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Objectives for this session

* How do we structure meta data
* Difference between Ontology and data standards

* PHA4GE SARS-COV-2 meta data standard specification



Discussion #1

* What kinds of data and information have you generated before you
sent your DNA/RNA off for sequencing?
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Data that we capture before sequencing

* Spreadsheet with data from an experiment
* Lab notebook with experimental info

e Speadsheet about the samples you sent off
* Notes about sequencing prep

* Type of sequencing

* Importance of dates when stuff was done = helps for unique
identifiers
* Tracking of samples



Capture meta data in Spreadsheets

* Leave the raw data raw - do not change it!
e Put each observation or sample in its own row.

e Put all your variables in columns - the thing that vary between samples, like
‘strain” or ‘DNA-concentration’.

* column names must be explanatory and no space eg., LibraryPrep or
Library _Prep

* Do not combine multiple pieces of information in once cell
e E.coli_K12 - rather have a column for species (E.coli) and a strain column (K12)

* Export the data to a text-based format like comma-separated values



Discussion #2: work in pairs: What’s wrong with this?
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Work in pairs: Data capture for sequencing: what is
wrong with this data?
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Data capture for sequencing: what is wrong?

Format of client sample 1d changes and cannot have spaces

Capitalization of the replicate column changes

Volume and concentration column headers have unusual (not allowed) characters
Volume, concentration, and RIN column decimal accuracy changes

The prep date and ship date formats are different, and prep date has multiple formats

Missing data



Challenges of Heterogenous data

* Field names could be be used differently

e Source (lab ) versus source (sample type)

 Values: usually free text
e Short hand
e Granularity (cough vs dry cough)
* Format of date



Getting the right information to the right people is critical
during health emergencies.

e Data structure variability in local databases propagates to public repositories

Public databases:
Private databases:

isolate SARS-CoV-2/186197/human/2020/Malaysia
Specimen Collected collected by Universiti Malaya COVID Research group
collection date 14-Mar-2020

] Upper respiratory (e.g., geographic location Malaysia

Nasopharyngeal or oropharyngeal swab) host Homo sapiens
0oL irat ¢ host disease COVID-19
ower respiratory (e.q., sputum, . .
P v (e.9.sp isolation source Nasopharyngeal/throat swab

tracheal aspirate, BAL, pleural fluid)
latitude and longitude 3.1390 N 101.6869 E

6 - Specimen Type (check all that apply)

Specimen Collection Date: (required) source name  Lung sample from postmortem COVID-19 patient
NPS in UTM If possible: cell type Lung Biopsy
5 strain NA
Throat binUTM BAL
Faakvanmn subject status  No treatment; >60 years old male COVID-19 deceased patient

Other Sputum T3
(Specify):




How do we fix it?

* Ontologies

e Data standards
* Prescribed set of fields/terms/formats

* Tools
» Software to implement standards



How do we fix it?

* Ontologies

* Hierarchy or trees of controlled vocabularies using standardized terms
e terms linked using a logical relationship
* Universal identifiers removes any ambiguity in terms

* Terms have specific definitions
* Synonyms
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Data standards

Standards: ISO 23418:2022

Microbiology of the Food Chain — Whole genome sequencing for
typing and genomic characterization of foodborne bacteria — General
requirements and guidance

ISO standard provides tables

Contextual Data Fields and annexes to describe...

Sample Collection Lab Contact Information 1. Information about the sample
Geographic Location of Sample Collection 2 Information about the isolate
Collection Date ) .

