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What is SBO?

= Provide a strictly defined relational vocabulary
of terms for use in Systems Biology

= A navigable taxonomic structure of terms that
has 'parents’, ‘children'’



EMBL-EBI Updated SBO structure

6 orthogonal vocabularies:

= entity (macromolecule)

= |nteraction (transport, reactions)

= mathematical expressions (mass action rate law)
= modeling framework (discrete)

= participant roles (S, P, M)

= quantitative parameters (Hill coefficient)



EMBL-EBI

Orthogonal branches

EEl * SBEC ~ Browsing

Systems Elology Ontology

= SB0:0000000 - b0 term

& @ SECO00023E -

e ntity

m @ sEooD0023 -

interaction

@ sEo0o0o0E4 -

mathematical expression

= @ SEo:0000004 -

modelling framework

= O sEo0n0000s -

paticipant role

= @ spo00oo0o0:

- guantitative parameter

Legend

o "isa’ relationship



EMBL-EBI § SBO term structure

Each term has:

= Name

= Definition

= Unique identifier

s Synonyms

« Comments

= Equation (mathematical expression branch)
s Linked via relationship (is_a)



EMBL-EBI . i SBO features

http://www.ebi.ac.uk/sbo/

= Browse

= Search

= Edit

= Export (OBO flat file, XML and OWL)
= \Web Services

http://sourceforge.net/projects/sbo/
= Term request (via tracker)
= Source code



EMBL-EB Browsing

= [Toggle D display] [Refresh tree]

E | SBO:QM0) - sho term

© SPO: 0000236 - entity
= @ SBO:0000231 - interaction

= @ SPO:0000375 - process

= @ SRO:0000167 - biochermical of transport reaction

© SPO-0000176 - bicchemical reaction
@ Spo-oon1as - transport reaction

© =p0-0000357 - hiological effect of a perturbation

© sSPO-0000205 - composite biochemical process

O =p0-0000305 - encapsulating process

©@ SBO:0000342 - molecular o genetic interaction
© SB0O:0000397 - omitted process

© SB0O:0000358 - process that affects an observable http ://WWW' ebj-' aC ° UK/SbO/

@ SPO: 0000396 - uncertain process

O SPO:0000374 - relationship

© SB0: 0000084 - mathernatical gxprassion
O =po-0o00004 - rodelling framework

© =p0:0000003 - participant role

O sp0:0000002 - gquantitative pararmster

Legend

(LI relationship



EMBL-EBI § Obsolete terms

|dentifier can never be destroyed
= Terms get refined, branches can be re-organised
Terms can be made obsolete :

Discourage the use of obsolete terms (view)
Maintain a record for obsolete terms (reference)
If possible suggest an alternative term



EMBL-EBI Search interface

Search

Search for: |vma}t

The seatch for vmax returned the following resultis):

Resulis found in mame

I T

SEC00001587 Henri-Michaeliz-Menten equation, Ymax form  (obsolete term) Entry view

Results found in definilion, commerd, malfil:

S —

SEC0000C24 forward maximal velocity [Tree view] [Entry wigw]
SBOO0001 87 Henri-Michaglis-Menten equation, Vmax form  (cbsaolets term) Entry view
SBC0000192 Hill-type rate law, gensralised form [Tres view] [Entry view]
SEC00001325 Hill-type rate law, microscopic form [Ttee view] [Entry view]
SEC00001248 Hill-type rate law, reduced form [Tree view] [Entry wigw]
SBO00001 58 maximal velocity [Tres view] [Entry view]
SBO0000325 reverse maximal velocity [Tres view] [Entry view]
SEC0000:501 total cata ytic efficiency [Ttee view] [Entry view]

Results found in syroenyms

I T

SEC00001 86 maximal velocity [Tree view] [Entry wigw]
SBEOO000324 forward maximal velocity [Tres view] [Entry view]
SEC0000525 reverse maximal velocity [Ttee view] [Entry view]
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Results navigation

