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Example:

system from two chemical reactions

"K1[A] K1[A] -k2[B] K2[B]
O O

A B C
100 R1 0 R2 0

k1 - reaction rate for R1
k2 — reaction rate for R2

Corresponding mathematical model:

dA

— = —K1[A

~ [ A]

dB

— = k1[A]- k 2[B
m [ A] [B ]
dc

—— = k2[B]



Meta-model: example of formal description of
system from two chemical reactions

-K1[A] k1[A] -k2[B] k2[B]
A —@—» B ——o—» C
100 R1 0 R2 0
Description of system
ID A ID R1 ID B ID R2 ID c| componentsinthe
cC .. A->B cC .. B->C cC .. database:
predefined standard
// /7 /7 // // types + any attributes
System structure is
described as a
compartmtalised
attributed graph
100 -K1[A] k1[A] 0 -k2[B] k2[B] © Mathematical model
of the system
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Graphic notation editor
main concepts

graphic notation is defined formally as XML
document

graphic notation editor provides user friendly
interface for XML document editing

SBGN graphic notation (prototype) is
Implemented

BioUML workbench allows to create and edit

diagrams using graphic notation defined as XML
document



Graphic notation
versus graph layout

allows edit diagram
allows to create new diagram

allows formally define SBGN and use it in diagrams from
different sources (SBML, BioPAX, TRANSPATH,
Reactome, etc.)

allows to reuse graphic notation by many tools



Graphic notation — main components

properties — formal definition of properties that can be used as properties of
nodes and edges (for example, title, multimer, etc.). Definition of property
includes:

— name, type

— short description

— controlled vocabulary (optional)
node types — definition of node includes:
— name

— icon

— properties

— view function (JavaScript)

— short description

edge types — definition of edge includes:
— name

— icon

— properties

— view function (JavaScript)

— short description

semantic controller — defines rules for semantic control of diagram integrity. For
this purpose it defines following functions:

— canAccept (JavaScript)
— isResizable (JavaScript)
— move (JavaScript)



<IELEMENT graphicNotation
( properties,
nodes,
edges?,
viewOptions?,
semanticController?,
viewBuilder?)>

<l_—

<IATTLIST graphicNotation
version CDATA
appversion CDATA

>



<IELEMENT properties (property*)>

<IELEMENT property (tags?)>
<VTATTLIST property

name CDATA #REQUIRED
type CDATA #REQUIRED
short-description CDATA #IMPLIED
value CDATA

>

<IELEMENT tags (tag+)>
<VELEMENT tag>
<IATTLIST tag

name CDATA #REQUIRED

value CDATA #IMPLIED
>
<l-- Possible property types: -—>
<I-- - simple types: boolean, int, double, String -—>
<l-- - gpecial types: pen, brush, size ——>
<I-- - array -=>

<l-- - composite -—>



<I-- Nodes and edges

<IELEMENT propertyRef>
<IATTLIST propertyRef
name CDATA

value CDATA
>

<IELEMENT nodes (node+)>
<IELEMENT node (propertyRef*)>
<IATTLIST node

type CDATA
icon CDATA
1sCompartment CDATA

>

<IELEMENT edges (edge+)>
<IELEMENT edge (propertyRef*)>
<IATTLIST edge
type CDATA
icon CDATA

#REQUIRED

#REQUIRED
#IMPLIED
#IMPLIED

#REQUIRED
#IMPLIED



<I-- ViewOptions, ViewBuilder

<IELEMENT viewOptions (property*)>
<IATTLIST viewOptions
>

<IELEMENT viewBuilder (nhodeView*), (edgeView*) >
<IATTLIST viewBuilder

prototype CDATA #REQUIRED
>

<-- JavaScript code to create node/edge view -->
<IELEMENT nodeView>
<IATTLIST nodeview

type CDATA #REQU IRED
>

<IELEMENT edgeView>
<IATTLIST edgeView

type CDATA #REQU IRED
>



<l-- Semantic controller ——>

<IELEMENT semanticController (canAccept?, i1sResizable?, move?)>
<IATTLIST semanticController

prototype CDATA #REQUIRED
>

<-- JavaScript code for semantic controller -—>
<VTELEMENT canAccept>

<IELEMENT i1sResizable>

<IELEMENT move>

<!-- Icons ——>
<IELEMENT i1cons (icon*)>

<I1ELEMENT 1con>
<IATTLIST i1con

name CDATA #REQUIRED
>



Why JavaScript?

- can be integrated and executed by programs on
different languages, including:

- Java — includes JavaScript support from version 1.6,
Rhino JavaScript library

- C++ — SpiderMonkey library

- can be executed by browser
HTML 5 standard defines <canvas> element for
drawing. Now diagrams drawing and editing can
be done by web browser.
(see BioUML web edition as en example)



Access to graph model from JavaScript
functions in graphic notation

var multimer = node.getValue(
“"sbgn:multimer", // property name
0); // default value

var entityType = node.getValue(
"sbgn:entityType", // property name
""unspecified'); // default value



Graphic Notation Editor

user interface



Graphic Notations Editor
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Graphic Notations Editor

File  Help
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Graphic Notations Editor
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Graphic Notations Editor
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File  Help

‘Dam ee2¢c @
sbgn{ST).xml ‘I".

