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BACKGROUND

MIAME – Scope

When the first microarray experiments were published, it became apparent that the lack of robust quality control procedures and capture of adequate biological metadata impeded the exchange and reporting of array-based transcriptomics experiments. The MIAME Checklist1 was written in response to this lack, by a group of biologists, computer scientists, and data analysts, and aims to define the minimum information required to interpret unambiguously and potentially reproduce and verify a microarray experiment. This group then went on to make its composition official and founded the Microarray Gene Expression Data (MGED) Society2 (see Appendix 1).

The current focus of MGED is on establishing standards for microarray data annotation and exchange, facilitating the creation of microarray databases and related software implementing these standards, and promoting the sharing of high quality, well-annotated data within the life sciences community. A long-term goal for the future is to extend the mission to embrace other functional genomics high throughput technologies, including proteomics and metabolomics.  There are five major standardization projects being pursued by the Society: 

· MIAME - The formulation of the minimum information about a microarray experiment required to interpret and verify the results. 

· MAGE - The establishment of a data exchange format (MAGE-ML) and object model (MAGE-OM) for microarray experiments. 

· Ontologies (OWG) - The development of ontologies for microarray experiment description, with particular emphasis on biological material (biomaterial) annotation.

· Transformations - The development of recommendations regarding microarray data transformations and normalization methods. 

· Toxicogenomics (TWG) - A public forum for developing internationally compatible and public infrastructure for reporting array-based toxicogenomics and similarly, ecotoxicogenomics and phamacogenomics data. 
MIAME – Benefits
The MIAME Checklist provides structured annotation and a framework for capturing relevant information.

The Checklist has guided:

· experimenters to record all the steps performed and the related information;

· data depositors to enter all the necessary information into a database;

· authors to include sufficient information in their papers;

· reviewers to evaluate the results interpreting unambiguously the experiment;

· experimenters to potentially reproduce an experiment performed by others.

MIAME – Favorable responses

The response from the scientific community has been extremely positive and currently most of the major scientific journals3,4 and funding agencies require publications describing microarray experiments to comply with MIAME standards. The adoption of these standards by public and community databases, Laboratory Information Management Systems (LIMS)5,6,7,8,9,10,11,12 and several microarray informatics tools13,14,15 has greatly improved the accessibility of microarray experiments described in a structured manner.

MIAME/Tox – The first child

Following the very favorable response that MIAME has received, the MGED TWG has developed MIAME/Tox16, an extension of MIAME as applied to array-based toxicogenomic experiments. MIAME/Tox provides a structured annotation and framework that includes the conventional toxicology component of the experiment found to be missing in MIAME, which was designed to capture only the experimental microarray component.

MIAME/Tox has been developed by the MGED TWG as part of a collaborative undertaking with the ILSI Health and Environmental Sciences Institute's (HESI) ‘Technical Committee on the Application of Genomics to Mechanism Based Risk Assessment’17 the EMBL-EBI18, the NIEHS-NCT19 and the NCTR-FDA20.

MIAME/Tox has initiated several discussions in the academic settings as well as in the industrial and regulatory arenas (including FDA and ECVAM). The MGED TWG has also established links with other inter-related initiatives2, including a Pharmacogenomics Standards Group, a joint project of HL7, CDISC and I3C, aiming to define the requirements for submission of microarray experiments to the FDA.

Furthermore MIAME/Tox has guided the development of toxicogenomics databases and data management software21.
MIAME/Env and MIAME/Nut – Following a positive ‘trend’?
As microarrays are incorporated into other complex biological investigations (e.g. Nutrigenomics, Environmental Genomics), it has become apparent that analogous minimal descriptors should be identified for these applications. MIAME/Env22 Checklists have been developed to fulfill the specific requirements of array-based Environmental Genomics applications and a MIAME/Nut23 is in preparation for Nutrigenomics applications.

Discipline-specific initiatives are important, because they target ‘real world’ data capture requirements. A consequence of this however is that the knowledge can become fragmented, resulting in unnecessary duplications, problematic data exchange and ultimately incompatible databases. 

-> Optimizing the harmonization of the information within and across disciplines is the key step to knowledge building!

Furthermore, as other –omics technologies will be used in combination with microarrays, technology-specific Checklists will soon be insufficient to serve the scope of experimenters’ needs! 

-> We urge a unified approach to describe the design of such complex investigations and the common biological component encompassing any specific application.

MGED RSBI WORKING GROUPS

Following plans of the MGED Society to extend its mission to other functional genomics, proteomics and metabolomics / metabonomics high throughput technologies, the MGED Toxicogenomics Working Group is likewise revisiting its mission statement. The Working Group is enlarging objectives and restructuring activities to include other communities, where efforts are already underway to promote standardization and develop databases to facilitate data exchange.

