Data management: databases and
standards
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Motivation to submit your data into
microarray database
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Why would you publish your gene
expression data in a standard form?

« Peer-review: If the data is going to be interpreted by
Independent parties, the information about the sample has to be in
the database

e Building database that can be searched: Controlled
vocabularies and ontologies (species, cell types, compound
nomenclature, treatments, etc) are needed for unambiguous sample
description

e Sample annotation critical: Gene expression data have
meaning only in the context of detailed description of the sample

- Required by some journals
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Where would you need other
people's published data?

- EXxperiment design: See what other people have
achieved, so that you can plan ahead your own
experimental setup

e Getting more out of your own experiment (with
less money)

e Model construction

e Key thing: comparison of larger amt of datasets
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Comparing results: what you need to know
about the datasets?

e sample annotations. Was the strain the same as
yours?

e selection of genes on the chip(s)

e which platform was used

e study conditions (growth medium, temp, treatments)
e experimental conditions (labeling, hybridization,
scanning)

e how the data was pre-treated and analyzed - should
you re-analyze or can you compare normalized values?
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Describing your own data well
helps others

e These are the details you should describe when
you publish your data

e The better you do this, the more time and
efforts you use when describing and submitting
well annotated data, the more useful your data
will be for the research community.
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Microarray data standards
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Three parts of a gene expression database

e Gene annotation
e Sample annotation
e Gene expression matrix
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Descriptive data and measured data

Metadata; Data to be stored before the experiment
e Description of the array and the sample.
e Direct access to all the cDNA and gene
sequences, annotations, and physical DNA
resources.

Gene Expression Matrix; Data to be stored after the
experiment
e Raw Data - scanned images, processed data,
and/or interpreted data, together with how the
data were processed or analyzed.
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Raw, Intermediate and final data

Raw data Intermediate data Final data

Array scans Images Samples

Genes

S B

Spots

Gene
Spot/ I_mgge expression
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Sample annotation

e In general, avoid free text descriptions but
some uses are unavoidable

e Controlled vocabularies and ontologies should
be used wherever available

e Externally defined controlled vocabularies and
ontologies should be used whenever they
exist

Slide by: Roger Bumgarner, Department of Microbiology,

University of Washington, Seattle 12



Controlled vocabularies and Bio-ontologies

e Standardized language for describing an experiment,
data analysis, etc.

e An ontology is a formal way of representing knowledge in
which concepts are described both by their meaning and
their relationship to each other.

e Unique identifiers that are associated with each concept
In biological ontologies (bio-ontologies) can be used for
linking to and querying molecular databases.

e GO Gene ontology
e MGED Ontology

e See OBO (Open Biomedical Ontologies) pages at
http://obo.sourceforge.net/

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MIAME = Minimum Information About a
Microarray Experiment
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What i1s MIAME?

e A document, the goal of which is to specify the
minimum information that must be reported
about a microarray experiment in order to
ensure Iits interpretability, as well as potential

verification of the results
e Underlying motivation —

— to enable the establishment of public repositories
for microarray data

— to serve as a basis for designing a microarray data
exchange format

Slide by: Alvis Brazma, EBI 15



How to think about MIAME

What minimum information about a microarray
experiment should be recorded in a database
for the database entries to be usable on stand-
alone basis:

— the users may not know any background
Information that is not recorded

— the database should be usable for automated
data analysis and mining, i.e. not only on
record-by-record basis

— the data may be coming from different
laboratories and different technology platforms

Slide by: Roger Bumgarner, Department of Microbiology,
University of Washington, Seattle 16



MIAME

e MIAME is not designed as a ‘guestionnaire’
that can be filled in, but only as an informal
specification based on which such a
guestionnaire, in fact, an annotation tool, can

be based

e MIAME serves as a good document to help
you think about what to save.

Slide by: Alvis Brazma, EBI 17



MIAME checklist

e MGED Guide to authors, editors and reviewers of
microarray gene expression papers

SIX parts

Ol

6.

