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(Macroscopic Biclustering of Gene Expression Data)
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Abstract A microarray dataset is 2-dimensional dataset with a set of genes and a set of conditions. A bicluster is a subset of genes that
show similar behavior within a subset of conditions. Genes that show similar behavior can be considered to have same cellular functions.
Thus, biclustering algorithm is a useful tool to uncover groups of genes involved in the same cellular process and groups of conditions
which take place in this process. We are proposing a polynomial time algorithm to identify functionally highly correlated biclusters. Our
algorithm identifies 1) the gene set that has hidden patterns even if the level of noise is high, 2) the multiple, possibly overlapped, and
diverse gene sets, 3) gene sets whose functional association is strongly high, and 4) deterministic biclustering results. We validated the
level of functional association of our method, and compared with current methods using GO.

Key words: Knowledge discovery, Data mining, Biclustering, Gene expression data analysis, Microarray analysis, Noise
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(e) Table 27| &

GO 0|2 GOO| et M
GO:0000407 pre-autophagosomal structure
G0:0003735 structural constituent of ribosome
GO:0005830 cytosolic ribosome (sensu Eukaryota)
G0:0005840 ribosome
G0:0033279 ribosomal subunit
GO:0044445 cytosolic part

(f) GOof Ciet 7| &



B 49 MHolM % & K0 MHHoR
Macro-Clustering2 OPSM1} H|=3t GO A &M 2
p-valueE HOJF1 QUCt Macro-Clustering2 2994 x
173 yeast H|O|EH2| HR0= HHEZ 4ZtH W2
p-valueE HOF1 QYom, EJ| 2834 x 17 yeast
HiojE2| ZBR0l= EW Creet GOOf CisiM A H2

p-valueS BOIF = HIO|ZAES £ YSS ole
S ICk 27 89 (@) % (b= 242 F 49 @) L ()

Macro-Cluster& SMA 2= 2 FEA|SH Zd0|C}

(b) 2994 x 173 yeast H|O|E{ 2] Z1} 45 x 19 Macro-Cluster

2l 8. Macro-Cluster | S™At =

HIO|Z 2| AEE 22 752 ot REAte EEga 2
7|50l Eeil= MEL Meo|Ch 2of Ho|Z 2~
785t RUA SOM LF RHEA 7|50 AZ
224X QACHE, LA 7|50 LB XX
2 A2t

nom
Ko

iQ

Jo m¥ ¥ &
oy
OF
< 0
i :|
= 2
iel; Pl
10

=0}
o
Ut
>
)
n
o
N
0;
Mo
o
rr o4

rl

oot ol
10
0g
40

Ral
rC
e 1

o 9
oM
|0
¥
=
[N
o
ol

rot
mo
e
2t
0x
rr
1o
ia]
ot
<2
>
o no
>
_g_r
N
- or
1o

$0 ME ot wx N
=
o2
=2
x
=
[>
ot
=
o
olo
in

ful
2 4y R M
o
n

=2
T
mun
o %
Il
e A

02
riot
Pl
o

m
|0
Hu
-
ox ox
rm

oto|Azof2f o] H of
HIO[E23{AE S| £Y
Yoolex] ¢+ gl

oro|3 202 0] &0

UE HOIHE =Xzt A

i

2

x

)
1ot
Ral
0=
it

ne =2
==l
o2
i
Pl
0
Ral

mjo
o 0
inl
=
mo %
> ot

riot
Rl
1o
>
Al

g_r
1>
30
n

[}
e Ay

i

Ho %
to
>
N
F !
=
ot
4>

o T
N
=2
=
El
A
H
o
(X
N

14

=Ch= tH0| ACE O|A2 Oo|2=0{2 0] HIO|E 2|
Lo[=§ # SiCHd, oo] A= HoHE
otojde =+ @82 ettt L£9b OHO|EZ0{ 0]
HolEH= 2
220/, o Ho[HE ZHetth
A= HO|EE Oiolde = gle 2= RO matM
HE X FHAY 7H=0f CHSiM X
MRl €ae|E2 HIEASHA Rt
Oto|RZofg o] d2 ¥
O] 2 0{2f0]  H|O|E{ Of| A
HIO| 2 AHE &= A0| KE|3ICH

2 A0 A A 2tst= Macro-Clustering &g
AANHez Hlzot IIHE 7HXl= |TAe
S2HT P2 HHH
Gl

CHBH A

%
in}
o
+
£Q
i)
0

3

]

>

AlS|{ o MEHE‘EE 17|.0|E

A

i
[M @ oy

=
rot
am
% o
-
= o
bl
0 K
f o re
pp 1 08
o 00t
o B =
RN
[m T
n g
LRI
4 e e
0x

i
e & du =2 o rio

il
S
[0
oy Hu o o
-0
=2
>
oo |ot
o
0 |
>
N
I
A
1
N
N

fot
Mo >
0x

A

ofL|at Zute| cryd HEd 2FSHECL
Macro-Cluster7} =2 MESHE, 7|53
welg ZYCL

gz @7z

o
A
o
[
fu

or
i
i
-
lu

HO|2R{2E  7te] ¥

Stof A Y

©

Q

(=

>

=

Q

<

mjn

Wt

rr

N

IE

o

=

nx

ot

2

ox

=l

2

1]

ot mo i

2 1o ox
mo mo 1o X mo

on oln

[1] S. C. Madeira and A. L. Oliveira, "Biclustering
Algorithms for Biological Data Analysis: A Survey,"
IEEE/ACM  Trans. Computational Biology and
Bioinformatics, vol. 1, no. 1, pp. 24-45, 2004.

[2] A. Ben-Dor, B. Chor, R. Karp, and Z. Yakhini,
"Discovering local structure in gene expression data:
The order-preserving submatrix problem," in Proc. 6th
Int'l Conf. Computational Biology, 2002, pp. 49-57.