The group recognizes the need for a ‘single point of focus’ for these domains and recommends the formation of a new working group to include Toxicogenomics, Nutrigenomics and Environmental Genomics domains of application. The proposed name is the Reporting Structure for Biological Investigations (RSBI) Working Groups.

The RSBI Working Groups have three main objectives, detailed in the sections below.

–Objective 1 – Collecting use cases
RSBI Working Groups will act as a hub for use cases in these different communities, contributing to the activities of other MGED Working Groups, as they moves toward a model to support exchange of multiple functional genomics experiments.

Objective 2 - Optimizing interactions
RSBI Working Groups will aim to maintain collaboration between technology-driven standardization efforts and activities that relate to biological investigations in specific domains of application. It is a general accepted view that duplication and incompatibility should be avoided where possible, maximizing the synergy and optimizing harmonization.

Currently, the Human Proteomic Organization (HUPO)-Proteomics Standardization Initiative (PSI)24 is working to define community standards for data representation in proteomics to facilitate data comparison, exchange and verification, whilst the Standard Metabolomics Reporting Structure (SMRS)25 initiative aims to define community standards for metabolomics data representation establishing the foundation that will facilitate future regulatory acceptance. Since regulatory bodies, such as Food and Drug Administration (FDA) and Environmental Protection Agency (EPA) have released their policy or guidance on genomics data submissions26, 27 agency-related efforts have also started (e.g. CDISC/SEND consortia28,29 and HL7/I3C/CDISC pharmacogenomics standards initiative30,31). However, there seems to be a fundamental difference in both the design and objectives of the efforts focused on needs of the research community versus those focused on regulatory submission of data. Research communities aim to develop detailed, highly structured databases, allowing for complex queries across datasets in more controlled formats, and to facilitate data exchange. Regulators aim to validate the technology, accelerate the review process, facilitating proprietary data submission and optimise data visualization without imposing unnecessary constraints on data format. However, there would be great value in developing the compatibility between regulatory and research objectives in the design of these data standards, since incompatibility in format is an impediment to data exchange.

Currently, database-centric efforts, working closely in the Toxicogenomics, Nutrigenomics and Environmental Genomics fields7,8,9,10, aim to implement standardization(s) relevant to the specific needs of the community (e.g. academic, commercial communities or both)and domain of application they serve. In addition, each effort has unique needs for data capture / data description that it must address. The activities of RSBI Working Groups will not constrain these needs. However, all have in common the need to accurately describe the design of an investigation, the characteristics and the treatments applied to the biomaterial, and to link these to any test results produced, for example, omics data or domain-specific data.  RSBI Working Groups will address the common need to unambiguously describe an investigation, as described in its third objective.
Objective 3 - Facilitating description

RSBI Working Groups has initiated the development of a reporting structure for describing information intensive investigations unambiguously. To be fully functional, this structure must be developed in concert with the other interested parties. To achieve this objective, the RSBI Working Groups is building a “core group” of representatives from each of the standardization efforts listed in the section above.

The proposed reporting structure utilizes components of different MIAME-based Checklists into a ’tiered structure’ concept. In trying to do this, we encountered the need to split the design module of the investigations (Tier I) from both the data requirements of a specific application (toxicological, environmental and nutritional endpoints) (Tier II) and the -omics data descriptions (Tier III). The resulting RSBI Tiered Checklist (RSBI TC) is a modular context depended structure, described in details below.

RSBI Tiered Checklist (RSBI TC) Objectives

RSBI TC should provide a mechanism for the participant members of Toxicogenomics, Nutrigenomics and Environmental Genomics communities to:

(1) organize the information in a structured manner to promote harmonization across high throughput technologies and their domains of application (where a clear overlap exists), but retaining the specifics of each discipline;

(2) identify minimal requirements of data to be recorded and exchanged in order to allow interpretation and validation of a biological investigation;

(3) identify steps or processes currently considered quality metrics to validate of technology used and/or as checkpoints for performance assessment;

(4) identify a common terminology for an unambiguous description, so that the same concept is described unambiguously within and across the different communities;

Ultimately, this will enable structured queries to be made of such information-intensive, intricate investigations as well as the facile and meaningful interchange of information.

In the long run, such reporting structure will also assist in the identification critical technical measures correlated with data interpretability, and to identify a format to exchange such information. An example of quality-metric information might be the labeling efficiency of a nucleic acid sample, or the inclusion of historical data ranges in a biological test report.  These quality metrics are not meant to impose standards on the investigation, just to provide additional information to the scientific community, as an aid to interpretation of the results. 

