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Great strides have been made in

empowering Public Health Agencies with

fast and reliable next generation

sequencing bioinformatics pipelines for I RI DA
bacterial pathogen identification and

phylogenic analysis.

-lRlDA Projects ~  Analysis ~

Projects 101 Samples Sequence Files

Details Files

samples Sample - sample8 - Files
Il 1D 61 EY hce23_S1_L001_R1_001.fasty %:15-_5 kB UI‘_3 May 20}‘1 o | &
20 Escherichia
fganism coli 0103 € hcc23_S1_L001_R2_001.fastq %:15-_5 kB UI‘_3 May 20‘15| &
9 Created 09 May 2016
& Modified P 055923 S1 1001 R1 001 fastq -':1;16-0 kB UI‘_3 May 20‘15| &
146.0 kB 09 May 2016
Upload Sequence Files & € 08-5923 S1 LO01 R2 001 fastq Fi D :y ted +
> 08-5578 S1 LOOL R1 001 fastg -':1;16-0 kB UIS_' May 20‘15| o &
€ 08-5578_S1 LOOL R2 001 fastg -':1;16-0 kB UIS_' May 20‘15| &

IRIDA Project: DNA sequencing and
analysis of food-borne pathogens.



But the contextual data ...

Public health area: Lots of data and
apps are using different vocabularies
about diseases, symptoms, taxonomy
identifiers, anatomy termes, ...

e Peer-to-peer data exchange and
querying is laborious to set up, and
brittle.

* How to Globalize software for
different agencies?

* When are their data entities the
same?

* Can we reuse fields and forms?

Rosetta Stone, 196 BC



OBOFoundry.org

A family of ontologies that (mainly) use one framework for describing
semantics of things, events, processes and mereology.

chebi Chemical Entities of A structured classification of o r's - D ® ®
Biological Interest molecular entities of
biological interest focusing
on 'small' chemical
compounds. Detail
doid Human Disease An ontology for describing (5 ) ' - D ® ® w
Ontology the classification of human
D)ey | diseases organized by
etiology. Detalil
go Gene Ontology An ontology for describing o r's - ® ®
D)ey | the function of genes and
gene products Detalil
obi Ontology for An integrated ontology for o r's - D ® ®
Biomedical the description of life-
Investigations science and clinical
D)ey | investigations Detail

Groups of ontologies are battling for global dominance!



Ontology coding (open source approach)

Ontobee www.ontobee.org

OLS www.ebi.ac.uk/ols Welcome to the EMBL EBI
AberOWL aber-o

rdfs:label [language: en]

population census

definition [language: en] ?

OntoFoxon The outcome of a population survey.

imports

[ETR Tl | Description: 'population census'

[Low level sq <! Equivalent To
# HOST BODY F

http://purl. i i
htths//purL.d @ census and ('is about' some 'population (PCO)")

EEEEEZI’;:;{-; and (is_specified_output_of some 'population
http://purl.¢ survey') and (is_specified_output_of only

http://purl.c ' . '
http://purl. population survey')
http://purl.g
http://purl.c
http://purl.c
http://purl.c
http://purl.c SubClass Of
http://purl.c = gun 5
http://purl. © 'has value specification' some count
http://purl.c
23:555553:'2 ©'is about' some 'earth area boundary census'
http://purl.c

©'is about' some population



http://www.ontobee.org
https://www.ebi.ac.uk/ols
http://aber-owl.net
http://bioportal.bioontology.org
http://protege.stanford.edu
http://obofoundry.org
http://ontofox.hegroup.org

GenEpiO: Combining Different Epi, Lab, Genomics and
Clinical Data Fields

LI GenEpiO __—

~N (Genomic Epidemiology
Application Ontology) Clinical Data

Patient demographics, Medical
History, Comorbidities,
Symptoms, Health Status

Lab Analytics
Genomics, PFGE
Serotyping, Phage typing
MLST, AMR

-

Sample Metadata
Isolation Source (Food, . _ o
Host Body Product, Epidemiology Investigation Reporting

Environmental), BioSample Exposures Case/Investigation Status

See draft version at https://github.com/GenEpiO/genepio



Epidemiology investigation

context
food l swab virulence / AMR
_ 0\
>equencing variants
& testing l
stool sputum phylogeny

taxonomy

symptoms
dis‘£as pathogen
demographics i \
infectious
anatomical
transmission
context Ay

Human and animalinfectious disease outbreaks share many qualities.
GenEpiO encapsulate the commonality of both kinds of host.



Epidemiology investigation

FoodOn context » ENVO ARO / CHEBI
food l swab virulence / AMR
. 0
>equencing variants
& testing
Human l
stool sputum 5 phenotype phylogeny
taxonomy
UBERON symptoms NCBIT
axon
1 DOID
EFO diseas pathogen
demographics i \
infectious
NDF-RT anatomical
transmission
context A

+ over 700 GenEpiO terms



'disease (DOID)'

‘.

