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Outline 

Reporting standards
• Omics-based investigations

Standardization initiatives
• Regulatory-driven
• Grass-root communities

Synergistic standards projects
• Content (MIBBI)

• Semantic (OBO Foundry and the OBI ontology)

• Syntax (FuGE)
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Information Intensive Investigations

Need to understand the resulting data in context
• We need to be able to describe the laboratory workflow (metadata)

The challenges we face
• Large in volume: lots of data types and metadata!
• Lots of free text descriptions: hard to mine, subject to mistakes!
• Babel of terminologies: lack of definitions, hard to map!
• Heterogeneous file formats: software lock-in!

Need for reporting standards
• Content: Minimal descriptors

- Report the same ‘core essentials’

• Semantics: Controlled vocabularies or ontology
- Use the same word and mean the same thing

• Syntax: Common formats
- Make tools interoperable, allow data exchange and integration



Reporting Standards – The Benefits

Unlock the value in the data
• Compare, query and evaluate data

- Facilitate scientific validation of the findings

• Understand variability within/between different technologies and
protocols

- Facilitate technical validation

- Enable optimization of the experimental designs

- Identify critical checkpoints and develop quality metrics

Define exchange, submission and/or publication requirements
• Between collaborators, within a consortium or project

• To journals or repositories

• To regulatory bodies

Ensure data integrity and quality



Standardization Initiatives – Omics Domains

Different driving forces
• Regulatory driven discussion (broader understanding), e.g. FDA, EMEA
• World-wide organizations (agreed recommendations), e.g. OECD
• Measurements and methods validation focus, e.g. NIST
• Grass-root movement, e.g. omics research communities

Multi-stakeholders
• Academics, industries, governmental and regulatory bodies
• Manufacturers, software vendors, journal editors and funders

Two main, different focus
• Regulatory bodies and industries

- Data review
- Data submission models, focus on the meta-level

-> Transport file, minimal burden on sponsors
• Research communities and database developers

- Data exchange and deposition to databases
- Data annotation tools, both meta-level and object level

-> Mandatory fields, use of public terminologies



Pharmacogenomics Standards Group (CDISC, HL7 and I3C)
• Pharmacology, Clinical genomics, Pre-clinical/non-clinical genomics
• Minimal descriptors, data content and format

• Reuse SEND, CDISC and HL7 RIM, also looking at OMICS standards

-> Requirements for pharmacogenomics data submission to FDA

CDISC (Clinical Data Interchange Standards Consortium )
• Model to report clinical trials
• A flat file format with pre-defined categories

-> Electronic, clinical data submission to FDA

SEND Consortium (Standard for Exchange of NonClinical Data)
• Model to report animal toxicity study
• SEND model is a flat file format with pre-defined categories
• SEND + CDISC = Study Data Tabulation Model (SDTM) 

-> Electronic, pre-clinical data submission to FDA

Regulatory-driven Initiatives, e.g.



Grass-Root Initiatives

MGED Society (Microarray Gene Expression Data) since 1999

• Minimal requirements (MIAME), data exchange format and ontology

-> Data management and data sharing among databases and tools

HUPO-PSI (Proteomics Standards Initiative) since 2001

• Minimal requirements (MIAPE), data exchange format and ontology

-> Data management and sharing among databases and tools

MSI (Metabolomics Standards Initiative) since 2006

• Minimal requirements (CIMR), data exchange format and ontology

-> Data management, sharing, future regulatory acceptance facilitation

Volunteers contributing time and effort to the developments

Thematic Working Groups (WGs), no membership required

Websites, mailing lists, annual meeting and workshops
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Why are Synergies Required?

Standardization activities operate in a single domain
• But research is multidisciplinary and multitechnology

Reporting standards should stand alone but also function together
• Build it in a modular way, maximizing interactions

• Share common modules, where applicable

Reusability is crucial
• Compare with neighbouring domains

- E.g. Human nutrition study (epidemiological or clinical)

• Facilitate integration
- Data producers, miners, reviewers

• Optimize development of tools (time and costs)
- Manufactures and vendors covering in multiple technologies

Capitalize on synergies, where commonality exists
• Extensive community liaisons is required!



Synergistic Projects – Work in Progress

Standard content
• Minimal Information for Biological/Biomedical Investigation (MIBBI)

-> Modularize the (many) minimum requirements

Standard semantics
• Open Biomedical Ontology (OBO) Foundry and Ontology for 
Biomedical Investigation (OBI)

-> Harmonize the (diverse) terminologies

Standard syntax
• Functional Genomics Experiment (FuGE) model

-> Underpins the (different) XML formats 

Bring together biological-medical communities and MGED, PSI, MSI

Open efforts, no membership required

Websites, mailing lists and papers



MIBBI Project – Standard Content 
http://mibbi.sf.net

New international collaboration
• Communities developing a ‘minimum information’ checklist
• Define what is the ‘core essentials’ to be reported

- Describe not prescribe!

