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Genomic sequences don’t mean much without contextual information.

Sequencing & Bioinformatics Isolate Source Clinical and Epi Details
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e Seqguencing, Assembly * Food, Clinical, Environment * Demographics
Pipeline Parameters * Food category, Body Product * Host disease, Symptoms
* QA/QC Metrics * Dates, Location e Lab Test Results

* Tree Construction Details * Exposures



When requisitioning metadata, you need to anticipate
the needs of downstream users.

FAIR Principles of Data Management:

F — Findable

A — Accessible

| — Interoperable
R — Reusable

Published in Nature, March 2016 (BioScience experts, ELIXIR)
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Descriptive — Organized - Standardized :
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The

Of CONTEXTUAL INFORMATION

) 4
Isn’t
STANDARDIZED

*Free text, short hand, granularity, misspelling, paper format



Lack of standardization results in semantic ambiguity.

When Words Can Mean Different Things.

THE CRCKEN 1S
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context=food context=hardware




Ontology, A Way of Structuring Information

Leafy Greens “has_disposition” Transmission Vehicle (E.coli)

‘ Integrates Epi Exposure data
Lettuce
l/ Splnach'\ 5. Affica ‘

SPII‘IOCIOI Amaranthus lceberg Endive “is_a” Lettuce Type
oleracea  hybridus

e Standardized, well-defined hierarchy * Ontologies help resolve issues of
of terms taxonomy, granularity and specificity
* Interconnected with logical * Reduces time consuming manual
relationships e.g. Endive “is_a” processing and mining

Lettuce type



Ontology Acts Like A Mapping Tool.
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e Humans AND computers can read it

* Mapping allows interoperability AND
customization

* Facilitates data sharing, reproducibility

http://eil.stanford.edu/supply_chain/case/mapping_example.JPG



Ontologies are different from program interfaces.

Ontologies: Interfaces:

* How information is structured and linked * How information is presented to users



Data standards and ontologies help sort data at the
source.

Metadata

Challenges:

. Collection

. Organization

. Storage/Archiving




Prospective Metadata Collection is
Easier and More Efficient than
Retrospective Retrieval.




Standardization of Contextual Information

Facilitate Reporting and Quality Control

* Reproducibility
* Reproducibility
* Reproducibility
* Reproducibility




To develop a useful ontology, engaging the end users is your
TOP priority.

Interview users Examine resources
' e ¢
= G __ GenEpiO

. - / Ny | + — (Genomic
Surveillance Analysts Medical & Environmental Epidemi0|0gy

& Lab Personnel Microbiologists Instrumentation Investlgation Tools Application

Ontology)
* genom {e
‘ STANDARDS consortium
Bioinformaticians : . . g
Epidemiologists
Software and Work Flows Existing Standards MIxS
SNOMED-CT

LOINC
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Lab Surveillance (from sample to strain typing results) Infectious Disease Epidemiology (from case to Intervention)

\L r Environment (Envo) Primary J/
Anatomy Custom LIMS Focus Public Health Surveillance (SurvO)
Sample Collection | (FMA Surveillance Infectious Disease (IDO)
& Processing Clinical Sampling (OBI)
Quality Control (OBI, ERO) Other l
\L - Food (FoodOn) Case Cluster Demographics (SIO)
Analysis Patient History (SI0)
Sequence Data Whole Genome -
Generat|on & Sequencing (SO, ERO, OBI etc) \L Exposures (EXO) Travel (|DO)
Processing Quality Control (OBI, ERO) Symptoms (SYMP)
Transmission (TRANS)
l ~ Virulence (PATO) Evidence Collection Source Attribution (IDO)
: & Outbreak
Bioinformatics Quality Control (OBI, ERO) [ —— Outbreak Protocols
Analysis AMR (ARO)  Mobile Elements (MobiO) Geography (OMRSE)
\L 8 Phylogenetic Clustering (EDAM) l Food (FoodOn)
| Mobile Elements (MobiO) Surveillance (SurvO)
Result _ AMR (ARO) LOINC  Typing (TypON) Result " Food (FoodOn)
Reporting Nomenclature & Taxonomy AEERIE _ Surveillance (SurvO)
_ (NCBItaxon)




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

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

\f S GenEpiO
— (Genomic Epidemiology

- Application Ontology)
Lab Analytics

Genomics, PFGE
Serotyping, Phage typing
MLST, AMR

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

d N

Sample Metadata

Isolation Source (Food, Host
Body Product, Epidemiology Investigation

Environmental), BioSample Exposures 15

Reporting
Case/Investigation Status




Current Ontology Development Focuses On 3 Key Areas

Disease
(FoodON) Surveillance Resistance

(SurvO) (ARO)
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FoodON: A Farm-to-Fork Food Ontology

See draft version at https://github.com/FoodOntology/foodon
Aim:
To provide food descriptors for food items, ingredients, production
environments to facilitate outbreak investigations, risk assessments,

source attribution etc
Resources:

e Langual (USDA)
Farm to Fork Continuum e FoodEx2 (EFSA)
e Codex Alimentarius (WHO)
* USDA Nutrient Database
e Painter Classification (CDC)

Source

Processing/

Manufacturing Distridution

Point of Final ] ° FOOdO/FOODB

- . AGROVOC
* Food Safety Information Network
e Compendium of Analytical Methods (HC)
* More...
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Ontologies are commonly encoded using OWL (Web Ontology Language).

