/environmental-conditions
monarchinitiative.org


http:monarchinitiative.org
https://github.com/cmungall/environmental-conditions

The Ontology of Biomedical Investigations

/‘( Measure Funl:tlm:J

Process:

Collecting

specimen from
organism ¥

Ty
r .
] "

—~ ;‘:.
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I

4

is realized by —
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el

G |

Process:
Analyte assay

Glucometer /

i Measurement Datum
Lo f 1.2 mg/mi
reiied Sen
sm m Eﬂﬁctﬂ“:l'td \ has specified input
/,r' has specified input has specified output
inheres In \
located in
"\
/s realized by
Spaciman H-nla
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e (VO (o)« Vi)
inheres in part af inheres in

(2016) The Ontology for Biomedical Investigations. PLOS ONE 11(4): e0154556. doi:10.1371/journal.pone.0154556
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154556



http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0154556

Recording and exchanging
phenotype and environmental
data...better




WebPhenote and Noctua

A causal/spatiotemporal network curation environment

Form-based Graph-based

Add individual

Add annoton

Add function

Add process

Info Individuals Indv. Rels. Remote Activity

ID gomedel:56e6241400000000
Name Example - Parkinson's Disease
Individuals 3
Indv. Rels. 2
Annotations none

http://create.monarchinitiative.org/

Unifying Biology

GENEONTOLOGY noctua.berkeleybop.org



http:noctua.berkeleybop.org
http:http://create.monarchinitiative.org

Computable encodings are essential

g Genes . Environment Phenotypes
Base pairs Medical procedure coding Human Phenotype
Variant notation (eg. HGVS) Ontology
@ @ ICD-10 Q@oo

@ SNOMED

HGV S| PheKB




Standard exchange formats exist for genes ...

but for phenotypes? Environment?

g Genes

Environment Phenotypes

‘F;% Global Alliance



If it is alive, it can be PhenoPackaged

Patients & Cohorts
Rare Disease Pe,&i%?:ilied
Diagnosis
| |

Disease vectors Model Organisms
. . . Drug discovery
Ep|dem|ol9glcal Mechanistic ' & Development

Monitoring : - .
Discovery :

Biodiversity Crops

Environmental Genetic
Monitoring 'é ngineering


http://i.vimeocdn.com/video/417366050_1280x720.jpg

A semantic vision for environmental health
research

-

=
v

Environmental EHS toolkit Knowledge
data
0
- | Shop for concepts
Search existing terms Develop custom sets of terms Augment ontologies Search and index

health
\_ Data generation Review existing annotations Detect gaps Enrich data with annotations annotated data Reuse data Y,

Laying a Community-Based Foundation for Data-Driven Semantic
Standards in Environmental Health Sciences

https://ehp.niehs.nih.gov/15-10438/


https://ehp.niehs.nih.gov/15-10438

NICEATM News

For updates on the SEAZIT project and other activities
related to in vitro alternatives, subscribe to the

NICEATM News emaill list.

— To subscribe to the NICEATM News email list, go to:
https://tools.niehs.nih.gov/webforms/index.cfm/main/formViewer/for

m id/361
— Check the NICEATM News box and click submit

National Toxicology Program

U.5. Department of Health and Human Services

Home | Testing Information | Study Results & Research Projects | Public Health

Home » Contact Us » Subscribe to News Updates

NTP Quick Links:

Subscribe to News Updates

Have notices of NTP or NTP Interagency Center for the Evaluation of Alternative Toxicological Methods news, events, and publications delivered to your
inbox.

Subscribe to know the latest happenings including:

« Meelings, workshops, and other events

» Federal Register notices and Requests For Comment
« Funding opportunities for alternative methods

+ Test Method Evaluations

« Additions to NTP Reports series

« NTP Update Newsletier

« Report on Carcinogens

‘You may always unsubscribe using directions at the bottom of each email.

Note: « denotes required information.

* subscribe to: LI NTP Listserv
NICEATM News

* Email
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Back to foj

Annual Report for FY2015
Calendar & Events
Databases, Searches & Other Resources

Evaluation of Alternative Toxicological
Methods

Federal Register Notices

Health Assessment and Translation
Nominate & Provide Inputto NTP
Patholagy Tables for Peer Review
Reports & Publications

Report on Carcinogens

Search Substances Studied by NTP
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