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A DS Aek T 5 A o8] 2704 B o] A=A A Fule] QAR Z1FelA o] W
HES EUE B2 $5 4R35t Stk 3R R npe]a 2ol ]Q < o] A3l éuﬁi E T AR g A
= ok mulske Xﬂ‘iﬂi o]&H A AL Utk B AT FHL npe|azojge] Ao do3 #E

£ gl glo] AA wto]mgojd o] 5] AAAC et ARE o]&3te] T A FE ATt At AEA vl
A= 57FA] AAWE =, Fold change, Two-sample t-test, Wilcoxon rank-sum test, SAM, LPE *}Y H= 23
3& SR T 3o ZE3E ol oAl MAS5, RMA F 7HAZ Al&3} stglon ghesof mef A9
2078 T 1007] FAA ] et AA A= SRt T3, REFE ST flo] Z]Eel A el A
A ARE o] g3t & ¢ AMEs}ste] Ao Bast BLE s Bkt

#2800 0013201201, MY, Fee, F3fe] 27|,

1. ME

A7 FEER BHEEA fEle AF o] AR A5 Q& A dolHE 43}
I 84, 95T £ & 7Iee 7HAA Hdok 2Eu dAAE (clinical trial) o]ub who] A Z o7
o] (microarray) 240 23 A7 E A7) fsiAE g4, TYZ < HHo] X5 HH Age] 1
Hl-g 2A wjgol] AiHer AL to|HE °|&3HA "Hrh. ttht wtelazojge] tne AA=
270l A BAl= 507] o] dlo]EE o] &35t wfwell 7|l vlsf IKHE IS o] &t TAA W

% AL3)oF str}. mlo]m 2 ojH o]+ 1Y A& (high-dimensional data)o]™ o]H AJEA| 7} 714
A, 2k 7o) FAR}H(gene) S B Zh(expression value)S AWM ZA3lt}= EFL 7}
ELHE— ol 1+J+— e Ao g o] o] aFH vpo]aRolHo] 2tR %} zg 2141 o
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17]
3
of et < %xﬂzﬁ,gi E’s}x] kow, FHlAE= AF3 AA ot
A= ~n-,4 St AR EA w5 5714 A AW (Fold change, Two-sample t-test, Wilcoxon
rank sum test, SAM, LPE)& 0]—9~‘0‘]-°1] 671A] AA uwpolmzZ o o] Ay AF ol tst A HAA (reprod-
ucibility) 2 W] 3}A} stc}. ojul], mlo]a 2ojdo] Ay AR F 7HA] Z7AFFANA AFoldHA
W5 = - A} (differentially expressed gene)E 2t7] 93] T 71 A A (multiple hypothesis test-
ing) S F3HA Hedl & WY He FARE FAER Fog A8 AAe tE st AA EAV %
o] EEL 20099% AR(A&HTV|eR) APz d=FAdTATEY PGS wol £IyH J2AF
0

A1) 3] (2009-0087564).
AR AA A (136-701) A2A ASTF 4945 570, neltidta S48, w4, E-mail: hjdcho@korea.ac.kr
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At tErHaAAe oA Al 1% /8 245 71l tid Jd+7+& Benjamini®} Hochberg
(1995), Benjamini2} Yekutieli (2001) 5-°] 9l2™ Dudoit 5 £ njo]mzRolH o] Xt EA
off A& thFst e 7HdAA 71 E] st vl =2 HEES T Jung (2005), Shao2} Tseng
(2007)= t}E7HEd A A ¢lo]A FDR(False Discovery Rate)& H o= A vbof oisk A
T7F ASdTh B =ReAe 71 ATl vis] s a3ar)E ued 2 £E AA] & AA
OJHE o]&3l AMALS 1eist FE 5 ALPEE Albsta A} st

2 =24 ANE WES o 2o] A5 280 = vle]aRojd o] As A4 Ff st
FAAE A= 71 t57HEa A4 BAlNAY &7 vl&2] 24 (error rate control)oll thek 7H'd
& AUfsith 3o A= AA AR st AT AHE Aot 4F A= AA A8 E o] &3}
o] st 2ABN A9 BE 4 4g AFE ARSIt EoE 5AME 28 U Jozo AEk
2 ]