Systems Blology Ontology
[ERE
B SB0.0000000 - sbo term

= @ 5600000238 - entity
EIO SECO000231 - interaction

& @ 5E00000375 - process
£ @ 5800000187 - biochemical or transport reaction

o] 1] SBC000017E - biochemical saction

(1} SBC00001 85 - transport reaction

(1] SEC00003ET - biclogical effiect of a perurbation

(1] 5BC0000205 - compasite biochemical pracess

0O 5800000395 - encapsulating process

@ 5500000342 - mokecular or genetic interaction

1] SEC0000587 - omitted process
0 5800000358 - process thatatfects an cbsenable

@ 5500000386 - uncerain process

@ 5B00000374 - telationship
0 5500000084 - mathematical eupression

0 5500000004 - mede|ling framework

= ® seo00c0003 - paricipant role
=0 5500000002 - guantitative parameter

=] 1] 5BC:0000258 - bischemical patamater

5 O 5800000380 - bicchemical cosficient

=0 5800000382 - biochemical exponential coeflicient

© | 5E0:0000190 - Hlllcosticlent |

@ 5BC0000038! - biochemical propattionality coefficient

(1] SEC0000508 - equilibrium or steady-state characteristic

Previous 1
Hill coefficient
141

Mext

Tree View
Entry view

SEBO:0000 180

Mame
Hill coefficient

Definition
Empirical parameter created by Archibald Wivian Hill to describe the cooperative binding of oxygen on hemoglobine (Hill
(1210 The pessible effects of the aggregation of the molkeculkes of haesmoglobin on its dissociation curves. J Physiol 40:
re- il

Comment
Determined from a "Hill plot®, # i sometimes assumed 1o be the number of binding or catabtic sites ina polymer, but it &
incorrect. In some mechanistic model, the Hill coefficient gives a lower limit for the number of sites.

hiscellaneous
Cate of creation:
0= August 2008, 1535
Cate of kst medification:
25 Movember 2008, 186029

Parent{s)
SECODO0352 biachemical expanential coefficient (is a)

Children
This term has no ahild.

Detall




EMBL-EBI Display term

Systems Blology Ontology

SBO:00001595

Mame
Hill-type rate law, microscopic form

Definition
Hill equation rewritten by creating a peeuder microscopic constant, equal to the Hill constant powered to the opposite of the Hill coefficient.
Math kL
=math xzmlne="http://www.w3.org/1398/Math/MathML" >
“pemantice definitionURL="http://biomodele.net/ B0/ #2B0: 0000062 " >
<lamhbda =

<bvarx<ci definitionURL="http://biomodele.net/ B0/ #5EB0: 0000186 " *Wmax</ci></bvar>
<bvarr<ci definitionURL="http:,//biomodele.net/ B0/ #5EB0: 0000010" *E</ci=<brar>
“bvarr<ci definitionURL="http://biomodele.net/ B0 /#2EB0: 0000194 K=/ cix<brar>
<bvarx<ci definitionURL="http:,//biomodele.net/ B0/ #3EB0: 0000190 " *he/ci>< /bvrar>

<apply> j
Rendered equation
h
RWHEXJEKJW==EE%EEEL
K +R
Comment

The symbel ¥Ymax and the names maximum rate and maximum velkocity are in widesprsad vse athough under normal circumstances there ks no finite substrate concentration at
which v = v and hence no maximum in the mathematical senss (Eur. J. Biochem. 128:2581-221).

hiscellaneous
Date of creation:
0= August 2008, 1857
Cate of hst modification:
25 Movember 2005, 1815

Parent{s)
SEC00001 92 Hil-tppe rate law, generalised form (isa)
Children
This term has no ohild.
History [+]
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" Browse
" search

" Download

" Term request &

" Edit tree

" Weh Services
" FaD
" News

" Frojecton
SourceForge &

" Contact

BIOMODELS.NET

EEl " 5B ~ History

Systems Blology Ontology

History

Here ane the latest modifications of the ontology.

26032009
26032009
13032009
0&DE2002
O50E 2009
05052002
O50E 2009
05052002
O50E 2009
05052002

SEC0000410
SBC.0000230
SEC0000357
SBC0000403
SEC00002 58
SBC0000405
SEC0000405
SEC:0000003
SEC000017 1
SEC0000170

term created
relationship created
term updated
term created
relationship created
term updated
term created
relationship created
term updated
term updated

This term has been newly created, itisa child of SEC:0000220

This term is now the parent of the newly created term SEC0000410

The information about this term has been updated (name, definition, MathML or comment)
This term has been newly created, itis a child of SEC00002 56