Biological Samples

Hybridizations

Data Normalization and Transformation
Experimental Design and Factors

Array Design

Measurements

http://www.mged.org/Workgroups/MIAME/miame_checklist.html|

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MIAME six parts

External links

_______________________

. Source ] ] Gene ]
(e.g., Taxonomy} ' (e.g., EMBL) |
www.mged.org
Practical Bioinformatics 4.5. 2006 M. Minna Laine
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http://www.mged.org/

Samples used, extract preparation
and labeling: -

e The origin of the biological sample

e Manipulation of biological samples and
protocols used

e Protocol for preparing the hybridization
extract

e Labeling protocol(s)
e External controls (spikes)

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Hybridization procedures -
and parameters:
e |Laboratory protocol including
— The solution (e.g. concentration of solutes)
— Blocking agent
— Wash procedure
— Quantity of labelled target used
— Time, concentration, volume, temperature

— Description of the hybridisation instruments
— Optional additional ‘qualifier, value, source’ list

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MIAME: Experimental Design

e The number of hybridizations performed In
the experiment

e The type of reference used for the
hybridizations, if any

e Quality control steps taken: for example,
replicates or dye swaps

e URL of any supplemental websites

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Array Design: -

eFor each feature (spot) on the array, its location on the
array and the ID of its respective reporter (molecule
present on each spot) should be given.

eFor each reporter, its type (e.g., cDNA or oligonucleotide)
should be given, along with information that characterizes
the reporter molecule unambiguously, in the form of
appropriate database reference(s) and sequence (if
available)

e Submitters are encouraged to submit segs to public
databases

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Array Design: -

e For commercial arrays: manufacturer, catalog number
and references to the manufacturer’s website

e For non-commercial arrays, the following details
should be provided:

— The source of the reporters (the cDNA or oligo
collection used) with references

— The method of reporter preparation

— The spotting protocols used (array substrate,
spotting buffer, and post-printing processing,
Including cross-linking)

— Any additional treatment performed prior to
hybridization

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Measurement data and -
specifications:
e Quantitations from all arrays upon which the
authors base their conclusions.
e Scanning hardware and software used

e Image analysis software used

e A description of the measurements produced by
the image analysis software and a description of
which measurements were used in the analysis

e The complete output of the image analysis before
data selection and transformation

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Data Normalization and -

Transformation :

e Data selection and transformation
orocedures

e Final gene expression data table(s)
used to by authors to make their
conclusions after data selection and
transformation

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MIAME Glossary

I L A b 1 l
—— ’
i MIAME MAEE—DM‘

MIAME T
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avallable

0N name

http://www.mged.org/Workgroups/MIAME/miame_glossary.html
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MGED and MAGE standards
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[Ontologies (0WG) |
[ Transformations |
[ RSBIWGs |/

T —
|| Sourceforge ||

| [MGED 8 Meeting |

MGED Society

MGED Home

Microarray Gene Expression Data Society -
MGED Society

iety is an interational organisation
ilitate t aring of

exchange, facili

implementing thes

data within the life > ity. Ong- g 0 e y extend the
mission to other functio 0 ologies.

Read more about:
MGED Sponsors . * MGED Meetings -
W C . ambore \ MGED

to other functional
ing objectives
er communities e about this new

MIAME Open Letter 26/07/2004

An open letter about MIAME compliant data as a condition for publishing has
been sent to scientific journals [ETE 14kb] [HTh

MGED 7 Registration 26/07/2004

MGED 7 meeting, September 8-10, Toronte, ON, Canada. Register now from
here.

Updated proposal on MIAME in MAGE-ML 13/05/2004

An updated version of the recommendations on how to encode MIAME required
information in MAGE-ML is available from here.

www.mged.org

MGED Sponsors:

International organization

Comprised of biologists,
computer scientists, and data
Ipso analysts

CLILWN Aims to facilitate the sharing
eesmmeal and evaluation of microarray

¢ BioDiscovery,inc. d ata

— Establish standards for
Jsas microarray data annotation

) — Create microarray databases

ROSETTA — Promote sharing of high quality,
BIOSOFTWARE
well-annotated data

AFFYMETRIX

A — Generalize to data generated by
functional genomics and
proteomics experiments