Sample Type 3. Information about the

Food Product Seq uence

Food Processing Fields and terms sourced and adapted
Environmental Material

Environmental Location from:

Collection Device + Agency documentation

Collection Method . . ..
Microbiology Lab Contact Information * Public reposﬂory submission
Organism forms

ISSE?;?G Domain expert consultations
Serotype ISO sﬁﬁ'?ﬁﬁ@kﬁ@@%@&@é‘éﬁﬁ"i@%s

Isolation Media
lanlate Pasaane Histarv available:



Ontologies: not just lists of terms, but how the
terms relate to each

Pizza Data Specification e Pizza
Pizza types ORi0logy

Veggie pizza e o AEOPE
Mushroom

pizza ‘ Veggie- ushroom- Veggie- Cheese-
Margherlta Pizza Pizza Topping Topping

pizza hasTopping @/ —=—=—~-- t.'_ag?_p?_"f
fhomel [somEe]™ ~
Margh- \
Toppings CECEPICED,
Mushroom S hasTopping[some] _.-- __.- i
Tomato "~ ThasTonping [somel

Mozarella Links particular toppings to particular pizza



Contextual data is critical for interpreting SC2 sequence data.

e s

Contextual data

g Sample metadata

;‘2 Lab results

% Clinical/Epi data

iu.,tholgi""“
toolbox
S Methods

/ Sequence data \

Contextual data (metadata) used for
surveillance and outbreak investigations:

* characterize lineages and clusters

e identify variants with clinical significance

* correlate genomics trends with outcomes, risk
factors

* inform decision making for public health
responses and monitor effects of interventions

/




The SARS-CoV-2 Contextual Data Standard

SARS-CoV-2 Domain Content Data Sources

* Repository accession numbers and identifiers  (Casereport forms
 Sample collection and processing * Public repository requirements
* Host information * Existing metadata standards
* Host exposure information * Literature

* Host reinfection information

* Host vaccination information Mapping to Standards

* Sequencing methods * MiIxS 5.0

* Bioinformatics and quality control metrics * MIGS Virus, Host-Associated
* Lineage and variant information * Project/Sample Application
* Pathogen diagnostic testing details Standard

* Provenance and attribution « OBO Foundry Ontologies

PHA4GE SARS-CoV-2 Specification
https://github.com/phadge/SARS-CoV-2-Contextual-Data-Specification



Putting standards into practice: Template and standard terminology
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Guidance documentation

A H 9-J = @ PHA4GE SARS-CoV-2 Contextual Data Template_demo

PHA4GE — SARS-CoV-2
Contextual Data Template User Guide and SOP 2.0

Insert Draw Page Layout Formulas Data Review View

e X - = i — - [ Z -
0., @ Arial v [10  v|| A~ Aw = | = ||~ o Wi t v G 1 . N 4 . o | ) ) , , )
] Py e s it = Rt eI e il g7 e @f’ t“ | = introduced to capture different kinds of anatomical and environmental samples, as well as
Paste B I U~ »& . A, = TS e g= S pergescenterr  $ v % 3 % % Conditional Format  Cel Insert  Delete  Format collection devices and methods. These fields include "anatomical material”, “anatomical part’,
Fopristhing sxlable ' Sivles v “body product’, “environmental material”, “environmental site”, “collection device”, and “collection

E3 . fe method”. Populate only the fields that pertain to your sample. Provide the most granular
information allowable according to your organization's data sharing policies.