[3] Y.Chengand G.M. Church, "Biclustering of Expression
Data," in Proc. 8th Int'l Conf. Intelligent Systems for
Molecular Biology, 2000, pp. 93-103.

[4] W. Liu and L. Chen, "A Fast Algorithm for Gene
Expressing Data Biclustering," International Journal of
Intelligent Information Technology Application, vol. 1,
issue 1, pp. 30-36, 2008.



[5]

(6]

[’

(8]

[9]

[20]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

H. Wang, W. Wang, J. Yang and P. S. Yu, "Clustering by
Pattern Similarity in Large Data Sets," in Proc. ACM
SIGMOD Int'l. Conf. Management of Data, 2002, pp.
394-405.

L. Zhao and M. J. Zaki, "triCluster: An Effective
Algorithm for Mining Coherent Clusters in 3D
Microarray Data," in Proc. ACM SIGMOD Int'l. Conf.
on Management of data, 2005, pp. 694-705.

X. Xu, Y. Lu, A. K. H. Tung and W. Wang, "Mining
Shifting-and-Scaling Co-Regulation Pattern on Gene
Expression Profiles,” in Proc. 22nd IEEE Int’ 1. Conf.
on Data Engineering, 2006, pp. 89-99.

X. Liu and L. Wang, "Computing the maximum
similarity bi-clusters of gene expression data,"
Bioinformatics, vol. 18, no. 1, pp. 50-56, 2007.

A. Prelic, S. Bleuler, P. Zimmermann, A. Wille, P.
Bhlmann, W. Gruissem, L. Hennig, L. Thiele, and E.
Zitzler," A systematic comparison and evaluation of
biclustering methods for gene expression data,"
Bioinformatics, vol. 22, no. 9, pp. 1122-1129, 2006.

J. Liu and W. Wang, "Op-cluster: Clustering by
tendency in high dimensional space," in Proc. |IEEE
Int’ 1. Conf. on Data Mining, 2003, pp. 187-194.

B. J. Gao, O. L. Griffith, M. Ester, and S. J. M. Jones,
"Discovering significant OPSM subspace clusters in
massive gene expression data," in Proc. 12th ACM
SIGKDD 2006, pp. 922-928.

Y. Zhao, G. Wang, Y. Yin and G. Yu, "Mining Positive
and Negative Co-regulation Patterns from Microarray
Data," in Proc. 6th IEEE Symposium on Biolnformatics
and BioEngineering, 2006, pp. 86~93.

S. Tavazoie, J. D. Hughes, M. J. Campbell, R. J. Cho,
and G. M. Church, "Systematic determination of genetic
network architecture,” Nature Genetics, vol. 22, pp.
281-285, 1999.

A. P. Gasch, P. T. Spellman, C. M. Kao, O.
Carmel-Harel, M. B. Eisen, G. Storz, D. Botstein and P.
O. Brown, "Genomic expression programs in the
response of yeast cells to environmental changes,"
Molecular Biology of the Cell, vol. 11, pp. 4241-57,
2000.

G. F. Berriz, O. D. King, B. Bryant, C. Sander and F. P.
Roth, "Characterizing gene sets with FuncAssociate,"
Bioinformatics, vol. 19, num. 18, pp. 2502-2504, 2003.
J. lhmels, S. Bergmann and N. Barkai, "Defining
transcription modules using large-scale gene expression
data,” Bioinformatics, vol. 20, no. 13, pp. 1993-2003,
2004.

S. Barkow, S. Bleuler, A. Prelic, P. Zimmermann and E.
Zitzler, "BicAT: a biclustering analysis toolbox,"
Bioinformatics, vol. 22, no. 10, pp. 1282-1283, 2006.
A. Tanay, R. Sharan and R. Shamir, "Discovering
statistically significant biclusters in gene expression
data," Bioinformatics, vol. 18, no. 1, pp. 136-144, 2002.
T. M. Murali and S. Kasif, "Extracting conserved gene
expression motifs from gene expression data,” Pac.
Symp. Biocomput., 8, 77-88, 2003.

J. Han, M. Kamber, Data Mining: Concepts and
Techniques, second ed., Morgan Kaufman, San
Francisco, CA, 2006.

15

kAl A

e-mail : ajk@cs.yonsei.ac.kr

20061 A T8t 7 3 7t
(@A

2007d~3A) A8t 7] 5t
A4

Aok - vlolHuo] 2 A28, E]o]E wlho],

o] .01 €] 2

& 9

e-mail : ymyoon@gachon.ac.kr,

1981 A& djshal 2t 78} o) &)
=4 (BHAD.

1981~1983 @ 2.38fe] 2 FH )t
/‘a]—J,].(a]—/k],_/’:E)

1987 d "E” EEfsta AFE e ZJ(AAD.

1987~1993 \d IntelliGenetics Inc., Mountainview,
California, Software Engineer

1995 A~& A 7bd o) 78k st al Bl

2008 @ AAMtE AFEl e S AN

Bl ok dlolEWo] 2= Al 28 Hlo] ¥ wlo],

H}O] [eX<) _LUHE]/\

4 -

u oy @
mail : sanghyun@cs.yonsei.ac.kr
1989 A&dighul el s
£31(3HD.
19913 AM-gdistnl 3 FE &5k
ZJ AP,
2001 UCLA #3FE %83} Z (A},
2002~ 20033 -yt HFE T8k} 2l
2003~ 20061 A A e A FE] 78t} i —’F
2006 ~ A A AA st A sk} Foal
FHAEoF ¢ dlo]EjMo] 2, HlolH wlo]
nhol @ Q1 Xl E 2, 481 A

SR



