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Construction of Gene Interaction Networks from Gene
Expression Data Based on Evolutionary Computation

M A
[) o

=
oy

e

il —_~*
2 #

(Sung Hoon Jung and Kwang-Hyun Cho)

Abstract : This paper investigates construction of gene (interaction) networks from gene expression time-series data based on
evolutionary computation. To illustrate the proposed approach in a comprehensive way, we first assume an artificial gene
network and then compare it with the reconstructed network from the gene expression time-series data generated by the
artificial network. Next, we employ real gene expression time-series data (Spellman's yeast data) to construct a gene network
by applying the proposed approach. From these experiments, we find that the proposed approach can be used as a useful tool
for discovering the structure of a gene network as well as the corresponding relations among genes. The constructed gene
network can further provide biologists with information to generate/test new hypotheses and ultimately to unravel the gene

functions.
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Table3. Parameters of the artificial gene network.

W, ; b; T;
20.0 5.0 0.0 0.0 0.0 10.0
25.0 -5.0 -17.0 0.0 -5.0 5.0
0.0 10.0 20.0 -20.0 -5.0 5.0
0.0 0.0 10.0 -5.0 0.0 15.0
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Fig. 1. Artificial gene expression time-series data.

MOt - X=3H- AlA-ZS =24 M 10 &, W 12 & 2004. 12

X 4. 24¥ZA# vlnl (a) Wahde2] GA (b) GA (c) EP.
Table4. Comparison of experiments (a) Wahde's GA (b) GA
(c) EP.

Wi,
nan | 7802 | 75a2) | 08a3) | 3748 | na2
147.7) | -16(7.3) | 045013) | 2.4014) | 18(46) | 7.501.8)
soi4y | 11y | 61313) | 3204) | 1968) | 9.10.7)
3001 | 1503) | 5301) | -1600) | 1667 | 16653)

(@

b.

7 [

H

W, b; T
179.3) | 11(13) | 6.7(15) | 4.0(16) | 3.1(5.5) | 10(1.1)
2007.8) | -13(5.3) | -11(10) | -9.4(12) | 5.1(4.7) | 5.2(0.5)
1209.3) | 16(7.9) | 1295) | 13(11) | -4.8(4.6) | 5.80.6)
4513) | 1112) | 14311 | 1.4315) | -04(5.4) | 171.8)
(b)

W, , b; T

14(13) | 9.1115) | 7.9014) | 7.117) | 3.76.1) | 10(L.1)

24(6.1) | -15(4.2) | -18(8.2) | -8.2(10) | 8.0(2.9) | 5.1(0.3)

87(8.4) | 15(8.6) | 12(10) | 15.2(14) | -83(2.7) | 5.1(0.6)

63(15) | 12(14) | 11(14) | 44(15) |-13(7.3) | 18(1.8)
©

g9 ARe ARHoz wmse A Us
o2 glal shie) A4E E=Yse 4y
ol A%g ¢ p poletn Rl

‘/’P,P'

1 N(% 2) 1
N(N+2) & [14—77(pp"—ppn)2]><

1
+Q=nop,~0p)?

©

@14 P= A9H f34 YESZS) HuiEE,
P = GAU glzzadgos 748 fa4 vES=
o) gatulEls 22t o e & 5 /) Y=gz s
HE Hasie A5EA 2 deeeEs B9 o 9 ¥F
WA 0% AT D AR ANHA GA% vENZ
7189 Zol7] wiol z+ setrlele] i pe EAle
B2 oE 0otk 4 @4 e F P2 HE
THAE 0111 2 A8 2%0RAE 2R Foh
lojd B3 pwo= 5 vES|Ze) sejuleg vl
She Aolm g=00]" REHR} ooz HlwsE
o} whek & o] VIES A sebulErt S8 poll 4T
glo] ¢ppE Hu 10] Btk B =FMs =098
st ARE AEPe I olfE FFAXRTE Fiol
o F93 a4o|y] WFolth ¥ 5% AEZAE BHoF)

|

o
r

£ Lo
b

o]

l‘E

}:1

H

‘F
2
£ © FJ



Journal of Control, Automation and Systems Engineering Vol. 10, No. 12, December 2004 1193

E 5 " A4

Table 5. Comparison of the measure.

