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[0085]

[0086]

[0087]

[0088]

[0089]

<I-1> H¥d I 18
B

Mo g,

84 1

F A5 (Godel number)E 3}7] 82 10 93] % A (a;, a,
‘O

, a9

3}7] B KHA A5 (prime number)Z ERTH

— aj
(Pa,uz...u,, - I ka
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& sl gEststr] el

k=
ey, A7) A os B Y] EHe A A REERA W A HedE a1 >(directed
acyclic graph) 725 XAT F At 7] £ 19 7A€ dAE AHEd, 179 AAFes &0 14
star A= ] g0l ke BAE ZAsUTh fold(Termd) = FABRI) N o8 o290} e FHolx
golae= A Rlel o3l &ol1v & FHoltk. ey, oled #AE E 19 HEF RPCRFEE A3t
A F8d + gl
# 1
A £
Rinal AA 27 e
is a 1
part of 2 R1: 02 gojlo|t}. 9'3'5" ~ 6 000
ol 3 R2: §o132 §oj29] Folt, 2’3’5 = 180,000
Sol2 4 R3: §old= gofzoltt. 2°3'5' = 120,000
8013 5
gol4 6
webA, 7] FEsE shrlek o] WEESIt: 1) st daEE 1 B 28 ARgste]l AdS diale 248 7t
gololl AAEA, 2) 7] YaelF 3% AMESte] WEE WS o) 4] §o ke ZH7te] A BE
skl ot
dauEE 10 HyE fdso A4

duglE 18 2FE FAA 2EZX(gene ontology, GO) &ojo] X AHsle], L& 28 ZEH3torEN 27

DBell “47] GO §-ole] HAE

1 T=At, t ter {G= GO &l 7
2: P =Ap, p, ey 1P 259 £418%)
3 EE IEL e {1, 2 G}

5. end for
6: & t= t € {ty, to, -, tor
70 4ug]E 2(¢. key, t) {E4 DB &

G A4 A
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[0098]
[0099]
[0100]

[0101]

[0102]

[0103]

[0104]
[0105]
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9! BE t=t € {t, ty, -, tg}

10: AgE HAF « dagF 3(r. key)

T 2% s &olt AT FE Sold wAA AFEEel o8 47] G0 8o H A EAS &
A

3: SetRelation(Term.key, t.key, t.prime) {80l E TR EA AAH L2F5 A%}

4: 48 F 2(Term. key, t) {&o]9] RAo d3 AHAZE)

5: end for
6: end if
o}

=

A ZE 3L LEZX AZoA wW/NHS Termkey 2 IR 2 FA $0]8 THFE 2549 FAMozH WY
PN
T

2. var = 1
3 BE t= t € Y=E
4. var = var X t.prime

5: end for

(e}

2 ¥l (return) var

A7 BiYgE AAeE FAA SE2A] ASe) doA FE SAE st BA E 159 A9 §oiE
E38E 29 AEoATE. G E Eo], d7] F 29 #A R3S 420] Y& FHIF L, o] 2{&o]l, A=A
FE %TZ(root node)}, 3(£012), ¥ 7(£3)9 2AFE ZETh oy L 891, 802, £ &43&
rdstE &AFE R3Y IH AdgEdlel g3 R39 gu|E FET F JEE AT
# 2
Hyd Ads 19

o 2T oA WHaE 4y

£ol1 2

£0]2 3 R1: §oJ2%& &olo|t}. HA(s a) =3%X2 =6

£-913 5 R2: §90]3& §o] 29 RRolt), #A(part of) = 5X3X2 = 30

f0]4 7 R3: fo]4E goj20]t}. AA(is a) = 7X3X2 = 42

<1-2> =d¢l 7] FEFgo=

=
it}
2
i\
A,
o
aV)
=
it
r_}l_,
1o,
o,
fol
_L}J_‘
ol

7] AA <1-1>o] WPE Fu5 AL ASste] =W o] REAORNE dSH: wud ghe] 35



[0114]
[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]
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2h-g-o] o AlE st7] & 3o YERTE. =HQIAZE EWRIBF e AEethal T RS wi(3E 39 R4), @A
= ZYRIAE ZH3(R5) @¥EBE =WRIBE ZE=th(R6). ol #AlE % 39 LPEW uie} o] wWH =
Az 3dHATY. olHd REE AMESto Ry, duldAvE gl dBe} s tgsittE JPES g el 4
BEZ AAH(modulo operation)d &8 7hekeh Alddsto g2 dheldh 4= Tt

