682

AR5 =7 A dloJepHo] 2 A 33 A A 7 5(2006.12)

GORank: Gene OntologyE ©] &3t
A A2 odud A4 A4
(GORank: Semantic Similarity Search for Gene Products
using Gene Ontology)

+ + = +
271 o g4 4y =z

(Ki-Sung Kim)  (Sang-Won Yoo)  (Hyoung-Joo Kim)

2 o4 AR AETSH EAS I f34 AES gt e AEFRE AT I5HQ V)
olth. AAl thF-E] MES wlojeho]2=oA Gene Ontologye] &A1& AMg3sle] fxA} A& A&
A BEAS 71gsta Atk B =FAE old fXA AEe T4 HEE A onHozm fARgE £
Az AES AAskE WS Atk ol Ha A FE o]&d Vwgk AR e oA
AIRE Aottt 18]a o] FAIRE o]&gt ou|F KA HA duFS Atk onF Tr*}
A AL ZEs7] el Faging 83 & g]Z(threshold algorithm)g tS-3F o] HEE 7|9
ARSI A AREEE RARE fé}‘F P 9x 71 44s Z2A @] g fARR el g2e %‘5.

< A9 ATk = G Eo] Fx& AMSIY F3b AAS AT £ e FEEH 27|13
7'M JAl YrE °“*ﬂi ] ?3‘}93‘:1' AR GOSE T4 FRE o]&3ld FF H/ME Jdon
;q]o]—s]- °]'_TL\’—‘4 =0 EO;QO] .

71$91E : Gene Ontology, «1”1 3 191'/‘]'” A4

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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//pid, is the id of query gene product
// k is the size of results
//iList[i](i=1
/Nowest[i]l(i=1
// Bierm is a set of examined terms

// B, is a set of examined gene products

01: procedure EvaluateQuery(pxdq,k) {
02: lowest={1,"

03: resultHeap= {}

04: isEndOfCluster=true;

05: isEnd=false;

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 iList[i]

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=CalculateThreshold(lowest[i]);

15: 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&Biem) {

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

28: Bierm=Bterm U nextEntry.term;

29: isEndOfCluster=true;

30: }

31: } while(nextEntry.pEB,)

32: Bp=B,UnextEntry.p;

33: lowest[i]=nextEntry.MaxSim;

34: return entry;

35t}

a9 6 A9 A duds



)\]'E =

O mx Jo rlo & oo

Ao >

on
&) mé

1%

Jo &>

AL

[e]

-

mlo b1

[e]

7‘<j;<

YRS A

FAR A
AHEBIATE F4 HHe] A
Azt A=) AAeE

19 o7l fAA Ao s

A
GOWel X" #
FE 3,711,7357) ]
= 1,397,464700)). A28 38
Java SDK 155 AREsldth GO dHlo]ele} &zt
£2 MySQL 41& AMgsted A3t
3 3742 PentiumM 1.6GHz CPU, 1G RAM
WindowsXP $3AAS ALE3sFAT
6 1 O||:||J<-I .I?I.AI.A-I XIO' A-I‘—

A A FEiaE 2713 Al BAE A4
Potry] 93 Ao Hes 434
FAFSH

2 7188 H4e)

GO 20059 11€9 WAL 28319 A}
Z+-&(Molecular Function)9] &o]9l A
stk ARE-S

R

thaf A et

0N AAske AoE sAsdTh

1 A AL A9

2L o

Gene product

# of Annotation

Q4EPJ2_LISMO

BACH_HUMAN

TRI34_HUMAN

Q46YR3_RALE]

Q4EPE1_LISMO

[S11 [ IS IS BN

50000
45000
40000
35000
30000

& 25000

a
20000
15000
10000

5000

s

acs-vA
BCs-RR
ORR

A

o S rr

o
=

29
Z

18

4
& A

=

B
O x@ T oo
UIEN

2% 7 A9

)

0, of

=t

5 Az

F)h 3} oIame) E]Z:E "—'.]/H]Z\—

Ij\i'é‘ a
9] Azjo]a CS-RRE ¥ 2=H 27

o
E}"E*i‘ﬂ uz\loi oﬂ/{ﬂ 93_% uH

tlolEbw o] 2 A 33 @ A 7 5(200612)

o
gl
X o
& &
£ 21 L g
5 12 o
Z Hoox
fr
iy
1o,
2
=
T
[ &

il
YEENAM 27| Apo]z=rt 2
G greE-2R e vl H]
e Wsy A A Hol B
otk o] #Fe 2% A9
fﬂ‘d‘:}. 2¥ dejel e gl g
1—4 717} 11544570 o]t}
qololA o] gojz FAE
27] gEoltt. olFA 7]
FHaH 2718 AR
% A2} AHEe] ta A4S oA

Iy 8e 7“«1 2‘ﬂ°ﬂ e 2] X2 =59 ZHR
o] W3} Tgizolt} Lowests @A 23 ol A4
7PE v AR ®iskE vehdoh EEFko] Lowest
B} yrolxjop Aol o‘f—LQE} CS-MAS] 73¢ £¢
fro] W] ZHAde AS ¥ 4 Atk RRY Agole
Y #e] W3t A9 312‘11 o]Z <l 7&"—‘?01 uj-¢-
o8 Ak

av

— CS-MA
——CS-RR
—RR

-~ Lowest

Threshold
o
>

a9 8 BEze) W3

6.3 2t J==0 mE N
o2 A Jige e A% s AEnRgth
a4 9% 19 Adl dis) Azl arEs WS
Ae] F3 AE Z8F 2 otk CS-MAY A

Az} =)o e £Azre] Wbl Ao gles
4= 9tk ¥ CS-RR¥ RRS Z# =77} AAWA
PATE F7HS & 4 Aok wEA vt At
e de] Az Z7lel il F53d(scalability) ©]

o & e



50000

45000
40000

35000 |

2 30000 —
= 0CS-MA
[CS-RR
BRR

~ 25000
S

0

3 20000

15000

10000
5000

20 40

a9 9 A sl g FRAe W)

!
7. 22 % g% o7
B ERAAE AR FAA 4R NS 93 1Y
2 ARG A FAE AL g8 faR A
o fAlE 24 PEe AdSE o s g4e
Lindl A8 o2 fi= 3918 AHgsigrh 19w
1+

g A9e @ & 9ee By o8 93
ST A FAE Pl e FEgol E P

=2
>
2
252
o
N

T

lo
)
@]
=2
2
H1
e
i
X,
fried
Rl
e
=
)

o]-g3l ouF FAMG HAo| EFFstE W tig A
g FoR BRItk AEARIAE oy
B570)th £F GOS
SIENVCIR R IR
AT FA7k 2 Aelrk
#1238
[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

[3]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

g oe)H S A

=

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, J.A. 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.]. 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, P.W., et al. Semantic Similarity Measures
As Tools For Exploring the Gene Ontology. in
Pacific Symposium on Biocomputing 2003.

Resnik, P., Semantic Similarity in a Taxonomy: An
Information-based Measure and its Application to
Problems of 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, G.R. 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. KieBling,
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
Assessment, in ISMB Sig

Gene Functional

meeting on Bio-ontology. 2005.



692 E S8 = A EHoJepl o] 2 A 33 A Al 7 2(2006.12)

A7 A
ustslega © doehyols
A3BPAA2E F=E

[
44

BRI =EA : do|epH o]~
A3BAA2E F=E

SIS
guetsl=ga)  olepo 2
A3BPAA2E F=E



