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o] AR ojHo] BAL Ho] Wad= NEA Zs!
TRV BETH HE(pathway)9}t A" FAATS o
% A7t % ?%‘ﬂi ‘3} ﬁ% A gl «li} AESA ke A+ o, g ‘IQF 4x};10ﬂ *61_ 4X}% 7#74

_ =

z ene group analysis) lac KCS Fisher’s ex-
act testl+ permutation test2} 25‘—‘% 7129 giE Ao WHEHT v ASEy ALY T HeL Alx AHES
Ay ARe wAg B Mk ANE SA4T ¥4 HES SAS Zzades TARNUT Axe Felol
A] (http://cafe.daum.net/go.analysis) ol Al Ulg] o} AREE 4= Q).

Y
M
iy

FRE0{: 0to|2=200], FHAL 2E2A|, RTARE 241, p-value, SAS =212,

1. M2

r[r_}LoE’:_&

BE AZ W 3 A FAA B F=E SAl SA3E nfo]a R ol o5 o] &5 AT We
2] AYETH A FofollA Eds] AREH I Qlth. a2 npe]a R ojo] e} -2 A2} HolE= 1
gt 2719 Bitgte g s, tlele e s AESTA oneZo] B FAEA FE E%ﬂﬂr i
sojgith. S48 Ao}l o] okE AT R §3A FH] 2po|7t Aol FH Fsle]
AS, nlo]azojdol2 EHE FAAE F So] WA {7 (differentially expressed genes) = 7
HHo g Froffo] I FAAEL] ME W J&g dolgozZH kR ofst AETA vhee] HAAR
7L olaal7)e 44 e Jojgirk. o) vls §34 £E 22 (Gene Ontology; GO) &} 2ol 7]
A EFU AEEH 4= (pathway) e} FAE FARLo] & Aol o3l 2T th2A 93l
2 AR & 4 Arkd vpe]a 2 ojgo] A4z s o] 419 Ftt.

7129 B8 43 E9 o] (Cavalieri 5, 2007; Al-Shahrour %, 2007- Backes 5, 2007)°]] AMEE =
Fisher’s exact testi= 3 o] &3 fFAAE 5 5] FdE FHAAES] Hl&S o83dto] 1 &/
AR F94S Z27IshE 2ol wet 2Agtt o] e AN Sx whE AR Al ek A
g 2E Ao r SH87ETh: Ao R %% —’F—i‘—(threshold) ol 4TS k= FAAF 1

r]r or r_

o] AFE 20119 E AR (L&A R Aoz FF AT G AP ol =34 72 ATAY L (No.
2011-0015128).
TR AL (339-700) S G712 2ALS, Deitdn SRR ARFT, 2u.

E-mail: taewon?()@korea.ac.kr
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SARZONN oJn AT QIS 24 W ot} (Draghdi 5, 2003). 1el3, 7t SAASe] &
AL ‘/]‘E]"H p-value~ AZ Eolghe 7HES AAE st 2L ke Ve R AETH
ZAES} HRAE FAA &3 fFAAEC] AR FHHSE kgl vkt 22 S IE T}
otk (O]U]"é*} %33, 2009).
AR i3t AeEIAE AFHA LR SH e YHOE+ HE(sample) 5] AP 2+ +
2 (label) S A2 X3} (permutation)dl= HEH (randomlzatlon test)E0] Wol 7= At (Lee
, 2005; Tian 5, 2005). ALAFHES ¢4 3 KA &3k Tor;qx]' AR & Al 9
295 taE3= 8 9F SA % (summary statistic), (¢]: Subramanian % (2005)°| 4] enrichment
score(ES), Efron¥} Tibshirani (2007)°|A] average z-score)< AAlsl, TR 5] A7} o272

—=

oZi

rﬂJ OIFI o

TEES A=E X%3}9] (sample permutation) FF7}Hd (Tian 5 (2005)°14 Q2) olefolAe] gk FA
ol BEE A, 2 R4S ALAT o UL B FAATA S FAE Aol ATTA
£ Jhodsl= £ A Aol 9t} Fisher’s exact testt} Kolmogorov-Smirnov test2} ZHo] F-AAE Ao
o] FES A2 X2+3}tod(gene permutation) FF7Hd (Tian 5 (2005)°14 Q1) offjellAe] 1 g oF
BAZS oS A IRE ol A7E I QAT o]H WHELS FAAE Ateld AHAAE
7Abete] o432 ALtetA] ket