THE PROPOSED REPORTING STRUCTURE

From a checklist to a tiered structured checklist:  RSBI Tiered Checklist (RSBI TC)

RSBI TC is a modular context depended structure, composed as it follows: 

· Tier I:  An Investigation Design Description (IDD) checklist, which is a high level description including an overview of the design of the study structure and components and the description of one or multiple in-life, clinical or in vitro investigations;

· Tier II:  Several ‘discipline-specific’ checklists, describing the information needed to interpret different application  (e.g. toxicological, environmental, nutritional measures)

Currently, the existing modules under development include:

· Toxicogenomics Checklist:  The Minimal Information Needed for a Toxicology Experiment (MINTox) Checklist;

· Environmental Genomics Checklist: The Minimal Information Needed for an Environmental Experiment (????) Checklist;

· Nutrigenomics Checklist: The Minimal Information Needed for a Nutrition Experiment (???) Checklist.

· Tier III:  Several ‘test’ checklists, describing the information needed to interpret the technology domains (microarray, proteomics measures and metabon/lomics measures)

Currently, the existing modules under development include:

· The Minimal Information About a Microarray Experiment (MIAME) Checklist;

· The Minimal Information About a Proteomics Experiment (MIAPE) Checklist.

Proposed checklists will be developed in concordance with MGED OWG (Ontology Working Group) and other MGED efforts.

The proposed RSBI TC is illustrated below: 


Currently the MIAPE Checklist32 is being developed by HUPO-PSI.  New modules will be added to RSBI TC as the relevant communities propose them. For example, once recommendations for metabolomics minimal descriptors are developed by SMRS, these will be included in the RSBI TC as another module. Similarly, as Environmental Genomics, Nutrigenomics and other biological disciplines develop recommendations for minimal descriptors of an experiment, they will also be included as modules. 
As mentioned above, RSBI TC modules will not supersede MIAME, MIAPE or any other checklist developed, but used interchangeably according to the information that needs to be described and reported. The MIAME checklist should be used to describe experiments where only the information resulting from the application of microarray technology needs to be described. Alternatively, RSBI TC will be used if an investigation including microarray and one or more other –omics and/or conventional technologies-based experiments needs to be described. To allow consistency and to avoid duplication between MIAME and RSBI TC, descriptors in the MIAME Biomaterials section common with RSBI TC Tier I and Tier II will be identified and integrated into the latter. In more details, if the scientist is describing an array-based toxicogenomics investigation, the RSBI TC modules (Tier I, Tier II MINTox) and Tier III MIAME) can be used to describe the investigation and data.  If a scientist had an investigation including both microarray and proteomics technology, he / she would describe it using RSBI TC elements (Tier I, any applicable module from Tier II, and MIAME and MIAPE from Tier III).

RSBI TC is under development and is neither meant to be prescriptive nor to be seen as exhaustive. We envision RSBI TG will develop incrementally, from use cases. Involvement from other biological communities is welcomed and encouraged! As mentioned above, to be fully functional, this structure must be developed in concert with the other interested parties, including the MGED Ontology, MIAME and PSI MIAPE and Working Groups. To achieve this objective, the RSBI Working Groups is building a “core group” of representatives from each of the standardization efforts.

Tier I:  Proposed IDD Checklist

The Investigation Design Description (IDD) Checklist has a hierarchical structure going from Project, the high level container, to Study, Group and, finally, Subject, corresponding to the individual sample (for example, cell, animal or patient). 

Different requirements of each entity are described below and a Toxicogenomics Investigation is used as example for added clarification.

[The proposed IDD is work in progress; the checklist should not be considered as exhaustive, and consistency with current MGED Ontology terms is yet to be carried out]

Project:

The Project entity permits multiple Studies to be associated. 

Requirements for Project description:

· Project ID or accession number (if submitted to a database)

· Contact information (author(s) and laboratory(s))

· Title and short description (its goal and a link to a publication if exists)
· Investigation type (e.g. Toxicogenomics, as in this example))

· Technology type(s) (e.g. microarray, proteomics, metabon/lomics)

· Project type(s) (e.g. [in the field of toxicology] acute toxicity, reproductive toxicity)
Note= Where a ‘type’ is required, a list of controlled vocabulary should be defined to enable unambiguous description; such a list will be hierarchical, i.e. different Project Types will be relevant to Toxicogenomics and Nutrigenomics

The Investigation type and Technology type will indicate which module(s) are used in Tier II and Tier III, respectively.  The Project Type will direct which biological information is most relevant, and how it will be described.  As an example, the “age” of a Subject is defined more precisely in a reproductive toxicology study compared to its definition in an acute exposure study.

