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genel = 1.2 gene8 + 0.8 gene9 + ¢,
gene2 = 0.6 genel + &2
—1+e¢e3, genel <—0.5
gene3 = ¢ genel 4¢3, —0.5< genel < 0.5
14¢e3, 0.5< genel
0.4 genel + 1.0+ &4, genel < —0.3
gened = (genel +1)> 4+ ¢4, —03< genel < 0.3
0.4 genel 4+ 1.0+ ¢4, 0.3 < genel
geneb = cos(1.4 (genel +3.7)) + &5
gene6 = 0.6 genel + &6
gene7 = 0.7 genel + ¢7

gene8 = &g
gene9 = g9

0.4 gene8 + 1.0+ €19, gene8 < —0.3
genel0 = (gene8 + 1)® +£19, —0.3 < gene8 < 0.3

0.4 gene8 + 1.0+ €10, 0.3 < gene8
genell = 1.0/(1 + exp(—4gene8)) + £11
genel2 = 0.8 genel6 + 0.6(sin gene3) + ¢12
genel3 = 1.3 gene3 + €13
0.4 gene3 + 1.0+ €10, gene3 < —0.3
genel4 = (gene3 + 1)2 + €19, —0.3 < gene3 < 0.3
0.4 gene3 + 1.0+ €10, 0.3 < gene3
0.2 gene3 — 1.0 + €15, gene3 < —0.2

genelb =
1.4 gene3 4 ¢15, —0.2 < gene3

genel6 = €56

05 000000D0000000D0000O0O0000O0O00000
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(1 HIFEFI7E L (1000) 10,639 2,808 12,727 0.709 0.384
(III)  TATAT detected in (I) (433) 4,785 823 2,118 0.737 0.556
(IV) TATAT not detected in (I) (567) 5,983 1,263 2,825 0.703 0.528
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01: Metabolism () GAL11: [MIPS] 01:04:14:40

02: Energy general transcription activities

03: Cell cycle and DNA processing DNA-directed RNA polymerase Il

04: Transcription holoenzyme and Kornberg's mediator
08: Protein fate (SRB} subcomplex subunit

08: Cellular transport and transport mechanisms,

11: Cell rescue, defense and virulence CHA4: [MIPS] 01:04:40

13: Regulation of / Interaction with cellular environment @' transcriptional control

14: Cell fate transcription factor
40: Subcellular localization

67: Transport facilitation
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ARG20.

MCM1 FKH2

CCY-WWWNN-RG RYMAAYA
ACE2 CtC-AAAA-CGGcaaaat-GTAAACAttggc
HOF1 tCC~TcTT-TGGgcaagttGTAAACAataaa
ALKl CCC-TTTT-TGGtaaaa-cGTAAACAaaata
SUR7 CCC-AATCG-GGaaaa-ttGTAAACAttage
BUD4 CCC-gATTT-GGaaaaa-gGTAAACAacaat
SWI5 CCT-gTTTA-GGaaaaa-gGTAAACAataac
CLB2 CC-GAATCA-GGaaaa--gGTCAACAacgaa
REB1 CCaaccTAA-AGtaaataaATAAACAtcatc

ARG2 CCagTTccACGGcaactcacTAAACctatcc
Y=CorT,W=AorT,R=AOrG M=40rcC
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0000 Tamadaet al020050 000000000000000000000O0O0O0OO
000000000000000000000000000000000000000000
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00000000000000000000000000000000000000000O0
00000000000000000000 ortholog 0000000 Ortholog 000000
000000000000000000000000000000000000000000
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000000000000000000000000200000 AD BOOOO Xa, X, O
A0D0000Y,0Y, 0 BOOODOOOOX, O Y, X, 0 Y,00000 ortholog 0000 O
00000000 X, 0Y, X,0 ¥, 0000000000000000000000000
000000000000000000 ADDOO X.—X, 00000000000000
000 BOOOOOOOOODO0OOODOOO0O0ODO0O0OO0O0ODOD vVo—Y, 000000
000000000000000 X.0 X, 00000000000000Y,0 v%,20000
000000000000000000 90 KEGG 00000 M Kanehisa and Goto, 2000,
http: //www.genome.ad.jp/kegg/(] 0 0000 000000000000000000O000
00000000000000000000000000000000 orthologD0O000D0
0000000000000000000000 BLAST E-value 0 BLASTO Altschul et al.,
10000 00000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00002000000000000000000000000000000000O0O00O
0oooooooo

41 000000000D0000O0O0O0000

00200000 A0Q BOOOOOODOOO0OO0O0O0000 Ga=(Va,Ea)DGs=(Vs,Es)
0000000 Va,Vp 00000000 A BOOOOOOOELE; 0000000000
000000000 A0DO BOOOOOO0O0O0O00DO0000 Has0OOOOODODOO0OOO

HEFRERE E+ BLAST E-value
CLB5  CCNAl 4.03 x 1072
CLB6 CCNA2 2.73 x 1072

CDC28 CDK2 1.65 x 1078°
CDC6 CDC6 2.31 x 10732
CDC45 CDC45L  1.91 x 10732
CcDCT CcDCT 4.35 x 1071°

DBF4 ASK 3.10 x 107
MCM MCM 2.00 x 1071%6
ORC ORC 4.70 x 10711

09 ODO0IKEGGODOOOOOODODOOODOODOOOOOODOOOOoDoOooooooo
goooooo00O0O000DO00O0000O0OOoDOOOOO0ODOODOODO0BLAST E-
valueOD O OO MCM O ORCUOOOOODOOOODOOOODOOOOOOODOOO
00 Ewvalue OO QOQOOOO
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Hap={(X)Y) | e(X,Y)<d, X€Va, Y EVE}