'disease by infectious agent' I = - i . <
~ 'bacterial infectious disease' y case datum — ?
'!' . 'commgnsal bacterial mfectlo‘us ::"em‘\o\og ource W\"e‘ . ‘-mbly quality contrgy datum-
P 'toxic shock syndro—4... ep 905“" covity osure Y status'
v ® o i | g @R al aexP® .\ mic ass
©'primary bacterial infect & ¥ "o and yre\ate” eure €mbly datym,:
v @ botulism L gant™ L ted ex? xposu'e® ‘€mbly ang annotatio :
---- 'foodborne botulis ¥ 008 re ‘,e\ated e 0'5“"3‘ *Mbly methog' N Project objec
- @'infant botulism' ‘\‘\“*‘“\“a“‘\-e\?-""ed ex® Mbly name ( identifier)"
~ 'viral infectious disease’ ___ * _pwat ‘ C{N'\W‘ ' ren
=@ 'severe acute respiratory s ¥ oaenet@ S py' type -Collection
" L ' on ‘ce .
7 ¥ ho:;:.i:?igomv cat ) ;enome identifier'
y- »' C 5 MA@ gjva!
T 'Clams, squid, octopus' nta\'\ce %ahtibisge
¥ @ 'Vertebrata <Metazoa>' Otic I3 csusc ¢
' ' < >l . [ . ib. .
: Gnathostomata vertebrate E oe ‘Ic la b typ,n ’llty "
v @ Amniota ,\C-\a“ ¥ ] abj ~de re .typin eth eStQ
. b ®Aves e role an tib~mti°r Slstan 9 re,,, 04’
, P ' iog;,. "esi; Ce ,, Ieng
4 Boreoeutheria okl Ang tic te Sta,,t phen
'!' Euarchontoglires I ,'Iab 1:' I.c" ob; " dﬂsa plaslni OtypE'
C w-@al cat lap , Y Ping 9 reg; 29¢ Ty,
¥ @ Glires €gor b tpi 9P, Csis Pe’
R - 'Cavia porcellus' ' Meth .. _ p,,_, p/;;;.fo" hra" e teg
------ 'Oryctolagus cuniculus' '!' J 'Bacteria <pi." %'m, v t Sty
P 'Homo sapiens'’ : - Bacteroides doy "dard.
B @0 Laurasiatheria "
------ Chondrichthyes ¥-- & Proteobacteria
..... dog l- Campylobacter
----- ‘"domestic cow’ ¥-- 0 Enterobacteriaceae
...... 'Equus caballus' -‘ 'Escherichia coli'
------ 'Felis catus' - @ Salmonella
------ 'Gallus gallus' @ Viruses

= O 'Homo sapiens'

'Sus scrofa domesticus'



...
Dead, deceased, demised, expired, laid to rest ... in peace

“I'll tell you what's wrong with it, my
lad. 'E's dead, that's what's wrong
with it!”

“No, no, 'e'suh,...he's resting.”

- The immortal Monty Python



I 4 4@
Ranking a patient’'s medical condition

The dimension or quality of healthiness

@
good

comfortable . : .
American Hospital Association

progressing well (AHA)
satisfactory

UK National Health Service fair
(NHS) }
. serious
critical but
critical critical

deceased dead



I Proof Sheet
‘face plan

TB case subject characteristics
: : case identifier
Field mappings fi

A case ID is a unique identifier associated with a particular episode of care for an individual

or animal.
® 'sub e
Annotations Samr country of birth
label [langu .
subject age at t AnnciS
lak A country of birth is the country that a given person (or animal) was born in.

Description: 'sub Sp -
optional

ethnic group

Equivalent To e
. K Filipino - efo:EFO_0003160 v
cs _ _ _
| SubClass Of A group of people with a common cultural heritage that sets them apart from others in a
O 'Draft Tube variety of social relationships. (MSH);
C
' .
@ 'GenEpiO B Ag immigration year of arrival | was
©'GSCID-BR a8 Joar -
@ 'has meast col
arrival’
(day or we A time measurement datum indicating the year a person immigrated to a given country.
O 'HIPPA PH. 1Nz f
subject age at time of specimen extraction optional
£ 'MIxS data Hc , |
¢ 'NCBI BioS 12
© 'PulseNet data ite week
. month
' 'subject age' A subject age at time of specimen extraction is the age (since birth) of the org year

time a given specimen was extracted.



