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Pathway database: Ontologies and model

Toshihisa Takagi

Graduate School of Frontier Sciences, University of Tokyo, Japan

The target of biological knowledge acquisition has shifted from elucidating the features of genes and
proteins to discovering combinations of their interactions that constitute biological functions, i.e. pathways.
Pathway data are “processed” rather than “raw” knowledge or data, and are integrated from multiple
knowledge sources. Their constituent biological entities are highly diverse and range from metal ions to
proteins to biological processes in general. To provide machine-accessible pathway knowledge, we have
developed a manually curated pathway database that focuses on biological processes at various levels and

also a set of annotation ontologies.

1. [XC&HIZ

T = RENT MDA =X LEfRHET HITIE, TNECEHESNTELME R THLNNT AT
IR G A B A L BIRAR DS BRI URT CEDIORIBIZE R 228, b b A FIRR DO
FBDOERA (Frbry— FEEER) &7 —F X — 2R ETHD,

LINLZe 3G 7 T IR SAY ZA B RNy D3y NI — I LU TR ISRl 5 (RHT5) 2

LI HZRAEZE TR, 3 T O BAERANOIE T 5320 =A 1%, AL F RIS XA WOl E -
RLIR DS RTREIRAS AR VR AY A B R E | :ﬂi’@?‘v—ﬁf\“%ﬂmﬁiﬁéﬂféko ZOHHELT, NR
UTAEMERR T DT, B LAY, @RAT Ul A THY, IbIC o OBERE
LC, fEG BRI DR LI K LR O BRSO iﬁ“é?ﬁv’“f\»—& At
v X —DB%, conformation change 72 D4 DIRBEZAL, BENEIE/2E DZERIBENIRE S E %
BRIMEE DT HZED BT HND,

F7-. EMFE DR E B A THRRE R DBICIE, SCRICHRS WS X Fat Bk (B 202,
ERK1/Z MAPK O—2>Th%, 728) Z AW TRZ MR L TWD, 2O L9727 sokniska AR L CHM
(23R OFLREE LT AL AR OW b (ERK1& MAPK @Faﬁ@%e%%sr VIS G VANV
BL) BEBETLES. SCRRHF O TP BT 25 A B 1L 95720121, FHRBEICTY Fnia Fi7-
®HZE, BLUOINOLDOE SN iz AT oA T — X %%A&?/%%ya‘/ﬁ“é%ﬁu\
%uﬁ%fi&?ﬁ@ﬁﬁﬂif%ﬁﬁ%a“éﬂé%iz?%é

AR TIIZOIOBREEDL LI, MBI FOR THOZDOETHLY 7 T IVRERE F T DAk
RED ) THEFIZ DWW T DA ﬂ%%lﬁk’i’?&? TGP E I DI FEBR % 4 H 5L . SPARK. FREX,
INOH[1]DJIEIZ — D FnF~—AD BRI A TE=,

HIRERE D 2y THE T A A LT Fik T o> 7/ T MG E N AT A DA ha P — ST v 7T



RIS I MR DHERE I T BT D NI S ND, T2, V7 T IVRIESR A ha Y — DA EL 72 Do)
A 2 AT —H_X—ZAD I, 7 LIHOREEE TR, MlafgRE Do B a—H T Ial —ial | R
SHO BRI ERERIE THY , ZOBRIT IR L HESh D,

2. ARBARDEE
21 IRz A R

ST FIARE AT = A TR DI R EDIEEZHIFZTHY, FICH TGO AN FEH
THEMBROS TP ZTLIRL TS, Ll [mEShD v 70" (BT 58 e E#&i137e<,
TeL AR 2 R~V TR N OKRRE TG THMEEELT U7 A7 LW HEEBMEAENT
W5, DED, EBRIIZ AR E | RUSOEEGH ORI NOFRA RO LERHDH. BARRIZIX
EEAT Y ARG LAY, X TR EOWEICEE EH T MR E L OBLG O R R R E TR
W DUNERHDS. 2, TNHOFHEFE RO LEMR (HkF) LA 78D “Gk” | “Eff” |
HERED “HIE” AbED “HECFRIS REFEL Thb,