O000eX,Y)DOODODO XOYOOOOOODOOODOOOOD BLASTE-value OOOO 6
ooooooooodon A0 pO000OO0OOCOOOC0O0O0O0OE-valueO 600000
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=7(Xa|Ga)n(XB|Gp)n(HaB|Ga,GB)m(Ga,GB)
(4.2) — (X A|GA) (X 5|GB)m(HAB|G A, Gp)m(Ga)r(Cr).
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@n@m | s | el il
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0 10. w(Hap|Ga,Gp) 0000000 np 0 ny 0000000
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4.4.1 00O0OOT1I
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ooo0OD0O0O0O00000000 KEGG O0O0O0DO O http: /www.genome.jp/kegg/pathway /
hsa/hsa04110.html0 000000000000 Gy/SO OO0O0O0OO0OCOOOOC0OO0O00O0
gogoobooooooboUoooooUoobDo0ooooOoooooooUoDboOooooDooo
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00D0OO000DOO0O0DCOOO0O00000 orthologOOOOOOODOOOO 1700000
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HZFBERE (17 genes) E R (19 genes)
CDC20, CDC28, CDC45,
CDC46, CDC47, CDC54, CDC6,
CDC7, CLB5, CLB6, CLNI1,
CLN2, MCM2, MCM3, MCM6,
ORC(1, SIC1

CCNA1, CONA2, CCND1, CCONE1, CCNE2,
CDC25A, CDC45L, CDC6, CDCY, CDK7,
CDKN1B, MCM2, MCM3, MCM4, MCMS,
MCM6, MCM7, ORC1L, ORC3L
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011. 0000 lI0o0OO0O000O0C0OO0OO00O0OCCOOO0OO0O0O00O00000 KEGG OO
pgooooooobooooooooboOoooooobboOooooobbooooooo
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04 0OO0OO0OIOOOOOOOOOOOOOOOOOOOOOOOODODOODDOO

HFEER t kb
Sn Sp Sn Sp
BAFE L - FiE 0.682  0.500 0.478 0571
REH D Fik 0.540 0.482 0.244  0.440
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—————————————————— @D
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Ubob0 KEGGUDUOOUOODODOOOOOO Spellman et alld 19981 [ J Whitfield et al.
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UOOMOOODODOOO ortholog DO UOODOODOODOODOODDODOO oODOOOO
god2spogooobobobogogbbooobobboooobobbbon KEGGOoo
gogobooobboooboooboooboboobbooobobo

gb. KecGUOUOOooooooboobooboboobobooboI1oboob KEGG
gbooboooobooboboobibbuobbobobobO0obODb Gene Ontologyt] GO Ash-
burner et al., 2000l DO 0 0O0O00OOOGO UDOOOOOOO0OOOOODODODOOODO
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HEFRER (53 genes)

APC1, BUBI1, BUB2, CDC20, CDC45, CDC46, CDC47, CDC5, CDC54,
CDC6, CLBI1, CLB2, CLB4, CLB5, CLB6, CLN1, CLN2, CLN3, , DAMI,
DBF2, DBF20, DUN1, ELM1, FAR1, GIN4, HSL1, HSL7, KIN3, MCD1,
MCM2, MCM3, MCM6, MEC3, MOB1, ORC1, PCL1, PCL2, PDS1, PHOS,
POL30, PRR1, RAD53, SCC3, SCH9, SIC1, SLT2, SMC1, SMC3, SWE1,
SWI4, TEM1, VHS], YCKI1

k(62 genes)

BUBI1, BUBI1B, BUB3, CCNA2, CCNB1, CCNB2, CCND1, CCNE1, CCNE2,
CCNF, CDC16, CDC20, CDC25A, CDC25B, CDC25C, CDC27, CDC42,
CDC45L, CDC6, CDC7, CDK7, CDKN1B, CDKN2C, CDKN2D, CENPE,
CENPF, CIT, DKFZP434C245, DSP, E2F1, E2F5, FZR1, GADDA45A,
HDAC3, MAD2L1, MAP2K6, MAP3K2, MAPK13, MCM2, MCM4, MCMS5,
MCM6, MDM2, MPHOSPHI1, NEK2, NKTR, ODF2, ORCIL, ORC3L,
PCNA, PKMYT1, PLK, PTTG1, RAB23, RAB3A, RAD21, RAN, ROCK],
SGK, SMC4L1, STK17B, TTK
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Utilizing Heterogeneous Genomic Data to Estimate Gene Networks

Yoshinori Tamada®, Seiya Imoto? and Satoru Miyano?
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We describe statistical methods for estimating gene networks from gene expression
data and other biological information. Since information contained in gene expression
data is limited, it is very difficult to accurately estimate gene networks from microarray
data alone. This paper introduces two methods for overcoming this limitation. One is to
estimate gene networks along with promoter element detection. The other is to estimate
gene networks of two distinct organisms utilizing evolutionarily conserved relationships
between genes in the two organisms. The former method tries to detect consensus motifs
from a set of genes according to the network estimation, then to re-estimate the network
along with the detected motifs embedded in a prior probability. The latter method simul-
taneously estimates two gene networks of two distinct organisms from gene expression
data with the evolutionary information. The evolutionary information is defined accord-
ing to the similarity of the protein sequences of the genes. The both methods use Bayesian
networks as models for gene networks and estimate them from the maximization of the
posterior probability of the networks. The prior probabilities are constructed based on
promoter element detection and evolutionary information, respectively. We evaluate these
methods through Monte Carlo simulations and real data analyses. We thus confirm that
our methods can estimate gene networks more accurately than previously proposed meth-
ods.

Key words: Gene networks, gene expression data, promoter detection, evolutionary information.



