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= Introduction




MIRIAM

Meost of the published quantitative models in biology are

lost for the community because they are either not made
awailable ar they are insufficiently charactarized to allow
them to be reused. The lack of a standard description format,
lack of stringant reviewing and authors' carelessness are

the main causes for incomplete model descriptions. With
taday's increased interast in detailed biochemical madels,

it is necessary to define a minimum quality standard for

the encoding of those models. We proposs a set of rules for
curating quantitative models of biological systems. Thase
rules define procedures for enceding and annotating models
reprezented in machine-readable form. We believe their
application will enable users to (i) have confidence that
curated models are an accurate reflection of their asscciated
reference descriptions, (i) search collactions of curated
midels with precision, (i) quickly identify the biclogical
phenomena that a given curated modsl or model constituent
@ represents and (iv) facilitate model reuse and composition

é. into large subcellular medels.

2005 Nature Publishing Group  nitpress.nature.c ommatureblotechnology

LEwrnpaan Bisintormatics Instiuta, Hirdon, CE10 LS, UK.

2Physiomics FLC, Magdalan Cankra, Doord Scianea Fark, Dudord,

%4 4G4 K. *Contral and Cynamical Systams, Caldornia Instiuta ot
Tachrokegy,Pasadena, California $112%, USA *Natonal Cantra for Biokgical
Zciances, TIFR, UAS-GKVE Campus, Eangalors €006, India. Sinstiula
for Computational Elomedicing, Weill Medical Collaga of Cornall University,
PMam York, Maw York 10021, USA. SCanter for Genomic Scances, Univarsidad
Madonal Audnoma de México, Av. Universidad s, Cuamaaca, Morelos,
E210, Maxioo. TBinenginaering | nstituta and Departmant of Enginagring
Szianca, Tha Universiy of Auckiand, Frivata Bag 32009, Auckiand, Naw
Zaaland. Iaz-Planck | nstituts for Moksoular Genatics, Bsnin Gamtar far
Ganoms hassd Eisinformatics (ECE], Ihnestr, 73, 14135 Barlin, Garmany.
Srginia Bioindormatics Instfuta, Virgini Tach, Washington 51., Blackstung,
WVirginia 24 061-0477, USA, 1Mok Graduata Institule, 522 Walson Crivs,
Chirsment, Calitornia 51711, US4, TLst Propulsion Laborabory, Califomia
Institute of Tachnology, Pasadana, Calitornia 51108, U3A, 3riple- Group
for Wolecular Cell Physiclogy, Depariment of Biochamistry, Stallanbosch
Univarsty, Privala Bag XL, Waliglnd 7E02, South Africa. 3Dapartmant of
Sziantific Computing & Mathematical Modaling, GRIMSMANKIinG fesasch
& Davalopment Limibad, Medicines Ressarch Cantrs, Summals Wood

Rioad, Shevanags, Hars, SG1 2N, UK. Purdus Univaraty, Capartment of
Biolegical Soiancas, Lilly Hall of Lifa Sckences, 915 W State Stract, Wast
Lafayetia, Indiana 475072054, USA. 15Thase authars haw confribubed
agqually ko tha work. Comaspondanca should ba addressed 1o B.L.N.

(e-mail: lanowlahi.zc.uki.

Publishad cnlins 6 Dacamber 2005; dol:10.103EM01158

MNATURE BIOTECHMOLOGY WOLUME 23 MNUMBER 11 DECEMEER 2005

PERSPECTIVE

Minimum information requested in the annotation of
biochemical models (MIRIAM)

Nicolas Le Novére'' %, Andrew Finney™'?, Michael Hucka®,
Julie Collade-Videss, Edmund | Crampin®, Matt Halstead”,
Herbert Sauro'™, Bruce Shapire'!, Jacky L Snocp'?, Hugh D! Spence'® & Barry L Wanner'4

Upinder % Bhalla®, Fahien Campagne®,
Edda Klipp®, Pedro Mendes®, Poul Miclsen?,

Dhuring the genoomic era we have witnessed a vast increase in availabil-
ityof largs amounts of quantitative data. This is motivating a shift in
the focus of molecular and cellular research from qualitative descrip-
ticms af bicchemical interactions toweards the quantification of such
interactions and their drnamics. One of the tenets of systems biology
isthe use of quantitative models (see Box 1 for definitions) asa mech-
anismm for capturing precise hypotheses and making predictions’?,
Many specialized models exist that attempt to explain aspects of the
cellular machinery, Howwever, as has happened with other types afbio-
logical information, suchas sequences, macromolecular structures or

Box 1 Glossary

S0 b are WS In 8 very specific way throughaut the article.
VW2 provide nene 3 praciss defintion of each one.