—~
[\&)
o
o
w

=

r

[\V]
30
r>~4
Pal
am
Jz
X
a
O
oy
0
Ha
>

2.1.1. Fold change AJE3} o= §98 GAXE St s og A Ak A o] t
£ FAA ol wis) 283 fold changes Wol ARESHth Fold changew 7 1§ ZF @zl
o (ratio) 4] A= v o] W7} 2WT} AAY 058} AL FANE §o T Aoy BRTH2-fold
change). 1t} o] WEL FAA} 719 WES FAS T FoT FAAE DAY wjLe] 22 B
UL U £ s AP B WES Yol

2.1.2. Two-sample i-test UJEZ 9l T2 (parametric)WHOZA 713 de] 2ol 7|27 9]
AZ g eltt. Fold change® = @2l ¥F (variation)< gste] F HAd 2+
AAE HAS Aok Addes F A e 2 SRAL AN o) gl 4%
Welch’s t-testE AMg3= Zlo] gutZl ot} 2| ulo] I ZE ofd| o]
o ARWE o831 HE A7 WA o ] QA t-test
AUL A Bk Jain 5 (2003)S AL ARE o] g 3ol A4S
% 4 9l W (LPE) S Algsisic.

oL,

2.1.3. Wilcoxon rank-sum test ©] W2 23x°] 71HS T 7 314 ¢b= v 244 (nonparam-
etric) 0.2 A BRG] £912 o) 8ol FIT FHAE A

stAl Hot. o] AARSAZS ol 2

2.1.4. SAM(Significance Analysis of Microarrays) J|F7}d2] 71Ztojfo] AA A J3FS
| X+ ARTAZFS vto]a Rl o] ARF2A FR ¥/t & HF9E £ 5 Stk vtola =zl
| ARolMe 5 DAY FAAel el ZAE 517 W2l SR/ dhder 22 F97t EAHL
2 st g ARy 428 Yyt 497 gl Tusher 5 (2001)2 210 k4312 93] £4 <
Z}(fudge factor)E A4Fste] thdshs WS AT d(i) BAF (relative difference)& 3k
A& olef et 2t

u
o
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I 2.1 JHEEE HotE

Fl

2714

AZTHA AL 7R
Hy True Positive (TP) False Positive (FP)
H; False Negative (FN) True Negative (TN)

V)

0= (%) <Z [om (8) =TT + D lwa (i) —xU(i)F),
AN TH(i), To() S TE 19 U S} ol that B DA Jehle ny, o 242t 1%
19k UslAe) B3] 48 vepdc),

2.1.5. LPE(Local Pooled Error) vulo]lazojgo] A2 1H|-§ FAE As] ofF 42 &
2 T FAAE Ao she A7 B2t ol AR Y] Wokx= £A4 i
(2003)2 #2 BEZ o83t AAS AAstolx BAA AAHE Tl /A

AN A,

Med; — Med» 5 s
z = ) Upooled =35 )
Opooled 2 n1 no
7] Medy, Med &= ZH7F A W4 283 F A5 129 U3 Z= F94 (median intensity) &
chich. LPEs: 9 g B AAE BAE o8] 2AIAE

2.2. U=4HE 212 @589 -

ufo]FZojdo)g} A5 M e FAR] Mevts AARE ForA JF3] B

2o Al 1% LF77F SVl upe]lazojgloldAg A 15 7@, “F FJugt 3 gho] o]zt ¢l
= AF7HE o] st 77 S 7)1 Zbete] HEghe] Aozt ER sty etar &

o ATt EAGTE Al 15 277 S48 wiiel s Y fAAE AT o Fs
2 ARG =W AR dst A2 o 23E A "t oSt AR EAE
FWER(Family-Wise Error Rate)3 FDRE ©| &3} H&0 £ =FoA+= FDRe| 7|
=

2.2.1. FWER(Family-Wise Error Rate) FWER2 @ AANA o= MdS t=7H2
279 A2 AFRE ul el e foI5E 2eel BAZ e Adolth. FWERS a1
olde] AAE FA 3T uf Holx sttt Al 1% & /FE AT FEE Fdrt. ® 212 7HEF
3 Ao}