* Markup language for sharing ontologies on the web
* Machine and human-readable
 OWL statements written in RDF (XML syntax)

* Protége (editor) ﬁpmtéyé
* Ontology lookup services:

—Ontobee

Explore GenEpiO with Proofsheet

http://tinyurl.com/uiproofsheet
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GenEpiO and FoodON are now part of the OBO
Foundry library of ontologies.

Open Biomedical Ontologies - http://www.obofoundry.org/

LABS

* Prescribes best practices for ontology

N
dGVElOpment PHARMACIES m’)\ —
e Committed to common use, ’ A\
. b-I- II b ° U E:;i.;'i
Interoperabllity, collaborative N © o =7 ‘:‘_rs% .
development S ol
e C lati d t > g/spr:mm ISTS
ommon relations and syntax Lone Teru carell L\~

* Accessible definitions, good

documentation Ontology for the

description of life-
science and clinical
investigations

144 ontologies accepted or under development 2
Describing genes and phylogenies to diseases and
anatomy




GenEpiO will be implemented in different interfaces.

IRIDA Isolate NCBI Biosample Submission Form

BioSample Table # 157

W LD0164 b

The “Copy o New” bufion causes an exsting filed-in record o be coped 1o a new one, for mnor changes
between records mn large batch ob submessons

Selection list fields have an enhanced as-you-type lookup function. Right-chick in the field to access this.

Metadata Manager: Data entry portal

« Fields weth an astensk (") are mandatory. Your K o PC /| Mac Key Shortcut
submisseon will fail if ary mandatory fieids are not “missing”| Alt'Oplion + Right arrow
completed I information is unavailable for amy “not collected™| AIVOption + Down armow

mandatory field (of to clanfy the data collection status ., applicable”| AIVOption + LeR armow

of any fieid) enter the appropriale keyword to the nght

Metadata Requisition e e e e o e .G s e
Implements GenEpiO terms A 1. G stiy_1011

Pathogen Isolate

Pathogen type * (@ Clnical Environmental

Facilitates descriptive metadata

Sample title

Sorts at point-of-entry f—

BioProject ID
Organism (species)  * Listeria monocytogenes I
Strain *LIDS0O164
Collection date  *|2011

Isolate Identifiers

Internal Isolate ID Facility id Isolate 1d Alt. Facility id ARt Isolate id
I ]LIDSOLG“ I.la SeHy_10116

]

NCE1 Contributing Canadian Food Inspaction Agency See list
organization / projéect
Institution code Collection code  Specimen Id
‘Sp-ecumen[ ]
Culture id
(;unure| |
Isolate testing

 Creates BioSample-Compliant Genome Submission Forms.



GenEpiO Will Help Integrate Genomics and
Epidemiological Data.

Genetlc Distance

Use computers to

identify common i
exposures, symptoms A 2 =t
etc among genomics 5 3 e
clusters B & (e
¢ 5 || Enkar
c 6 Michael

Brown

Example: Automating Case Definition generation
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Line List Visualizations of Selectable Data Based on GenEpiO Fields.

Select Fiekds <«— Selectable fields

Demographic Clinical Exposure
1. Ll ne LlSt First Last Birth Phage Sero
Name Name Date Sex Type Type Symptom
View

Frad Penner Nov 1 male JAGTF d

1976  Bloody Dsrrhes Sop 23, M15
Hideable cases Jimmy Hendrx Nov 1 male 3GTF_d

1976  Bloody Dwarrhea Sep 23, 2015

Symptoms and Onset

September October
Travel
25 26 27T 28,/29 0 1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18

‘.

2. Timeline m ’

View

b &

e N <= . 4 ‘ +— Hospitalization
W @ ©
| N - @ @

Exposure Types 2




Summary of the Advantages Genomic Epidemiology
Ontology offers Public Health.

1. Eliminates semantic ambiguity

Improved Public Health
2. Term-mapping allows customization

3. Faster data integration —p

4. Standardized quality control and result reporting trigger actionable
events in same way

Investigation power!

5. Reproducibility (accreditation, validation)



Genomic Epidemiology Ontology is like instrumentation for
your contextual information...
it needs maintenance and continual improvement

GenEpiO facilitates
data sharing!

To achieve consensus and uptake = International GenEpiO and FoodON Consortia

(>60 members from 15 countries)

Join us!
E-mail: IRIDA-mail@sfu.ca
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Metadata management is crucial, but tricky.
AFTER

GenEpiO helps sort it out.
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Context is everything in foodborne outbreak investigations.

- T oo o = :
!.'n’i:eg:raat\o‘:\“x -

GenEpiO helps fit the data together.
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Contact the GenEpiO Dev Team at:
ontology-group-irida@googlegroups.com
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