52 AL 59 RES ABAA vlolZzoldo] APL e B A, W A9 ATF 41
Sm 7249 A% Aow da AR AV 5 Y S5 BRe) 471 42 5 Uk old A%

=3

sample permutation ¥F'H-& AF7H4(Q2) ofefoll e fo4E 553 FLD3A At 4= gltt. De-
longchamp 5 (2006)-2 o] Z-9ole AL 5 QoA FHAAE Abold] FABAE ZFe 34}
T 24 HES A AR ool A AXE p-values2 #5F 32 (uniform distribution) &

22X, 98 MY p-valueES FFE 3 (normal distribution &3 e 2AES F
shute] A2 E mEE e g WS duke AME o] 8ste] AR f94E 73
Polth Lee 5 (2008)© AEE 1 AFET ohileh el HelPe AAe nAEN AYEY
oA AelEFe] {942 Uetlle 74 AR pvaluesS HEoto] AT F949ES 7+

= 77 H]—tg L] ﬁxlb-}oﬂrjr

ol o A SA% A8 A8 A AL oS oletel Deongchampe) AL
A3

it
=
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bt
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o
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o|1, A& §94S VERY = pvalues F A 2E Abe]2] thu] (contrast) 7} 00 2= A 14
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NGO
ol g8te] ek,
He Aemde) felge ol P 74 FARNESY pvalues

) 2

4 REATFEE NO,DE 21 159 § I, 2/VE p ;_01 Az 599 49 B2RTE
£ meth T 22 AT 7502 Fold shiel fARR S5kt fAAEC] AE 57
2 oFZo] M AA L GOEE p 5 Aolo] ARWAZ Aol A ATHE AFSoF & Aolnk.

Aol e A2l ae] folde vetll< pesol tHH7HE (Hi: B > 0) ol @534

FAAIL (21,...,2m)9) BEARE G2 IS AL

= Var(Ty) +2»  Cov(T;,T;) =1'R1

k=1 s>t
53t dad o

Cov(Ts,Tt) = Cov cﬂs cﬂt
as\/c X'X) 1’ at\/c —le

Os,t

Os0¢t

s
o
s

L Cov (c(X'X)*X’ys,c(X’X)*lx’yt)

! c(X'X) ' X'Cov (ys,y:) X (X'X) 7!

Os,t

c(X'X)T'X'X(X'X)"'e

= Ts,t

W 4 glrk web faRzel v A2 avel §94e ehis paluet

1z
=1—-
p=1-(51)

2 2ol Az RS o) 2atnz 179 2% RS AHEa} o] 7jol A m x m3e R sa
td gae

. 1 —~ I ~

Os,t = p—— (ys _Xﬂs) (yt _Xﬂt)
= FA9T)
T, prEC] HE7M (Hy: eB # 0) oleollA FE5AA o2 FaAS 4%, MVN(0,Cov(z))E WEE
= WA (21,...,2m)2 AGEEL ALgste] T3 APA Bz oF SAF V|z| = S0, |22
BIE =H3lo] & 4?(}:%01] et FEHE pvalues A BEHIZIEE WHS ARS-SiTh o] 7)ol A
Cov(z)2E 2 A% R, £t RY tjZd2 o)9)o) 945S 1 7oz thals RS AHg et
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3.1, 44K AHelZ2el 29 4o S0 U E QAR 4
T A B C D
212 saline cisplatin testosterone™ saline testosterone™ cisplatin
x22Y F 3 2 3 3
Sol3d R aA & 362 152
107
Al L | OOO | | | |
A A o o
A o
A o
6 S A p
1 0 [~ i‘i A, %o =
A, A } A @g)
A s A hy R
AAAA o o)
o 10-5 | A POAAQ @ éz)o .
ES' Aa V' N o
o A
A A @
b AA o o
010" Loy .
o A A o
: S
o
(2] @ A
a10° ® -
8
g o
© V'Y
w102 “ -
A
10" |- s -
A Cisplatin effect
o Cisplatin effect in presence of testosterone
10° | | | | | | |
-2 -15 -1 -0.5 0 0.5 1
Log2(Fold Change)
2 3.1. Testosterone AFX X 2|7} cisplatin X{2|0]| 2|st AR} &ado] HistS AZIAIZ.

