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}˿;͙͔ͭ͊ͣ ͫͦ͟͡Έͦ͟ ͪ͊͘ ͦͤ͊ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͍͔͎ͫͦ
}˿ͦ͟͡Έͦ͟ ͪ͊͘ ͦͤ͊ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͍ ͔͔͊ͫͭͪ͟͡ 

}˻ͼ͔͙͍͔ͤ͊ͣ ͍͔ͪͦΎͭͤͦͫͭΈ ͨͦͯ͡;͙ͭΈ ͚ͭ͊ͦ͟ ͔͗ ͙͙͡ 
ͯ͡;΄͙͚ ͔ͪͯ͘͡Έͭ͊ͭ ͫͯ͡;͚͊ͤͦ(P-value)

}˻͍ͫͭ͊͡Ύ͔ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͎͙͙͊ͭͦͪ͟Σ ͯ ͦͭͦͪ͟·ͻ

}P-value< 0.01

4.12.2010120



˙̎̏̇̆̒̓̃̆̎̎̏̆ ̓̆̒̓̉̑̏̃́̎̉̆

4.12.2010121

GO:0001717
ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.



˙̎̏̇̆̒̓̃̆̎̎̏̆ ̓̆̒̓̉̑̏̃́̎̉̆

4.12.2010122

GO:0001717
ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.

GO:0001718

GO:0001719

GO:0001721

GO:0001722

GO:0001723

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.

ʉ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.01 ʤʳ ʧʨʠʩʚʦʠʤ ʵʪʫ 

ʢʘʪʝʛʦʨʠʶ ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ.



˙̎̏̇̆̒̓̃̆̎̎̏̆ ̓̆̒̓̉̑̏̃́̎̉̆

4.12.2010123

GO:0001717

GO:0001718

GO:0001719

GO:0001721

GO:0001722

GO:0001723

1
0

0

ʉ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʳ 

ʧʨʠʩʚʦʠʤ 

ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ 

ʭʦʪʷ ʙʳ ʦʜʥʫ 

ʘʥʥʦʪʘʮʠʶ



˙̎̏̇̆̒̓̃̆̎̎̏̆ ̓̆̒̓̉̑̏̃́̎̉̆

4.12.2010124

GO:0001717

GO:0001718

GO:0001719

GO:0001721

GO:0001722

GO:0001723

1
0

0
 0

0
0

ʉ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʳ 

ʧʨʠʩʚʦʠʤ 

ʩʣʫʯʘʡʥʦʤʫ ʢʣʘʩʪʝʨʫ 

1000 ʘʥʥʦʪʘʮʠʡ



˗̗̠̏̑̑̆̋̉ ˎ̏̎̆̑̑̏̎̉̕

}˨͡Ύ млл ллл ͔͙͍ͭͪͣͤͦ GO

}ˢͤͤͦͭ͊ͼ͙Ύ ͤ͊͘;͙͔ͭ͡Έͤ͊ ͔͙ͫ͡ 
P-value < 10-7

4.12.2010125

˭͊ ͫ;͙ͭ·͍͔͊ͣ ͍͔ͫ ͔͎͙͙͊ͭͦͪ͟ ͫ P-value < 0.01 / 100 000



False Discovery Rate

}˽͔͙ͪ͒ͨͦͦ͗ͣ͡ ͣ· ͔͔͒͊ͣ͡ млл ллл ͔͍ͭͫͭͦΣ ͙ 

͍͔ͫ ͙ͦͤ ͙͔ͣΌͭ 
P-value = 0.01.

4.12.2010126



False Discovery Rate

}˽͔͙ͪ͒ͨͦͦ͗ͣ͡ ͣ· ͔͔͒͊ͣ͡ млл ллл ͔͍ͭͫͭͦΣ ͙ 

͍͔ͫ ͙ͦͤ ͙͔ͣΌͭ 
P-value = 0.01.