MO‘J’I Instruments
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MAGE standard
- MAGE (MicroArray and Gene Expression)

Is a standard for the representation of microarray expression
data and it is able to capture information specified by MIAME.

e MAGE consists of three parts:
e An object model (MAGE-OM),
e a document exchange format (MAGE-ML), which is derived
directly from the object model, and
e software toolkits (MAGE-STK), which help users to create
MAGE-ML.

e Goal Is to create computational tools that implement MIAME

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE-OM (Microarray Gene Expression
Object Model)

e MAGE-OM is an object model for the representation of
microarray expression data that facilitates the exchange
of microarray information between different data systems
and organizations.

e A standard underlying representation of expression data
e A database schema

e Database created using MAGE-OM Is able to store
experimental data from different types of DNA
technologies such as cDNA, oligonucleotides or
Affymetrix.

|t Is also capable of storing experiment working
processes, protocols, array designs and analyzing results.

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE-OM

132 classes

grouped into N <

17 packages
containing, in
total, 123
attributes and
223

T

[ .k Rl
"
&

associations

e [
Quantitation Typ=

1
[N

-
-
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MAGE-OM

e Key components
— Experiment package: experiment goals and design

— BioMaterial package: biological materials used and
description of their creation

— ArrayDesign, BioSequence packages: array design
and purpose

— Array package: array manufacture

— BioAssay package: hybridization, wash and scan
Information

— BioAssayData package: gene-expression data

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE Object Model

|[dentifiable

T

B i OS eq u e n Ce zequencelbatabazes i

ontalogyEntries

CompositeSequence hiolodicalCharacteristics 1}

Repotter immohilizedCharacteristics

CntologyEntry

polymer Type o OrtologyEmntry
BioSequence type M CntologyEntry

species L OntologyEmntry

A BioSequence is a representation of a DRNA, RRA,
ar protein sequence. it can he represented by a
Clone, Gene, or the sequence.

zegFeatures

isApprogimate Length hoolean
isCircular boolean
length int
sequence String

T
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Why good object models are important

e Good models

— reduce the amount of data storage that is
required

— capture all (most) of the required cases
(prevent “lying” to the database

— create a mechanism for storing controlled
vocabularies (e.g. a list of words that are
“allowed” as descriptors of common data types

e man, human, homo sapiens, H. sapiens --->homo
sapiens - makes guerying possible

Slide by: Roger Bumgarner, Department of Microbiology,

University of Washington, Seattle S



MAGE-ML (MicroArray Gene Expression
Mark-up Language)

*MAGE-ML is an XML-based file format able to capture all
MIAME required information, and it is derived directly
from MAGE-OM.

e In other words, MAGE-ML is an XML representation of
the MAGE-OM

e A standard for data communication

e A MAGE-ML document contains up to 16 different
packages, their order and content being specified by the
MAGE-ML.dtd, a document type definition for this type of
file.

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE-ML

e It is important to remember that valid MAGE-ML file does
not necessarily mean that it contains all the information
required by MIAME, e.g. it can be used to transfer some
manufacturer specific data without any expression
Information.

e MAGE-ML files can be downloaded from ArrayExpress
(http://www.ebl.ac.uk/arrayexpress).

MIAME Is what to store, MAGE-OM iIs how to store It
and MAGE-ML i1s how to communicate It.

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE-STK (MicroArray Gene Expression
Software Toolkit)

e Because of the complexity of the model it’s not quite
human readable (though it's XML), but a software is
needed to support importing and exporting MAGE-ML.

e The MAGE Software Toolkit is a collection of Open
Source packages that implement the MAGE Object Model
In various programming languages.

eThe suite currently supports three implementations:
MAGE-Perl, MAGE-Java, and MAGEC++.

The idea is to be able to have an intermediate object
layer that can then be used to export data to MAGE-ML,
to store data In a persistent data store such as a
relational database, or as input to software-analysis tools.

