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Abstract Searching for gene products which have similar biological functions are crucial for
bioinformatics. Modern day biological databases provide the functional description of gene products
using Gene Ontology(GO). In this paper, we propose a technique for semantic similarity search for
gene products using the GO annotation information. For this purpose, an information—theoretic measure
for semantic similarity between gene products is defined. And an algorithm for semantic similarity
search using this measure is proposed. We adapt Fagin's Threshold Algorithm to process the semantic
similarity query as follows. First, we redefine the threshold for our measure. This is because our
similarity function is not monotonic. Then cluster-skipping and the access ordering of the inverted
index lists are proposed to reduce the number of disk accesses. Experiments with real GO and
annotation data show that GORank is efficient and scalable.
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do 12 ajn mlo r&

[

gzEF 1 A A=

//pid, is the id of query gene product
// k is the size of results
/fiList[il(i=1,
JNowestli}(i=1
// Bierm is a set of examined terms

// B, is a set of examined gene products

01: procedure EvaluateQuery(pldq K {
02:

20: procedure Next(i) {
21: entry=iList[i].PresentEntry();

,n) is the inverted index list for an annotation term t;
,-+.n) is the last value of MaxSim which has been seen in iListli]

lowest={1,-
03: resultHeap—{},
04: isEndOfCluster=true;
05: isEnd=false;
06: while(lisEnd and eof has not been reached on all inverted index lists) {
07: if(isEndOfCluster==true) {
08: i=ChooselList();
09: isEndOfCluster=false;
10: }
11: entry=Next(i);
12: ss=CalculateSS(pid,, entry.pid);
13: resultHeap.offer(entry.pid, ss);
14: threshold=Calculate Threshold(lowest[i]);
15: N if(threshold<lowest_similarity of resultHeap) isEnd=true;
16:
17: return resultHeap;
18:
19:

22: do {

23: nextEntry=iList[i].NextEntry(;

24: if(nextEntry.isStartOfCluster| | CheckSkipCondition(nextEntry.ic)) {
25: while(nextEntry.term€ Berm) {

26: nextEntry=iList[i].nextCluster();
27 }

28: Brerm=Bterm U nextEntry.term;

29: isEndOfCluster=true;

30: }

31: } while(nextEntry.pEB,)

32: B,=B, UnextEntry.p;

33: lowest[i]=nextEntry.MaxSim;

34: return entry;

35}

a¥ 6 A9 A ¢nyF



690 FRAGH=EA

olsh o) ols] AAY HUA VEL IS BAYo)
gasich

6. &" 2

A¥L GO 20059 119 HAL AHgsact 223
Z+8-(Molecular Function)?] &ojof] thsjrdvr AES
gk AR fA2 HES GOWel EE F3A
S AREE AT F4 AR g 3,711,7357)0)
B §AR 229 J4E 13974647001tk Al2H &
2 Java SDK 158 &3I4tk GO ©lo)els} &ojzh
FAE HolBe MySQL 412 Aty ARs9
AL & $73e PentiumM 1.6GHz CPU, 1G RAM
o]n WindowsXP &%F3A S A&k

6.1 20| RAIN H| Ms

24 AT FHLH 27190 G4 P2E YA
2 X9 ERE Yolrr] 3] H9 45& é’@a}ﬁ’&’
k. ol {3 E 19 571 F8& g oE &
F32 A 20708 ANEe g FIYsgnt

¥ 1 A¥ AHES Ze

No Gene product # of Annotation
1 Q4EPJ2_LISMO 7
2 BACH_HUMAN 4
3 TRI34_HUMAN 4
4 Q46YR3_RALE] 4
5 QAEPE1_LISMO 5
SuEEe A AHY 2Fo] {AHA AE AN 3
FE Fole Ao Wi A 384 g AN
ol i) S43gch
50000
45000 3
3
40000 “Q
35000 N
3
30000 —B Ocs-Ma
& ¥
& 25000 S BICs-RRA
w 20000 § QrR
3 N
15000 N
N R
10000 p—— ) N
5000 p—i ‘Q 3
N
o ——
a1 02 03

29 7 A9 F9 A

A 43 A= 18 73 2ok a2#Z6M CS-MA
€ Ze&y 27191 A giE dAA £HE B
T &39S Wl AMe)n CS-RRES F2E 27
Bg AHgET Fes-2u g dHx AL 9

dloletwlo] 2 A 33 @ A 7 Z(2A06.12)

oltt. RR& FelaE 27|19 & A3 o eee-
ZW Aoz dns Fge wWel Azoelct gz
A g %ol FUiE 27183 94U f2E 9
Az &4 He 25 Ay o158 FUSE ¢+ A
t} 53 o159 Axe FAd we gd2A Jebg
th o]5e Axe A 2B Fe2Ee 4o
FHFL AT G FY2ECA &) Alolzr) &
E9 287 dehve 3¢ g=-24 342 o H
agFe] dck €@ Wl A gAl Hol B2
AR AEE HNET) fEelh o] #42 2W A9
A A Sedrh 29 Aoe] Ag HaQl g
g e 7] E32HY =77} 1154457 otk

F4 gojzt wi AukHololN o) golz Fd
]'}\]'E-‘] A7t wig B7] ot o|FA %7
2H9 Ale|zrl & A g82H 27198 A%
} FHLHY EE #AA AEY da Aag A
%E T e ¥ 5 Ath

6.2 2ERLO| vig}

a9 82 Ao 2d¥ld g A9 A =F9 EHI
o) wsl agzelnt Lowests dA A Qo) AZR
M we FAR] WskE Jehdnh ¥ 3te] Lowest
Ho} wobrjof HAo] Fg Tt CS-MAY A$ RE
gol el Zashs & 2 4 A RRY %oﬂ
2g o] ¥t A9 glod oz s F4e] uj¢
o AUk

