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Abstra
t: Gene fun
tion is resear
hed and gene fun
tional information whi
h is annotated on gene is in-


reasing 
ontinuously. Gene Set Analysis is one of a method using gene fun
tional information, and we

use it when we want to 
ompare two groups. However, this method 
an not be applied to time-series gene

expression pro�le. In this reser
h, I propose a method to analyze gene fun
tion groupsand handle time-series

data. The method extra
ts a time period in whi
h works from a time-series gene expression pro�le.

Keywords: Time-series Gene Expression Pro�le, Gene Set Enri
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1. O8aK

8*ONbKdARr}CF*j, dARN/=Lr4
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JbN,sF5lF$k. dAR/=rONkL, dAR

O1HG//NGOJ/#tGMCHo</rA.7, =

NMCHo</bG_$N/=r%J&^)9k3HG#
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(J8?!=rB=7F$k3H,=@7?. ^?, ~O
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7, dAR/=,INh&KJsG$/+r=B*KrO

9k3H,D=KJCF$k.

3Nh&KdAR/=rONj!O?/8_9k,, =N

fNlDKdAR!=0k<WrO [4℄,"k. 3Nj!
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FFdAR!=4HK/=rO7kLH7FP]K*$F

INh&JdAR!=,/=7F$k+rNk3H,G-

kj!G"k. 3Nj!NBTkLOdAR!=,IAi

N2Gh//=7F$k+r@i+K9kbNG, =l,

IN~|K/=7?+rNk3HOG-J$. dAR!=

0k<WrOKOM9JPj(<7gs,"j, PAGE[5℄,

PGSEA[5℄, Gene Trail[6℄, SAM-GS[7℄, GSEA-P[8℄JI,
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N"NF<7gsH$&{NNpsrQ$k3HGdAR

0k<WH$&^H^C?1LrA.7, =N0k<W4

HKdARN/=rrO9k3HGdAR1NGNrOk

LGO+D1k3H,G-J+C?"8?!=H7FN/

=Q=",kLH7F@ilkH$&3HG"k. dAR!

=0k<WrONPj(<7gsOxQ9k}WLdBT

D-Nc$KhCFhL5lk.

dAR!=0k<WrOGO, 22N&Al}G/=L,

g-/, b&l}G/=L,.5$H$&h&J!=r+

D1k3H,G-k. 7+7, dAR!=0k<WrO@

1GO~OsKhC?rOrT&3H,G-J$. D^j,

dAR!=,IN~|K/$F$k+H$&3H^GO,

+iJ$H$&3HG"k. H3m,dAR/=rOK*

$F~OsH$&NOsoKEWJWGG"j, ~Osr

M87?eG{NNpsrQ$F7?JN+r@k3H,

EWk5lF$k. =3G\&fGO~OsrM87?e

GG<?Y<9+idAR!=psrh@7, =lirF

dAR!=4HKrO9kj!rsF9k.

2. dAR!=0k<WrO

2.1 5W

dAR!=0k<WrOGO, dAR"NF<7gsH

$&{NNpsrxQ7,dAR,}D!=rhj9k. =

N?a, GiKxQ9kG<?Y<9rhj9k,W,"

k. G<?Y<9,hj5lkH=NpsH/=G<?N

dARr5KdAR!=0k<Wrn.9k. 3NrON

\*Oc(P, "b5T2 XHroT2 YNfS", "H%

XHH% YNfS"JIN"k2H"k2NfSG"k.

dARO"kp`NbHKis/U15l, FdAR!=

0k<WO=N0k<WfNdARNis/K~8?93

"rbD. 3N93"rfS9k3HGX2G/=7F*

j, Y2GO/=7F$J$dAR!=O!= AG"k,

H$C?h&JrOrT&3H,G-k. !a+i, dA

R!=0k<WrOGQ$ilk"dAR!=0k<W", "

dARis-s0", "93""N 3DKD$Fb@rT&.

2.2 dAR!=0k<W

dAR!=0k<WrOO{NNN1H7FdAR!=

0k<WrQ$k. dAR!=0k<WHO,dARr!=

K~8F0k<WK,1?bNG"j, $/D+NG<?