143 = 11(&=HQlA) X 13(=d<IB) (1)

46,189 = 187( M AA) x 247(HEB) (2)

46,189 = 0(mod 143) (3)

A7) dAalel glelA, = elArt =W ClBet AT AEElE BAE HEE dr 14302 FHHJAL, o= 1(FE

dE o) 13(=HUB) (DS 3 #holth.  wlAA7E whaBel Aaztgsitis /M 247(dHZB)

(2)& 187(FW AN Feozx Wiy US4 46,1892 THIATE. 46, 189(HM A7 ThalARe} AT g
e 7HEE f3)E 43(&=vdAE = 2 v Fo U A7E 00]7]

[e)
woll, el dAZE e dBel Fa gtk 4] 7PES Al Aew gRlE .

Ry

£ S | MRy ds
ErlA |11

w=delB |13 R4: EvQAE =BG} A4S AHg- gt Ao A-g 3T = 11x13 = 143
ggA 17 R5: S AAE EWQIAE shxich A = 1711 = 187
AR |19 R6: T HBE =wQIBE 7hxlth A CHIY) = 1913 = 247

A Al o 2
A AR A} E H o]~

2E2x] 714kl AA o] AAE(http://ontology.hpid.org/)< C# TR Aoz AAHAT}. dgE
2~Hd|~¢ A|(Sieve of Eratosthenes)(http://mathworld.wolfram.com/SieveofEratosthenes)ES A}&3d}o]
26,0007 o]Ae] AFE AAEFIL, A7) 2AE AFAEta 2A #A4 2 BERZ AXH(modulo operation)=
AA s 9sle] java Biginteger class® AF&3sIth. AF&x17) Fegl @l ojgk G0 &0 EE whald 4
HAD e (superfamily) & AAE wf, A2 <AzS A7) AAE G0 B} UL 5Ag o= FAo] 4l o
LRSSl 0}‘43} 7] GO o] T FHAEER FAo] G il g

7] AA ARe AREATE AR s wE7] sk, 4] G0 &of e
“(autocomp ete) 71s& AR = 1), wepA, AREAL] fa] 4H |
ole} ARl sl EE 1 ool ek G0 &0 T FuIdER FFEHAY. AV AA <Azl A
GO gold U3 AELA7ISS AFES o= ® 1o YEbch, s AR Web Services Description
Language(WSDL) & A&t 7 A Axlo] ) Mu|~2HE oWz 7te] A5zge] AA4E 4& 7]
WSDL-S #4#| & (document-oriented) T H2FAEF(procedure-oriented) AHRE ¥E3asl= wAX A T3 &
% (endpoints operating) ¥ A E 2 A HESHA S Eat=s A s}7] ks XML SZolth
(http://www.w3.org/TR/wsdl). A7) A2 Ao o&) velhd A5z go
A, et al., Nature Biotechnology 2004, 22(2):177-183) X+ XML XE}Y AEE 7}x PSI-MI XWol A 7H
t}.
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S-1> 2B2A Jute A4 AL AET FEH D-9F 24 Pgel 94 A gl
Z}Q

HPRD(Prasad TSK, et al., Nucleic Acids Research 2009, 37:D767-D772)¢] A& #-& dlolgolA &= 7|4t
o] AN XS AFHAT 1AL [D-vjA AN T v wskdch. A7) T k%] weo] o8 HPRDe A A
ool ko] JE A8 Mg syl A 49 yERAT.

