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The Next Step After Standard Formats

Faor computational modeling o become more widely used in biological research, researchers must be able to exchange and
share their results. The development and broad acceptance of cormmorn model representation formats such s SBML 15 a
crucial step in that direction, allowing resgearchers to exchange and bulld upon each other's waork with greater ease and
ACCLIracy.

The BioModels net project is another step: an international effort to (1) define agreed-upon standards for model curation, (2)
define agreed-upon vocabularies for annotating models with connections to biological data resources, and (3) provide a free,
centralized, publicly-accessible database of annotated, computational models in SBML and other structured formats,

Helping to Define Community Standards

Ta facilitate assembling useful callections of guantitative models of hiological phenomena, it is crucial to establish standards
far the vocabularies used in model annotations aswell as criteria Tor minimum guality [evels of those models. The
BioModels.net project aims to bring together a community of interested researchers to address these issues. We are working
towards defining these standards through white papers and process definitions. All of the products of our efforts are open and
freely available through this site.

Standards and Processes Developed Hand-in-Hand with a New Database

The database component of BioModels.netis especially designed for working with annotated camputational models: each
model is carefully reviewed and augmented by human annotators on the BioModels net team to add metadata linking the
fmodel elernents to other biological databases and resources. The BieModels database at the EBI system goes far beyvond
other collections of models by being a frue database, featuring browsing, cross-referencing, searching, and (coming soon)
facilities for visualization, exporting models in different farmats, and remote AP access.
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31-EBI

Minimum Information Requested In
the Annotation of biochemical Models
(MIRIAM)

Le Novere N.*, Finney A.*, Hucka M., Bhalla U., Campagne F., Collado-Vides
J., Crampin E., Halstead M., Klipp E., Mendes P., Nielsen P., Sauro H.,
Shapiro B., Snoep J.L., Spence H.D., Wanner B.L.

Nature Biotechnology (2005), 23: in the press




NBL-EBI Reference correspondence
[T

The model must be encoded in a public, standardized, machine-
readable format (SBML, CellML, GENESIS ...)

The model must comply with the standard in which it is
encoded!

The model must be clearly related to a single reference
description. If a model is composed from different parts, there
should still be a description of the derived/combined model.

The encoded model structure must reflect the biological
processes listed in the reference description.

The model must be instantiated in a simulation: All quantitative
attributes have to be defined, including initial conditions.

When instantiated, the model must be able to reproduce all
results given in the reference description within an epsilon
(algorithms, round-up errors)
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MBL-EBI Attribution annotation
_ T

The model has to be named.

A citation of the reference description must be joined
(complete citation, unique identifier, unambigous URL). The
citation should permit to identify the authors of the model.

The name and contact of model creators must be joined.

The date and time of creation and last modification should be
specified. An history is useful but not required.

The model should be linked to a precise statement about the
terms of distribution. MIRIAM does not require “freedom of
use” or “no cost”.



NBL-EBI External resource annotation
- T

The annotation must permit to unambiguously relate a piece of
knowledge to a model constituent.

The referenced information should be described using a triplet
{data-type, identifier, qualifier}

- The data-type should be written as a Unique Resource Identifier (URI). Either a
URL (webpage) or a URN (e.g. LSID). Not necessarily a physical location.

- The identifier is analysed by the software within the framework of the data-
type.

- Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myldentifier
urn:lsid:myResource.org:myldentifier

- Qualifiers (optional) should refine the link between the model constitutent and
the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

The community will have to agree on a set of standard valid URIs.
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3L-EBI Model example
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creators

creation date

Joe User (juser @eden.com), Anne Other (aother@eden.com)

