2001 0 OO0DOOOODOOOOOOOO
Tutorial on Bayesian Networks (BN2001)
Tokyo, Japan, July 29, 2001.

Oo000dooodoooogno
Genetic Networks and Probabilistic Models

go oor
gbooo gg
gbobouoodbb ooobbobooobbo

Abstract: 000 000D0D0ODOOCOOOCDODOOOOOOCOOOODODDODOOOOOOOO
gobooobbooobboooooobooboboobooboboboboooboooboobobob
oooooooooooooDNAOOOOODOODOODODOODOOODOODOOODOOOO
gobobooobooooboboboobooboobooooooobooboobooo

1 0000

oooooo0oooooboooobooocboooonoo
0000000000 00OO0O0ODOOOoOooO (DNA)O
OmRNAODOODDOmRNAOOOOOOOmRNA
booobooooooboobobooobooboo
ooooooboboboobooobbooobooboonoo
0000000000000 pjoooooooooo
ooooooooooooooobooomooobon
obooooooooboboobobooooooonoo
oboooooboooboOooooobbooooboooobooo
oboobooooooboboboooooobooooboo
uboooboooobooogd

oooooooboooooooobooooboooon
oooobboooooboobooobbboooboon
gboboboobooboooboboboooboboon
O00U0O0oOO0O0O0o0o0OooOooOooOooooo 2010
000000000 [18|00uooooooooong
000000000 ¢9oooc0ooo0ooooooo
oboobooobooboooooooobooooooboo
000 [6000000000000000O0O0OOn
goboobobobooooobooobobbooOoobooo
oooobooboobooooboooboboooooooon
ooooogoogon

OO0O0OOCDNAOUOOD DNAODOOOOODOO
goobOobooboooboboooooboooooboon
oooboooboboobbObOobo0o0obOooboooo
oooooooooooboooooooobooon
Oo00OOo0o0o0ooOooooDOoODNADOOOOOOO

*O 135-0064 OO0 000 2-41-6 tel: 03-3599-8080, e-mail: m-
arita@aist.go.jp, URL: http://www.cbrc.jp

oboooOoboooboooboooobooooobon
gbooboooboobboooboooobooooooon
oooooooo

2 DNAOOOOOOO

DNAOOOOODOODOOOOOOOD0O000000
00000000000000000 [19,21]0cDNA
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000 [®RO(MNADOOOOOOOO
0000000000000000000000 DNA
0000000000000000000000000
000000000000000000000000)
00000000000 10000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000 [4]0

DNAOOOOODOOOOOOOOOO0000000
000000000000 [3,10000000000
[24000000 [2)000000000000000
000000000 (000000)00000000
0000000000000000000 [40000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000



1000000 (4000000000000 [25]00
0000000000000000000000000
00000000000D000000 80000000
0000000000000000000000000
00 [12]0
000000000000000000000000
00L0000000000000000000000
0002.000000000000000000000
000000000000003.0000000000
0000000000000000000000000
0O000000000000000

lL.goobooboooobooboooobobooooobo
gbooooobooooboboooboooooooan
0000000 AO0 BOOUODODOODO(OOOOO
00)00000000000000000000
00000000000000ooooos|oo
000 [lryj000o0C0c0o0ooooooooog
gbobobooooboooboooobbooooooo
oooooobooboooboon

2.0000000000000C0000O0DOO0OOCOO
oobooobobooooobooooooooo
gboooooOobooooooooboooooaon
oooooboobooboooooboobooboDbog
gbobobooboobobooboooooobooooon
gooboooboooboobooooboooooon
ooooooboooooogoon

s.0000b00oooboooooobooooooogoo
0((@00o00)000o0ooUoooooooooo
gbobooooboobooboooooboooonn
gooboobooooooooobooooobooon
uooogoobooooooooobobogoog -1, 0,
10300 (D0oo0oooooooooooo
0000oO0)0oooOoO0oOoooOoooooooo
00000000000 oooo (8o

3 Uougoooobogd

oobooooboboooboooooboobooonoo
oobooboooobobooobooboooobooboboon
0000000O000O000UoOo 23jooooood
oopbooobobobobooboobooo

3.1 0O0ooOooo

udboboooboboobooooboooooooo
gboooooboboboboooooboooobooboooonoog
ooooooooooboooogooo

e
e 00000 D={x',...,x"}
e 000ODODODOOO By
e JJUIDODODODODOOO score
e 0OODOO K

do0: 000000 B

Loop ODOOOOO (n=12,...)
/0000 1. 0000ooooog *
foreach OO OO X,
DO B, ,00000000FKODOO.
odooobobooono H,O000.
/0000 2. 00000000 *
score 000000 B, =(G,,0,)000.
(000 G, CH,)
Return B,

obooooboobooooobooobobooooooon
gbb0oobOooobobooOdscore00O0O0OO0OOOO
gooooooooooooobooD kODOoOOoOoo
H,CH,(+ODOOOOOOscoreD OOOOOOOOD
oooooooooonog

