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Standards - Interoperability Metadata

Standards Content
Standards Standards



Standards — a definition
« Agreed-upon conventions for doing ‘something’, established

by community consensus or an authority
" e.g. managing a process or delivering a service

Standards



Interoperability standards — as enablers of FAIR

« Agreed-upon specifications, guidelines or criteria designed
to ensure data and any other digital object (such as code,
algorithms, workflows, models, software, or journal articles)

are FAIR

Standards

Interoperability
Standards
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Interoperability standards — nuts and bolts

* Enable the operational processes

= such as exchange, aggregation, integration, comparison etc.

« Automation for both human and machine requires

= metadata: or descriptors for the digital objects

= jdentifiers: unique, resolvable and versionable



Interoperability standards — nuts and bolts

Enable the operational processes

= such as exchange, aggregation, integration, comparison etc.

Automation for both human and machine requires

= metadata: or descriptors for the digital objects

= jdentifiers: unique, resolvable and versionable...not the focus on my
talk but. . ...

The Future of Research Communications and e-Scholarship O RC I D

DataCite

Connecling Research

ReSOU rce Data citation and Researchers
Identification  Principles and
i e implementation
\ Initiative groups $:° '3 THOMSON REUTERS ‘ Open PermID
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10 Simple rules for design, provision, and reuse
of persistent identifiers for life science data
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Interoperability standards — invisible machinery

 Identifiers and metadata to be implemented by technical
experts in tools, registries, catalogues, databases, services

= to find, store, manage (e.g., mint, track provenance, version) and
aggregate (e.g., interlink and map etc.) these digital objects

 |tis essential to make standards ‘invisible’ to lay users, who
often have little or no familiarity with them




Metadata standards — fundamentals

Descriptors for a digital object that help to understand what it
IS, where to find it, how to access it etc.

The type of metadata depends also on the digital object

The depth and breadth of metadata varies according to their

purpose
= e.g. reproducibility requires richer metadata then citation

Standards inferoperabilty | o

Standards Standards

-



Metadata standards - software

 Infrastructure to support their preservation, discovery, reuse
and attribution lags behind that of other digital research
outputs
= Documented needs and efforts in progress, e.g.:

SoftwareDiscoverylndex.org

NIH Big Data to Meeting Report, May
CodeMeta

Minimal metadata schemas for
science software and code

Including academics and

4sifigshare
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Metadata standards - websites and services

 Increase discoverability (e.g. by search engines),
aggregation (e.g. by indices) and analysis of content in
different websites and services

Ea Bioschemas.org

» use of Schema.org structured semantic markup (for web pages’ content) by Google, Bing, Yahoo, Yandex
» coordinate its extension, where needed, in the life science area

Organizations
Gaining traction and support by:

NIH R,
EI%-'DHM for Life

Big Data to
Knowledge(BD2K)

Google

Training
materials

Standards




Content standards — deeper metadata for datasets

« Domain-level descriptors that are essential for interpretation,
verification and reproducibility of datasets

« The depth and breadth of descriptors vary according to the
domain broadly covering the what, who, when, how and why

Standards Interoperability Metadata

Standards Content
Standards Standards



Content standards — deeper metadata for datasets

« Domain-level descriptors that are essential for interpretation,
verification and reproducibility of datasets

« The depth and breadth of descriptors vary according to the
domain broadly covering the what, who, when, how and why
allowing:

experimental components (e.g., design, conditions, parameters),
fundamental biological entities (e.g., samples, genes, cells),
complex concepts (such as bioprocesses, tissues and diseases),
analytical process and the mathematical models, and

their instantiation in computational simulations (from the molecular
level through to whole populations of individuals)

to be harmonized with respect to structure, format and
annotation



Types of content standards

Conceptual model, schema, Minimum information reporting
exchange formats etc requirements, checklists
o Define the structure and o Report the same core,
interrelation of information, essential information
and the transmission format o e.g. MIAME guidelines
¥ 4

o e.g. FASTA
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Controlled vocabularies, taxonomies,
thesauri, ontologies etc.
o Unambiguous identification and
definition of concepts

o e.g. Gene Ontology



Content standards in numbers
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Improving discoverability of (content) standards

* Producers

= How do | make my standards visible to others?

« Consumers:

= How do | find the content standards appropriate for my case?

Standar dS Interoperability Metadata ? 0

Standards - N
Standards | godods S
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My Profile
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<> standards, databases, policies LVIIEDES

A curated, informative and educational resource on inter-related data standards, databases, and policies in the life,
environmental and biomedical sciences

Discover

@@@ Collections @ Educational

Standards and/or databases About standards, their use in
grouped by domain, species or databases and policies, and how we
organization. can help you.