01 January 0000

last modification 31 May 2005
Constituent Data Type Identifier Qualifier Meaning
model http://www.pubmed.gov/ 0000000
http://www .ncbi.nlm.nih.gov/Taxonomy/ 9606 Homo sapiens
http://www.geneontology.org/ GO:0007204  IsVersionOf positive regulation of cytosolic [ca**]
http://www.geneontology.org/ GO0:0051279  IsVersionOf  regulation of release of sequestered ca** into cytop
http://www.genome.jp/kegg/pathway/ hsa(04020 IsPartOf Calcium signaling pathway - H sapiens
http://www.genome.jp/kegg/pathway/ hsa04070 IsPartOf Phosphatidylinositol signaling system - H sapiens
compartment ER  http://www.geneontology.org/ GO:0005790 smooth endoplasmic reticulum
reactant Cay, http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
cytoplasm http://www.geneontology.org/ GO:0005737 cytoplasm
reactant Ca.y http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
reactant [P3 http://www.ebi.ac.uk/chebi/ CHEBI:16595 ID-myo-inositol 1,4,5-tris(dihydrogen phosphate)
reactant PIP2 http://www.ebi.ac.uk/chebi/ CHEBI: 18348 I-phosphatidyl-1D-myo-inositol 4,5-bisphosphate
reactant IP3BR  http://www.uniprot.org/ Q14643 HasVersion  Inositol 1,4, 5-trisphosphate receptor type 1
http://www.uniprot.org/ Q14571 HasVersion Inositol 1,4,5-trisphosphate receptor type 2
http://www.uniprot.org/ Q14573 HasVersion  [Inositol 1,4,5-trisphosphate receptor type 3
reactant PLC..  http://www.uniprot.org/ QINQO66 IsVersionOf  PIP2 phosphodiesterase Pl
reactant PLC...  http://www.uniprot.org/ QINQ66 PIP2 phosphodiesterase Pl
reactant IP3,..  http://www.uniprot.org/ Q14642 Type I inositol-1,4,5-trisphosphate 5-phosphatase
reactant G http://www.uniprot.org/ QO6NT27 Guanine nucleotide binding protein Gq
reaction Caciease http://www.geneontology.org/ G0:0005220 IP3-sensitive calcium-release channel activity
http://www.geneontology.org/ GO:0008095  IsVersionOf [P3 receptor activity
reaction IP3cauion  http://www.geneontology.org/ GO:0004435  IsVersionOf  phosphoinositide phospholipase C activity
http://www.ebi.ac.uk/intenz/ 3.14.11 IsVersionOf  phosphoinesitide phospholipase C
reaction IP3caion  http://www .ebi.ac.uk/intenz/ 3.1.3.56 IsVersionOf  inositol-polyphosphate 5-phosphatase
reaction PLC im0 http://www.geneontology.org/ G0:0007200 G-protein signaling coupled to IP3 2nd messenger




_ mBL-EBI BioModels Database

BioModels Database: A Free,
Centralized Database of'Curated,
Published, Quantitative Kinetic Models
of Biochemical and Cellular Systems

Le Novere N., Bornstein B., Broicher A., Courtot M., Donizelli M., Dharuri H., Li
L., Sauro H., Schilstra M., Shapiro B., Snoep J.L., Hucka M.
Nucleic Acids Research, (2006), 34: in the press



MBL-EBI

BioModels Database

Store and serve quantitative models of biomedical interest

BioModels Database goes further than MIRIAM: only models
described in the peer-reviewed scientific literature.

Models are curated: computer software check the syntax,
while human curators check the semantics.

Models are simulated to check the reference correspondence

Model components are annotated, to improve identification
and retrieval.

Models are accepted in several format, and served in several
others.

Aims to be the Swiss-Prot of quantitative modelling.



WBL-EBI Where are the models coming from
TR

|) Repositories
SBML repository
JWS Online

E-Cell Developer Network
II) Individuals
Members of the SBML community
(developers+modelers)
Authors
lIl) Journals (NPG/EMBO MSB; cf JWS)

V) BioModels Database curators
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Structure of BioModels Database
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NBL-EBI Detailed pipeline
_ThS

1) Non-authenticated submission: SBML or CellML

- Annotation in the model (<notes>, <annotation>)

- Annotation entered through submission form

2) [ Transformation into SBML Level 2 Version 1 ]
3) XML schema validation
4) Consistency check
5) Generation of export formats (SBML, CellML, SciLab, XPP, dot)
6) Authenticated semantic curation (correspondence with paper)
7) 3 to 5 again