71 A7, HPRD release 72 8,800719] <Q1zF ©id AloJoll A 38,190719] A& 28-S 23t ar, o= 470719
GO &ol2 FMo] &yltl. GO &2 F3& 26,00071 ool ,000789] GO €] Z 1.8%7} HPRD
ol 7 wldo] FA& Gy Y ALEE AT, B g A Z F45 27198 A
&8 d7) 47070€] GO Gol=HE Az Sl ok 698747k41 9] GO 8olE FEF = Ut

7] ¥ 4 2 = 20 YERA vRel Zo], GO &9], ool (0:00081508 A& A (biological process)all
gk GO AFe FE ==(Root Node)o|th. G0:0008150 #Ael ol&), ID-wjd AL ¢32 579 A5 28(F
38,190709] HPRD ZJ&zH89] 0.01%)< HASIG oY, 524 7]vke] HA xS 36,523709 4az28(F
38,19071¢] HPRD 5289 95.6%)S HA3FFT. GO AlFolA A7) G0:00081502] Ak == (descendent
node)<l, tiAF #Ael digk G0:0008152 F el <fall, 7] ID-w& ML 2862719 A5 2H8(F 38,19071¢]
HPRD “F32F8-9] 7.5%)& AMstR o, 7] 2524 7]9ke] A 2 19,828709] FeAE8-(F 38,1907
HPRD 7J&2hg-9] 51.9%) < HAslsict. 7] ID-w AL & EAHHA ARt o 5322 §ol& AT
W oS e A Axs ygildg. ®=E A ID-wE AAA, G0'0019538~ G0:0044238 =

O:

G0:0043170 Bt} O 39 Faddz E8aL, A7) G0:0044238 = G0:00431709) H ok HE A& AL
AN A kot (0:00195389] A A= 5,324709] AEzgo] HAETH  HHo| Ay LEEX
71kl AL Fglo] &3 54 G0 fojol thI FE AW olyzt Ar] G0 &ojol diEle] oS EA3E &

ofel el FEAEE AT

F 4
LEEA 74k A [D-#1H A whdel o9k AN Azl vl

8ol |  Ggoos | 1D-vi3 74 [ eEmx suwel gy
A =tA 9

(0:0008150 AEeA 1A 5 (0.01%) 36,523 (95.63%)

G0:0008152 oA A 2,862 (7.49%) 19,828 (51.92%)

G0:0044238 12+ gjAEA 0 (0.00%) 17,434 (45.65%)

G0:0043170 I e e 0 (0.00%) 7,211 (18.88%)

G0:0019538 o AL 5.324 (13.94%) 5,659 (14.82%)
A 7%

G0: 0003676 xk A 10 (0.03%) 8,733 (22.87%)

G0:0003677 DNA A3} 1,944 (5.09%) 6,935 (18.16%)

G0:0003700 HAARAAL 2 5,164 (13.52%) 5,164 (13.52%)
MFEARE

GO: 0005622 A U 0 (0.00%) 31.694 (82.99%)

G0:0005737 A=ZA 17,312 (45.33%) 20,990 (54.96%)

G0:0005829 Aol EZ (cytosol) 452 (1.18%) 452 (1.18%)

<3-2> 9id FsAE VEHI

A wde] Fax8S 7] 7 WHoe® AASY cytoscape(Shannon P, et al., Genome Research 2003,
13:2498-2504) 5 AH&-8to] 528 vE

a2 A3, %5 %9 % 30 Yk ule} o], = 39 YEHNA 1 WA 112 HPRD Hlo]HZHE "FEeE = 2
Z_ z

3HGO 8] ID GO:0000166)"] ol ot 7] 2E=2A 7Rk AAS Fd AAE 70719 @A 3+ F5z}
£ Yehlla, & 59X E, A7) 70709 d5Ee T 237 Srlvte] "wEYULEE Ajre e F4& zh=
Ay AHE AoR yEhEt. o 65719 dazge "wEULEE A" B "ATP A9, "FAD

o] &dl A HMo| o3 {FHA REZAZHEEH

FEIIAT. = 39 MEHYA 7 UA 1 A3 (G0:0005524) 2] HE ol o3t 2E=Z%] 7|Hte] AAS T

2] 4
A T "GIP A3y e U 5AH3E gz F4
11& "ATP
3 A 3149 F35FES eI, EZX AZo lojA A7) "ATP AL "wIFHSEE A HT)

o
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[0130]
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A~z
T
o gag Aotk whel, % 39 WEAZ 5 WA 63 2ol, ID-91F Aol I LEE AY
Aol oo 94 57)e] AsAgTe]l ANFRAT A 650 AEFEL reEAY. v AN
TP 2GSl Aelel YoMt Y] LERA Jlwke] A4 Wyt g 3o dEAgol A,