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MAGE-OM future |-

e New version of MAGE-OM2
coming within a year

e FUGE-OM (The Functional
Genomics Experiment Object

Model) = Completely new, TN >
more generic object model g ) ,ﬁi
under development that will T T Molecue
tie up OMs for e.g. B S~ bt D
microarrays and proteomics "“’ me
e Divided into generic \
(Common) and technology- > Material

o

specific (Bio) areas

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Glossary

MIAME Is a standard
MAGE-OM Is an object model

ArrayExpress Is a database implementation
which uses that model

MAGE-ML is a mark-up language auto generated
from MAGE-OM

MIAMEXpress Is a tool for generating data in
MAGE-ML format

slide by Helen Parkinson, EBI
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Public data repositories

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Three main public data repositories

e Gene Expression Omnibus (GEO) at the National Center
for Biotechnology Information (NCBI)

e ArrayExpress at the European Bioinformatics Institute
(EMBL-EBI)

e the Center for Information Biology Gene Expression
(CIBEX) database at DNA Data Bank of Japan (DDBJ)

today, we'll talk about the first two

General, local and/or private databases:
e SMD, Stanford Microarray Database http://genome-
www.stanford.edu/microarray (Oracle)
e BASE http://base.thep.lu.se/ (mySQL)
e GeneX http://www.ncgr.org/genex/ (PostgreSQL )

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Stanford Microarray Database

http://genome-www.stanford.edu/microarray

e |Largest academic database
e Uses Oracle as DBMS

e Stores data from Stanford investigators and
their collaborators

e Contains 61013 experiments (BioAssays), of
which 10514 are public, from 37 organisms

e Data Is from 2-color DNA arrays
e Data tables more consistent with MAGE-OM

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Example databases with public microarray data:

specific databases:

GERMonline, germ cell expression in 11 model organisms
http://www.germonline.org/

Hugelndex, Affy data for 19 normal human tissues
http://www.hugeindex.org

some yeast-specific databases:

SGD (Saccharomyces Genome Database)
http://www.yeastgenome.org/

yMGV (Yeast Microarray Global Viewer)
http://www.transcriptome.ens.fr/ymgv/

YeastBASE (at CSC)

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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ArrayExpress by EBI

_-—--"_-.-_
ArmayExpress

http://www.ebl.ac.uk/arrayexpress/

Data organized as:

e Experiments: 1373
e Arrays: 391

e Protocols: 6512
e Hybridizations: 39916

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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ArrayExpress by EBI

e Database implementation of MAGE-OM

e Oracle as DBMS

e Able to import MAGE-ML format

e Can deal with both raw and processed data

e |Independence of:
— experimental platforms
— Image analysis methods
— data normalization methods

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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ArrayExpress - three ways to submit data:

Via web-based tools, MIAMExpress (MIAME
compliant microarray data submission tool) or
Tox-MIAMEXxpress (toxicogenomics specific
version

Tab2MAGE (spreadsheet)
As MAGE-ML formatted files

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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ArrayExpress - submitting data :

MIAMExpress

1. MIAMEXpress
e Based on MIAME concepts and guestionnaire
e Experiment, Array, Protocol submissions

e Uses Controlled Vocabulary/Ontology wherever
possible

Practical Bioinformatics 4.5. 2006 M. Minna Laine
48



MIAMEXpress - all the protocols are
described first:
e Array preparation

e Sample Growth Condition
e Sample Treatment
e Extraction
e Pooling
e Labeling
e Hybridization
e Scanning
e Normalization
e Transformation

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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MIAMEXpress - Array design IS next:

e For commercial chips, pick from the
ones already Iin ArrayExpress
(commercial chips), ask ArrayExpress

Array design staff to make one for you, or create a

new array design

e From home-made chips, you have to
generate Array Description File (ADF)

Protocols

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Experiment

MIAMEXpress - Experiment

| submission follows:

Experimental design
Publication

Samples

Extracts

Labeled extracts
Hybridizations
Complete submission

Hybridization Hybridization
A B
File Upload | | File Upload |

' Combined
. Data File
. (optional) |

= Gr sty e

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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Array design

SampIeAgé Sample B
Extract B

Hybridization Hybridization
A e
| File Upload | | File Upload |

Combined
. Data File
§ (optional) !