(a) (b)

JAK-STAT cascade G0:0007259 JAK-STAT cascade
dlagl‘am :‘.‘-T':.'.?.-':.:"“'- phespharyiatics af
L 4
-—
@ o
"""" = T
Cytoplasm O O ‘,“‘ ﬁ
‘\“‘ |
Nuclews | SWLPYPS Stat PYPS| ‘@ @

©1. @BEMES T FIUEE AR T B0 EE. OMBERREL TR/ AR Y14 (HBER
DH). (IS L OBEAITRIBAREE T HIETIAK, STATEEHRET BAN= X LNBEEKN
IfEEL. BEFOESEIFEILTIS.

1(@IFF A7 7 Z LM CTRIB S AR 723 7 F MR S AT = A Hf T D, MIAIEIE A D
FERTRSNTBY, RERFBEHIIEL, T<OWDHERIZZ L AITETHD, ZNODA T V=7 M E %
HNCHELE T 528 T JAK 2o~ 7E | STAT #0 " 0B % FIRET DS E DA =X LBRBSIT
(A

ZOLRI TR HFRFR B G R P RE R R UCE S X DITIE3 S DOREN HD. 5 —IXBURAY TRV
WGV T T HEANDE KR ThD, B IZ L E O RERG B RE |2 H B2 E 4 R T
LTWHIZEEHS>TNDHD T, FKHNDRESOFAENTATFEL TWD/NSZ2FEH 235 2 37 B OE S



RHEZRL QWD EETCICBET D, EDT=OK1. O EALHEAEEIZ, VI i/- STATS
M BBETERL CTENICBAT IR G 2T LT 22 L2 BfiE 95, DFD, STAT37Z1) T4H>D 7tk
ANFEAELTNDHZE BEIO T BARLLTO STATSOIFENPIREN TV, 5 IR ER O A
P)— 7R R RLBE T, RNR OB TIL, Vo melh, #o_78 | ISR E BN ENE NN DA TV =
IR TREEN TS, STAT3HEiSNTZ STATSOM DO RKENIZ L G OIRREESEZ R L TWD
25, mTOR HORENIV BRI ATRL T D, F72, B — FEMHEN IS L WD B G L R F Ot
BLTWD, ZOINTHAT 7T LTI, Frx 2SI R 2% DN RFEIRZ LB T2 R D
BAT | BIDRIEDOBERNEB AN AAEA LS G- TD, 5 —OREIXFFR O RELeS
Thd, AT 7 I AKTIEEET LA 7Y =7 M ICALE 3528 T, bLLUIY —7 v hO BB R
A28 A3 528 C, EEUIIH BEMEROFEMA R4 TV 2/ NES LA BEIEIIZHE 21 Td,
ZDXITR A AN T 7 HE TR T D LITNEE TH D,
NSO S A RIS DT DITIE, Bk & 7RI OFLIR 25 CE DB 5tk AL EThHD, £
7o B2 ORISR T 2ER AR T-DITA L MY — I ER ST RN E LD,
BT AT L TIIEE T TN DSR2 A RBER AL WL AR T 7137 F7 %R LT
HWiEEb B T CERIND, HE7T77 CG=(GD 13777 G=(VEO) LiRftEAR T=(VELr) T
EFRSND, r IEARDIR
ThHd, 777 G =F
HAEWZ 97 . K T %

H SRR LTRSS [RIBRLIZ .
B vy e € EG &fH
@ Q ,@ HAEH =YY EREOY,

Ty el € ET %4y
gy LS, CG D
Wr i Fraga) 134y fi#
A TONR aztRed%
oy AR T —FR

0

©
RS

5o EABENNDES
#4457 (compound graph) D T=(V,ET) PO i
CG=(G,T) BETTT7ThHDH, X2

AT 77 OHITHD,

2. H#ETSIIE IR ARIT .
WA 77 T3 EA/E

F o S O 1l i 135 iR
AROBEIZRESNT WABHAIEH DAL LUTKE R ERVID, 20T BETT7IEANTTT
TR TAR— T 77 LI U CTER SR OB W O i e S (L5 7 AL Chb@EL T
H(K1. (b)), EARNT BB ADOHEILEEL B DI LL T ORISR HD, RO ENRITEESS
T7 OEIEEE TERL TEY, SRV oA T T D5 7 e AR RBILCT VMG > TV D, F
T2 BTLWREZR D ) —RE B AT 52T, BB i E O AR Lo EEE M OEE S
T 7% DR T HIENAETH D,



