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B =RdMe dUdgd 279 nlolosiado]l 4L AAFQ B Hr|HE AMEsle Ho HEsim
FgHoz RHsH BYdHT $YE UniPath E719HL AckEtdck T8 o] X/He 835l nlo]
23jadgo] XAE g Pz AT ZA 1 PHE F53 XML EHOE 44 H3F F e
=gy 7k A4 BE N2de AAE A4 volelel He&FosN egAd-S AEIHAUTH

7191 : Biopathways, AZAL B2, 23 A=, A4 FF, XML

Abstract Recently, the information processing of ever increasing bio-related data is becoming a
very important issue. One of the main sources of these bio-data comes with the form of biopathways,
which includes molecular transactions and processes that are part of biochemical systems. The
information represented by biopathways includes various organic relations among its components.
However, most of the current systems to represent biopathways have been initially developed without
computer processing in mind, and hence suffer from inconsistencies and ambiguities.

In this paper, we propose an improved notation, called UniPath, for clear and systematic
representation of biopathways. The proposed system is designed to provide a unified representation of
metabolic and regulatory pathways.

We also designed and implemented a graphic editor for UniPath to draw biopathways map
according to the proposed notation. The graphic editor is designed so that biopathway data can be
easily transformed into XML format.

Key words ' Biopathways, Metabolic Pathway, Regulatory Pathway, Knowledge Representation,
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2o HERRTL TUdF AE Foll UM 74
Ao FUINEE HEsie AN Aw ZgAE9] 2An
B ugog Z fARe] 94X YA 7T
< 93y, 4 {32 AFeERE ANag AANE
e BE A7 AFAE & AsA RS AN
o A% FLL A2do FAgoz ojsHe ATt
olFAA: Ytk olF Y3 MEE sFT FHA
8Hgenomics), ALY BAS A7 A EHtra-
nscriptomics), @] i A7 DR Hpro-
teomics), 183 25 N2 AaALL FAHoZ
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A= Qi

BE AETH Jee B2 F3Fg HEHIE
53 2dsy, £4 dadge] ug FRe #4314
A9 FEAAML MEYH 7T EAS JFEA m
2 A BA el o AR EAYA Fesit weiA
Azlet A 22 71F el RE e 47 4T
AZEH ZZA2ES Yrhle blojeuAdole] o
g dTe A9 Y9 ARE #5393l D5Fo)
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2.2 HIO|RTiAO} XA T3 2

dlol e Ado|#A AL B} FnHolw A}
A TE37) 98t 3g BE P EC] AEEHI ok
B 1€ g A=HoA ntolesias)e] AAE HH}
7] 93 AMgEe B3R WHES RAFEth 7 BE
yuinit A3 go] e £57) tEEs gl
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78 Ed P K ]
22489 &4 FA2E BIND
Petri Net Genomic Object Net

XML(CellML, SBML),
ASN.1(NCBD)
GeneNet, KEGG, PathDB

Markup Languages

A 434g Jg=

221 F328o €A F2E

vlolesj2dole 54 AXE 75 2 FEF
$59 UvEIImE, BIND(The
Interaction Network Database)dlMe E& HAZ2E
AL olFE A3AA IDE ¢Ad=E JYEF2=H
FHICH2). dlo]em2dolg AzaAY €A F2E
2 BEse 2L 2L o|F= ATdAl B3} FE
£ drldle HdsiAg, 43R4 DY ddEs #7)
HAY FEsde A2 38 52 Y & g9 AA
HQ A2 3FL ] dETe B3l sith

2.2.2 Petri Net

At A4 AR g npeleuAdely 3EE
Al ol dstr] gt AEANS g4A B3 98
Genomic Object Net2 Petri Net®l &3 Fu<
HFPN(Hybrid Functional Petri Nen)& AHESTH3)
dlele B9 o)E FAS7] A Petri NetZ A3k
e 7 FaFgel] B8y AHd A Wo] T
& F8AE F A1 &4 AAY e A TR
g F Ao, AsEAst olsszlde £ Wl o
&34 Fobe d3e ot g,

2.2.3 Markup Languages

HioleujAgo] A4 FAL 8 AlREHE Markup
LanguageZ& ANS.1# XML ¥wo] th Markup
LanguageE AHE3he A2 vloleujago] X4g &
EEZAV 5% AAC 7ed REE 4 1o, 3
£ Zg3og deolgg At AHsrld we &
olstnz Al2gle] &3 g AAE Hal d5FHolg &
F Uk HIZe mleledsdels 9% FFEEY
XML EAe| #g a77t &83] o|FojAxn glom,
EHA RAe2E SBML(System Biology Markup
Language)® CellML S| 1cH4,51.