3. BE Akl

E =FoA ARRS ntolazojd o] Am+ vl AFY e E44E dF4(National Center for
Toxicological Research; U.S. FDA)o|A 7 ©]EFZE= 2o} mitochondria) 2} AR 534712 74
2} #8-S =731 MitoChip (Desai %, 2007)2 AHg3te] A€ of8) & tigh vhg-& A3 =}
otk

® 3.1 12018 FOA 471 TR FEAHEE 3 testosteroned ARESH AR A (pre-
treatment) 7} cisplatin©@ & Q13F AAFe] &sfo] ol et IS v =A] Yothe AFS vehdtt
(Li 5, 2009). &= zjglo] 93-S 2A] ¢k= housekeeping FHAET} 41E<l arabidopsise] F-AA}
9 H FHE FHHOZ AMSFHE BE8) WS AMES1], testosteroned ARSSH AR A8 f-5
o] W= cisplatin el &}E 1 HEI AP oleo A thu] &3} (constrast) = ZA 3T

544 534709 FAAE § B2 w7 & 31004 B 5 %ol A2lEE(B,D)dA tHxLE(A,C)F
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I 3.2. Fisher’s exact test2l Delongchamp@| 2t 2|5t M A0 TSt AMels e ol HA

O Z] X — i ’ . : s
R U e T
cisplatin only cisplatin on testosterone
Complex1 27 24 0.0083 0.0002 7 0.6501 0.0864
Complex2 3 2 0.7486 0.0501 0 1.0000 0.1683
Complex3 7 4 0.8367 0.0034 2 0.6172 0.0876
Complex4 12 8 0.6486 0.0014 3 0.6861 0.0918
Complexbh 13 13 0.0053 0.0001 2 0.9124 0.1376
lipid metabolism 42 25 0.8982 4.2E-5 14 0.2392 0.0030
TCA cycle 15 11 0.4204 0.0037 1 0.9926 0.1511
total 534 359 147

o2 A FE= AHFDR < 0.05). 28 3.12 534719 FHAEY] false disconvery rate(FDR)S fold
change®l] ]-8-3}l] UERH volcano plote]t}. o] 7oA fold change: cisplatin 2] (B, D)ol &
AR T =g 2T (A, C)ollA a2 dd o] tfst v]&olth. webA] volcano plotoll A el
Azl t-33k= el 9117} fold changetx= 0914 B3 (2d F-9 3k) false discovery rate:= %}
S+E(OY AE B 5 A gz oA tzA dd " fAxtelt). H2 JE (A9} B
Ha)7} F2 FE(CS D wlw)e] AXE Blwdte] B testosterone AP AHEE 34| 92 A
HA,B)ollA B2 ¢ FHAEC] cisplatin X 2] (B) oA thRT(A) T oFstA e = 91 (fold
change < 1), testosterone AFA X 2l= I &35 AZAANAS & 4 Ut = testosterone AFA A2l &
gk (G, D)ollA B2 2 FAREC] AF(D)NA 22 (C)Eh F3A LI AR 2 A=
+ testosterone AFZ A2 E 314 ¢SS (A, B) R} i HS & 4 ATt

AEAS oA ATPE A3 Al W 718l nEZ= ot A& AdE BESH H=
ol TCA cycle, A%} tjAl(lipid metabolism) & AFs}2 <14ks}l el thAl E-31A)| & (oxidative phos-
phorylation complexes I-V)2] 77] FAXoll o8t Cisplatin #]2] &3] 524 (p-value)S Fisher’s
exact test2} Delongchamp?] W& AFE3te] AASATE & 3.28 R W Delongchamp?] oz
I ASE 3192l testosterone AFA A 2]+= cisplatin #] 2] 235 714] A 7]+= volcano plot2] Z
9} ST SIS & 4 Gk, L, Fisher's exact test 2§22l chat Al a7he] §942
ARAA BT T S AR oA So] Wa fAAESY ulgo] AAoIAe] o) W fAXEY ¥
&3} v2BA g ARE A0 ¥ 4 Atk