A (7=0.9) ¢

Wahde's GA [8] 0.042
GA 0.134
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Fig. 2. Yeast data profiles of Spellman data(511x18).
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Fig. 3. Data profiles of four clusters.
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Fig. 4. Four cluster data profiles and generated data.
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Table6. Comparison of experiments : (a) GA (b) EP.
W, b, z,
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(b)

T

o Hoh g2 Ay HAE & 4 3lor § f‘a S
< Bt 1 ZHE AT B 5 dvke AN f8e
A wogoh Hoh Fge UEYA ?*é% 8l7] 918l
AMe g 22 Aol sV R Had Zlow 44E
o A WAR, YT 2ANE digte 5YFA 1A
2FE dloleE Bo| grsks Aojth %A =W dain

FF AN dolA rr}k &R o Hrt 7l
3 o2 <l EEWAP} Bot 2L ZAAE =58 F
& A0Z JYEth F AR o 239 FIHNEE o
gata] F14 4R golHE A o]F Ay olgdk=
Rolt}. 1} oljgt A4l ARen WS g XF
AR Z2oEA de 49E Ug Aot ol dxEF
Hog HAS F g FAo= oAg. :Laif& oz
EZHAY 0o 7R (12, 08K 22 ) HetvEE
I gguee Hrog uAsln Al 100Me] AL &
sto] Hoy EFAAE A otk ARE Ay
A2 Aozl HFAAL 09 77k Aol AR 9] 2
BE §HEE & 1S Zolth o]F wHEEH RE HlejulE
A EERA7} 09 e A& FE A Rolth Y A

1oﬁm

MOt - XtSat - AIARBs =X M 10 &, M 12 & 2004. 12

% 2ol 00 ke BFS 002 B 9 AP v
¥ 4 ok a8 e FHoas odd duelzol
ofel FHe AL S5 otk JeER Bo #4% A
B2, o123 2AE 3PT A A2aolet Fek
V.38
# R ASAN YuFoR 414 2R A
g WolEzRE A VENZES
ot AURIE AN A Bl BIE huy
7] $istel Q9lAem Folzl el AR WEAZRY.
B 9Eel 44 B AAQ HolnE o
WELZ £ SR8 BTk GAZ AFR uhel) A
Smzadme ASE Wiel tRE Hudz 2 X3
A% ol ARE HolHZE 2rAoz A 24
£ Zlo] oAThe 212 AT T 2 {R AL
o] WA} oFe] BANA Lo BAAA 1 2T thk
A ARE B4 ¥ 4 dE A9E w3 ol
3 BR ARSHoRE ABAES BEsity Fas
th. dAle] AgdelHs FUsHY del gd A ol
A QPR Ao EFHAE BTk EF GASH Ashx
=AY AWt e FolA Ae) BUsh AEH
ST o2 A B =Rl AR Wel o
= A= on] Qe Aoz FA FHHIHE F15A
U ReSH O o A9E B9 @ 5 Y F5Ae
BETE ¥ 4 Utk FF olgfe 49 i B py
o F84S Bskn PR uok Aud YneFow o

HuUZE

o

[11 J. Reinitz and D. H. Sharp, "Mechanism of eve stripe
formation," Mechanisms of Development, no. 49, pp.
133-158, 1995.

2l M. B. Eisen, P. T. Spellman, P. O. Brown, and
D-~Botstein, "Cluster analysis and display of genome-wide
expression pattemns," in Proceedings of the National
Academy of Sciences, pp. 14863-14868, Dec. 1998.

[3] T. Akutsu, S. Miyano, and S. Kuhara, "Identification of
genetic networks from a small number of gene expression
patterns under the Boolean network model" in Pacific
Symposium on Biocomputing, pp. 17-28, Jan. 1999.

4] D. Weaver, C. Workman, and G. Stormo, "Modeling
regulatory networks with weight matrices,” in Pacific
Symposium on Biocomputing, pp. 112-123, Jan. 1999.

[5] P. D'haeseleer, X. Wen, S. Fuhrman, and R. Somogyi,
"Linear modelling of mRNA expression levels during
CNS development and injury,”" in Pacific Symposium on
Biocomputing, pp. 41-52, Jan. 1999.

[6] N. Friedman, M. Linial, I. Nachman, and D. P¢'er,
"Using bayesian networks to analyze expression data,"
Jowrnal of Computational Biology, no. 7, pp. 601-620,
2000.