Phase 1: Portal as a‘one-stop shop’ (ONGOING)
• For researchers, journal editors and reviewers, and funders

- To discover (whether there are) checklists for a particular domain
- To raise awareness of the scope and progress of extant efforts
- To facilitate investigation of overlaps and gaps between checklists

Phase 2: Foundry for integration
• To refactor the checklists
• Create integrable checklist modules

- A suite of self-consistent, clearly bounded and orthogonal
- Biology and technology delineated modules

-> Link to similar effort in the biomedical domain 



MIBBI Project – Standard Content 
http://mibbi.sf.net

ACRONYM

CIMR
MIACA
MIAME
MIAME/Env
MIAME/Nut
MIAME/Plant
MIAME/Tox
MIAO
MIAPA
MIAPE
MIARE
MIFACE
MIGS
MIMIx
MIRIAM
MISFISHIE

DOMAIN

Metabolomics
Cellular Assays
Transcriptomics
Environmental Genomics
Nutrigenomics
Plant microarray experiments
Toxicogenomics
ORFs
Phylogenetics
Proteomics
RNA Interference
Flow Cytometry
Genomics and Metagenomics
Proteomics
Biochemical Pathway Modelling
In Situ Hybridiation and Immunohistochemistry 

DEVELOPER COMMUNITY

Metabolomics Standards Initiative (MSI)

Cellular assay community

MIAME Working Group (MGED)

RSBI Environmental Genomics Working Group (MGED)

RSBI Nutrigenomics Working Group (MGED)

RSBI Toxicogenomics Working Group (MGED)

Phylogenetics community

HUPO Proteomics Standards Initiative (PSI)

RNAi community

Flow cytometry experiment community

The Genomic Standards Consortium (GSC)

HUPO PSI

MISFISHIE Working Group (MGED)

MIAME



MIBBI Project – Standard Content 
http://mibbi.sf.net
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Phase 2: Foundry for integration
• To refactor the checklists
• Create integrable checklist modules

- A suite of self-consistent, clearly bounded and orthogonal
- Biology and technology delineated modules

-> Link to similar effort in the biomedical domain 

Generalized view of the structure of investigative projects
An Investigation (of a particular medical syndrome, environmental effect, etc.) consists of one 
or more linked Studies (each in the context of a particular biological domain such as toxicology 
or environmental science) that themselves consist of one or more Assays (analysis of material 
generated or collected for the study, e.g. by use of an omics techniques such as proteomics).



MIBBI Project – Standard Content 
http://mibbi.sf.net

Minimal information guidelines to report health research, e.g.
• CONSORT Statement (randomised controlled trials)
• QUOROM, recently renamed PRISMA (systematic reviews of randomised trials)
• STARD (diagnostic accuracy studies)
• STROBE (observational studies)
• REMARK (tumour marker prognostic studies)



OBO Foundry Project – Standard Semantics 

A prospective standard (since 2006)
• To guarantee interoperability of the ontologies from the start

- Opposite to post hoc mapping, like UMLS Metathesaurus

• To ensure division of the labour and avoid duplication
- Where common terms exists across domains

• To overcome the different grade of formal rigor
- Different degree of completeness, variable quality, different update policies

Provide a framework of rules governing best practices
• To counteract the current policy of ad hoc creation of ontologies
• To create a complete suite of orthogonal and interoperable ontologies

- Tight connected to biomedical basic science

OBO Foundry ontologies a subset of OBO
• OBO is a shared portal for 60 ontology (managed by NCBO BioPortal)
• Some OBO Foundry ontology are being constructed ab initio

- Developers have agreed to accept the set of rules

http://obofoundry.org



OBO Foundry Project – Standard Semantics 
http://obofoundry.org

Table from Smith et al.

Custodians and Foundry coordinators, respectively
• Individuals or consortia for each ontology
• M. Ashburner, S. Lewis, C. Mungall and B. Smith



OBO Foundry Project – Standard Semantics 
http://obofoundry.org

Provide a framework of rules governing best practices, including
• Open
• Common format language (OBO, OWL)
• Orthogonal (avoid domain overlap)
• Common architecture (Relation Ontology)
• Update
• Unique identifier space in OBO
• Versioning (backward compatibility)
• Documentation
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Participation 

transformation_of
derives_from
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Credit to B. Smith

Example
• Body weight

-PATO:weight that inheres_in CARO:whole_organism

• Dead cell
- CELL TYPE root node: cell has_quality PATO:dead



OBI - An OBO Foundry Ontology

Ontology for Biomedical Investigation (since 2006)
• International collaboration, started from the omics- communities

- MGED (transcriptomics), PSI (proteomics) and MSI (metabolomics)
-> Consistent annotation, powerful queries and data integration

Describe the laboratory workflow
• Set of universal terms

- Investigation (organization, intent, design etc) 
- Material (biological and chemical, manipulation and transformation)
- Protocols and instrumentations
- Data generated and types of analysis performed on it

• Set of biological and technological domain-specific terms
- To meet the annotation requirements of any given community

'Interoperable by construction
• Orthogonality and x-referencing with other OBO Foundry ontologies

http://obi.sf.net



1. Coordination Committee (CC): Representatives of the communities -> Monthly conferences

2. Developers WG: CC and other communities’ members

Weekly conferences calls

3. Advisors:

-> cBiO will oversee the 
Open BioMedical Ontology (OBO) initiative

OBI - An OBO Foundry Ontology
http://obi.sf.net



Open source, standards compliant and version management
• Ontology Web Language (OWL) using Protégé editor
• OBI.owl files are available from the OBI SVN Repository

OBI - An OBO Foundry Ontology
http://obi.sf.net



FuGE Project – Standard Syntax

International collaboration (since 2005)
• Communities developing XML-based formats for data exchange

Objective 1: Model of common classes
• For describing laboratory workflows for functional genomics

Objective 2: Common framework
• To develop modular data format with consistent structure

• Does NOT replace, but underpins different XML formats

Object model in UML and XML schema v1 (AVAILABLE)

• Transmission/interpretation of information between applications

http://fuge.sf.net



Material

Data

Protocol

1. Sample
e.g. peptide mixture2. Separation protocol

e.g. Liquid chromatography creates 3 
new materials

3. Data acquisition
e.g. Mass spec creates Data objects4. Data transformation

e.g. database search creates 
results (new Data objects)

FuGE Project – Standard Syntax
http://fuge.sf.net

Credit to A. Jones
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