Quantitative blochemical model. A formal model of abldlogical
system, basad on the mathematical description o 115 mokecular
and cellular components, and the |nteractions betwesn thosa
COMponEnts.

Encoded model. & mathemnatical model writhen in a tormal
machine-readable languags, such that it can ba systematically
parsad and smployed by simulation and analysls sattware without
further iuman translation.

MIRIAM-compliant model. & model that passes all the bests and
fultilEz all the conditions listed In MIRIAM,

Reference description. & unkque document that describes, ar
references the description of the model, the structure of the
model, the numerizal values necessary to Instantiate a simulation
from the model, or to parfom A mathematical analysis of the
midel, and the results ane expects from such a simulation or
analysis.

Curation process. The process by which the compliance of an
encaded modeal with MIRIAM |s achieved andsr verifiad. The
curation process may encompass same o all of the fallowing
tasks: encoding of the modsl, variflcation of the reference
cormespondence and anrotation of the model.

Reference correspondence. The fact that the structure of a

model and tha results of a simulation or an analysis match the
Information presant In the reference description.

1500

» proposed guidelines for curation

and annotation of quantitative
models

= about encoding and annotation

= applicable to any structured

model format

cf. Nicolas Le Novere et al. Minimum
Information Requested in the Annotation
of biochemical Models (MIRIAM). Nature
Biotechnology, 2005

http://biomodels.net/miriam/
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EMBL-EBI i i § MIRIAM Compliance

Models must:

= be encoded in a public machine-readable format
= be clearly linked to a single publication

= reflect the structure of the biological processes described in the
reference paper (list of reactions, ...)

= be instantiable in a simulation (possess initial conditions, ...)
= be able to reproduce the results given in the reference paper
= contain creator’s contact details

= annotated: must unambiguously identify each model constituent




EMBL-EBI § MIRIAM Compliance

Models must:

= annotated: must unambiguously identify each model constituent




Annotations

Essential for data identification and semantics:

= Understanding
= Search

= Reuse

= Comparison

= Integration




EMBL-EBI i Annotations

Essential for data identification and semantics:

= Understanding
= Search

= Reuse

= Comparison

= Integration

- True for any kind of data, not only models!
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EMBL-EBI i Identifiers for annotations

= Unique and unambiguous
an identifier must never be assigned to two different objects
= Perennial
the identifier is constant and its lifetime is permanent
= Standards compliant
must conform on existing standards, such as URI
= Resolvable

identifiers must be able to be transformed into locations of online
resources storing the object or information about the object

m Free of use

everybody should be able to use and create identifiers, freely and at no
cost

T T
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EMBL-EBI i § MIRIAM URNSs

Dataset

Data type Identifier

Human calmodulin: P62158 in UniProt mmmp Urn:miriam:uniprot:P62158
Alcohol dehydrogenase: 1.1.1.1 in EC code mmmd (rn:miriam:ec-code:1.1.1.1

Activation of MAPKK activity: GO:0000186 in Gene Ontology
Bp urn:miriam:obo.go:G0%3A0000186
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EMBL-EBI & & § Qualified annotation

qualifier

model element | —————- annotation ‘

represents represents

biological biological
entity A —— entity B
relationship

B bgmodel:is

B bgmodel:isDerivedFrom

B bgmodel:isDescribedBy

http://biomodels.net/qualifiers/

B bgbiol:hasPart
B bgbiol:hasProperty

B bgbiol:isPartOf




EMBL-EBI MIRIAM Resources

Generation and resolving of MIRIAM URNSs

Interactive access

f < Web \
@ (X)HTML i

Web container
— = Application

-

Servlet,;SP
(MVC

Web browser _

Java, Perl, / S%AP
¢ REST Database

Web Services MySQL
Programmatic access

XML
JSON

\ ) Apache Tomcat /

Camille Laibe and Nicolas Le Novere.
MIRIAM Resources: tools to generate and resolve robust cross-references in Systems Biology.
BMC Systems Biology, 2007

http://www.ebi.ac.uk/miriam/
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= Potential issue
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EMBL-EBI i MIRIAM URN: handling of OBO namespace