Y<9,xQD=G"k. Gbh/xQ5lkNOP?t

,?/, QlN,`NY+$Gene OntologyG"k. Gene

OntologyGjA5l?QlO GO termHFPl, 3DN

+F4j<K,+lF$k. 3DN+F4j<HO,

� biologi
al pro
ess(8NbnQ)

� 
ellular 
omponent(,R!=)

� mole
ular fun
tion(Y&b=.WG)

G"k. rON\*dG<?H7FQ$kdARK~8

}WL is-s0}!

signal to noise "s2VN?QN9,g-$", "2b

NPiD-,.5$"dAR,eL

t }WL t !jN}WLNdPM,g-$dAR

,eL

weighted average log frp\H7, 4N*K70Jk/Y

di�eren
e(WAD) Nb$dAR,eL

/=Q0( 2VN/=LNQ=,g-$dAR,eL

= 1: GSEAGH&}WL

F3liN+F4j<+ixQ9kbNrhak. ^?,

Gene OntologyO,X=$KhCF.j)CF$k. eL

XN GO TermOj]Y,b/, <LXN GO TermOc

/JCF$k. 3&7?dAR!=0k<WdQ9&'$

rQ$FdAR/=rOrT*&H$&n_O9sKTo

lF$k. [9℄[10℄[11℄

2.3 dARis-s0

dAR!=0k<W,INxY/=7F$k+r>A9

kp`H7F93"rW;9k. =N93"rW;9k]

Kp`HJkN,dARis-s0G"k. is-s0r

n.9k]KO 22VG}WLNfSrT$, =N}WL

NMGdARNgLrhak. fSKQ$k}WLHis

-s0N}!KD$FO= 1r2H7F$?@-?$. c
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i
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H=5lk. >CF, 3N}WLGOs2VN?QN9g

-/, F2GNPiD-,.5$dARN}WL,g-/

Jk. t}WLO t!jN}WLG"j,

R(i) =
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i
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i
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2
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i
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A

+n
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(2)

Nh&K=5lk. t}WLGO|R(i)|,g-$bNr/

=Q0dARNudH9k. }WLKO, 5Hi,"kb

NH5@1NbN,"k. signal to noised/=Q0(G

O5i,"j, }WLNQ=NYg$r=7F$k. l},

t}WLdWADGOdPMrHk3HGQ=Ng-5r

=7F$k.

2.4 Enri
hment S
oreH8`=

2.4.1 Enri
hment S
ore

Enri
hment S
ore(J<, ES)HO, 2.3aGRY?dAR

Nis-s0j9HKpE$FW;5l?93"G"k.

4dARrND, "kdAR!=0k<Wr S, is-s0

5l?dARj9HrLH9k. dARj9H LNeL+

igKdARr_F, SfNdAR,Pl9lP S("hit"),

Pl7J1lP S("miss")H7=l>lNE_rW;9k.
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E_NW;0O,

P

hit
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X
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N
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R
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X

g

j

2S

jr

j

j
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(3)

P

miss

(S; i) =

X

g

j

=2S

j�i

1

(N �N

H

)

(4)

G"k. 33G, Xt pOF9FCWK*1kE_r40

9k?aNMG"k. ESO P

hit

�P

miss

N<m+iNGg

N:lH7FjA5lk. D^j,"kdAR!=0k<W

K^^lF$kdARN?/,eLKis/$s7F$l

P^ 1Nh&KdAR!=0k<WN ESOb/Jk. U

K, dAR!=0k<WbNdARN/=Q0(KPiD

-,"lP, ^ 2Nh&K ESOc$MK7+JiJ$.

2.4.2 Normarized Enri
hment S
ore

dAR!=0k<WK^^lkdARtO?$bN+i

/J$bN^GM9G"k. ESO0k<WK^^lkdA

RNt,?1lPb/Jj, /J1lPc/Jk9~,"

k. =N?a ESN_rQ$FdAR!=0k<WVGN

fSrT&3HOG-J$. =3GQ$kN, ESr8`

=7?93"G"kNormalized Enri
hment S
ore(J<,

NES)G"k. 3N NESOis@`5sWjs0KhCF

aailk. 33G, MsNis@`5sWjs0rT&

H7 is\K;P5l? ESr ES

i

H9kH,

NES =

ES

1

M

M

X

i=1

ES

i

(5)

H=5lk. 3N}!G8`=9k3HG0k<WbNd

ARtNFAru1k3H,J/Jj, 0k<WVGNf

SrT&3H,G-k.

3. ~OsdAR/=WmU!$kN?aNd

AR!=0k<WrOj!