L % o o
r.EL _.., r?.i r(r

ol

ul

o
>
g

4 Zam

Threshold
i~ <
&
]
3

-~ Lowest

o
~
]

o
xS

8

400 600 800 1000
oY

¥ 8 BEgkel g

6.3 Zut o mE AN

$02 AN Jifd wE AT W3ls dvRgg.
I8 9 19 Zejd dis) Axe] ArE HFAIY
2 &8 ANtg AT ZI otk CS-MA9 A%
A3 =rlel s YAz Wl A 9 o
% 9ltk. ¥HA CS-RR¥ RRS A3 zvp) AAE ¢
AT FAEE & F sk o= $E7) Akt
we Ao Aut Are] dis] #FFA(scalability)o]



GORank: Gene Ontology & °]&% RA2 4+&4] oud A4 A4

50000

45000

40000
35000

E 30000

E 0CS-MA]

™ 25000 - |8CS-RR
AR

¥ 20000

15000
10000 3
5000 |-

7

2 =2dAME fA fd44 AE 284S 48 V1Y
< AL $A KA A4S A8 AR 2D
9 fAE &2 we Adsigeh o KA
Lin® AH o84 fAl= HoJE AHEH. 221
29 k A9 Helg d3 28u d2eFE AHSEe
AuF HAHE ANE T F U5E B2Yn o' 93
227} AL FARE o] P BEghe) oig A
g 3k £ F4 Qv FY2EE olFR Y
T& o83 B AFE Fole /WS AWt A
Al GOE o843 AFAN S&rt Add PHe] xS
Zolnl Ao A7t SV A A Wit A
&5 Bych :

GOE ol&% u|H frAbd AN ez B
€ Fobt g Aoz JdEn £ =89 e
dooud fA F8oA AEo]l B 49 k AE
Aedhs 7IEE AT Aeg B 5 Uk 28 £ =
BN AL 71YPe GOAY ZTHA gk kA
LEEA-FY ol TRAE HEo] 7tk

TF ATRE FAR AE G O oY JRE
olgal AuF {AY M Tgshe Wyl K A
T7t Ba¥ Aoz HAT AEARSIME o
ojete] g Tl FARTHE FFHo|tt =& GO
A7HA LEZA Y wE 9wy fAH] A4 dHE F
gehe A= FUEE AT FAV 2 Aotk

=3
b B =y

#1a2s

[1] The Gene Ontology Consortium, Creating the
Gene Ontology Resource: Design and Implemen-
tation. Genome Res, 2001. 11(8): p. 1425-33.

[2] Lin, D. An Information-theoretic Definition of

(31

[4]

[5]

[61]

(71

[8]

(9]

{10]

{111

f12]

(13]

[14]

[15]

{16]

691

Similarity. in 15th International Conf. on Machine
Learning. 1998. San Francisco, CA.

Fagin, R, A. Lotem, and M. Naor, Optimal
Aggregation Algorithms for Middleware, Journal
of Computer and System Sciences, 2003. 66(4): p.
614-656.

Aslam, JA. and M. Frost. An Information-
theoretic Measure for Document Similarity. in
SIGIR. 2003, Toronto, Canada.

Maguitman, A.G. and F. Menczer. Algorithmic
Detection of Semantic Similarity. in WWW. 2005,
Chiba, Japan.

Lee, JH, MH. Kim, and Y.J. Lee, Information
Retrieval based on Conceptual Distance in is-a
Hierarchies. Journal of Documentation, 1989.
49(2): p. 188-207.

Rada, R, et al., Development and Application of a
Metric on Semantic Nets. IEEE Transactions on
Systems, Man and Cybernetics, 1989. 19(1): p.
17-30.

Lord, PW., et al. Sermantic Similarity Measures
As Tools For Exploring the Gene Ontology. in
Pagcific Symposium on Biocomputing 2003.

Resnik, P., Semantic Similarity in a Taxonomy: An
Information-based Measure and its Application to
Problems o Ambiguity in Natural Language.
Journal of Artificial Intelligence Research, 1999.
11: p. 95-130.

Jiang, J.J. and D.W. Conrath, Semantic Similarity
Based on Corpus Statistics and Lexical Taxo—
nomy, in International Conference Research on
Computational Linguistics. 1997: Taiwan.

Cover, T. and J. Thomas, Elements of Information
Theory. 1991. Wiley-Interscience.

Hjaltason, GR. and H. Samet, Indexing-Driven
Similarity Search in Metric Space. ACM Trans-
actions on Database Systems, 2003. 28(4): p. 517-
580.

Bohm, C., S. Berchtold, and D.A. Keim, Searching
in High-Dimensional Spaces: Index structures for
Improving the Performance of Multimedia Data-
bases. ACM Computing Surveys, 2001. 33(3): p.
322-373. :

Chavez, E. et al, Searching in Metric Spaces.
ACM Computing Surveys, 2001. 33(3): pp. 273-321.
Guntzer, U., W.-T. Balke, and W. Kief}ling,
Optimizing Multi-Feature Queries for Image
Databases, in VLDB. 2000: Egypt.

Azuaje, F.,, H Wang, and O. Bodenreider, Onto-
logy—driven Similarity Approached to Supporting
Gene Functional Assessment, in I[ISMB Sig
meeting on Bio-ontology. 2005.



692 AEAEI =FA : tlo|etdjo]2 A 33 A A 7 F(2006.12)

474
HRAFREEA | dojeho) s
ABAA2z I

& d
AR E}3 =R : dHo|eh o)A
ABAA2E 2=

BEASI=EA : vo]ehyo)2
A3BIAA23z F=