}˹ͦ ͒͡Ύ ͫͯ͡;͚͎͊ͤͦͦ ͔͊ͫͭͪ͊͟͡ ͣ· ͙͔ͦ͗͒͊ͣ 
ͭͦ͡Έͦ͟ 1000͔͍ͭͫͭͦ ͫ ͙ͭ͊ͣ͟ ͤ͊͘;͔͙͔ͤͣΦ

}˩͙ͫ͡ ͣ· ͔ͪ΄͙ͣ ͙ͨͪͤΎͭΈ ͍͔ͫ Ή͙ͭ ͔ͭͫͭ·Σ 
ͣ· ͙͔ͪͫͯͣ͟ ;ͭͦ ͙͡΄Έ лΦл1͙͘ ͙ͤͻ ͔͍͔ͤͪͤ·Φ

4.12.2010127



False Discovery Rate

}˹͊ͻ͙ͦ͒ͣ Pfdr͒͡Ύ ͎ͦͭͦͪͦͦ͟

ˮ ͊ͫ͘;͙ͭ·͍͔͊ͣ ͍͔ͫ ͔͎͙͙͊ͭͦͪ͟ ͫ P-value< Pfdr

4.12.2010128

100 000 Pfdr

{ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚ, ʫ ʢʦʪʦʨʳʭ P-value < Pfdr }
< 0.05



ˍ̗̠̎̎̏̓́̉ ̋̌́̒̓̆̑́

}˨͡Ύ ͚͊͗͒ͦ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͎͙͙͊ͭͦͪ͟

}˿;͙͔ͭ͊ͣ ͫͦ͟͡Έͦ͟ ͪ͊͘ ͦͤ͊ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͍͔͎ͫͦ
}˿ͦ͟͡Έͦ͟ ͪ͊͘ ͦͤ͊ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͍ ͔͔͊ͫͭͪ͟͡ 

}˻ͼ͔͙͍͔ͤ͊ͣ ͍͔ͪͦΎͭͤͦͫͭΈ ͨͦͯ͡;͙ͭΈ ͚ͭ͊ͦ͟ ͔͗ ͙͙͡ 
ͯ͡;΄͙͚ ͔ͪͯ͘͡Έͭ͊ͭ ͫͯ͡;͚͊ͤͦ(P-value)

}˻͍ͫͭ͊͡Ύ͔ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͎͙͙͊ͭͦͪ͟Σ ͯ ͦͭͦͪ͟·ͻ

}P-value< ˽˻˽˾ˢˤ˴ˢό0.01)

4.12.2010129



4.12.2010130



4.12.2010131



4.12.2010132

http ://biit.cs.ut.ee/ gprofiler

g:Profiler -- a web-based toolset for functional profiling of 

gene lists from large-scale experiments 

Jyri Reimand , et al. (2007)



4.12.2010133

http ://biit.cs.ut.ee/ gprofiler

g:Profiler -- a web-based toolset for functional profiling of 

gene lists from large-scale experiments 

Jyri Reimand , et al. (2007)



4.12.2010134

http ://biit.cs.ut.ee/ gprofiler

g:Profiler -- a web-based toolset for functional profiling of 

gene lists from large-scale experiments 

Jyri Reimand , et al. (2007)



}ˢͤͤͦͭ͊ͼ͙Ύ ͎͔ͨͦͣͦ͊ͭ ͙ͦͭ͡;͙ͭΈ 
ζͦͫͣ·͔ͫͤͤ͡·͔η ͎ͪͯͨͨ· ͦͭ ζ͔͙͔͔ͤͤͭͪͫͤ·ͻη

4.12.2010135

VisHiCñhierarchical functional enrichment analysis of microarray data

Darya Krushevskaya, et al. (2009)

http ://biit.cs.ut.ee/ vishic



˚̆ ̝̓̏̌̋̏ ̜̄̆̎ ̉ ̏̎̓̏̌̏̄̉̉

4.12.2010136

Text mining for automatic annotation of microarray experiment clusters. 