= Current situation:
Activation of MAPKK activity: GO:0000186 in Gene Ontology
urn:miriam:obo.go:G0%3A0000186
= [ssues:
need to encode ":' (not only in the context of MIRIAM URNSs!)
duplication of the ontology identification
lots of complaints/remarks received...
= Possible solution:
remove the OBO namespace from the dataset identifier part

urn:miriam:obo.go:0000186




EMBL-EBI i Overview

= Possible extensions
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EMBL-EBI §# i MIRIAM URN: possible extension 1

= [dentification of a specific version of an entity:

urn:miriam:biomodels.db:BIOMDOOOOOOOOO8

from 18 release

version from 30™ September 2010

= Possible solutions:

Data provider issue: new identifier per revision
urn:miriam:biomodels.db:BIOMDOOOOOOOOO8 2

Updated URN Scheme
urn:miriam:biomodels.db:BIOMDOOOOOOOOOS8:2
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EMBL-EBI §# i MIRIAM URN: possible extension 2

= Identification of an entity within an entity:

urn:miriam:biomodels.db:BIOMDOOOOOOOOO8

species “protease” from this model

reaction “desinhibition of cyclin” from this model

= Possible solution:

Update URN Scheme:
urn:miriam:biomodels.db:BIOMDOOOOOOCOO8: 202906




EMBL-EBI i Overview

* Work in progress




EMBL-EBI Work in progress: data types

Identification of entities provided by data types which cannot currently be
added to MIRIAM Resources

= Why?
needed by projects which receive data already (partially) annotated
= Example:

CAS (Chemical Abstracts Service) — not free
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EMBL-EBI & MIRIAM Resources: data type compliance

= Open access

Anybody can access any public data without restriction (no commercial
licence, no login page, ...)

= Atomicity

The granularity of the data distributed has to be appropriately selected (a
database of “reactions” distributes reactions and not pathways) and
consistent (e.g. classes or instances but not classes and instances)

= Identifier
An atomic data is associated to a unique and perennial identifier

= Community recognition
The resource has to be “recognised” by the corresponding experimental
community, be reasonably supported, ...




EMBL-EBI Work in progress: data types

Identify entities provided by data types which cannot currently be added to
MIRIAM Resources

= Why?

needed by projects which receive data already (partially) annotated
= Example:

CAS (Chemical Abstracts Service)
= Possible solution:

2" branch, with partial support (URN generation, but no other
services provided, like resolving)
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EMBL-EBI i : Work in progress: resources

Resources are currently associated with one physical location (URL)

= Storage of multiple URLs per resource, with indication of the returned
format:

http://www.uniprot.org/uniprot/P12345 — TEXT/HTML
http://www.uniprot.org/uniprot/P12345.txt — TEXT/PLAIN
http://www.uniprot.org/uniprot/P12345.xml  — [EXT/XIVIL
http://www.uniprot.org/uniprot/P12345.rdf — RDLF/XIVIL

= Direct access to archives (whole datasets)

= (Cross references to external providers when relevant:

BioCatalogue, for Web Services records




EMBL-EBI i Work in progress: services

Provide support for any changes that might occur to the data MIRIAM
Resources provide — backward compatibility

REST Web Services

currently in beta

= Disconnected and standalone library

no query over the Web for every single request

= Updated XML export
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EMBL-EBI § i

= Potential issue:

OBO namespace in MIRIAM URNSs
= Possible extensions of MIRIAM URN Scheme:;:

Identification of a specific revision of an entity
Identification of an entity within an entity

= Work in progress:

Creation of a set of data types with partial support only
Storage of multiple URLSs per resource (with their returned format)
Direct access to whole datasets

Cross references to external providers