)

8) Authenticated annotation

- SBML annotation in the RDF format proposed by Le Novere and Finney is
recognised and reused!
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Model annotation

Submitter, Creators, publication, Gene Ontology,

model ICD10, KEGG pathway, OMIM, Reactome,
Taxonomy
compartment Gene Ontology
BIND complex, ChEBI, Ensembl, Gene Ontology,
species InterPro, KEGG compound, OMIM, Taxonomy,
UniProt
rule BIND interaction, EC code, Gene Ontology, IntAct,
KEGG pathway, KEGG Reaction, Reactome
reaction BIND interaction, EC code, Gene Ontology, IntAct,
KEGG pathway, KEGG Reaction, Reactome
avent BIND interaction, EC code, Gene Ontology, IntAct,

KEGG pathway, KEGG Reaction, Reactome
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Terrs of Use

Contact J Biol Chern. 1959 Jun 25,2618 1 0552-66.
SRR PubMed ID: 2732237 Faolate cycle kinetics in burman breast cancer cells.
. . Maorrizon PF, Allegra CJ.

C -:r."rr.':rumn:lanal
Netrfobiofogy

Submitter: Micolas Le MNovére Gene-ﬂﬂ.tulngﬂ. GO0046655

Submizsion Date; 2005-03-09T00:35:15 KE 'GG'Eiithm__ - ap 00670 map00 40

Last Modification Date: 2005-06-249T11:23:01 Taxonomy SE06

Creators: Tomas Radivoyevitch :
Micolas Le Mowvere @m oL

Gene Ontology GO.0005623

Gene Ontology GO:0005615

dihydrofolate free ChEEI 'CHEBI:15633
Corpartment: cell e

Initial Concentration: 00012 KEGG Compound CO0415

dihydrofolate bound ChEEI CHEEL15E33
Corpartrient: cell

Ihitial Concentration: 0.0024 KEGG Compound CO0415

dihydrofolate reductase free § ;
Compartment: call UniProt PO037Y

Initial Concentration: 064

dihydrofolate reductase total
Cornpartrnent: cell
Initial Concentration: 064

UniProt PO0374

tetrahydrofolate ChEBI CHEBI:Z0506
Compartrment: cel ————
Initial Concentration: 0.46 KEGG Compound CO0101

5,10-methylene-tetrahydrofolate §. hEBI 'CHEEI:15636
Cornpartrient: cell —————

Initial Concentration; 026 KEGG Compound CO0143




WBL-EBI Search strategy
T

Search
keyword l(eyword
External DB 1..n - GO, UniProt Oracle database
search ChEBI, PubMed WebServices
External ID External ID
Y 4
Model DB 1..n Annotation DB 1..n || Annotation DB 1..n
search _
BioModels MySQL database
~
BioModels ID ~ JBioModels ID BioModels |ID

Xpath: //sbm :*[contains(@d, ' TEXT' )]
| //sbm :*[contains(@ane,"' TEXT")]
(AND/OR) | //xhtm:*[contains(text()," TEXT')]

BioModels |IDs Merge

T T




kb [ b

BioModels Database - Mozilla & BB

Sl [E}; BioModels.nat

| = Some lectures of Nicolas Le ... | % JapanF2Fmeeting - BioPAX ... [ % BloModels Database
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¥ OIURTULER TLY = SEdILIT OONVIOUET: DALaidd=tE TUT EXGLT OTOWTOUETD TUETILNTET S 1TUT ERITTITHIE B IAT LU L