Data in ArrayExpress

MIAMEXpress — finally
curation and publishing:

Data Is checked by ArrayExpress
staff

You get an accession number for
your experiment

The submission will remain private
until the release date that you have
specified

M. Minna Laine
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ArrayExpress - submitting data :

2. Tab2MAGE

e a spreadsheet parser that generates MAGE-ML
and comes with some handy checking scripts

e tool for submitting large datasets (>50)

e three main sections: Experiment, Protocol and
Hybridization in a defined spreadsheet (or tab-
delimited text file) format

e two (Perl) scripts validate the data and
generate MAGE-ML of it

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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ArrayExpress - submitting data :

3. MAGE-ML

e tool for submitting very large datasets (=500
per year)

e needs expertise & dedication; you need to
learn the MAGE-OM

e you have to map your schema to MAGE-OM
and use MAGE-STK locally (perl or java) to
export MAGE-ML

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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GEO - Gene Expression Omnibus by NCBI

http://www.nchi.nlm.nih.gov/geo/

Data organized into 3 entities:

e Platforms (GPL) 2208
e Samples (GSM) 79982
e Series (GSE) 3520

Practical Bioinformatics 4.5. 2006 M. Minna Laine
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GEO - Gene Expression Omnibus by NCBI

Platforms (GPLxxx):
e Corresponds to the Array package in MAGE-OM

e Describes the list of elements on the array (e.g.,
cDNAs, oligonucleotide probesets, ORFs, antibodies)
or the list of elements that may be detected and
guantified in that experiment (e.g., SAGE tags,
peptides).

e A platform may reference many samples that have
been submitted by multiple submitters.

e For commercial chips, platform may already be in GEO

Practical Bioinformatics 4.5. 2006 M. Minna Laine
56



GEO - Gene Expression Omnibus by NCBI

Samples (GSMxxx):
e Corresponds to the Experiment package in MAGE-OM

e Describes the conditions under which an individual
sample was handled, the manipulations it underwent,
and the measurements recorded

e A sample entity must reference only one platform and
may be included in multiple series.
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GEO - Gene Expression Omnibus by NCBI

Series (GSExxx):
e Corresponds to the B/oAssay package in MAGE-OM

e A series provides a focal point and description of the
experiment as a whole.

e You can specify experimental subsets

e Series records may also contain tables describing
extracted data, summary conclusions, or analyses
(these are emailed directly to GEO staff)
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GEO - Gene Expression Omnibus by NCBI

GEO Datasets (GDSxxx):
e Curated sets of GEO Sample data

e Collection of biologically and statistically comparable
GEO Samples

e Same Platform

e Value measurements for each Sample within a GDS
are calculated in an equivalent manner

e Experimental design is explained through GDS
subsets.
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GEO - You can submit data in two main ways:

1. Via Internet using interactive web forms (for

Individual datasets)

" Submit )
Platform

A Platform record
contains a general
description of the
array, and the array
template. Platform
submission is not
necessary (f your
array is already
deposited with GEO
or for SAGE
.. submissions.

Create GEO

account
or log In to your
existing account

Practical Bioinformatics 4.5. 2006

Submit more Samples

Submit
Sample

A Sample record
contains a
description of the
biological source,
treatment protocols,
and measurement
data for a single
hybridization or
SAGE library.

i
i

Series
A Series record
links together all
Samples that make
up an experiment,
and describes the
overall experiment
aim, design and
conclusions.

Submit

Submit

raw data
(optional)

Soon after
successful Series
submission you
will be e-mailed

details on where to

FTP accompanying
raw data, e.q.,

Affymetrix .CEL files
or .tif images.

SEE——
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GEO - You can submit data in two main ways:

2. Batch Submission (if your data are already in a
database, or if you have many samples to submit)

Platform

(or reference to an
existing Platform)

Contains a text tab-
delimited data table

of the array template,

and a general
description of the
array. If the array is

already in GEO (e.g.,

for commercial
arrays), a reference
Is all that's required.

Practical Bioinformatics 4.5. 2006

Sample

Contains a text tab-
delimited data table
containing
hybridization
measurement data,
and a description of
the biological source
and treatment
protocols. A Sample
record must
reference a Platform
record.