A% FWERS Ao] sh} 4] 15 958 0%
HEE 245k Aot

&
o

R5E MO FES

N

, P(FP > 1) < a7}

iy

2.2.2. FDR(False Discovery Rate) FWER-Z o] 718 HAAS SAl & wf A 15 27
gES AHol A9 @ fosE olskz Alojske W el7] wiEel E—’,\—Pﬂ(conservatlve)ﬁjzﬂ,% il
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jamini®} Hochberg (1995)= A 15 279 &S Alojsly FWERECTH #AAH

a WA+ e
FDRoJgk= AE2E HdS AAsth o] Wd2 foldt 2443 5 Al 15 275 W8 237 =3

£ ulgE Alofst A owA ofelsh o] AoHrh,

FP
FDR=F ( —
R <FP+TN)’

o] 7] A FPE 0Kt} =1, vkeF FP7} 0o]2kd FDR-2 0¢] Eth. FDRE FWERK T & H 42 0] By
ojAIRE T % AA MpTt gesE AR AT FAY ATt okt <& E¢] 1,00074¢] A
ol gt At =E2dthd FoES 0.012 stoj= 1079] HAo] FuAog 5 Add Z o
7] wjZolch. webAl 918 HdS o] &3 thgdt e g FDRES F435HA Hrh

1) Benjamini2} Hochberg?| FDR 7 g

qg Bol mAY §AAE SYHo AFANL H ARET mAY ENFEH pvaluer

Poays- oy Pamy 2 3171 0] 1, 2012 2152 adloldl ofalel 4¢ wEshs 78 2 j7i)
p-value, 5 P y,..., Py S 71708k Wilolth.
Py <i'oz, ji=1....m
7T m

2) SAMO| FDR ZH g

SAM S B3 =& £ o83t o FAAE BT wf Tusher 5 (2001)2 <
4 (permutation) At 55 A4St AP A E3E(empirical distribution)S 43 & FDRS Z A3}
+ W& AT 1A d()SAFY 7149 248E FP + TN 7149 §3ax471 =&

i, Z+ B9 ¢824 5 &4 714 {FARSE Vo p = 1,...,B7F ALY 28]la 7 £EE EHE

=
Vp/(FP + TN)E Al%tsto] FDRge F48H ¥ o f3a4-s @45t "t

+7] 913l RIR(Rank-Invariant Resampling)& 2833t} o] ®#
42 FEo2E AFA 3l FDRS 430 o 4ot} (Jain 5, 2005).

=2
R
rr
o
)
el
lo,
[es}
@)
=
ftlo
A
o

7Nel AA wpe]a Rl o] AF ARE ZHztol tisf F 2AAstolA] AolstA Ld

X AAWHEQ Fold Change, Two-sample t-test, SAM, Wilcoxon rank-sum
test, LPES o 8-310] A4S 2745ka ulas] Mskth. 941 vholazolalo] AW 24 A o8
E2(n = ny +no)ol TSl £ AR 257 oz ANARE ol AREATEL AT,
=, wholazolelol 7 mAle) A4S WESD gons mAle) AAEAGe] AFAT. w8 4 A
SRR R /(< niino) NE FASR W19 225 A9 BLeA mole) AAEADE 42D
F Pearson®] F#A| 52} Spearman®] FAATE BE 7Hed 28] ukE B9 BELAE AN
Arh. vt 9] 57479 WS B ARAo] uA ol wlo] EAIRTH vho] 22 oja|o] Aa B4

N
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H 3.1. Z} 4iolg & &tzkzt
MAS 5 RMA
Within Between Diff. Within Between Diff.

T-cell 0.9464(0.008) 0.8841(0.006) 0.0623 0.9961(0.001) 0.9476(0.005) 0.0485
Prostate 0.8242(0.003) 0.8183(0.003) 0.0059 0.8716(0.005) 0.8643(0.005) 0.0073
HIV 0.9058(0.004) 0.9007(0.003) 0.0051 0.9366(0.004) 0.9321(0.003) 0.0045
Clozapine  0.9162(0.002)  0.9158(0.002)  0.0004 0.9461(0.002)  0.9453(0.002)  0.0008
Malaria 0.8354(0.002) 0.8238(0.002) 0.0116 0.9121(0.003) 0.8983(0.003) 0.0138
Head 0.8423(0.002) 0.8241(0.002) 0.0182 0.8892(0.002) 0.8753(0.002) 0.0139

o glolA o] U HE 4 Slo] NPHA G, Mol AL wpolet T 4 vk

w3 919] 57bA) wPEEel] o3 AHEE BAYES] 49 20/ vlmch o714 vlme] e whol
azojelo] A LAl 0§ F HESo) e 2 UEY A9 2079 H5d BREYES T
2 49 2071700 QAT A5l B B EELAE AAGE Aotk 9 2L o 4

£ 100719) FAA AN E B2 BES
nlolazoldlo] AYL st Lefol=g Bl 4 W) FAAE AAMe) AR we] A

oA TAskE o] eatz s AP A7 FESA oke o Atk wEbA B F gEe &
23} A2 227t QEd HAge] tigk £23) $HS Affymetrixe] MAS59} Trizarry 5 (2003)2]
}