Aleksandr Tkachenko , et al. (2008)



˙̜̏̓̉̃

4.12.2010137



4.12.2010138



˙̜̏̓̉̃

4.12.2010139



˜̏̉̒̋ ̍̏̓̉̃̏̃

}˨͡Ύ ͎͊͗͒ͦͦ͟ ͍͎ͦͣͦ͗ͤͦͦ͘ ͙͍ͣͦͭ͊
}˿;͙͔ͭ͊ͣ ͫͦ͟͡Έͦ͟ ͔͍͍͔͎ͨͪͦͣͦͭͪͦͫͦ ͔ͫͦ͒ͪ͗͊ͭ ͔͎ͦ

}˿ͦ͟͡Έͦ͟ ͔͍͍ͨͪͦͣͦͭͪͦ ͔͔͊ͫͭͪ͟͡ ͔͎ͦ ͔ͫͦ͒ͪ͗͊ͭ

}˻ͼ͔͙͍͔ͤ͊ͣ ͍͔ͪͦΎͭͤͦͫͭΈ ͨͦͯ͡;͙ͭΈ ͚ͭ͊ͦ͟ ͔͗ ͙͙͡ 
ͯ͡;΄͙͚ ͔ͪͯ͘͡Έͭ͊ͭ ͫͯ͡;͚͊ͤͦ(P-value)

}˻͍ͫͭ͊͡Ύ͔ͣ ͙͍ͣͦͭ·Σ ͯ ͦͭͦͪ͟·ͻ

}P-value< ˽˻˽˾ˢˤ˴ˢό0.01)

4.12.2010140



˜̑̉̍̆̑

4.12.2010141



˜̑̉̍̆̑

4.12.2010142



˜̑̉̍̆̑

4.12.2010143



˜̑̉̍̆̑

4.12.2010144



GACGCGTC

4.12.2010145



4.12.2010146



˜̏̒̍̏̓̑̉̍ ̐̏̅ ̅̑̔̄̉̍ ̔̄̌̏̍

4.12.2010147

NANOG

GO:0001717
GO:0001718

GO:0001719



4.12.2010148

= f(           )



4.12.2010149

= f(           )



4.12.2010150

= f(                    )



˜̑̉̍̆̑

4.12.2010151



˜̑̉̍̆̑

}˽͔͙ͪ͒ͨͦͦ͗ͣ͡ ;ͭͦ Ή͔͙ͫͨͪͫͫ͟Ύ ͎͔ͤ͊ g, Expr[g],͍ 
͍·͋ͪ͊ͤͤͦͣ ͙ͤ͊ͣ Ή͔͙͔͔ͫͨͪͣͤͭ͟ ͍·͔ͪ͊͗͊ͭͫΎ ͊͟͟ 
͙͔͚ͤͤ͊͡Ύ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͙͍ͨͪͫͯͭͫͭͯΌ΅͙ͻ ͍ 
͔͔͎͔ͨͪͦͣͦͭͪͤ͊ ͙͍͍ͣͦͭͦΥ

}́Φ͟Φ ͣ· ͔ͤ ͔ͤ͊ͣ͘ ͙͔͊͟͟ ͙͍ͣͦͭ· ͤ͊ ͫ͊ͣͦͣ ͔͔͒͡ 
͍͊͗ͤ·Σ ͍ͦ͘Έ͔ͣͣ ͍ͫΣ͔ ͙ ͨͦ ͨͦ͒ͦ͋ͪ͊ͤͤ·ͣ 
͔ͦ͟ͺͺ͙ͼ͙͔͚͔ͤͭ͊ͣͤ͊͒ͣ ͤ͊͘;͙ͣ·͔Φ