>hNdAR!=0k<WrOO~OsrM87?rO

rT&3H,G-J$. =3G, \&fGO9i$G#s

0&#sI&}0rQ$F~OsG<?ria+igKl

j|VGZjhj, ZjhC?|VH=lJ0N|Vrf

S9k3HG 22fSrT&. Zj@5l?9YFN|V

KD$F3N 22fSrT&3HG, dAR!=0k<W

rOr~OsG<?XH,Q9k. =l>lN 22fSk

LH7F, /=Q0(KpE/93",a^k. =lr"~

VKD$F"H"dARKD$F"N 2o`N!jrT$, /

=,-UG"kH=j5l?|Vr, ""k!=,h//=

7F$k|V"H7FPO9k. J<,sFj!N.l, ^

3,sFj!N4N^G"k.

STEP1:

rONh (J<, &#sI&)rhj7, ~O5l?~Os

dAR/=WmU!$kNOa+i*oj^G&#sI&

r9i$I5;k3HGm\9k|Vrhj9k. !K, /

=Q0(NhkdARis-s0rn.7, =Nis-s

0KpE$F ESrW;9k.

STEP2:

"k|VKD$F, 4FNdAR!=0k<Wr2H7,

STEP1Gaa?93",>N|VKfYF-UG"k+

r=j9k.

STEP3:

STEP2G-UG"kH=j5l?|VbG>NdAR!

=0k<WHfSrT$, -UG"k+I&+r=j9k.

STEP2H STEP3G-UH=jG-?dAR!=0k<W

N|VrPO9k.

J<GO, 4dARtr GD, D9NdARr g, "k

dAR!=0k<Wr S, *r7?|Vr T, 4~@tr

timepoint, &#sI&5$:r wH7Fb@rT&.

3.1 STEP1:~OsG<?XN,Q

G<?NZjP7}OKO, 9i$G#s0&#sI&

}0rQ$k. G<?NZjP7}OJ<NLjG"k.

( 1 ) ZjP95$: (&#sI&5$:)wrhj9k.

( 2 ) G<?NOaK&#sI&r_j7,&#sI&N"k

t,r*r|V, =lJ0Nt,rs*r|VH9k.

( 3 ) J_&#sI&r 1~@ED9i$I5;|VTrh

j9k.

( 4 ) dARis-s0rn.7, Zj@5l?9YFN|

VKD$Fis-s0KpE$? ESNW;rT&.

33GZjP5l?|VNtO timepoint-w+1DG"j,

=l>lN|VO T

1

, T

2

, ..., T

timepoint�w+1

H=5lk.

(4)GZjP7?4FN|VKD$F/=Q0(KpE/

93",W;5lF$kNG, =N9YFKD$F-U9

!jrT&.

3.2 -U9N!j

\&fGO, ESKhkfSrT&3HG/=7F$k|

VrCj9k,, W;5l? ES,v3;P5l?D=-

b"k. =N?a, ES,Il0i$-UJN+, D^jI

NxYv3K/3jK/$+r=j9k,W,"k. -U

-N=jK,WJ`\O,

� ~VKD$FN-U-=j

� dARVGN-U-=j

N 2o`G"k. ~VKD$FN-U-=jGO, 4~V
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^ 1: ES,b/Jklg ^ 2: ES,b/JiJ$lg

+iis@`K*r5l?|VG ESrW;7, ,[r+

/. =7F, 5N ES,=N,[eGI3KLV9k+G

-U-r!j9k. dARVGN-U-=jGO, fSP

]NdAR!=0k<WfNdARH1tNdARr4F

NdAR+iis@`K*P9k`nrMsT$, =l

>lKD$F ESrW;7,[rA/. =N,[K*$F

5N ES,INxY-UJN+r!j9k. !j}!KO

Kolmogorov-Smirnov!jrQ$?.

3.2.1 STEP2:~VKX9k-U9N!j

"k|V T

j

KD$F=jrT&lgrM(k. !jO

J<NjgGT&.

( 1 ) 9YFN|V+iMsNis@`5sWjs0rT

$, ES

1

, ES

2

, ..., ES

M

rW;

( 2 ) (1)G@il? ESN,[rn.

( 3 ) ,[+i5N ES,P=9kN( pH False Dis
overy

Rate(FDR)r;P

(1)GNis@`5sWjs0GO1ldARNLN|V

r*r9k3HGis@`5sWjs0H7F$k. ^?,

33G*r9k|VO"39k|VGJ/Fbh/, gW

,*r|VN}H18KJlPh$.

^?, (3)G;P5lk pMOJ<N0GW;5lk.