MitoChip3} ZFo] &R o] nfo]TRojd o]e] L o] AF AL}t o] g2 H|&9] FRARE] Fo
aast F-7F Wt o] F-$ Fisher’s exact test?} Z+0] gene permutationS 3= AP AIHoZE=
TR st A adE AR AR oAHeh. 1A, o] APoAe} 2ol 2 71 &S F

FHOJ o] HojA A

< sample permutatione = AGAAHOZE AE 3T 4 Y= T531 3
[<]

Ua folq A4 ¢4 glonz 488 4 9

18 3.2% AF 149 E<F 600ppmE 5o usnic acidE A e|dF T 7HAE9 WEZEglo} LofA]
283 o8] 7HA] tiA AR E Aol 4SS HoEr) (Joseph 5, 2009). -2 $Ht3EE De-
longchamp®] o2 FHARE 42 31312 vl usnic acid 2]l o3 FARre] #-go] st
o WEor FAASCE [ofstA v S YERATE 27 3.2004 Kol 2T usnic acide W
EZEgo} ¢to g JFYRE F5ote] gt AR FEE EHA ATPAAS Welisth. 2
A2 AA A A3 (electron transport chain)o|A BEFAVE AL st Y] BIAE(1-1V)3 &
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Fatty acids Acyl-CoA i
T | CPT1 |

Acsm3
Facl2, Facl4

Acyl carnitine Acyl-CoA

th kb e ——
Slc25a20 H

Acyl carnitine Acyl-CoA 4----- -
D A @ FAD Acads, Acadsb, Acadm ﬁ\
H FADH; ;

Matrix Enoyl-CoA
l

Hydroxyacyl-CoA

Mor—] [oerer |

KetoaCyl-CoA
l Hadhb gy

citrate . Acetyl-GoA + (n-2) acy-CoA

" (o) [omme] Y PO A
Cs/' \Aconltase v \ Hmges2 £\
Isocitrate : Acetoacetyl-CoA |
Oxaloacetate ! = i
NAD: | ot  [rimgergg] |
He ‘

' NADH a-ketoglutarate ! l Hibadh

Malate +
NAD Acetoacetate

=] ;
Succinyl-CoA — 1 \

I Krebs cycle l 3 l Acetone |
| FADH, FAD Suclg2 | B-hydroxy butyrate !
\ Fumarate Succinate AN

‘NADH

Ketogenesis g

| Complex 1l
Sdhb B

-

2! 3.2. usnic acid 2|0 2|8t ZtMZ2| D|EZC2|0F 2| A H2EQ| AISEIR

A=Y W gko] ZHE}. o] 23 M3l= T3 fatty acyl-CoA R X|¥al A fatty acyl-

Z (fatty acid B-oxidation)2} 23|~ 3] Z (Krebs cycle)3} J#+H |5-AA}

F7ket AEdnt. olgld vEZ= ol AR HHY AAAEY FLEL AR AL

Faye7) fstel BEA) 13} 119 NADHS} FADH2E 3531, 7 23} usnic acidl 2|3 FA7}

2 AAANZL B ATAEL §AR}F 52X (Gene Ontology) £4& o]

galol, HERELol B £04 B ARLYE ke /15 WRES BRFOA ol 744 1)

Eacojol Ao 4BAEE 2 olsd 4 Y HAT, AE R ool the usnic acid 3}
o J10€ FYT 5 Aok

4. ATEQ0]

Hg AbEle] Az JAk Aol A SAS 213 (GOanalysis)-2 AAke] &3] 0] A (http://cafe.
daum.net/go.analysis) ol 4] W& ®ol AL&& 4= Qlt}. GOanalysis= 3709] SAS data setS JHo g
wrol5 o] A Delongchamp®] W02 A4kst F-AA ] thet 94 Uebl= p-valueE SAS data
set 0.2 &3}