Study:
The Study entity corresponds to a non-clinical, or to a clinical or an in vitro study. While the Project entity captures the Investigation Type  (corresponding to a biological discipline), and Project Type (corresponding to a division within a discipline), the Study entity describes the Subject Type and Stressor Type. These in turn permit different information to be collected in the relevant Checklist (MINToxS in this example), as appropriate for different Subject and Stressor Types.

Requirements for each Study description include:

· Study ID

· Link to the associated Project ID or accession number

· Contact information (author(s) and laboratory(s))

· Title and short description (its goal and a link to a publication if exists)

· Unit of time used to describe the Study

· Study Type (e.g. non-clinical, clinical, in vitro)

· Study Design Type (e.g. parallel, crossover, factorial, titration)

· Stressor Type (e.g. chemical, genetic, physical, disease)

· Subject Type (e.g. cell culture, tissue culture, lab animal, patient)

· Scheduled Event Types (e.g. acclimatization, observation, treatment, sacrifice)

· Number of scheduled Events, Time(s) of occurrence, Group(s) they impact

· Related protocols

Note= A scheduled Event corresponds to an event planned to occur to a Group or Groups of Subjects, and it should be described in sufficient clarity as to permit another scientist to re-create the timeline of each Study.

Group:
The Group entity corresponds to a set of biological replicates.  Generally this will mean a dose / time group (in Toxicogenomics). Treatments are associated with a group, and this checklist is proposing requiring the ID of the corresponding comparator group.

Requirements for each Group description include:  

· Group ID

· Link to the associated Study ID

· Treatment applied to the Group members (includes stressor and handling)

· Organism name (genus and species from NCBI taxonomy)

· Animal strain or cell type (if applicable)

· Group type to indicate if it is control vs stressed

· ID of the appropriate comparator group

· Related protocols (e.g. growth conditions, treatment)

Subject:
The Subject entity corresponds to the individual animal (or patient or cell culture) in the Group.  

Requirements for each Subject description include:

· Subject ID

· Link to the associated Group ID

· Exception flag (if the subject differed from others in the group due to a technical reason)

· Characteristics relevant to the particular Subject prior to a Treatment, e.g. 
· Sex

· Age
· Weight
· Genetic background
Tier II:  Proposed MINTox Checklist

The IDD Checklist indicates the Project Type (e.g. acute toxicity, reproductive toxicity) the Technology Type (e.g. transcriptomics, metabon/lomics), the Subject Type (e.g. lab animal, patient, cell culture) and Stressor Type (e.g. chemical, genetic, physical). These in turn will determine what characteristics of the Subject and Treatment should be described using a module from Tier II, in this specific example the MINTox Checklist.

Currently this first version of the MINTox Checklist aims to cover the requirements for an acute toxicogenomics Project type. We anticipate that following versions will include other toxicological disciplines such as reproductive toxicology.

[The proposed IDD is work in progress; the checklist should not be considered as exhaustive, and consistency with current MGED Ontology terms is yet to be carried out]
Project type 

If the Project type is ‘acute toxicity’ the requirements are listed below.

Study Subject type 

There are different requirements for different Stressor types.

· If the Subject type is a lab animal:

· diet, handling, source, 

· time of day stressor was administered, 

· time of day and method of sacrifice

· If the Subject type is a cell culture:  

· culture type (primary, transformed, etc.) and tissue of origin

· passage number if applicable

· approximate doubling time

· percentage of serum in the medium

· If the Subject type is a patient:  

· patient health history relevant to stressor (e.g. disease state)

· additional patient factors (smoking, age, etc.)

· source of comparator tissue

· geographic origin of patient population

Study Stressor type
Similarly, there are different requirements for different Stressor types.  

· If the Stressor type is ‘chemical’:

· name and CAS number

· SMILES string

· delivery route

· vehicle

· concentration

· duration / frequency of dosing

· measure of phenotype (histopathology or surrogate marker)

· If the Stressor type is ‘genetic’:

· target gene, 

· knock-in / knock-out,

· constitutive or inducible and the inducer

· relevant genotype of comparator

· If the Stressor type is ‘disease’:

· the type, 

· severity 

· distribution

Technology Type
Technology Type impacts the information needed about a Subject, for example:

· If the Technology Type is ‘metabon/lomics’:

· protein, fat and carbohydrate proportion in diet

· amount of water consumed

· If the Technology Type is ‘transcriptomics’:

· Proportion of different cell types comprising the tissue sample

· If the Technology Type is ‘proteomics’:

· Fractionation method used to prepare the sample

This is intended solely as an example, intended to provide an illustration.  The RSBI TC modules are currently a developing concept, and the RSBI Working Group welcomes input, comments, and advice.