Pr(ES(N;N

H

) � �) =

1

X

k=�1

(�1)

k

exp(�2k

2

�

2

n);

n =

(N �N

H

)N

H

N

(6)

0fN �O ESr, N

H

OdAR!=0k<WHfNdA

RNtr=7F$k. >K|V T

j

,>N|VKfYF-

UK/=7F$k|VG"lP, |VKD$FNis@`

5sWjs0TC?lg ESN?QMO5N ESNMKf

YF.5/Jk. UK T

j

GN/=,-UGJ$|VG"

lP, is@`5sWjs0rTJCFb ESNMO=l

[IQoi:, ESNQ0O.5/Jk.

3.2.2 STEP3:dAR!=VGN-U9N!j

STEP2G-UK/=7F$k|V,+D+C?lg, m

\7F$kdAR;CH,-UK/=7F$k|V,,

+C?3HKJk. 7+7, 3l@1GOT=,G"k. J

<Ji, W,~N_9KhCF/=LKljNPj,88

F*j, 3N|VbG"lP4FNdAR!=0k<W,

>N|VKfYF-UK/=7F$kH=j5lkD=

-b"k+iG"k. >CF, STEP2 G@il?kLr

5iKdARVGfS9k3H,,WHJk. 33GO,

STEP2G-UH=j5l?|VT

j

K*$FdAR!=0

k<W SN ES,dAR!=0k<WfNdARrQ(F

b-UG"k+I&+N!jrT&.

( 1 ) |V T

j

K*$FdAR g

1

, ..., g

G

KD$F M sN

is@`5sWjs0rT$, ES

1

, ES

2

, ..., ES

M

r

W;

( 2 ) (1)G@il? ESN,[rn.

( 3 ) ,[+i5N ES,P=9kN( pH False Dis
overy

Rate(FDR)r;P

33G, M sNis@`5sWjs0HOdAR!=0

k<WfNdARH18tNdARr4dAR+iis@

`GjP7, =lirdAR!=0k<W SNdARH7

FM(k3Hr@&. 3NkL-UG"kH@(?lg,|

V T

j

K*$FdAR!=0k<W S,-UK/=7F$

kH$&3H,@(k. D^j, STEP2H STEP3N!j

rT$P}G-UH=j5l?lgN_\&fN\*G"

k"~OsdAR/=WmU!$k+i"kdAR!=,

bCHbh/K/=9k~|rCj"9k3H,G-?H

9k.

4. B3HM!

4.1 B3N\*H5W

\B3GO, sFj!H>hj!NfSrT$,=liN
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^ 3: ~V,dH!jN.l

BTkLKc$,"k3HrN+ak. ^?, sFj!r

BT7FdAR!=,/=7F$kH=j5l?|VrP

O7, =Nf+iINh&JdAR!=,/=7F*j,=

li,{NNpsHgW9k+I&+rD@9k.

4.2 B3ro

HQG<?

&~OsdAR/=/=WmU!$k

\&fGQ$k~OsdAR/=WmU!$kO, ^&9

NiCY&,=H|jY&,=N~OsdAR/=Wm

U!$kG"k. ,j~@tO,,=+O>eN 0,, 5,,

15,, 30,, 45,N 5~@. 1~VVVG 1, 2, ..., 29, 30

~V^GN 30~@, 6~Vo_G 36, 42, ..., 186, 192~V

^GN 27~@NW 62~@8_7F$k. ^?, B3G<

?KQ$kP]dARO 21947DG"k.

&dAR!=0k<W

HQ9k!=dAR0k<WO, Gene OntologyN biolog-

i
al pro
essesK09kdAR;CHG"k.

&&#sI&5$:

#sNB3GO, m\9k|Vr 10~@H7, +O~@+

i*;~@^G9i$I5;FF|VKD$FrOrT&

&dARNis-s0}!

#sO/=LNQ=Ng-5@1GOJ/, /=LN5i

HQ=LN 2Drp`H9k?aK/=Q0(Khkis

-s0rNQ7?.

&gM

gMH7F!jG;P5l? FDRrQ$k. ~VKD$

FN!j, dARKD$FN!jN>}G FDR, 25%r

<sC?|VN_rPO9k.