Find

Eb Recommendations

Standards and/or databases
recommended by journal or funder
data policies.

Advanced Search Search Wizard

Search
DN N ‘ask sharing

Q Search BioSharing

Let us guide you to your

Fine grained control over
results.

% Standards @ Databases # Policies ® Collections/Recommendations
your search.

4% B S 58
S
666 Standards 811 Databases 81 Policies
Terminology Artifact 346 Protein 163 Funder 19
210 Genome 126 Journal 56
82 Society 2

Model/Format
Reporting Guideline 110 DNA



biosharingorg el i Lo | e | o Lo RS
<< standards, databases, policies UNITED

KINGDOM

A curated, informative and educational resource on inter-related data standards, databases, and policies in the life,
environmental and biomedical sciences

Find Discover Learn
[fb Recommendations ® @@ Collections @ Educational
Standards and/or databases Standards and/or databases About standards, their usein
recommended by journal or funder grouped by domain, species or databases and policies, and how we
data policies. organization. can help you.

Map of the landscape, monitoring development and evolution of
standards, their use in databases and the

adoption of both in data policies

4 B H §$ B 5

666 Standards 811 Databases 81 Policies
Terminology Artifact 346 Protein 163 Funder 19
Model/Format 210 Genome 126 Journal 56
Reporting Guideline 110 DNA 82 Society 2




Interactive graph to inform and educate, e.qg.
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Variety of community efforts, just few examples:

Initiative

7 M . L Iil L- '
. Proteomics
AHP) el y Wsmndnrd- METABOLOMICS

INTERNATIONAL
Standards Worldwide

- ‘N=Cx 1P,
: Facs® o8 [ A6
INTERMATIONA o ‘ a de jure de facto Nanotechnology Working Group
["’ 'n [ standard grass-roots oo
E SET THE STANDARD H H
WESETTHESTANDARE™ organizations groups e O M E
‘ C D I SC @ genomic _
Formats | |Terminologies| | Guidelines WS ™ STANDARDS consortium
ISO [? 2% Global Alliance
!,',. ._‘ for Genomics & Health
 Formal authorities « Bottom-up communities
= openess to participations varies = open to interested varies
= standards are sold or licenced (at a = standards are free for use
costs or no cost) = volunteering efforts
= charges apply to advanced training or = minimal or little funds for carry out

programmatic access the work, let alone provide training



A complex landscape

» Perspective and focus vary, ranging:

» from standards with a specific biological or clinical domain of study
(e.g. neuroscience) or significance (e.g. model processes)

= to the technology used (e.g. imaging modality)

* Motivation is different, spanning:
= creation of new standards (to fill a gap)
= mapping and harmonization of complementary or contrasting efforts
= extensions and repurposing of existing standards

« Stakeholders are diverse, including those:

= involved in managing, serving, curating, preserving, publishing or
regulating data and/or other digital objects

= academia, industry, governmental sectors, and funding agencies

= producers but also also consumers of the standards, as domain (and
not just technical) expertise is a must



Understanding the community process

\ /Fr/ameworks for Community-Based Standards Efforts
September 25,2013

Co-Chairs: Susanna Sansone, PhD and David Kennedy PhD.
Workshop Summary | Workshop Report 2

The standards’ life cycle:

Susanna-Assunta Sansone, Leslie K. Derr,
David N. Kennedy and Michael F. Huerta

NIH Big Data to

dx.doi.org/10.6084/m9.figshare.3795816.v2
Knowledge (BD2K)

\ 4 BD2K Workshop on Community-Based Data and Metadata Standards
February 25,2015

Chairs: Melissa Haendel, Ph.D. and Christopher Chute, M.D., Dr.P.H.

NIH Lead Organizers: Cindy P. Lawler, Ph.D.