3.2 0DO0O00O0O0

gbooooboobobooooobobooooobo
obobooooboooboooooobooobooboon
000000 k000000000 OOOOOOO(O
00o0oooooooo0oooooooo)yoooo X
gboooboooooboooboooooboobooooobn
oopoooooooon

P(zy)

2P 08 By
000 POOOODOOOOODOOOO (ODD)ODOODO
000000 XO0YOooooooooooobo

goboooooooooooobooocoobooooooo
gboooooooboobooboooobooooboooon
000000o0oO0oo0Ooo [12looboU0oouoog
000000000 (Kullback-Leibler divergence) 0 O
ooooooooo

I(X,Y)=I(Y,X) =

P(X)
Dy (P(X)]|Q(X ZP o)
000000000000 QX)00000 P(X)00
00000000000’ 0000000000000
000000 BOOOOOOOOOOX, YOOOO

I(X.Y|B) = Dk (P(X,Y)||Pp(X,Y))



Oo0o0o0ooooooOooooo0g k=30000
O000O00O0000DooOoOoOooO Pe(X,Y)ODOOO
000  p0O00000O0O0DOX, YOOODOODOD
gooooboooobooood

3.3 Scorel 0O

00000 pOoOODOOOOO0OOOOOOOOOO
000000000000 0000000 (minimum
description length; MDL) O OO DOOO0OOO0OO0OOO
oo000oooooogoooooooooooooooon
0000 NPOOOOOOODOOOOOOO [7ODOO
Oo00o0o0ooOooooooooDoooooooooodg
0000000000000 000 score 00000
O0Oscore 00000000000 DOOOO0OOOO
Ooooooooooooo

score(G,D):Z Z score( X;| v)

t oveX;O
oobooOO00o0O0ooooobooboooobobobon
(complete) DO OMDLOOOOOOOOOOOOOO
godgbbodooboddooboobuooooo
gbooboobooooobobooobooobooboonboon
gogogobboooooooobo

Q/B,D) = log(00D0O0DD00OD0)+

Ny
ZNijk 109; N;k

ik

~f(N)-(000O0O0D0D00000)

000 NDODOOODODOOOOOOON00000
(X; = k,X;00 =;)0000000MDLODOODO
f(N)=1log(N)/20000000000000000
000 Q;(B,D)00D0DO0DAO0O0ONODOOOODO
0000000000000000000000000
0000000000000 (60000000

3.4 000OO0O0OO0ODO

OO0 kOO00OOD0OOODOOODOODOODODOOOODOO
0000000 NPOOOODO [vJODOCDOOOUOOO
0200000000000000000O000O00ODAO
obooooOooboboooooooooboobonoa
oobobooobooobobooooooboooboon
ooboobDOo0ObOOo0ocobO0Oy2000000000
oboooobooooboooboon

YA(X,Y) ~ I(X,Y)NIn(4)

oboooooooobooooboobooboooobn
oo

4 OO0O0O0O0O0OO0OOOO0O

Friedman 0O 08000 000000000 OO0OO
gobooooo

www.cs.huji.ac.il/labs/compbio/expression/
00000000000000000000o00 [22]
http://cellcycle-www.stanford.edu

oboobooooboboobooobooooboooon
gboboooobooobooooboobooboboo
0000000000000 0D0000A0 FriedmanO
gbbobooooobooooobooooboobooon
000 [12I00000000000000000000
000Do0o0ooooO0ooooooo(@o0ooooo
oobdoooooooobooboooooboobooo
obooboooboboooboooooooooooon
Oo0oooO0oooOo)ooooooooooooOoo
ooboooooobooobobooooobbooooboon
ooboobooboooobooooooo
oboboo0oobooooooooooboooooboon
gbooooooboboooboooboobooooooon
obooooooooobooobboooboooboooo
gboooboooooobooobooobooboooboobn
oooooobn0o ppOooobooooboooooo
oobooobobOoooboooooooobooobooon
goboooboooooooogod

http://www.genome.ad. jp/kegg/

obooboooboooooboboooooooooooo
oo0oooooobooooooboooobob‘ooo'ooo
000000000 @O0 Friedman 0O 00000
oboooboboooooooooobobooooogn
gbbooobooboooobooooboooboooon
0oooooooo)

gboboobobooooboooobboobooooonoog
00000000 (oooooohyoooooooo
ooOooooooOoOoooogooooooo’oooo
ooooo«oD’ooboooOoboOobooboooboOooon
goooooogao



gogd

[1] T. Akutsu, S. Kuhara, O. Maruyama, S. Miyano, “Iden-
tification of gene regulatory networks by strategic gene
disruptions and gene over-expressions,” Proc 9th ACM-

SIAM SODA, pp. 695-702, 1998.
[2] O. Alter, P.O. Brown, D. Botstein, “Singuler value de-

composition for genome-wide expression data process-
ing and modeling,” Proc Natl Acad Sci USA, vol. 97,
no. 18, pp. 10101-10106, 2000.

[3] A. Ben-Dor, Z. Yakhini, “Clustering Gene Expression
Patterns,” Proc 8rd ACM RECOMB, pp. 33-42, 1999.