== sbgniS T2 xml

[+ Properties

D Nodes

[+-(1 Edges

03 Reactions

62 Examples “Semantiic controller” node
(-G8 ViewOptions contaings|flist of JavaScript functions that

E}Er Semantic controller <€—— ) j ] )
= .g r provide semantic constraints and semantic
I= resizable . . .
£ Move integrity|of the diagram.

o[22 values set

e

function f(container, de) -

var deType = de.getWValue('kernel', ''J.getTypel):
if (deType = "unspecified entity™ || deType = "xor™ || deType = "or™ || deType = '
|| deType = "tranzition™ || deType = "uncertain proceszs” || deType = "omitted prqg

Properky Yalue i

P= Data Colleckion

war type = container.getWalue|'kernel', ''J.getTypel); —

- [ 1. .

- D Size ] . | o L | \ - i | bl

Javascripk Editor |
I

View . Edit ).r Eu:Iitu:urs}.'r Javascript Compilation Lu:u;|/|'r




SBGN info



SBGN information: main principles

initial ideas: http://sbgn.org/LibSbgnMeeting090409

SBGN info:
- compartmentalized attributed graph (SBGN graph)
- references to biological object
(SBML, BioPAX, TRANSPATH, etc. elements)
- biological statements (complex structure, modifications, etc.)
- graph layout
- style for rendering
- styles info (predefined pens, brus, colors, etc.)

SBGN info + graphic notation
contains all necessary information to generate and edit diagram

SBGN info is stored in XML format
- as XML fragment (inserted into SBML <annotation> element)
- as XML document (for example, for BioPAX and TRANSPATH)

Information from SBML, BioPAX, Transpath, and other sources is
represented as compartmentalized attributed graph and can be merged
with SBGN graph using graph element identifiers.



<IELEMENT sbgn (nodes, edges?, styles?)>
<IELEMENT nodes (node)*>

<IELEMENT node (label, nodelLayout, nodeRendering?)>
<IATTLIST node

id CDATA #REQUIRED
type CDATA #REQUIRED
parent CDATA #REQUIRED
ref CDATA
clone CDATA

>

<IELEMENT label (html?)>
<ITATTLIST label
value CDATA
style CDATA

colorFont CDATA
>



<IELEMENT nodelLayout>
<IATTLIST nodelLayout

X CDATA #REQUIRED
y CDATA #REQUIRED
width CDATA #REQUIRED
height CDATA

>

<IELEMENT nodeRendering>

<IATTLIST nodeRendering
style CDATA #REQUIRED
pen CDATA

brush CDATA
>



<IELEMENT edges (edge)*>

<IELEMENT edge (path?, edgeRendering?)>
<IATTLIST edge

id CDATA #REQU IRED
type CDATA #REQU IRED
from CDATA #REQU IRED
to CDATA #REQU IRED

ref CDATA



<I—

path concept 1s based on Java java.awt.geom.GeneralPath
concept. Path represents a geometric path constructed
from straight lines, and quadratic and cubic (B?zier)

curves.
——>

<IENTITY % segmentType
"(moveTo] lineTo|quadTo]cubicTo]close)">

<IELEMENT path (segment)+>
<IELEMENT segment>
<VTATTLIST segment

type segmentType #REQUIRED
x0 CDATA
yO CDATA
x1 CDATA
yl CDATA
X2 CDATA
y2 CDATA



<IELEMENT styles (style)*>

<IELEMENT style (pen?, brush?, font?)>
<IATTLIST style
id CDATA #REQUIRED

comment CDATA #REQUIRED
>

<IELEMENT pen>
<VTATTLIST pen

id CDATA #REQUIRED
width CDATA #REQUIRED
color CDATA #REQUIRED
stroke CDATA

>

<IELEMENT brush>

<IATTLIST brush
id CDATA #REQUIRED
color CDATA #REQUIRED



<IELEMENT font>
<IATTLIST font
id
style
size
bold
italic
underline
color

CDATA
CDATA
CDATA
CDATA
CDATA
CDATA
CDATA

#REQUIRED
#REQUIRED
#REQUIRED



Example: SBML diagram in SBGN notation

PP

—

ERK {nuc)




Example: XML fragment for
SBML diagram in SBGN notation

<annotation>
<sbgn xmlIns:biouml="http://www.biouml .org/ns"
notation=""_/graphic notations/sbgn_simulation.xml"'>

<nodes>

<node 1d="'"CMP0219" parent=""" ref="CMP0219*
type=""‘compartment''>
<nodelLayout height="450" width=""810" x="'65" y=""'40"/>
</node>

<node 1d=""PRT003759" parent="'CMP0219.CMP0O003*
ref=""CMP0219 CMPO0O0O3 PRTO003759" type="'macromolecule'>
<nodelLayout height="40" width="'94" x="96"" y=""195"/>
</node>

<node 1d=""PP" parent="CMP0219.CMPOO03.PRT003759"
ref="" type="'variable''>
<nodelLayout x="'102" y="185"/>

</node>



<edges>

<edge 1d=""RCT005640: PRT003081 as product*
ref=""RCT005640: PRTO03081 as product"
from="CMP0219.CMP0O0O03.RCT0O05640""
to=""CMP0219.CMPO0O03.PRT003081"

type=""production'>

<path>
<segment segmentType=
<segment segmentType=
<segment segmentType=""lineTo" x0=

</path>

"moveTo" x0="798" y0="224" />
"quadric” x0="822" y0="163" />
763" y0="134" />

</edge>



Example: TRANSPATH pathway
in SBGN notation
(automatically generated diagram)

STAT4{pY}

IL-12
IL-12Rbetat

STAT4

IL-12

—
b
(e

IL-12Rbetal

IL-12Rbetaz

Jak2
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