Z5
42 % FEY W %
HPRD_ID HPRD_ID

HPRD_02431 ol Ed AT EA A
HPRD_02147  |ATP A%

HPRD_02300  |ATPolA] €4

HPRD_12171 g

HPRD_02110 A7 d G274 Ji
HPRD_02682  |GTPo}lA]l &4

HPRD_08986 XA G4

HPRD_02610 ey At

HPRD_03913 e At

HPRD_01496 A AU/Eded suA A
HPRD_02619 w2 AH/Eded JuA 3
HPRD_03479 A Ab/Eded suyA A
HPRD_04066 | &+9d Mg/E oy 7uA 4
HPRD_05428 A Ab/Eded suyA A
HPRD_02963 | =84 &4

HPRD_01158 s%(myelin sheath)o] F+x24 A&
HPRD_01235 ArzAA 84
HPRD_00591 HAzAdx FA4
HPRD_06774 Hex4d4 34
HPRD_06802 HAzAx g4
HPRD_09084 Hex4d4 34
HPRD_03051 TH 44
HPRD_11762  |DNA A3}
HPRD_02171 ZteRsias B84
HPRD_07135 oA E A A5 ) A)
HPRD_01721 Bz $£% oz
HPRD_01722 Bz £ and
HPRD_04738  |GIP A%t
HPRD_06716  |GIP A3t
HPRD_00743  |GIP}A|
HPRD_00766 | GTPo}A]
HPRD_03297  |GIPo}A|
HPRD_03297 | GTPo}A|
HPRD_12228  |GIP<}A)|
HPRD_12228 | GIPo}A]
]
I
]
I

HPRD_02944 | ATP
HPRD_01368 | ATP
HPRD_01368 | ATP
HPRD_02147 | ATP
HPRD_01368 | ATP
HPRD_02944 | ATP
HPRD_09468 | ATP
HPRD_01368 | ATP
HPRD_02944 | ATP
HPRD_09468 | ATP
HPRD_09468 | ATP
HPRD_09468 | ATP
HPRD_05802 | ATP
HPRD_09468 | ATP
HPRD_05802 | ATP
HPRD_09468 | ATP
HPRD_02147 | ATP
HPRD_09468 | ATP
HPRD_09468 | ATP
HPRD_09468 | ATP
HPRD_09468 | ATP
HPRD_01368 | ATP
HPRD_16742  |FAD
HPRD_16742 | FAD
HPRD_04100 |GTP
HPRD_04100 | GTP
HPRD_04100 |GTP
HPRD_04100 | GTP
HPRD_04738 | GTP
HPRD_11978 | GTP
HPRD_11978 |GTP
HPRD_04100 | GTP
HPRD_10360 | GTP
HPRD_04100 | GTP
HPRD_04738 | GTP
HPRD_10360 | GTP
HPRD_10360 | GTP
HPRD_11978 | GTP
HPRD_11978 |GTP
HPRD_11978 | GTP
HPRD_10360 | GTP
HPRD_11978 | GTP
HPRD_06419  |GTP
HPRD_04100 | GTP
HPRD_04738 | GTP
HPRD_04100 | GTP
HPRD_06419  |GTP
HPRD_06419 | GTP

ol [l ot fox [ulok

N

o el (et
o o, fo

o ol ol [t ot

HPRD_06692  |GIPo}A
HPRD_08555 | GTPo}A
HPRD_09191  |GIP}A
HPRD_09973 GTPo}A
HPRD_11820  |GIP<}A)|
HPRD_04398 oy At

HPRD_01265 cld A-/Eged ]

HPRD_03384 g AHU/EYod IATEA FA
HPRD_06288  |RNA A3

HPRD_01853 MEZA (cytoskeleton) o] %4 AE
HPRD_01451 T2 ¥A 84

HPRD_01859 ARRIAE S

HPRD_16515 | AAx4A &4

o, o, o2 o ol foX o o o fo o

(e T e e

i, it [t [ O (ot [l (ot [ [t [l ([t [ [ nd [l (bt [ [ Ot [l [t [ [ bt [l (ot [l [ [t [l [t [l [ i [t
It [l ol ol Ol Ol Ot O pOl gt Ot Ot |t |l |l Ol Ol Ol Ol Ot jmO gk Ot Ot Ot Oty Oty [l Ol Ol Ol Ol Ol O jpOl gt Ot Ol Ot |l [l Ol [l Ol Ol Ot jmO |z
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[0131]