Repurp,o‘shing

“ s e ==
\
l )

J .l| -

f!
epidemiology contact net\.-!ork model
public health data model

GenEpiO model

IRIDA model

NCBI model

NCBI BioProject model 2 Browse GenEpiO entities

NCBI BioSample model - mixed clinical
and environmental/food/other

Search for particular data
fields or field groups

VO VY

Mycobacterium tuberculosis model http://tinyurl. com/uiproofsheet

NCBI SRA model

NCBI isolate source location model

PulseNet submission model

pathogen specific data model



-

User-oriented term

label, definition and
synonym display

> ‘
Caratioq_ statu

1
Link to a term’s
curation forum .

Checkboxes for
inc
shc

=

ding items in

Download field specs
for use in software

GE*M Data conversion nitty-gritty

N . _a -
Input validation, format control
and numeric precision

An input’s optional or
required details

NCBI Antibiogram drug test model

required

ampicillin - obo:CHEBI_28971

antibiotic resistance phenotype

antibiotic resistant - obo:GENEPIO_0002041

antibiotic test dosage

millimeter
32 + microgram per milliliter

Cross-references
to 3 pa a
source fields

The antibiotic test dosage is the amount of antibiotic delivered to the isolate plate or well.
measurement threshold comparison

required

>= (greater than or equal to) - obo:GENEPIO_0001005 v

View Entity Specification Preview Data Submission

= -
" . RN -
" -

| “Add to shopping cart”
View example submission data | . R
N \



A plug and play data future

Rate per 100,000 population

25.0

20.0

-
o
[=]

-
o
o

5.0

0.0

< -BC Vancouver

R . L .
g Haalth Atk 0r|ty
Salmonellosis, 2006 to 2011, Vancouver Coastal ~

\

w'”or..

1s Counts and Net
1, 2006 and 2011

rcoverage m Estimate

Legend
B Region Rate
B canada Rate

2006 2007 2008 2009 2010 2011

] il 2000 2001 2006 2006 2011 2011

L LA m e S s e

. ' h as va | ue Spe C Ifi Ci Census Estimate Census Estimate Census Estimate
Source: 2011 Census and Statistics Canada Demography Division

e @ 'has value specificaaom o carurarca weunuary censa S’

e @) 'has value specification' min 0 'geospatial name'

L © 'has value specification' min 0 'population census'
" 'has value specification' exactly 1 'area calculation'
" 'located in' some 'earth surface'



I 4 4@
Transforming terms into software components

Systems Biology Ontology

www.ebi.ac.uk/sbo/main/SB0O:0000198

Term: SBO:0000198 MathML

Name <math xmlns="http://www.w3.0rg/1998/Math/MathML">
<semantics
Hill-type rate law, reduced form definitionURL="http://biomodels.net/SBO/#SB0:0000062">
T <lambda>
Definition S
definitionURL="http://biomodels.net/SBO/#SB0:0000186">

Hill equation rewritten by replacing the concentration of reactant with T T T T
. . . . Vmax</ci></bvar>
its reduced form, that is the concentration divide by a pseudo- ey
. . . var (edal,
microscopic constant, equal to the Hill constant powered to the L .
. . . definitionURL="http://biomodels.net/SBO/#SB0:0000509">
Oppos|te Of the H|” coefﬂc|ent. T T i L SR
R*</ci></bvar>
<bvar><ci
definitionURL="http://biomodels.net/SBO/#SB0:0000190">
h</ci></bvar>

<apply>

Rendered equation

Vmax®R*h
AlVmax, R* h)=
(Vmax, R*, h) = 2L



http://www.ebi.ac.uk/sbo/main/SBO:0000198

Developing an International Consortium

GENOMIC EPIDEMIOLOGY ONTOLOGY

Working together to develop a more comprehensive controlled vocabulary for infectious disease surveillance and
outbreak investigations

- B,

FAQ CONSORTIUM ONTOLOGY BLOG GET INVOLVED

FA : RECENT POSTS
Launchingt >Enky
T L
+ How do I see the terms GenEpiO has? v I : i /
> e ~ ,,/
+ Howdo | get a new term added to GenEpiO? . > ,\.,\ z
% o ~ T - N -
+ How do | have a term from another ontology added to GenEpiO? m
, A
N G \ . , NP T
+ What happens after | submit a term? “\
~ 4 - \~
it & -
~ J > \
‘ <~ -

>70 members from 15 countries WWW.genepio.org



Working with organizations far and wide

L e N, i e A McMaster
RW. University B
. *l Canadian Food Agence canadienne %g/
Inspection Agency d’inspection des aliments &
| fd .
Canada &; BC Centre for Disease Control
Agriculture et Agriculture and i iati
. * I Agroalimentaire Canada Agri-Food Canada m I:l:?il: Al-li_leflth PSSO ,.. "',,
Canada (h 7/

Witz

Public Health GoNTWOL AMS FREVANTION

INSTITUTE s England l JSDI \
International l J LISHOA | FrTr i

/RN
Iso Organization for Y U.S. FOOD & DRUG S — "'"'_/

ot

( CRITICAL PATH

Standardization ADMINISTRATION UNIVERSITY
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