Curate Models BIOMDOO00000022) =
---------------------------------------------- + Person - Search BioModels Database for model submitter and/or creator(s) names, or model reference publication
et author(s) names (for example Nicolas Le Novere, Nicolas, Bruce Shapiro or Shapiro, Edelstein or Novak).
FAQ « SBEME Elements — Search BioModels Database for 2BML elements by either name or nofes content (for example
Edielstein or hicotinic).
Terms of Uze + Resorce — Search BioModels Database for related information found in the models reference publication or third-party
resources, by either publication/resource identifier ar text (for example 9255450 or cyciin for publication, GO0007049 ar
Felated Software L _
cell qyiche for Gene Ontology, PO4557 or cell division for LniPrat).
Contact + Resorce 10— Search BioModels Database for annotations, by third-party resource identifiers (for example (PROOZ3094
""""""""""""""""""""""""""" for InterPro, fisad4d 080 for KEGGE Pathway, 53970 for Reactame).
BIORAODELS.NET
A part from the BioModels 10 -based search, for every other criteria the search operates on a containg the entered siring hasis,
| = : . case-insensitive. That is, searching Person for Shapi or shapiwill return the same results as searching for Shapino or shagiro.
2t et In addition, since search strings are treated as words, do not enter regular expressions.
Neurobiology
Multiple criteria can be combined with either and or or. If and s selected, only those models satistying all the criteria will be
f“E;ML returned. If instead oris selected, all the models satistying at least one of the criteria will be returned.
-4 i .
B\ J BioModels ID: |
.—-__‘ Person: |
JWS SBML Elements: |
on ||ne Resource: | Publication
Resource: F Gene ontology | =] |ce|| cycle =
B Publication
) ChEBI
Gene Ontology
R ID: i = -
esource UniProt —I l
Hesource 1D: | BirD :| |
Resource ID: I BIMND | I
Compose by & and € or
Search | Reset |
Top Last modification: Sun Sep 18 17:09:04 BST 2005 Contact
-

EEF | Transferring data from v ebiac, uk..,
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R Froc Matl Acad Sci U S A 1997 Aug,94(171:9147-52
Terms of Use bodeling the control of DNA replication in fission yeast.

Publication 1D: 9256450 Movak B, Tyson JJ.
Department of Agricultural Chemical Technology, Technical University of Budapest, 1521
Budapest, 5t Gellert ter 4, Hungary.
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Modeling the control of DNA replication in fission yveast.

Novak B, Tyson ]J.

Department of Agricultural Chemical Technology, Technical University of Budapest, 1521 Budapest, St. Gellert ter 4, Hungary.

A central event in the eukaryotic cell cycle is the decision to commence DMA replication (5 phase). Strict controls normally
operate to prevent repeated rounds of DMNA replication without intervening mitoses (" endoreplication”) or initiation of mitosis
before DMA is fully replicated (" mitotic catastrophe"). Some of the genetic interactions involved in these controls have recently
heen identified in yeast. From this evidence we propose a molecular mechanism of "Start" control in Schizosaccharomyces
pombe. Using established principles of hiochemical kinetics, we compare the properties of this model in detail with the obhserved
behavior of various mutant strains of fission yeast: weel(-) (size control at Start), cdel 3Delta and ruml(OP) (endoreplication),
and weel(-) ruml Delta (rapid division cycles of diminishing cell size). We discuss essential features of the mechanism that are
responsible for characteristic properties of Start contrel in fission yeast, to expose our propesal to crucial experimental tests.

PMID: 9255450 [PubMed - indexed for MEDLINE]
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Minimal Mitotic Oscillator with Inhibitor

Citation
Sardner TS, Dolnik M, Collins JJ {19598) A theory for controlling cell cycle dynamics using a

resversifly hinding inhibitor. PMAS 95
14190-14133 httpfwwew pras orgfooifcontent/abstractS5/24/14190

Description

This is a modification of the widely cited (Goldheter 1991) minimal (3-variable) model for a
mitotic oscillator. The three variables represent Cyclin (2, inactive cdo-2 Kinase (k) and an
active cdc-2 Kinase (). Two additional wariables ¥, £ control the dynamics of the inhibitor.
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¥ MacOsx Darwin)
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Froc Matl Acad Sci U 5 A 1897 Aug,B4017):9147-52.
MWodeling the control of DMA replication in fission yeast.
Movak B, Tysan JJ.

Department of Agricultural Chemical Technology, Technical
University of Budapest, 1521 Budapest, St. Gellert ter 4,
Hungary.
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British outstation of the European Molecular Biology Laboratory
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