[4] A. Brazma, J. Vilo, “Gene expression data analysis,”

FEBS letters, vol. 480, no. 1, pp. 17-24, 2000.

[5] T.A. Brown, “Genomes,” BIOS Scientific Publishers,
1999. (00 DO DOOOODOOODO0OOODDOOOOOO
gooooooo oobo,booboobooboboobooooon
oooo, 2000.)

[6] E. Castillo, J.M. Gutierrez, A.S. Hadi, “Expert systems
and probabilistic network models,” Springer, 1997.

[7] D.M. Chickering, “Learning Baysian networks is NP-
complete,” Learning from Data: Artificial Intelligence
and Statistics V (D. Fisher, H.J. Lenz, Ed.), Springer,
1996.

[8] J.L. DeRisi, V.R. lyer, P.O. Brown, “Exploring the

metabolic and genetic control of gene expression on a
genomic scale,” Science, vol. 278, pp. 680-686, 1997.

[9] R. Durbin, S. Eddy, A. Krogh, G. Mitchison, “biologi-
cal Sequence Analysis: Probabilistic Models of Proteins
and Nucleic Acids,” Cambridge University Press, 1999.
(0obooooOoOoOobDooooooooo,ooo,
0ooooo,000o, 2001.)

[10] M.B. Eisen, P.T. Spellman, P.O. Brown, D. Botstein,
“Cluster analysis and display of genome-wide expres-
sion patterns,” Proc Natl Acad Sci USA, vol. 95, no.
25, pp. 14863-14868, 1998.

[11] N. Friedman, D. Geiger, M. Goldszmidt, “Bayesian
network classifiers,” Machine Learning, vol. 29, pp. 131-
163, 1997.

[12] N. Friedman, M. Linial, I. Nachman, D. Pe’er, “Using
bayesian Network to Analyze Expression Data,” Jour-
nal of Computational Biology, vol. 7, pp. 601-620, 2000.

[13] A.D. Grossman, “Genetic networks controlling the ini-
tiation of sporulation and the development of genetic
competence in Bacillus subtilis,” Annual Review of Ge-

netics, vol. 29, pp. 477-508, 1995.

[14] P. D’Haeseleer, X. Wen, S. Fuhrman, R. Somogyi,
“Linear modeling of mRNA expression levels during
CNS development and injury,” Proc 4th Pacific Sympo-
stum on Biocomputing (PSB), vol. 4, pp. 41-52, 1999.

[15] D. Heckerman, D. Geiger, D.M. Chickering, “Learning
Bayesian networks: The combination of knowledge and
statistical data,” Machine Learning, vol. 20, pp. 197-
243, 1995.

[16] T. Jaakkola, M. Diekhans, D. Haussler, “Using the
Fisher kernel method to detect remote protein homolo-
gies,” Proc 7th International Conference on Intelligent
Systems for Molecular Biology (ISMB), pp. 149-158,
Menlo Park, California, AAAI Press, 1999.

[17] P.A. Lawrence, “The Making of a Fly: the genetics of

animal design,” Blackwell Science, 1992.

[18] K. Nakai, “Protein sorting signals and prediction of
subcellular localization,” (review) Advanced Protein
Chemistry, vol. 54, pp. 277-344, 2000.

[19] Nature Genetics, “The Chipping Forecast,” vol. 21
supplement, pp. 1-60, 1999.

[20] B. Rost, “PHD: predicting one-dimensional protein
structure by profile-based neural networks,” Methods
in Enzymology, vol. 266, pp. 525-539, 1996.

[21] M. Schena, D. Shalon, R.W. Davis, P.O. Brown,
“Quantitative monitoring of gene expression pattern
with a complementing DNA microarray,” Science, vol.

270, pp. 467-470, 1995.

[22] P.T. Spellman, G. Sherlock, M.Q. Zhang, V.R. lyer,
K. Anders, M.B. Eisen, P.O. Brown, D). Botstein, B.
Futcher, “Comprehensive identification of cell cycle-
regulated genes of the yeast Saccharomyces cerevisiae
by microarray hybridization,” Molecular Biology of the
Cell, vol. 9, no. 12, pp. 3273-3297, 1998.

[23] J. Suzuki, “A construction of bayesian networks from
databases on an MDL principle”, Proc 9th UAI Morgan
Kaufmann, pp. 266-273, 1993.

[24] P. Tamayo, D. Slonim, J. Mesirov, Q. Zhu, S. Kitaree-
wan, E. Dmitrovsky, E.S. Lander, T.R. Golub, “Inter-
preting patterns of gene expression with self-organizing
maps: Methods and application to hematopoietic dif-
ferentiation,” Proc Natl Acad Sci USA, vol. 96, no. 6,
pp. 2907-2912, 1999.

[25] D.C. Weaver, C.T. Workman, G.D. Stormo, “Model-
ing Regulatory Networks with Weight Matrices,” Proc
4th Pacific Symposium on Biocomputing (PSB), vol. 4,
pp- 112-123, 1999.