RMA (Robust Multichip Average)7} JJom H =FoA% o] F 7} BHHES o] &3}

3.2. & ojo|=2201{2il0] TIOIE{2] Alfeld

B =RAL 27 02 649 2BL S AAYS 238 AAE AN velazold ol
Affymetrlx/\]-/] GeneChip® & o] g3}t 7+ A% , FRAA A, Aol gk A
B &9 9] A (http://www.korea.ac.kr/ “stat2242 /pub
% 3.12 7+ A5 ¥=E IF-vl(within), Z55-ZH between) A&3A 2]
9} 257 AEAA Y 2ol (Diff) & HAF3 vk AAAAZE BF 0.80]440|1 251 A4daA
7b 257 4REA Bk 2ong giAE Aol & H Aty & 4 9tk 3 RMAWY o] MAS5E
o} AAFBA T F2 A0 R Hol RMA "ol nfe]a R ojd o] ARoA P she o8 A5 A Ast

=t 9lo] WlmA Al

o
2
g x
é)
S b
zrﬂ
I
o
o4 3o
iv)

3.3. 2} giyi=so)

Aoty

1=
o
i
il
=2
=
o,

3.3.1. T-cell Z3} T-cell Ho]EE o]&3 Ayt & 3.29F 2t} 571K FRAA} €A

A}IAA T Pearson, Spearman®}H BF =2 2oz yelygrt 22y Pearson®H ol 2]8F Two-

sample t-test ' HO AAATE 0.6022A4 T2 WPHEL AdAsHT 2k7F Ut o] ke Z

9(=3C2 - 3C2)7NY ZFA G sl HFS& TET 2ol I FE 5 QF7F A3 B2 A43A

Z 7} 7] wjEo]t}. Two-sample t-test®HH O] FT2AF 07|41 = W5 S 18ty T A Ao

st FAAE A= Zola fEY 9 Hol wol SAH A7 U F 21 w2 T 4 ]

o} g9t 2o AP LS FAA He Aotk 49 20, 1004 SRR e A Ae] FE

Az Fs3 Aoz et o, Two-sample ¢- test‘ﬂo“ﬁ% e} 22 o]f= A A 2070 FAX
3t Ao AT A et SAMERY Two—sample t-test 2} FAFSE FHENE A d o

Tk =GRS o] &3 HEY AASIE FI F 1 2 AAATE ST

“
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i 3.2. T-cell Data

. AT
Pearson Spearman
Fold Change 0.95 (0.01) 0.93 (0.01)
Two Sample T 0.60 (0.16) 0.94 (0.01)
MAS5 SAM 0.96 (0.00) 0.94 (0.00)
Wilcoxon 0.94 (0.00) 0.92 (0.01)
LPE 0.96 (0.00) 0.86 (0.01)
Fold Change 0.99 (0.00) 0.98 (0.01)
Two Sample T 0.50 (0.13) 0.95 (0.01)
RMA SAM 0.96 (0.01) 0.97 (0.01)
Wilcoxon 0.96 (0.01) 0.94 (0.02)
LPE 0.97 (0.02) 0.92 (0.02)
T A2 RS (BE24)
Top20 17.10 0.35
FoldChange op ( )
Top100 80.00 (1.01)
Top20 2.90 0.48
TwoSampleT op ( )
Top100 34.80 (1.88)
Top20 16.70 0.29
MAS5 SAM op (0.29)
Top100 83.40 (0.60)
, Top20 17.90 (0.63)
‘Wilcoxon
Top100 82.30 (1.39)
B Top20 17.40 (0.65)
Top100 83.40 (0.94)
Top20 18.80 0.15
FoldChange op ( )
Top100 94.10 (0.59)
Top20 3.60 0.56
TwoSampleT op ( )
Top100 34.30 (1.55)
Top20 11.40 0.63
RMA SAM P (063)
Top100 61.20 (2.47)
, Top20 15.00 (0.83)
Wilcoxon
Top100 81.90 (2.84)
T 15. .
B 0p20 5.00 (0.87)
Top100 81.40 (4.40)

)