22 VUFIIEEAIOD—

DI MBERIL, SHEMIC BT, FEE, i, iR BB, A A OFEE ., AR RYIGE .,
AR RSB LW ST SESERAEBRIERZRIE T2V AT L THD, ZO XL OMERREE R P
IZBHDV > THERRN SO/ SAY A B KRBT DI OISR BEROBEREZEDALET /T —ar LR
STUIZRBIRU, AWFFEBAFE TIFRIR D LIV 7y F-HERE  MIAERE , AEMHEN DT = ) IATICEDET
OB RIZ DN THEEDOIUERL A v by —E L TORRbE D 1=, BT, 22 7B A b
22— (MoleculeRole Ontology[2]) 3L OMEmELG A~y — (Bvent Ontology[3]) IZ 2V TlE Gene
Ontology Consortium 73 B L TV % Open Bio-medical Ontologies (OBO)&L T OBO HA MPHABIL T
W5, E7o, FHAAEH A hry— (Process Ontology) | fflifid Jm (E 74 F e — (Location Ontology) &
EOTAODOF ey —EF &2 DRA%E LT Ontology Viewer JOABIL T4, LLTF, ¥/ VB A e
T—BIOEMBIRA L Y — IO W TS,

B ER U B S T50 F4 1 eho SMADL ), =720 ERK1], OIS 72—> DS %
R CE5EI7b 0721 T7<, TR-SMAD, TMAPK], OIAITGH T, 13o&0E—2D 5y 1445
SN DL HEEND, FRCRILRE T, 2O L8570 14 TR = A AAER B i ins
(Canonical pathway), SLEREIFR DT —Z X —Z2 T, fll % D43 12OV TCRRRSNVAFH AAEH - <
AT xAL 2D X573 Canonical 72/ AV = A DWIj 7T —Z_N—RITHEANL | TH & FTH > T Feli]7e
MRFETEDIONTTHILNEELLY,

LW EA T TSMAD1IZ R-SMAD @ —->ThY, ERKLIZMAPK O—>ThH5 ], L) BEREH->
TWDAD, s D5y T4 &2 O EEHBEICE 37210 Tl ERK1iZ ERK1, MAPK 13 MAPK &L T
DHFONTLED, ZD72, ERK1E MAPK O DBERDN K41, Flaksr i kL CL £, £z, —
JCILERFGR D T — Z X =%, T TIRSHHIN TODELSH T — F X — R LA R > 72 b D T
THIFZRET20, LInLRDE, G U8B T 050 F4 O LD OEDIIH L, fa T ilARIAZIELHE T
(2O TOLZLIFFHTHIR N EDPND D FITOW T A BER L MESRE LD,

ZNODOMEE RS 5728, Fex 1L Canonical 7257 14 (R-SMAD, MAPK 72&8) 76 B ARI7¢
714 (SMAD1, ERK172&) . BT —4 N—AD T N —F Tx D7 F > i —MoleculeRole
Ontology DRELEIZEN AT, BARIIICIE, SCHRHIZIIT D4 VB DAFE O E & ik 1) BEED
HDOBEWRE K (ZFEE, T T —ERE) ., 2)@H4 77V — AR ERLFIEBZ R E TERWRED
K72 S & (MAPK 728) | 3) BdAIIHHE CTHRIE CEL BRI E &, 4) BA RO ER ETHRIEL
128 MABEP UM BRI 0 R R AR LT, 1), 2). 3) DAL — R ik{bBIfRGs-a), ZL T, 2
Not4) #2885y — 2R (part-of) THt A TV 5, MoleculeRole Ontology WS-, 43+EW
FAITB T DRE RIS - R LA AR DD, i 7 N —7 BT ek IEL | B rI7e
BAMRIZEEBRL 72, MEIE RIC Y 7o o T, SCHRN OFEIR | Rl BB, SwissProt 72807 /7 —ay
T =B R ADFRREE BB ITL EWFH Lo TR T AR T VRIS R854
TRz, 22 THA DAty =0, BN ESWET 7 — D5 BT L 3Ly —%E 3, o1
IR A RoY 7 T R I Z I D0 DR ENZ IS WZPEE L7 > TOD T EITER S,
Fohay—0k FElilhn T N —IZ2\W T SwissProt/TrEMBL =2 N —~DOU 7 {41F % FAEH#
TIT o7, ZORR, B THIUTSOIZHNWTRZATV., BEEERE R T, o FESRLREEITNA ., #