4.3 kL

4.3.1 >hj!HNfS

>hj!H7F, &#sI&GhZi:K~OsdAR

/=WmU!$kr 31~@H 31~@N 22K,d7d

AR!=0k<WrOrT&. ~OsrM89k3HKh

j, sFj!GiCY&,=KXoj,"kHWolkd

AR!=rINxY=jG-, >hj!HN9,Il0i

$"kN+r4Yk. iCY&,=KXoj,"kHWo

lkdAR!=O= 2G"j, =l>lNj!G/=7F

$kH=jG-?lgO"{",=jG-J+C?lgO"-"

H7F$k. sFj!GO=Ks2?dAR!=N9YF

,!PG-F$kNKP7F, >hj!G!PG-?NO

Fatty a
id metaboli
 pro
essH Fatty a
id oxidationN 2

DN_G"k3H,o+k. 7?,CF, >hj!GO!

PG-J+C?dAR!=N/=|V,sFj!rBT9

k3HG!PG-kh&KJC?HM(ilk.

dAR!=> sFj! >hj!

Fatty a
id metaboli
 pro
ess { {

Fatty a
id oxidation { {

Cellular lipid metaboli
 pro
ess { -

Phospholipid biosyntheti
 pro
ess { -

Lipid transport { -

Phospholipid metaboli
 pro
ess { -

Lipid metaboli
 pro
ess { -

Lipid 
ataboli
 pro
ess { -

Cellular lipid 
ataboli
 pro
ess { -

= 2: iCY&,=KXoj,"kHWolkdAR!=

4.3.2 BTkLH/=|V

^ 5,iCY&,=~NG<?GNkL,^ 6,|jY
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^ 5: iCY&KD$FNkL (283dAR!=0k<W)

^ 6: |jY&KD$FNkL (60dAR!=0k<W)

&,=~NG<?GNkLG"k. ES,b/, >N|Vd

>NdAR!=KfYF-UK/=7F$kH=jG-?

|VrVG=7F$k. 3NkL+i, iCY&, |jY&

&K///=7F$k~|, 2DK,+lF$k3H,,

+k. =l>l, iCY&GO 1~VA12~VNVH 2|

\J_, |jY&GO 1~V^GH 18~VA30~VNV

K*$F///=7F$k|V,3$F$k.

5iK, iCY&G/=7F$kH=j5l?bN+i=

2Ks2?dAR!=rjP7?bN,^ 4G"k. 3l

iN!=KD$Fb 2|\J_G///=7F$k3H,

,+k.

4.4 M!

Y&d=.H%NQ=dDNA+i mRNAXN>LJ

I, ,==NbNd8?]}KX8N"k!=KD$FO

a$~|K, = 5 Ks2?iC@diAKX9k=X?

~HeUP)JIiCY&KC-JdAR!=d|jY

&KC-JdAR!=JI, CjNu7K*$FxQ5l

k!=OY$~|K/=9k3H,NilF$k. =3

G, sFj!G!PG-?iCY&,=GNkLKD$F

!Z9k. ^ 5K*$Fi|K/=7F$kdAR!=

KO, "translational initiation"(DNAN]u+O~K//

!=)d"RNA spli
ing"(RNAN9Wi$7s0), "RNA

pro
essing"($0.J RNA,hj04JRNAXHQ95

lkax)JINY&N]}dQ==NbNKXokdA

R!=,?$. 5iK, 3liO 1A12~VNVG///

=7F*j, lY/=7J/JkHJ_FS///=9k

3HOJ$. e>K///=7F$kdAR!=KO= 2

Gs2?iCY&KC-JdAR!=,"k. 3liNd

AR!=O0>K/=7F*i:, e>K/=7F$k3

H,^ 4+i,+k. JeN3Hhj, sFj!G@il

?kLO{NNpsKgW9kt,,?/, .jPhkr

OkL@H$(k. 5iK, e|G/=7F$kdAR!

=,i|K"^j/=7F$J$NO, ,=H$&=]r

Jak?aN!=,////]KX8NJ$!=r^)7

F$k?a@HWolk.

|jY&NkLGO, iCY&NlgHfY?/NdAR

!=K*$F/=7F$kH=jG-k|V,8_7J$

H$&kLHJC?. 3lO, iCY&H|jY&N/=

|VN9KhkbNG"kHM(ilk.

5. *ojK

\&fGO, dAR!=0k<W,-UK/=7F$k

|VNCjr\*H7F, "kdAR!=0k<W,>N

dAR!=0k<Whjb-UK/=7F$k~|r+D

1k3H,G-kH$&3Hr(7?.5iK, B3NOG

O, >hj!hjbsFj!N[&,?/NdAR!=r

!PG-F*j, ~OsG<?XNP~,G-F$k3H

r(7?. 5iK, sFj!G!P7?dAR!=N/=

|V,8*X*JQ@+i+Fb7bNJ$bNG"k3

Hr(7?.
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