4.12.2010152



˜̑̉̍̆̑

}ˤͦ͘Έ͔ͣͣ ͔͒ͫ͘Έ ͒͡Ύ ͨͪͦͫͭͦͭ· ͍ ͊͟;͔͍͔ͫͭ 
͙͍͍ͣͦͭͦ-͙͍͊ͤ͒͒͊ͭͦ͟ ͍͔ͫ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͙͚͒ͤͦ͡ т.˨͡Ύ ͚͊͗͒ͦ͟ 
͚ͭ͊ͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͍͔͙ͨͪͦͪͣ ͔͔ 
͙ͤ͊͡;͙͔ ͍ ͔͔ͨͪͦͣͦͭͪ: ͨ ͦͯ͡;͙ͣ ͙ͣ͊ͭͪͼͯ ˸ 
͙͘ ͔͚ͤͯ͡ ͙ ͔͙͙͒ͤͼΥ

4.12.2010153

M

16384 ʤʦʪʠʚʘ

6
0
7
9
 
ʛ
ʝ
ʥ
ʦ
ʚ



4.12.2010154

M

16384 ʤʦʪʠʚʘ
6
0
7
9
 
ʛ
ʝ
ʥ
ʦ
ʚ

ɺ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ (ʜʣʷ ʚʩʝʭ ʛʝʥʦʚ ʩʨʘʟʫ)

ʤʦʜʝʣʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ

X

1
6
3
8
4
 ʧ
ʘ
ʨ
ʘ
ʤ
ʝ
ʪ
ʨ
ʘ

g

6
0
7
9
 
ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ
ʷ
 

ʵ
ʢ
ʩ
ʧ
ʨ
ʝ
ʩ
ʩ
ʠ
ʠ

=



˜̑̉̍̆̑ ɉ̝̃̆̒ ̋̏̅ ̒̍Ȣ ̎́ ̒́̊̓̆Ɋ

4.12.2010155



}˭͊͒͊;͊ ͍͙ͫͦ͒ͭͫΎ ͟ ͦͼ͔͔ͤ͟ ͤ͊͘;͔͙͚ͤ мсоуп 
͔͍ͨ͊ͪ͊ͣͭͪͦ ͙͔͚͚ͤͤͦ͡ ͔͙ͣͦ͒͡Φ

}́Φ͟Φ ͎͔͍ͤͦ ͍͔͎ͫͦ слтуΣ ͊͒͊͘;͊ ͨͦ͡ͻͦ 
͔͔͔ͦͨͪ͒ͤ͊͡ ͙ ͦ͋·;ͤ͊Ύ ͙͔͚ͤͤ͊͡Ύ ͔͎͔͙ͪͪͫͫΎ 
͔ͤ ͔ͨͦͣͦ͗ͭΦ

}˻͒ͤ͊ͦ͟ ͫͯ΅͔͍ͫͭͯΌͭ ͔ͣͭͦ͒· ͨͦ͒͋ͦͪ͊ 
͔͍ͨ͊ͪ͊ͣͭͪͦ (attribute selection) ͙ 
͔͎ͪͯ͡Ύ͙ͪ͊͘ͼ͙͙Σ ͦͭͦͪ͟·͔ ͍ͫͨͪ͊ΎͭͫΎΦ
}LARS, RidgeRegression, Boosting, Greedysearch, etcé

4.12.2010156



}˿͔͊ͣͦ ͔ͨͪͦͫͭͦ ςͤ ͚͙͊ͭ ͔ͦͪͪ͟͡Ύͼ͙Ό ͎͊͗͒ͦͦ͟ 
͙͍ͣͦͭ͊ ͫ Ή͔͙͔͚ͫͨͪͫͫ͟Φ ˸ͦ͗ͤͦ 
͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͔͙ͫ͡ ͙ͤ͊͡;͙͔ ͙͍ͣͦͭ͊ 
͔͙͔ͦͪͪͪͯͭͫͦ͟͡ ͤ͊͘;͔͙͔ͤͣ Ή͔͙͙ͫͨͪͫͫ͟ 
͙ͫ͡Έ͔͔ͤ ͎͙͒ͪͯͻ ς͒ ͊ͤͤ·͚ ͙͍ͣͦͭ ͍͔͊͗ͤΦ

4.12.2010157

Regulatory element detectionusing correlation with expression. 