ARERIMEEL, COBERLXZTERLOMAHA) 7 TORVWE,

MBS Py — 3 REERIT, ETEBREE O R BRI L E DR m e 2 & WO T
TAY—=EERANDOT o R WH T TV —ITRIEND, BT, EERNT B ERT, 1) 5 FL~Ub,
2) ML ~L | 3) FHERL ~UL | 4) EFEL N LD T aR AT KMEND, 4 T OB L% 8
UxA, FLTHEE DR S AT =A131) D4y FL~L D7t AL — Bk L BR TR, £7-,
EDIHRAEMBBIZBEDEDONNLE- T, 2)3)4) Loy — &IRER TORMA->TND,

VT TGO R E R ZOA by —CT )T —ar 3520k o T, SESFhE CRial
SNSRI D FNSR A S IV B LT HIENTEDLIINRD. BEOT —2-7 )T — a3 H\T
HlehIZZNHDOA Y —E2F 2 DBFE L= Ontology Viewer (X 3) 225H/ABL TV %, Ontology
Viewer W\ ETHEMOMER -7 — X E N A[HETH D,

MoleculeRole Expand All Modes

1=l MROO00001 : MeleculeRol:

¥ » MoleculeRole 1= ME0000949: protein
1= MRO000207: enzyme 7'( *ﬁ -3 '_\EE —
1= MROOO0S59: ubiquitin related exzyme = 0) gy

=) IROODD329: wbicuitin ligese (E3)
0 £l

MoleculeRole ‘
A

I<evword: ubliquitin
ubiguitin related enzyme

ubiguitin ligase (E3)
ubiguitin-activating enzyme (E1)
SCF ubiguitin ligase complesx .
ubiguitin-conjugating enzyme (EZ)
B g g g RERMER

[e=asaD] ==

3. Ontology Viewer

b0 A by —iE SwissProt, KEGG. GeneOntology., PSI-MI 72X DEEfFET — 4, A4 b
= ~DBRY BTN,

23 IRRYPIAT—RAR—X

BHEAE IS LS FNRR Co D/ AT A T —Z % i@ VG EE CICIk D 2720 12i%, BEFE M
FERE G S FEA CHERZ M T 20 ERHD, LLRRD, Bk E a4 by —61L<
IR FE A TR E RO BERET /7 —a L CND RO SAY 2 A T — 2 _R— 2D H 3 TH
Bo A IIRROBEE Y/ T BRBUA L M —IC LD T )T — v ar A A bR T m A iE
2T — R E R DI LT —Z R — A LT,



INAY 2 A TAER T D% ) —RBI Oy NIX2 AT (Bl 21X, #o_0E ) —R, 7atA /) —R, ik
oY Ty ) IS T, ZENEIRO DN BIEE R ZFF > CWD, #L /7 E ) — R Thiid®R
R Gy PG RTEFBALTE e MRS e 8 DBIEZ R > TS, IERDT —Z_X—ATIEZhbH0
JRYERE B ZE A A B THEREATIL, fERICT — 20— BHESCH AL OBRICRE S
h&ofwk&&ﬁ®7—&A—ZTiET#ﬁ%ﬁv¢uv~;iof7/7~vG/#6 LTz
EEFRRLTND, Bl 21X, 5 FIEHRICITE Y X RV EOHFEZBEL TW5D MoleculeRole
Ontology ~DOZMRIEWMN., [FIERL u%ﬁ%ﬂﬂfﬁ%ﬁ’%’fﬂ%ﬁfﬁ%ﬁ TENENOWEE R ET 54~
= OERFRBEIASNTND,