Journal of Control, Automation and Systems Engineering Vol. 10, No. 12, December 2004 1185

[71 P. Dhaeseleer, "Reconstructing gene networks from large
scale gene expression data". PhD thesis, University of New
Mexico, Albuquerque, 2000.

[8] M. Wahde and J. Hertz, "Coarse-grained reverse engineering
of genetic regulatory networks," BioSystems, no. 55, pp.
129-136, 2000.

[99 M. Wahde and J. Hertz, "Modeling genetic regulatory
dynamics in neural development,” Journal of Computational
Biology, no. 4, pp. 429-442, 2001.

[10] E. van Someren, L. Wessels, and M. Reinders, "Linear
modelling of genetic networks from experimental data,”
in Proceedings of the Eighth International Conference on
Intelligent Systems for Molecular Biology, pp. 355-366,
Aug. 2000.

[11] E. van Someren, L. Wessels, and M. Reinders, "Genetic
network models: A comparative study," in Proceedings of
SPIE, Micro-arrays: Optical Technologies and Informatics,
pp. 236-247, Jan. 2001.

[12] L. Wessels, E. van Someren, and M. Reinders, "A
comparison of genetic network models," in Pacific
Symposium on Biocomputing, pp. 508-519, Jan. 2001.

[13] M. Wahde and J. Hertz, "Modeling genetic regulatory
dynamics in neural development," Journal of Computa-
tional Biology, vol. 8, pp. 429-442, Sep 2001.

19881 stk HAseH E9.
Het7led AAK1991), SHSh upa}
(1995) 9 BRARE A (1996). 1996
W~dA S0 RIS AY3A
Zug 9 Bug Bk 13
2k 97, A%BT R ATAZE Rop
Z 53] AR ARE Adeld] &8 #ie] o
m HZ PR I AZRAES] B #IE e

[14] M. Takane, "Inference of Gene Regulatory Networks from
Large Scale Gene Expression Data" Master's thesis,
McGill University, 2003.

[15] T. Chen and G. C. H. He, "Modeling gene expression with
differential equations," in Pacific Symposium on Biocompu-
ting, pp. 2940, Jan. 1999.

[16] J. Holland, Adaptation in natural and artificial systems.
Ist ed.: University of Michigan Press, Ann Arbor; 2nd
ed.: 1992, MIT Press, Cambridge, 1975.

[17] D. Goldberg, Genetic Algorithms in Search, Optimization
and Machine Learning. Reading, MA: Addison-Wesley,
1989.

[18] L. Davis, Handbook of Genetic Algorithms. New York:
Van Nostrand Reinhold, 1991. L. Davis (Ed.).

[19] D. B. Fogel, "An Introduction to Simulated Evolutionary
Optimization," [EEE Trans. on Neural Networks, vol. 5,
pp. 3-14, Jan. 1994.

[20] P. T. Spellman, G.Sherlock, M.Q. Zhang, V.R. lyer,
K.Anders, M.B. Eisen, P. O. Brown, D.Botstein, and
B.Futcher, "Comprehensive Identification of Cell Cycle-
regulated Genes of the Yeast Saccharomyces cerevisiae
by Microarray Hibridization}," Molecular Biology of the
Cell, vol. 9, pp. 3273-3297, 1998.

199313 KAIST #H7|9AA-383 £4.
TUEE HAK1995), SUiSh what
(1998) = ubA}E A7L(1998). 1999
W~2004d 89 AtNEgaw A7)}
ARAAEFER AAZ3AL 9 2
2002'd 69 ~2003 &Y = UMIST
AAA=EHAE A7, 20031 129 ~2004d 39 29
9 Royal Institute of Technology AFEA|C|ZE ZH S
2004 69 ~20043 8¢ o} JW= Hamilton Institute 1Y nl
4. 2004 9 ~@A) MEdgar oF e} o5t (FEF
giF) Fug 2 Mg AHIEFEATU(Korea
Bio-MAX Institute, #BAH~ AA)) A= ESE I74
Ald1 Al 2004 ~200513 A A “‘Systems Biology
(IEE, =%y 9] Editor-in-Chief 9jQ). FHlioks A|o)38t
o] Hrdstet 3-8 (A2EYES) 2 A BEEE
Ad@ge] T 3-8