3.3.2. Prostate cancer Z2} Prostate cancer H|°]E| & o]&3F A7= & 3.33} ZT}. Prostate(
HA)dlolg oA & IFol 23EE BEY £7 SIS AT E ST 28 € 5 A
t}. Zeuf LPERE O tidt A3AS7F o2 e AdAFRT B3 224 o] dolE& LPEWH
of ol 2 MuE K| gkriar & 4 vk E A 20, 1007 §-ARFS] A AEE 2EY 5
7} S7F5 MASS gl sk dxgo] E5S & 5 Utk

3.3.3. JIE} UIOIE] Z2t HIV dlo]&e] ¢ LPEWH &3 AadAs7h wow 439 20, 1007
AR dx4de SAMI LPERY o] 718 £t} Clozapinet]o]E]e] AL AR9] 20, 1007 54
2ol AxA =W)X E Prostatet} HIVHolEle] X2} §AFSIE;. Malariato]El= MAS5 %

3} UPHS o]83F Wilcoxon rank-sum test YWH| A@AA 4= Spearman HHHOA A e
BASE AW A9 20, 1007) 2] AAFANNE vAAR Re ghe 7Rk Head and

_1_4

o.,>:, F-]N
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i 3.3. Prostate Data

10 vs. 2 10 vs. 3 10 vs. 5
Pearson Spearman Pearson Spearman Pearson Spearman
F 047 (0.01) 0.46 (0.01) 0.58 (0.01) 0.56 (0.01) 0.75 (0.01) 0.72 (0.01)
T 0.28 (0.01) 0.46 (0.02) 0.55 (0.01) 0.58 (0.01) 0.74 (0.01) 0.74 (0.01)
MAS5 S 0.48 (0.02) 0.48 (0.02) 0.59 (0.01) 0.58 (0.01) 0.75 (0.01) 0.74 (0.01)
W 0.47 (0.02) 0.46 (0.02) 0.58 (0.01) 0.57 (0.01) 0.75 (0.01) 0.73 (0.01)
L 0.33 (0.02) 0.23 (0.01) 0.42 (0.01) 0.32 (0.01) 0.57 (0.01) 0.46 (0.01)
F 0.50 (0.04) 0.45 (0.04) 0.62 (0.03) 0.55 (0.03) 0.78 (0.01) 0.71 (0.02)
T 0.27 (0.02) 0.40 (0.02) 0.53 (0.02) 0.52 (0.02) 0.71 (0.01) 0.67 (0.01)
RMA S 0.24 (0.03) 0.16 (0.03) 0.58 (0.02) 0.44 (0.05) 0.73 (0.01) 0.65 (0.02)
W 0.42 (0.02) 0.39 (0.02) 0.53 (0.01) 0.50 (0.02) 0.69 (0.01) 0.65 (0.01)
L 0.37 (0.05) 0.28 (0.04) 0.48 (0.03) 0.38 (0.03) 0.63 (0.02) 0.53 (0.02)
10 ws. 2 10 ws. 3 10 vs. 5

B z=22k g+ B A3 B=2x

F Top20 2.50 (0.43) 4.15 (0.52) 7.40 (0.37)

Top100 16.20 (1.11) 23.60 (1.11) 37.60 (0.49)

T Top20 0.20 (0.09) 0.60 (0.18) 2.30 (0.37)

Top100 3.45 (0.48) 8.75 (0.72) 23.85 (1.26)

MASS S Top20 0.35 (0.11) 0.65 (0.20) 2.35 (0.26)
Top100 4.70 (0.59) 8.75 (0.82) 24.50 (1.33)

W Top20 0.00 (0.00) 0.20 (0.12) 3.10 (0.27)

Top100 4.50 (0.26) 8.30 (0.38) 21.05 (1.27)

L Top20 3.50 (0.46) 3.70 (0.26) 6.85 (0.33)

Top100 19.25 (1.38) 24.35 (1.17) 35.00 (1.03)

F Top20 4.20 (0.55) 6.55 (0.61) 10.65 (0.35)

Top100 28.65 (2.46) 38.40 (2.52) 54.75 (0.65)

T Top20 0.60 (0.17) 2.80 (0.34) 6.40 (0.45)

Top100 12.95 (1.75) 22.25 (1.77) 40.00 (1.69)

RMA S Top20 0.25 (0.12) 1.90 (0.32) 3.90 (0.46)
Top100 4.20 (0.62) 15.50 (1.17) 26.70 (2.16)

W Top20 0.60 (0.17) 1.95 (0.30) 6.40 (0.30)

Top100 12.15 (1.60) 20.05 (1.81) 38.70 (1.81)

L Top20 3.00 (0.32) 4.35 (0.36) 5.60 (0.47)