ZOINTH U Y —E LSBT SAY aA KRB FIEA R T228 T, 2—FF AT =/ BLWY
ISAY 2 ATRERL T DRTOF T V7ML T, i x R B OGO E SEICHEL TR A HE
TC&D, &I, ATETIEHBE AT T77 2 WD ETESY SAT oA DRRFRS ATHEL 72> TS ([X4)
B A EMEAER TS0 FI3 s, EV0ofnAbtid, A SHAERZ 77 TGSz —R
ERBTHILITHYETE(K2. /—F D, O), #2378 A ZETe N7 oA 3, LWHRTIN
BT A 25T GO/ — R L CT /7 —var i A v ha v —nr 7 2 RFRTHZ 81
Y3522, 7—KB),

E‘k%ﬂﬁzﬁ'f&““zb

®4. AU rOS—(2k BRI F—ADT /T~y

BAT 7T 26 LT A RS B TRASNIAHE G | RO O _LICREL) DA by —(C
ROT /T = al M EATHIIE, FIIERD SCRZ L7230 BRI A AT TE D GUILIZHESK
BUAT DISRFR T, AV =2AT =2 WO HE | FHTBR MM S A 7T 7 OEITHIEL, 72
BPOBT D) =R a0/ SAY = A AP ZpBETELMERENE R SND, ZO IR Fnb,
B IR EEE 7 T75NED SRV =427 1% INOH  Client ZF¥ L7, KT 4237 —#

-10-



NR—2E MRS DI O RERED i 2 TRV, INOH 7 —F _R— 2D A L A —T = A AD K E| % R
729, B ) —REBIMNTHERC, BH DT 77 2T 2 LT8R AT T7 xR LTz T 4 2%
FHAERZ Z 712 7 — R BINS TG WS Tl iBinsivz / — KMo ) —REED XS 72 w5 B
FRIZHDDDNE R, DEVRDR O ARG R EHIND, MRFRELZ LN D, /—Raf A HikRd
HZLECHEBIEE A AT TED, 2O, 22—V X LEFEARDB D/ SAT A DRI % GUIT Tt
{E- B TELIINTRoTND, HBIT/ A=A =T 4 H TR L THRFLT2T —FZmERRFLTVD
A= ayhThD,

060606 INOH client
N@EA v d2008D ARER BEE OQE@AB Db T=0 EE A
o000 Properties | % Newt | x WUsersiemiiDe../IL-1_JNK.inoh | 4b
B4 =t
¥ System - EventCompound
GID 110000035
Lo 10206534568

DisplayName Beta catenin degradation...
Type EventCompound
MatiD MIC003878
PreMatiD
Comment
P Editing - EventCompound
v Biological - EventCompound
EventOntology IEV_0001739:Beta cateni...
Organism Canonical

ExternalReference http:ifwww stanford.edus~...
LocationCntology
Evidence Generic, AS,PubMed:154...
g camgie.
e0e Nodes
= W - - . - O
[N N-] Edges
—_———— e . % Cut ~X
0 Ea Copy ~C
@ Paste as template ~V
oo CompoundNodes @ Paste as alias ~ ¢V

# Delete Delete

% Dup as template  ~D

B Group Selection

{§! Ungroup Selection ot Previous curated/inferred...
2 & Following curated/inferred...

align * & Controller/Controlled...

» @ Super/sub...

. &3 Homologovus...

&3 MolecularVariation...

goto
(8 Properties...