A B C )
| e.g. nasal swab should be recorded:
2 speci 1 ple ID The user-defined name for the sample. Ewvery Sample |D from a single submitter must be unigue. prov_rona_99 ¢
3 |b|opmject umbrella accession The INSDC umbrella accession number of the BioProj Required If submission Is linked to an umbrella PRJINAB23807 [ host (scientific host (common host dissass anatomical part | collection device
4 | bioproject accession The INSDC accession number of the BioProject(s) to - Required if submission is linked to a BioProject. PRJNA12345 name) name)
5 biosample accession The identifier assigned to a BioSample in INSDC arch Store the accession retumed from the BioSample SAMN14180202
65 SRA accession The Sequence Read Archive (SRA), European Nucleo Store the accession assigned to the submitted "run®. SRR11177792 Homo sapiens Human COoVvID-19 Nasopharynx Swab
7 GenBank/ENA/DDBJ accession The GenBank/ENA/DDBJ identifier assigned to the se Store the accession retumead from a GenBank/ENA/DDBJ MN308947.3
& GISAID accession The GISAID accession number assigned to the seque Store the accession retumed from the GISAID EPI_ISL_123456 ©.g. saliva should be recorded:
9 |GISAID virus name The user-defined GISAID virus name assigned to the GISAID virus names should be in the format "hCoV- hCoV-19/Canada/prov_rona_9%2020
12 [host specimen vouchsr {denfifier for the physical specimen. A TR e e T R : host {scientific name) | host (common name) | host disease anatomical material
Sample collection and processing Definition Examples Homo sapiens Hurman CcOoVID-19 Saliva
13 isample collected by The name of the agency that collected the original sar The name of the agency should be written out in full, (with Public Health Agency of Canada ‘
| The email address of the contact responsible for follow The email address can represent a specific individual or  johnnyblogs@lab.ca
1; sm?!e W!!“fﬂ' o e".“ﬂ" The mailing address of the agency sEI?mil‘ting the sam The mailing address should be in the format. Street 655 Lab 5t, Vancouver, British Columbia, ! £.9. human feces should be recorded:
16 sequence submitted by The name of the agency that generated the sequence. The name of the agency should be written out in full, (with Centers for Disease Control and Prevention ¢
17 1 bmitt tact email The email address of the contact responsible for folloy The email address can represent a specific individual or  RespLab@lab.ca " host (scientific name)} | host (common name) | host disease body product
18 |sequence submitter contact address The mailing address of the agency submitting the seq The mailing address should be in the format: Straet 123 Sunnybrooke St, Toronto, Ontario, M4P -
19 'sample collection date The date on which the sample was collected. Record the collection date accurately in the template. 2020-03-19 Homo sapiens Human COVID-18 Feces
20 sample received date The date on which the sample was received. The date the sample was received by a lab that was not 2020-03-20
21 geo_loc name (country) The country of origin of the sample. Provide the country name from the pick list in the South Africa ¢ e.g. sewage from treatment plant should be recorded:
22 geo_loc name (state/provincelterritory) The state/province/temitory of origin of the sample.  Provide the state/province/teritory name from the GAZ  \Western Cape
23 |geo_loc name (county/region) The county/region of origin of the sample. Provide the county/region name from the GAZ geography Derbyshire . — T anvironmisRtal matsial
24 |geo_loc name (city) The city of origin of the sample. Provide the city name from the GAZ geography ontology. Vancouver
25 |geo_loc latitude The latitude coordinates of the geographical location ¢ Provide latitude coordinates If available. Do not use the  38.98N ' Sewage Plant Sewane
26 geo_loc longitude The longitude coordinates of the geographical location Provide longitude coordinates if available. Do not use the 7711 W s
27 organism Taxonomic name of the organism. Select "Severs acute respiratory syndrome coronavirus  Severe acute respiratory syndrome ‘ :
28 I::Im Identifier of the specific isclate, This identifier should be an unique, indexed, alpha- SARS-CoV-2/human/USA/CA-CDPH- i e.9. swab of a hospital bed rail should be recorded:
28 culture collection The name of the source collection and unique culture Fommat: "<institution-code>:[<collection- {culture_collection="ATCC.26370"
30 purpose of sampling The reason that the sample was collected. Select a value from the pick list in the template. Diagnostic testing environmental site environmental material collection device
1 lmienasn AF camnline datails Further dataile nartaining to the reasnn the samnla wa Provide a free text descrintion of the samnling strateav ar Sereening of bat snecimans in museum
Template Reference Guide Vocabulary + Hospital Bed Rail Swab