This term is now the parent of the newly created term SEC:0000402

The information about this term has been updated (name, definition, MathML ar comment)
This term has been newly created, itisa child of SEC:0000003

This term iz now the parent of the newly created term SEC:0000405

The information about this term has been updated (name, definition, MathML or comment)

The information about this term has been updated (name, definition, MathML ar comment)



EMBL-EBI Edit interface

SBO:0000198 HIll-type rate law, reduced Torm

Hame
Hi11l-type rate law, reduced form

Definition

Hi11 equation rewritten by replacing the concentration of reactant with its
reduced form. that is the concentration divide by a pseudo-microscopic
constant, equal to the Hi11 constant powered to the opposite of the Hi11
coefficient.

MathhL
«<math xmTns="http: / wew. w3 org/1998/Math/MathML™ -
zsemantics definitionURL="http: /fbiomodels. net/SBO/HSEB0: 00000627
«lambda-

shvars«ci definmitionURL="http: /fbiomodels. net/SE0/#560: 0000186 = Ymax=/clx»
<fbvars

<hvar-«<ci definmitionURL="http: //biomodels. net/SBO/E5B0: 0000010 R
«fcirafbvars

<hvars«ci defimitionURL="http: //hiomodels. net/SEO/E560: 0000190 " »ha/cix ﬂ

Rendered equation

“h
\ (ma, R, = LR R
1+R" sdd a synonym
Comment Zntera new synonym: |new S¥NOnym

T yIHE L AT . . T Add this new synonym
widespread use although under normal circumstances there is no finite substrate Sl

concentration at which v = ¥ and hence no maximum in the mathematical sense

(Eur. J. Biochem. 128:281-291). sdd a child

Parent{s) Zhoose an existing term:  SBO:0000012 mass action rate law -
SEC0000192 Hill-ype rate law, gensralised form (isa) Add this child

Children

4dd a new child

This term Ras no child,
Add a new child |
T

Log message
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EEl * SBO  Download

Systems Elology Ontology juty | My Account | Sign Out
Access to the OBEC, OWL and XML exports of the ontology. SEC Stetistics g
Instant expnrts B Nbterms: 227 @10)

B | ==t ypdabed:
These exports arg automatically gensrated daily at fam UK time, therefors vou can quickly download them without War 28, 2009
waiting.
® DBROfile
® WL file
® XML file

Generate exports

“ou can also generate up-to-date files, based on the current version of the database. Your export will be generated on demand: this will take

a few seconds to complete.

® DB file
& WL file
& XML file
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OBO

format-version: 1.2
A== i = s = W s L | ﬂ?-l"‘ll"‘l

O, [JL . NFINL T S T | T LT AT

data-version: 26:03:2009 12:18
caved-by: SBO community
auto-generated-by: SBO Browser (http: /fwww. eb1.ac. uk/sho/)
defaul t-namespace: sho

OWL

«ow]:0Ontology rdf: about=""»
rdfs: comment xml: lang="EN"»5ystems Biology Ontology, OWL export generated by
=owl:versionInfo=26:03:2009 12:18= 0wl versionInfo-
«rdfs: Tabel xml: Tang="EN"->Cenerated: 258:03:2009 0O7:00</rdfs: 1abel-
< fow]:Ontologys

XML

Pxml owversion="1.0" encoding="UTF-8"2-
=sbo xmIns="http:/ v . b1 omodel s . netfsho™
date="2009-03-28T07:00:31.1057" data-version="2009-03-26T12:18:33.0007">
<[arm-
<1 =580 : 0000000/ d-




EMBL-EBI Web services

message gelTermsByldsRequest

Pt | parameters

element jmpl:setTenmsEylds

used By | @ pergticn getTermzBEylds in PeriType SBOPTovider

=wsdlmessage name="gefTermsByldsFRequest's
=wadlpart name="parameters" elemant="implgetTermsBylds"=

=wadlmessages

message getStringTermByidFie sponse

Pt | parameters

element jpl-setSring TermEyldR es ponse

vaed B | 0 pergticn get$ringTermByld in PeriTyps SBOFIovider

=wsdl:message name="getstringTermByldResponse"s
«wsdlpart name="parameters" element="implgetstringTermByldResponse"=
=fwsdlmessages=

message searchTermmathRequest

Pt | parameters

element jmplgearchTermMath

used B | @ pergricn gearchTenmM ath in PoctType SEOProvider

=wsdl:message name="searchTermhathRequest"s
«wedl:part name="parameters" element="impl:searchTermiath'r=
=fwadlmessages