Website: https://tools.niehs.nih.gov/conference/community-based_standards/index.cfm
Executive Summary: https://datascience.nih.gov/sites/default/files/bd2k/docs/ExecSumm_CB
DMSworkshopFEB2015.pdf




Life cycle - phases

* Formulation
" USe cases, scope, prioritization and expertise

« Development
= jterations, tests, feedback and evaluation
= harmonization of different perspectives and available options

* Maintenance

= (exemplar) implementations, technical documentation, education
material, metrics

= sustainability, evolution (versions) and conversion modules




Technical and social engineering — pain points

Fragmentation

Coordination, harmonization, extensions

Credit, incentives for contributors

Governance, ownership

Funding streams

Indicators and evaluation methods

Implementations: infrastructures, tools, services
Outreach and engagement with all stakeholders
Synergies between basic and clinical/medical areas
Education, documentation and training ~<_

Business models for sustainability



Fragmentation of content standards

epidemiology

plant biology microbiology

- “ Biologically-delineated
views of the world

Generic features (‘common core’)
- description of source biomaterial
- experimental design components

Arrays Gels Technologically-delineated
Columns ETIR views of the world
Scanning Arravs
Scanynmg Columns

transcriptomics metabolomics
P proteomlcs




Fragmentation of content standards

_compéjlt(gtlgﬂn‘\a) nature
- biotechnology  COMMENTARY
Promoting coherent minimum reporting

guidelines for biological and biomedical
investigations: the MIBBI project

Chris F Taylor'"2, Dawn Field>?, Susanna-Assunta Sansone'2, Jan Aerts*, Rolf Apweiler', Michael Ashburner?,
Catherine A Ball®, Pierre-Alain Binz”%, Molly Bogue®, Tim Booth?, Alvis Brazma!, Ryan R Brinkman'®,

Adam Michael Clark'!, Eric W Deutsch!2, Oliver Fichn'?, Jennifer Fostel'4, Peter Ghazal'?, Frank Gibson'®, 1 1 0
Tanya Gray>?, Graeme Grimes', John M Hancock!”, Nigel W Hardy'#, Henning Hermjakob!, Randall K Julian Jr'?,
Matthew Kane?’, Carsten Kettner?!, Christopher Kinsinger??, Eugene Kolker?*2*, Martin Kuiper?>,

Nicolas Le Novere!, Jim Leebens-Mack?®, Suzanna E Lewis?’, Phillip Lord'®, Ann-Marie Mallon'7,

Nishanth Marthandan?®, Hiroshi Masuya®?, Ruth McNally*?, Alexander Mehrle*!, Norman Morrison®32,

Sandra Orchard', John Quackenbush™, James M Reecy**, Donald G Robertson®3, Philippe Rocca-Serra™3®,

Henry Rodriguez??, Heiko Rosenfelder®!, Javier Santoyo-Lopez'?, Richard H Scheuermann?®, Daniel Schober!,
Barry Smith*7, Jason Snape?®, Christian J Stoeckert J1*?, Keith Tipton*®, Peter Sterk', Andreas Untergasser?!,

Jo Vandesompele*? & Stefan Wiemann?!
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Table 1 The composition of each of the 21 checKlists visible through the MIBBI Portal
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Concept © 5 o o5 85 o ® 5 o e o o o 0 ® 0 0 8 o &
Study inputs
Study design e N 17
Generic organism || o || 18
Cells/microbes || | | 7
Plant || 2
Animal || 3
Mouse || 1
Human || 3
Population || 3
Environmental sample 2
Environment/habitat || || | | 6
In silico model 2

Study procedures

Organism maintenance
Animal husbandry
Cell/microbe culture
Plant cultivation

Acclimation

Preconditioning/pretreatment

PRI OR O

Generic study input
Organism part
Organism state
Organism trait
Biomolecule
Synthetic analyte

Silencing RNA reagent

Sample collection

Sample processing

Sample storage

Sample transport

Iy

o

®

w NS w o s

Assay procedures
Detection/tagging/staining
Generic analysis
Array-based assay
Capillary electrophoresis
Cell phenotyping
Clinical test/examination
Column chromatography’
Electrochemical detection
Electrophysiology mensuration
Enzyme activity assay.
Flow cytometry
FTIR spectroscopy
Gel electrophoresis
Image acquisition
Mass spectrometry
Molecular interaction detection
Mouse phenotyping
NMR spectroscopy
Nucleic acid sequencing
Quantitative PCR amplification
Toxicology assay

L O N PO P P R IR

53

wml |-~

Data analysis

Generic data analysis
Clustering
Image characterization
Population genetic analysis
Gene function assignment

Genetic association/mapping

Relative or absolute quantitation
Sequence assembly

Data description

Generic data description
Confidence indicator

alu| |- wsiEiniwn

Data availability
Raw data

Administrative

Citations et cetera
Personnel
Supporting data

. | LR
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Columntotals 35 22 14 21 27 19 21 ¢

21

20 13 24 8 7 11 13 11 6 5 12 12

Table key

Granularity [IGSAREN Medium [IFinel|

° [) ° .
Malurity Planned Drafting _Released Published
Concepts (row headings) were derived as described in the Methods section, i
‘concepts vary widely in breadth of scope, the number of concepts addressed by any one project i
codings of cells and bullets indi status, respectively.
of their project (that i, the bullet at
row. Analyses of provided in Figure 1 igures 1and 2.