References
[1] Brazma A. et al. (2001). Minimum information about a microarray experiment (MIAME)-toward standards for microarray data. Nat Genet 29:365-71. MIAME/Tox 1.1 draft at: http://www.mged.org
[2] MGED Society: http://www.mged.org
[3] Microarray standards at last. Nature 2002 419:323.

[4] Ball CA et al. (2002). Standards for microarray data. Science 298:539; Bioinformatics, 18(11):1409. The Lancet, 360:1019.

[5] Edgar R et al. (2002) " Gene Expression Omnibus: NCBI gene

expression and hybridization array data repository" Nucleic Acids Res. 2002 Jan

1;30(1):207-10

[6] Ikeo K et al. (2003) “CIBEX: center for information biology gene expression database.” C R Biol. 2003 Oct-Nov;326(10-11):1079-82

[7] Brazma A et al. (2003) " ArrayExpress--a public repository for microarray gene expression data at the EBI" Nucleic Acids Res. 2003 Jan 1;31(1):68-71

[8] Waters MD et al. (2003). Systems toxicology and the chemical effects in biological systems knowledge base. Environ Health Perspect Toxicogenomics: 111:811-824. Chemical Effects in Biological Systems (CEBS) Knowledge Base at NIEHS NCT: http://www.niehs.nih.gov/nct/

[9] Maxd: http://envgen.nox.ac.uk/maxd.html

[10] Tong W et al. (2003). ArrayTrack-supporting toxicogenomic research at the U.S. Food and Drug Administration National Center for Toxicological Research. Environ Health Perspect Toxicogenomics: 111: 1819-26.
[11] Gollub et al. (2003). The Stanford Microarray Database: data access and quality assessment tools. Nucleic Acids Res 31(1): 94-96.

[12] Saeed et al. (2003). TM4: a free, open-source system for microarray data management and analysis. Biotechniques 34(2): 374-378.

[13] Rosetta Resolver, Rosetta Biosoftware: http://www.rosettabio.com/products/resolver/default.htm

[14] GeneSpring, Silicon Genetics:http://www.silicongenetics.com/

[15] BioConductor: http://www.bioconductor.org/
[16] MIAME/Tox: http://www.mged.org/Workgroups/tox/tox.html
[17] ILSI-HESI: http://hesi.ilsi.org/publications/pubslist.cfm?pubentityid=120
[18] ArrayExpress and the Toxicogenomics project at EBI: http://www.ebi.ac.uk/microarray/Projects/tox-nutri/
[19] NIEHS NCT: http://www.niehs.nih.gov/nct/

[20] NCTR-FDA: http://www.fda.gov/nctr/science/centers/toxicoinformatics/tools.htm#ArrayTrack
[21] William B. Mattes, Syril D. Pettit, Susanna-Assunta Sansone, Pierre R. Bushel, and Michael D. Waters. (2004). Database development in toxicogenomics: issues and efforts. Environ Health Perspect Toxicogenomics:doi:10.1289/txg.6697
[22] MIAME/Env: http://envgen.nox.ac.uk/miame/miame_env.html
[23] MIAME/Nut: http://www.nugo.org[24] Orchard S, et al. (2003). The Proteomics Standards Initiative. Proteomics 3, 1374-1376. 
[25] SMRS initiative: http://www.smrsgroup.org/

[26] FDA draft “Guidance for Industry - Pharmacogenomic Data Submissions: www.fda.gov/cder/guidance/5900dft.doc

[27] EPA draft Interim Policy on Genomics “Potential Implications of Genomics for Regulatory and Risk Assessment Applications at EPA”: http://www.epa.gov/osa/genomics.htm
[28] SEND Consortium: http://www.pharmquest.com/send_consortium/overview.htm.

[29] CDISC Consortium: http://www.cdisc.org/

[30] HL7: http://www.hl7.org/
[31] I3C: http://www.i3c.org/
[31] PSI MIAPE: http://psidev.sourceforge.net/gps/index.html
Nutrition


Checklist





Tier III





Tier II





Tier I





Metabolomics


Checklist





Env. Genom.


Checklist





The RSBI TC components





MIAPE


Checklist





MIAME


Checklist





MINTox


Checklist





IDD


Checklist









































Activities and proposed reporting structure                                                                                                 Page 1 of 13
Jennifer Fostel, Normal Morrison, Philippe Rocca-Serra, Susanna-Assunta Sansone