EMBL-EBI § Semantics

Semantic layer:

e |ink between models encoded in SBML and graphical
notations (such as SBGN)

e conversion to semantically enriched computing
formats (such as BioPAX)

* translation of models between continuous
deterministic frameworks and discrete stochastic

framework
e merging/integration of models



EVMBL-EBI & SBML and SBO

<reaction sboTerm="SB0O:0000172">
<listOfReactants>
<speciesReference species="S" sboTerm="SB0O:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="P"” sboTerm="SB0O:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="E” sboTerm="SB0O:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SB0O:0000031">
<listOfParameters>
<parameter id="K1l” sboTerm="SB0O:0000008"/>
<parameter id="kp” sboTerm="SB0:0000025"/>
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>Ss</ci>
</apply>
<apply>
<plus/><ci>K1l</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>


http://www.w3.org/1998/Math/MathML

EVMBL-EBI & SBML and SBO

<reaction sboTer§z"SB0:0000172">) - catalysis
<listOfReactants>
<speciesReference species="S" sboTer@BO:OOOOOl@ }substrate
</listOfReactants>
<listOfProducts>
<speciesReference species="P" sboTer@BO:OOOOOlD—-} product
</1listOfProducts>
<listOfModifiers>
<speciesReference species="E"” sboTer@BO:OOOOOlm p Catalyst
. o e
</listOfModifiers> : .
<kineticLaw sboTex@="SBO:0000031">) » Briggs-Haldane equation
<listOfParameters> —
<parameter id="K1” sboTerQ="SBQ: 8"/ - Km
<parameter id="kp” sboTenfi=" . "/ —p kcat

</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>Ss</ci>
</apply>
<apply>
<plus/><ci>K1l</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>

i S


http://www.w3.org/1998/Math/MathML

EMBL-EBI i SBML to SBGN conversion using SBO

<listOfCompartments>

<compartment id="C" sboTer@BO: OOOOZSD o
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTe
<species id="B"” sboTe
<species id="C"” sboTe
</listOfSpecies>
<listOfReactions>
<reaction sboTer@BO:OOOOU@ e =
<listOfReactants>
<speciesReference species="A" sboTernE"SBO:0000015"/> —
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTern="SB0O:0000011"/> —
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C” sboTer —”SBO:0000014D—> _O
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0:0000008"/>
<parameter id="V"” sboTerm="SB0O:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

http://www.sbgn.org/

i S



EMBL-EBI Tracker

SONIRCFEORCGE NE Log out Account Community Help | My Favorites [+ | Searchl

Systems Biology Ontology

ﬁf-\ddnew Browse Reporting Admin

Tracker: term request

List of suggested SBO term creations or modification.

Search: SearchlAdvanced & options [ RSS
Page: 1 1- 11 of 11 Results - Display 20 ["l
1D ‘ Summary | Satus | Opened ° | Assignee Submitter Priority
Assignes: Any IVI Status: Open IV I Category: Any IV I Group: Any [V I Submitter: I— Keyword: I— Artifact 1D: I— m ﬂl

Permalink

(2714265 Implicit Compattment Open 2009-03-26 nobody fhergmann 5

[1z104080 name of sboQO00Z7 7 Open 2008-08-10 nobody nobody 5

Lzololos reversible events Open 2008-07-03 nobody lenay ~ 5

(1103205 framework twpes and reaction directions Open 2008-02-27 nobody allvsonlister 5

(1803175 eguilibriurm constant positian Cipen 2008-02-27 nobody allysonlister 5

(11503174 child segms the same as the parent Cipen 2008-02-27 nobocy allysonlister i

(11903173 space hefore term? Open 2008-02-27 nobody allysonlister 5

Oigo3i7o harning scherne Open 2008-02-27 nobody allvsonlister 5

1803163 acid dissaciation Cipen 2008-02-27 nobody allysonlister 5

1 1880800 Essential activation Cipen 2008-02-22 nobody golebiewskim i

[]1791580 CONVENience rate |am Cipen Z2007-08-10 nobody tral 5
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The End