2709 48 SAS data set F 3L} SASE o]83te] Y3} AP EFP(GLM procedure) &2 8t 7t
AR gt A& 7+ i & (contrast) o] FAA I F4S UEtl& pvaluesS &
23l SAS data seto]1, T}E b= BAPES 1F Y AFRFor A AL £33 SAS
data seto]th. UMz 3hte] Y& SAS data set-S FAATY °]EES goghe Fell, 2 KA

&3k FHAES geneol2he doll 7HAl= SAS data seto]th. o] AHE F2 FAA 2EEX] 9
o] A] (http://www.geneontology.org/) 2} <2 oA AL 4 93 GOanalysist= AF|| AREE ujo]
ol ol Ao FAAET S = FAATEY B et 7Fo4& ALtete] &8¢t
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0

5. 42 2 &9

AL Ao 19 3.23 Zo] FARTE £40] o35 nlo]aR o] A5RFE Mz Wi BETH
AR H3E AYHor ASE 5 JA Doz FEA T 9 g AL Z ol 4= Al
Flt}. Fisher’s exact test®} e W FAxTE £4 ¥ 31 §ARL0 &5 FAAE tigt
pvalues] B2} vholzzoidole] Aol S AA FARESN e pralues] LEI}2] ¥ wE B8
ZH149) #P el s, Delongchampe] WPHE B A2 S AR Zetel that Aol £t
£ Uit pralieEe Aete] 2 el Bat AARQ el GnE Z3oke AR Po)
O ES SAAE A)e] ARAAT A 2] AT BAG WIS ] e A A7
HES 28 229 471 J& ux F4d FAAT 2495 & = ot

w [}

2 ol A3 25 B4 APl g3l (Desai 5, 2007; Desai 5, 2008; Desai 5, 2009; Li 5, 2009;
Kashimshetty 5, 2009) 7 -fxtuict Ae]2zke] Waks vjg] ¢7])& ojffug 534 Ui
2 pvalues 73HA "t olw) mAe] FAATE £33 AR HE FHL QFFATF 129 &%
£ MVN(0,Cov(2)) 8 WEE (21,...,2m) AFRES 0] 8310] 131 ZE|7E2 9PES A3
p-valueZ AAH3tc). o} 7)ol A Zkatol] 93k Cov(z)2] +A4HE RS AHgshs Zo] & o ehg = ol
AFAE) sol ol o) G182 AYIH YU L AT ¢ Aol THES} AYRYAH
grlETte] RO 7 fAel e FRA A fU4S AAHAL W, Axte] EfolAel 9
+= GOanalysisZl= SAS ZZ 73S ARESlo] FAAE 248 & 4 9ttt dA) GOanalysis+= serial
codeo]B & 173757112] f-AXZ o]Fo]F ulo]mazo]d o] (Ayyadevara 5, 2009)2} AFEH 27087)
o] AR I3t £4-2 Windows XP 7§18 AFEQ Intel(R) Core(TM)2 Duo CPU ES8400 @
3.00GHzZ 3} u] 41A]7F 468 44% (cpu /\] ZF: 41A17F 398 52%)7F ARt 2O Z R package?}
MATLABSE] parallel codeZ Delongchamp®] & 73 3lo] &2 A|7F Qtof] FAAT EAS & 4
AA & AF o]t}

0y
it

o
J=

01014, &6l (2009). FAAF Adgol ARLHA PR 19 FAAEY &l vX]= 9T, <FEFAATL>
22, 781-792.
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Abstract
In microarray data analysis, recent efforts have focused on the discovery of gene sets from a pathway or func-
tional categories such as Gene Ontology terms(GO terms) rather than on individual gene function for its
direct interpretation of genome-wide expression data. We introduce a meta-analysis method that combines
p-values for changes of each gene in the group. The method measures the significance of overall treatment-
induced change in a gene group. An application of the method to a real data demonstrates that it has benefits
over other statistical methods such as Fisher’s exact test and permutation methods. The method is imple-

mented in a SAS program and it is available on the author’s homepage(http://cafe.daum.net/go.analysis).

Keywords: Microarray, Gene Ontology, gene group analysis, p-value, SAS program.
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