identifyi checklists. Because the
ily indicative of the extent of guidelines. Color
have beer in the matrix itself to provide a finer-grained

view of ; cells lacking bullets inherit the
in the ri ‘and bottom

®The specification Is provided as a suite of related documents

Generic organism
Personnel
Study design

Organism part

Detection/tagging/staining

Raw data

Sample processing

Gene function assignment

Processed data

Array-based assay

Generic data analysis

Image acquisition

Relative or absolute quantification

Cells/microbes

Image characterization

Preconditioning/pretreatment

Supporting data







Harmonization is the magic word...until it is not

) mibbi

Foundry

Where the Magic
Happens

The Lucky Bastards

The
Comfort Zone



Working in/across multiple domains is challenging

* Requires

= Mapping between/among heterogeneous representations
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NIH Big Data to
Knowledge (BD2K)

biOCADDIE

The NIH BD2K biomedical and healthCAre Data Discovery Index Ecosystem
Do for data what PubMed did for literature

dataﬂ/l D

To help users find and access shared datasets

[ 1]

available in public databases

NIH Big Data to
Knowledge (BD2K)

under grant 1U24AN17966-01.

University of California, San Diego
U;\ivorsity of Texas Houston
University of Michigan
University of Oxford



NIH Big Data to
Knowledge (BD2K)

d at aﬂ/] ED biomedical and healthCAre Data Discovery Index Ecosystem b 6 C A D Dl E

BETA version

About Feedback ~ Submit Login

Engaging The Community Toward a Data Discovery Index (v1.0)

‘ Search For Data Through BioCADDIE w
© Search for data set () Search for repository Advanced Search help
Statistics Top 8 Repositories
2 | el |
= » BioProject

23 REPOSITORIES 10 pATA TYPES GEO

Dryad
ArrayExpress

Dataverse

& " 60304
SRA

649055 DATASETS 4 PILOT PROJECTS NeuroMorpho

160,000



Mapping, mapping, mapping and more mapping

Core { Pilot projects
development team d ata M E D
z S z S z S ! 5 Data Discovery Index

aggregator

AVAA

Aggregators:
repositories or various indices

Data:
digital research objects




Knowing which (content) standard a repository
implement is key - just a simplified example:

Gene Expression Omnibus
DATABASE

I
|
|
i GEO
|
|
|

DATABASE

1
1
1
1
1
| ArrayExpress
1
1
1
1
1
1

S —— ~
| €
|
=T MINIML
Pr ]
e - I MIAME Notation in Markup Language
P | MODEL/FORMAT
. / ¥ /
e
L=
-
R

© biosharing.org

MIAME .
{ <> standards, databases, policies

Minimum Information About a Microarray Experiment
REPORTING GUIDELINE

_________________________

.
-~
-
-
-
-
-
-
-~
~
-~
-
& o
-
-~
-
-
-
-
-
-~
-~

MAGE-TAB

MicroArray Gene Expression Tabular Format
MODEL/FORMAT



Working in/across multiple domains is challenging

* Requires

Mapping between/among heterogeneous representations

Conceptual modelling framework to encompass the
domain specific content standards

Tools to handle customizable annotation, multiple
conversions and validation
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Complementary roles of RO, ISA and nanopublications

( jSata b .fo’jr-mat \ (

&

B

«§
ﬂ linkedisa

|

S assay(s.
, s )
pointers to data file ))) 1 )
names/location 4 I
nanopublication )))
external files
native or oth

Owto?Naton
Nano!Maton :
templates for nanopublications
Metadata in Spreadsheets Metadata in triples (RDF) Triples (RDF)
(structured information (structured information in the Linked Data cloud
for humans and machines) for machines)

From Peer-Reviewed to Peer-Reproduced in Scholarly Publishing:

The Complementary Roles of Data Models and Workflows in

Bioinformatics I PLOS | ove
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Rocca-Serra

“As Data Science culture grows,
digital research outputs (such as
data, computational analysis and
software) are being established as
first-class citizens.

This cultural shift is required to go
one step further: to recognize
interoperability standards as digital
objects in their own right, with their
associated research, development
and educational activities”.

Sansone, Susanna-Assunta; Rocca-Serra, Philippe (2016).
Interoperability Standards - Digital Objects in Their Own
Right. Wellcome Trust”
https://dx.doi.org/10.6084/m9.figshare.4055496.v1