[0132]

[0133]

[0134]

[0135]
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HPRD_04100 |GTP A3} HPRD_03967 | fH]AEI-Eo]% ZZeolA THA
HPRD_04738 |GTP Z 3} HPRD_03967 | &H]#AEH-Eo]F Lz ol A

HPRD 09704 |FZdeEl= A HPRD_03356  [4l& E@lxF*(Signal transducer) A
HPRD_09704 |[wEHEE= A7 HPRD_16544 AARIAL EA

HPRD_09704 |wFEZdSE= A% HPRD_03221 | AA zAA 84

HPRD_13115 |FE#E= A3 HPRD_03015  |L#H A A &S

HPRD_09704 |wEZHSE= A% HPRD_04484 | &#x]A &

<8-3> 7 =4 AT A A3 Wl

Fg G

g8l os zHdom HAG
A"(G0:0019538) 4 "AIAZA"(G0:0005737)= He] A

A3g s

2
i}
b
BN
B
(o

Astel, F e GO &old
2A A Akl

ERE!

Aae] -y Pk BE Aol thtel o

* 6
Az Aol dis) ths G0 g0l A A 9% wA 3+ J52g
o GO0 & g dud A
252X 7]Hke] HA ID-vi3 A
e A A EAE
G0:0019538 G0:0005737 3062 (8.02%) 1994 (5.22%)
G0:0019538 G0:0005576 769 (2.01%) 753 (1.97%)
S A s AE HF
G0:0003700 G0:0005737 592 (1.55%) 576 (1.51%)
G0: 0003700 G0:0005576 103 (0.27%) 6 (0.02%)
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An Ontology-Based Search Engine for Protein-Protein Interactions
News | Search | OnlmePrediction | RDE | WSDL | Supplementary matenals | Help

HPID: -

Gene Ontology GO00DSBY

GO.0005822

We have developed a new method for WGO.OO05826

modiied Godel numbers. This representation is bdgggggg%
eficiently search protem-protem mteractions m a bic .

condmons expressed in one or more GO terms, MGQOO05821

, GO:0005823
protemn by pnme factonzaton of the moddied GodeGo 0005327

GO.0005825

| Search

as and the Gene Ontology (GO) using

; a search engine using the representation to
Given a query protem with optional search
nds all the mteraction partners of the query
1 query protemn and the search condmons.

quw«dmmhngammm:emhmmmohmapmmwﬂhmmw

annotations that match the search condstion, but

ose mnteractions as well f they sansfy the

search condiion with a more specuabized tem in the ontology herarchy

Thus site gets data from BOND, GO, HPRD, InterPro, NCBI, PSIMAP, SCOP and Superfamily.
Department of Computer Science and Information Engneenng, Inha Uraversity, Incheon 402-751, Korea

82-32-860-7388 (phone), 82-32-863-4386 (fx), Kyungsook Han (emad)

X (
Atbution-Noacommercial-

This work 13 kicensed under a Creat

Korea License
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EH2

=] = \ T TR
2Ibls HE A2

ysoty )l
Biological process Molecular function Celluiar component
(GO0008150) (GO 0003674) (GO 0005575)
y—e”’ —eee
CHALREE ‘ zZg ' M= W )
Metabolic process binding Intracellutar
(GO:0008152) (GO:0005488) (GO 0005622)
. . y
Primary metabolic Nudeic acd - w2URECE 2 MzE
POCESS bending rucleotide binding l Cytoplasm
(GO 0044238) (GO 0003676) (GO 0000166) J_ (GO 0005737)
E— N— 3 \,
’ mﬂagxo,% ]ollxe}cmu:é A / DNA 23 ‘ ATP Ht ’ MOIEE
Melabolic DIOCESS DNA binding ATP binding Cytosol
(GO 004;’ 1701 (G0.0003677) (GO 0005524) (GO.0005829)
N———
Sr IR R S TETE 7" FAD 28
Protein metabolic Transcription factor P == EA ==
process activity GTP binding D binding
(GO 0019538 ) (GO 0003700 ) (GO 0005525) (G0.0050660)
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