* Reference guide: field labels,
definitions, guidance, expected values



GISAID

Submitter
FASTA filename
Virus name
Type

Passage details/history

Collection date
Location

Host

Gender

Patient age

Patient status
Sequencing technology
Originating lab
Address

Submitting lab

Address
No equivalent

ENA Virus Package Mapplng Between

No equivalent (submit from your account) For.m atS
file_name (See Experiment metadata) GISAID Virus name:
Isolate hCoV-19/Country/ISO regional code-ldentifier
tax_id (See Experiment metadata) hCoV-19/Country/un-ldentifier/year
No equivalent e.g. hCoV-19/CANADA/BC-ABCD1234/2021
collection date
geographic location (country and/or sea)
NCBI Isolate:

host common name/host scientific name

SARS-CoV-2/host/country(short)/samplelD/de
e.g. SARS-CoV-2/human/CAN/ABCD1234/20

host sex
host age
host health state

instrument_model (See Experiment metadata)

collecting institution *remember, even if something is
collecting institution “required”, you can always provide
No equivalent (submit from your account) a null value if you need to

No equivalent (submit from your account) e.g. Missing, Not App”Cﬂb'G, Not

host subject id Collected



Protocols to mobilize harmonized data

Workspaces / PHA4GE / Publications

‘ ® PHA4GE = - £ ADMINISTRATION -

+ NEW -

B UPGRADE
Public Health, Pathogen Genomics, Bioinformatics, Open Data, Open Source, Interoperability, Reproducibility, Standards, Metadata [ WORKSPACE FOLDER (8)

‘ ‘ TASKS . .
— e 7 publ t
3, ExponT aRouP PUDIIC repository
0 CONTACT ADMIN b ° ° t I

Timeline About Publications Members Discussions Resources News p
7 4 1
All publications -~ Date ~.- Search H (G I SAI D’ N C B I ) E IVI B L_
I [

EBI) on Protocols.io

SARS-CoV2 EBI assembly submission protocol SOP for populating EBI submission templates

E NA Nabil-Fareed Alikhan', Emma Griffiths? Ruth Timme?, Duncan E NA (ENA)
MacCannell® Nabil-Fareed Alikhan', Emma Griffiths?, Ruth Timme?, Duncan L P H A4G E-a a pte
m TQuadram Institute Bioscience, 2University of British Columbia, m MacCannell*

3US Food and Drug Administration, “Centers for Disease.. fmmm e 1Quadram Institute Bioscience, 2University of British Columbia,

[ ] [ ]
3 L g )
US Food and Drug Administration, “Centers for Disease... s b ss o fo s
Jul 09,2020 Coronavirus Method Development Community Jul 09, 2020 u m I I n r m

PHAAGE Coronavirus Method Development Community

* instructional videos

Nabil-Fareed Alikhan CONTACT
Nabil-Fareed Alikhan

Eurapens Nuclastide Archies

49 views e 28 views

Different repositories have different fields, but PHA4GE helps standardize what goes
into those fields

https://www.protocols.io/workspaces/phadge 2



Data stewardship: oversight and practices to ensure
data is accessible, usable, safe, trusted.

Privacy protection (sharing):

Public trust essential, loss of trust has consequences (protection, transparency)
De-identified data (no names/addresses)

Be careful of 1) geographical granularity, 2) small case nhumbers in defined
geo_loc/time, 3) combinations of fields

Track identifiers (chain of custody), but personal health IDs/sample IDs may be
considered PHII

Consult privacy officer (jurisdictional policies, national legislation)

Security & Quality:

Provenance, methods (rich details) 7 attribution, auditability, reproducibility
(track methods), accountability

Contextual data may require storage with higher security than seq data
Errors corrected, update as required



Types of contextual data critical for surveillance/
genomic epidemiology (what you can most likely share)

Geo_loc (at least country, preferably state/province) — sample collection
Sample collection date (to the day)

Attribution: Who collected sample, who sequenced it

Methods: instrument (platform & model), consensus sequence software,
coverage

Sampling strategy (random sampling, targeted sampling, outbreak, research)
Demographics: age/sex (gender)

Sample type

Host

Quality indicators (e.g. Ct values)

» Vaccination

« EXxposures

+ Travel history

* Hospitalization

+ Outcomes 27



Slide content acknowledgement

e Slide 4-11: data carpentries genomics workshop

* Slide 12-26: Emma Griffiths bioinformaticsdotca.github.io
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