Pathway retrieval

®5. NRADIAITAEDRAY)—2avk

T —HBEBEL UL, 1DDEE T TT B DD /Ay = ARG L7025, Fio, K/ —R, Zo |
INAT 2 A FENENMNI LT AT V7N L TAT V=7 ID R0, AiikDIHC, ZnEno47
T NIZAT _Ed%%éﬁrﬁiﬁéﬁbuﬁét&)@ﬁ MR B a0, HIZENE Az > Tk
B2 & 7o B RB IR R 2 M5 T 272012 A TE L S LI L 52 D HEOF 2L —F — 3 5%
PN SR AP ﬂ"/ldm_/\x'?:%?‘*—&f\“—xLUZ%&%%%EI%%@@%H%L@W%M Ak
1Y —5) ENAY AT —H AT EAToTND,

BIfE. B cell receptor, TGF-beta, CD4 T cell receptor, EGF signaling pathway . GPCR,
Inter Leukin, Toll-like receptor Z XU REAI/ SAT A RE7D 43 ¥EIZ00 L C INOH 7 —#
release 1.0LLCABL TS, 56540 X/ 7'E 2176 DHEAIR, 1619053 /SAY =4 13T9DFH
HAERNEG EFNDHZNHDOT —21T http//www.inoh.org 2°5 A FA[RETH D,

-11-



3. F&H

AHFFERFE CIEAEF SR CTHA SND /SR = A Wik 2 T — X X — 2T D IEHALBLE T, ek
ORGSR FRE LT, 3 L L T SN CE M A R R BT T — 2 X — {3579
(U, R GRS R CE AN CE R LR T U RGR0, FRZ, AT A DI SRR TR
DEHEZBIR L BI FFR DT —H X — 2L TIIRk 2 Tl &3 A7 V= 7R L TORG 2720, Zihvbx
AARICHEAIEATODORBLFEEA Iy — OB NN EEL 2D,

AR CTHHFELTZ > AT AR EHI CRIRI R KRBT T VAL, IRt T SAY = A A8 2
BCOFT VI N o My —TEHRDIT TS, A Ry — =D/ R 2 A RR AT LT, 22—
PR ATI T ARIBE LT HNO B2 AT DPEF CED T — T — R R— AR ERENN 2D,

XA 2 AT —H DINGHIEAEE T2 L CIEE(LNEE L2508, RFIERE CII AT AT — X
D EFE LA B9 BioPAX /SR 2 AT — X7 4+ —<v v MO R EAL /N—L LT, /SR AT —
HR—ANKB CELREERERDDT —F T V0 O aHI A IZB 5L T2,

4. FREBAFEIEAS
REWIEE EA FIA G KRFR LR A R 7R
(1) 7t e —E% CER 13 —44E)
IN—TV—F— @HET KT
(2) RAFH =D ER%E (R 13— 44 )
IN—TV)—F— @HET R KT)
(3) ¥ F A ray—RagE G154 )
T N—TV—F — 15 HE BRI A ZEAT)
(4) SAFH—D2 7 BR% CERE L BAEEE)
T N—TV—H— EARFIA FEKT)
(5) MERAHERRGET —2 AT CER 1 645 )
T N—TY—F — 15T E—ER (EESE T A ZET)
(6) AT LB EH CER 164 F)
I N—TV—H— EARFIA FRK)
(7) JERAERRR G T — 2 AT CERR 1 THEFE)
T N—T V=K — {5 HE—BR (EESE T A ZEAT)
(8) JNFRMLERA L A —T = A ARFFE CERR 1 THEFE)
TN—TV—H— EARFIA FEK)

5. ZE XM

[1] http://www.inoh.org/.

[2] Satoko Yamamoto, Takao Asanuma, Toshihisa Takagi and Ken Ichiro Fukuda, The Molecule
Role Ontology: An Ontology for Annotation of Signal Transduction Pathway Molecules in the
Scientific Literature, Comparative and Functional Genomics 6, 528-536, 2004.

[3] Tatsuya Kushida, Toshihisa Takagi and Ken Ichiro Fukuda, Event ontology: a pathway-

centric ontology for biological processes, Proc. Pacific Symposium on Biocomputing, 2006.
(in press)

[4] Ken Ichiro Fukuda and Toshihisa Takagi, Knowledge representation of signal transduction

pathways, Bioinformatics, 17:829-837, 2001.

-12-