224 ¥2 45zg ag=

o] esj2dolE BEA 4EFE gz g
AL Aoz Fz ANE FHIEE F71FoH
B3 vlolemizgols 44 ol £ J= T2 W
Holoh, =3, HE AR Aslstatel Al J&3itte
A4 71X o] KEGG, GeneNet, PathDB 5 # ¢}
5-E9] violsjido] Al2FoA AHEHTH6-8)

Biomolecular

vhol s 290l 2elX e e % E
7IHe B2 35S BE3A oldE 4 U=E A
A (intuitive)o]olot 3L, AA7E] HAY Bz
w2} A (fitting)3HAl HIAIE ook 310, F7Fx] HA
Yoz ¥E FF UEHIE dehd F =S ®
A% (expressive)o] Aok stm, ErIPat 2 4 A}
ol9] A7} HFH({forma)2Z HLH ook 3} E
g A7 &ob Fdiol 9§ ufolesizgo] A HHY
9] #4S n#dly FFAUA (extensible) ©AHIE
o} g},

ANRA A2E 24 AR v 2 WAUS] 3t
waleg adzg F 87 AgAes 4ot a2y
Z7d A2+ g9 d&ds EF%(taxonomy)ot o]
BEH AZ Axrt gla 2F F2E AMFHOZE o]F
& 4 e AAUZe] FHHA e duHloltH)] =
g Alzgeig 14 246 JHkE F E7IHE AME
ste] ulolemjiglo] Aalg AFSIEE AlsEnich &
g wd ghdo] dat, =3 X3 Y= AEEY
o] eEi2go] JHoz AFFor s Al2w B2
2 Fgo] o)

vlole 2ol ARE VU HrIYPoez FHI
S AtE EHA BAF FrPH(formal notation)
22 Eberhard Voit®] A F2 #F F7H
[10]3} Kurt Kohn®| ©¥3@ -Fzahgol A3 H71Y
[11], 283 Isabelle Pirson®] &84 &% 7194
[12]e] gich 71@el Aljtg wielesjzde] A4 EH
< A% Z71HS 2 B AgEY) de2z dAAH
22 AA WA ME EEA dEH AT FE
BEE I BESHTA ¥ wole A RHE 5
gl itk

2.3 J2HZ 7|t HIO|2IHALI0] KI4 EH AlAH

npole s 29jo] A4S AT V& A" H=
£ ¥ A %(hand-drawn image map) d2lo2 AF
A dlojeiujol 2t K] iz #Holol U
&8 ALsle AFegE HAY A E(auto-generated
map)E A3tk

FAQPeR WE 13 Ax: 4 FRY Yu|E )3
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A A2 ARE e U952 #F st Agae
o] Aok 2y o] WP Y Foln 7)Ed o
¥ ARYS BAFEg AEA wEAe ANES
HeolEsy] eI, BE ARE ZAGAY A=E Ut
ANE FARE 47 S8 ohFg dolgrleld JHS
FHgA717] dEvHe 998 o3 gl B3 42 A
g vEE AFAA gl glerz HEAY BYX
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Subcellular Compartment

Element

DNA

RNA

Protein

o e

Small Molecule

Reaction Type

> Biochemical Reaction
Regulatory Reaction
oo - Posilive Regulation

Negative R egulation

Advanced Reaction Type

Unverified Reaction

Omitted Reaction

Unknown
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XA} A= =3 3=
(e}
F3) s (7];%\ B3 €4, DNA, RNA, 833, e 24
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23 48 A9 ¥ 22 R 28X A7|(switching on), ...
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A 292 117)(switching off), ...
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Hlole s Adio] ARE FFA7|T M2 AAse F7
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H9 FHoz FEFn HZ HeE FIFLZA
uto] o2l B AN 2 F8 AAHL M5
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319 wpojed2dgo] A4g Fise AL Ho &
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/9
/ LAT GrbZ\

instance Grb2

Instance LAT

Instance Reaction 1 Type: IProtein

Image: protein.jpg
Ncbild: NP_002077
Shortabel  Growth
Receptor Bound protein 23
cytoplasmic adaptor protein

Type: [Protein|

Image: protein.jpg

Ncbild: AAC39637
ShortLabel Linker for
Activation of T cells: contains
amino-terminal transmembrane

Type: }Reactions|

Revirsible: false

Description: The Grb2 adaptor
protein interacts with membrane
bound LAT

Reactants: LAT
ReactantsCoordinate: 100, 100

factor

domain
Products: Grb2
ProductsCoordinate: 350, 100
PublicationReferences:
pubMedid="7510700" refDescr="A
complex of Grb2 adaptor protein
<reactions>

<reaction name="reaction1”, reversible= “false", description="The Grb2 adaptor protein
interacts with membrane bound LAT">
<reactants>
<reactant name="LAT", type="protein', image="protein.jpg", ncbild="AAC39637",
xCoordinate="100", yCoordinate="100", shortLabel="Linker for Activation of
T cells; contains amino—terminal transmembrane domain">
</reanctant>
</reactants>
<products>
<product name="Grb2", type="protein*, image="protein.jpg".ncbilD="NP_002077",
xCoordinate="350", yCoordinate="100", shortlLabel="Growth factor Receptor
Bound protein 2; cytoplasmic adaptor protein">
</product>
</products>
<publicationReferences>
<reference pubMedld="7510700" refDescr="A complex of Grb2 adaptor
protein">
</reference>
</publicationReferences>
</reaction>
</reactions>

O9Y 6 ZH Y XML 208 PG 43289 o

Azd) BY ARE A2E PR 2 FA9 FA4 2 £ Ao
olo] AgEel BH AFAEEL WAG HEAE =

#de) P2E2 Y + 3ok 4. UniPath A|l2"] & U EJ}

BIND HioJgl Zd§& AlE-3le] Ty F4oz 3
g wpoledjado] AAe FH{d B} AL &4
(attribute) 2.2, BAHAYE FHEL 24 (element)
2 F¥go=H 444 XML Eaiog Wi 4+ 9l
T} & &)=, UniPath2 XHF LATS Grb2e] 45
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