Series

Groups together
multiple Samples into
< COmmon
publication reference,
and provides a
description of the
overall experimental
aim, design and
conclusions. A Series
record references
several Sample
records.
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GEO - submitting data

Batch Submission:

e Four formats accepted:
1. SOFTtext file

2. SOFTmatrix (spreadsheet or text, e.g. as an
Affymetrix pivot spreadsheet for many samples)

3. MINIML
4. MAGE-ML

e SOFT format = Simple Omnibus Format in Text
can also be used to download data from GEO ftp
site ftp://ftp.ncbi.nih.gov/pub/geo/data/geo/
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GEO - submitting data

SOFT template for platform:

“PLATFORM=[required]

spotted ohgonucleotide, antthody, tissue, M3, MPSS]
|Flatfortm
I Platform_ ;
rer = [required)
re_protocol = [required)
og_tmunher = [optional)]
[optional]
IPlatform co [optional]
IPlatform Ot 10
| Flatfortm

IPlatform pubmed 1d = [optional]

#I1D = [required; a umgque 1d should be provided fi

= [|:| 4 tion :Ell]

#HEAD E-F-L:I'-I = [optional, prowvide as many headers as needed to fully descrbe the elements of the array]

HEADER_N
appear in any order after the ID colunn,
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Label

Number
of
allowed
labels

Allowed values and constraints

Content guidelines

“PLATFORM entity

string of length 1-120 characters, must
be unigue within local file and over all

Frovide a unigue title that describes your Platfarm.
YWe suggest that you use the system

|Platform_title 1 previously submitted Platforms for that |[institutionflabl-{species]-[number of
submitter features]-[version], e.g, "FHCRC Mouse 15K v1.0",
Microarrays are '‘commercial’, 'non-commercial’, or
: : ‘custom-cormmercial’ in accordance with how the
IPlatform_distribution 1 Eaggnrir—iglﬁrgz?ggllmurp?firflligl array was manufactured . Use "virtual' only if creating
' a virtual definition for MS, MPSS, SARST, ar RT-PCR
data.
spotted DMa/CDNA, spotted
oligonuclectide,in situ cligonuclectide, |Select the category that best describes the Platform
! A ! : :
Platform_technology 1 antibody, tissue, SARST, RT-PCR, MS, or|technology,
MPSS
' 1aor use standard NCRI Taxonomy Identify the arganismis) from which the features on
! ; !
'Platform_organism more nomenclature the Platform were designed or derived,
Frovide the name of the company, facility ar
IPlatform_manufacturer 1 any |laboratory where the array was manufactured or
produced.
Describe or reference the array manufacture
protocaol, Include as much detail as possible, e.g.,
clone/primer set identification and preparation,
strandedness/flength, arrayer hardwarefsoftware,
spotting protocols, It is stronaly recommended that
IPlatform_manufacture_protocol 1 any complete protocol descriptions are provided within
vour submission, References to published protocol
descriptions are acceptahle - please provide
complete citation information. Links to web sites that
provide protocol information are not recommended
since Web addresses and content often change.
0or Provide the manufacturer catalog number for
| ! !
Platform_catalog_number more any commmercially-available arrays,
oor Specify a Web link that directs users to
IPlatform_web_link miare valid LURL supplementary information about the array, Please
restrict to Web sites that vou know are stable,
Platfarm_support 0ori any Provide the surface type of the array, e.3., glass,

nitrocellulose, nylon, silicon, unknown,




GEO - submitting data

MINIML and MAGE-ML :

e pboth are XML and follow MIAME, but

MINIML is a standalone XML schema definition and MAGE-
ML is a DTD (Document Type Definition) generated
automatically from the object model (MAGE-OM).

e MINIML (MIAME Notation in Markup Language) only as
beta version and subject to change

e MAGE-ML can structure data in a variety of ways and Is
mostly suitable when using the MAGE-OM as object model
In an underlying database.

e GEO can accept MAGE-ML submissions, but cannot
currently export MAGE-ML.
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