Harmen Bussemaker, et al. (2001)



4.12.2010158

é



}˻͙͔͋ͪ͊ͭͭ ͍͙͙͔ͤͣ͊ͤΣ ;ͭͦ ͔͚ͫ;͊ͫ ͣ· 
͙͍͙ͪ͊ͫͫͣ͊ͭͪ͊͡ ͙͡΄Έ ͔ͦͪͪ͟͡Ύͼ͙Ό ͫ 
Ή͔͙͔͚ͫͨͪͫͫ͟ ͍ ͔͍ͨͪͦͣ ͙ͣͪͦ͟;͙͔ͨΦ

}̉ͭͦ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡ΈΣ ͙͔ͣΎ ͒͊ͤͤ·͔ 
͔ͤͫͦ͟͡Έ͙͟ͻ ͙ͣͪͦ͟;͙͍ͨͦ?

4.12.2010159



˞̔̆̒̓̃̔̆̓̚ ̍̎̏̄̏ ̗̃́̑̉́̉̊ ̞̓̏̊ ̉̅̆̉

4.12.2010160

G=MAT: Linking Transcription Factor Expression with DNA Binding 

Konstantin Tretyakov , et al. (2008)



˔̟̘́̋̌̆̎̉̆

4.12.2010161

}˹͊ͯ͊͟ ό͍ ͙͔͒͊͡Έͤͦͣ ͙͔ͣͪύ

˹͊͋͡Ό͔͙͔͒ͤ ˢ͙ͤ͊͘͡
˽͔ͪ͒ͫ͊͘͟·͍͊Ό΅͊Ύ 

͔ͣͦ͒͡Έ



4.12.2010162



˞̐́̒̉̂̏ ̈́ ̃̎̉̍́̎̉̆Ȧ

4.12.2010163

Prof. Jaak Vilo



˜̏̌̆̈̎̏̆ ̘̓̆̎̉̆
} ˣ͙͙ͦͤͺ͙ͦͪͣ͊ͭ͊͟

} ˤ͍͔͔͙͔͒ͤ: Introduction to Computational Genomics: A Case Studies Approach. NelloCristianiniand 
Matthew W. Hahn.

} ˽͔͙͔ͪͦ͒ͦ͗ͤ͡:  ͣ ͎ͤͦͦ ͻͦͪͦ΄͙ͻ ͙͎ͤ͟Σ ͫͣ ͙͔ͤ͊ͨͪͣͪ
http:// www.bioinformatics.org/wiki/Recommended_books#Computational.2FMathematical_aspects

} DataMining

} ˤ͍͔͔͙͔͒ͤ ͍ : Data Mining: Practical Machine Learning Tools and Techniques.  Ian H. Witten,Eibe Frank

} ˽͔͙͔ͪͦ͒ͦ͗ͤ͡:ͫͦ͗ͤͦ͡ ͍͔͍ͨͦͫͦͭͦ͊ͭΈΣ ͍ͦͭ  ͦ;͔ͤΈ ͍͙ͨͪ͊͡Έͤ·͚ ͙ͫͨͫͦ͟Υ
http:// www.thearling.com/books.htm#mining

} ˿ͣ ͔ͭ͊͗͟: KernelMethodsfor PatternAnalysis. John  Shawe-Taylor, NelloCristianini.

} ˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙͙ͫͭ͊ͭͫͭ͊͟

} ˤ͍͔͔͙͔͒ͤΥ Introductory Statisticswith R. Peter Dalgaard

} ˽͔͙͔ͪͦ͒ͦ͗ͤ͡Υ StatisticalInference. George Casella, RogerL. Berger. 

} ˶͙͔͚ͤͤ·͔ ͔͙ͣͦ͒͡Υ An Introduction to Generalized Linear Models. AnetteJ. Dobson
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