Top100 16.35 (1.64) 22.20 (1.24) 36.05 (1.30)

Neck Cancer(F7% o= LPEWHS AAAA L7 b2 uhyo] vls) wron A9 20, 10078 &
AzFe] XA ZHoAE= MAS5SHEHS Fold change®H o] 4] UEbdt o]23t dxfe] Aol=
7+ ol A0 g&sttt. flol AAEA 2 A lolee] daax H AAS AE-S o]
A (http://www.korea.ac.kr/ stat2242 /pub/) ]| AA|= o] Ut}

4. 0l0|220{d0] &S 2ot 22 + o™
4.1. Z2 4 A

7P A A 9o1A] Jung (2005), Shao®} Tseng (2007)2] FDRS 11 o)
st A7t Atk 2y 23] T 7] (effect size) ol sl & ©] XpMEt dA 2 Q HZo] vln|dd

0z

2 S AA HlolEol B8
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/\V—JOM 2 L%ﬂlﬂi“ 71E Aol vlsl tFet aa7)ek A3t d FDRe a2{dh &2 5 4t
T, =3 AFAe] AHE welste] Jung (2005)9 BE 4 AFHPHE Ao
ufo 3301 glo] AP A e AFAA BR3 HAT] x&2 ol et tol=ekele Algstaat

— -\~
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L1 L S A W Jung (2005) 2 4l 217 94T W o AR e w4

ol A BTt

>
X

>

to
¥
L)

my

f = FDR level

r1 =t of true rejection

ar = allocation proportion for group k

m1 = number of genes expecting differentially expressed
0; = effect sizes for prognostic genes

M, = the set of genes for which the alternative hypotheses are true

(Zar + 2p+)? . rif . T
S G T s —1-
" [ a1a2(52 + ’ @ 7710(1 _f)7 ﬁ mi1
Tt B3e] a7 e A o Aol 05 TS ng Fe WS AT ot A2
o] & (Bisection method)& °o]-&3}o] & F3ic}.

h(n) = Y ®(zar — §;/naiaz) —ri.

JEM;

4.1.2. T2 &~ AN UH:HQ_I
w45l el &

A% w9} ovbo
42/ pub/)°l
w3te] 17]

]_
= Ao T
o

|'u>-

= Al ClolElo] 8 22t £ =FlAE Jung (2005)04 AASE 24
’ézﬂ?lé He ufste] A 283t 8 & ALk 23] 377 4

o] B8 & A 2931d2 E9 o] A (http://www.korea.ac.kr/” stat22
o
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BN & O AE3} sto] P £E APgSkglnh 2y 23
" Q) ARE AL oW axtar)e) ©9(0.5, 1, 1.5, 2) S AL}
EHeE 20 4 A3 1R A4S FAE APl Sk 4 22401]/\% ANG BEge 7 2y de o
=7 239 a7 2 APgshs et Al Exte] a7)ek #49 B A7)=
ofef o} Zt.



DA KtZol MMt 52 4 1075

T-cell data(MAS 5) T-cell data(RMA)

MM ..lwi?_r_ﬁi..m m ______

S}k 2ol —5‘349] 718 7 AR BE FEE moe] §;7F AAEE T olol thEl 2, 3, 4 BYFS
ToThE oS B FV|EAN HHSE £ 52 £E AEske ot ojHd o R v 3
718 Fohe olf& vlolaRojd o] AFo Qs FE & 4P QoA o] S B &
W Ee o] 7R Qe 2 RS EAS FAISHA ¢ka Higk 8@ 5 Q17 wiE el
Sk Ho A AFH AR & (Fold change, Two-sample t-test, SAM, Wilcoxon rank-sum test,
) AAATE AT A9 FAR] A4S Qg A2 7 Aol ZHA X Y=
A9 FHAgojrt. o] HHE B =EolA AAE Hlolelel Fde Aol ths] A
L 317] Y5 BE & A o] Jloj=gleleg Ao IS & Zloeg Hrl $]9] WUYE o83
of Z+ Ad He 483 11| I7|E 2T e ofddl AAIH Stk #Ee A7)E ST A
4.2 AAE FEES TUsHA zHsg o, dd gholl thdt 253} HH (MAS5, RMA) 27|
= A BT
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=
o
>
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4.2.1. T-cell Data Z3} 123 4.12 T-cell & o] &) &3 to o 8 223} 944
ot &3te] 77] s|~ETolty. T-cell dlojEfol thaf Hd kol thet 253}
Zhol] i) &3] F7)E A9 EE RMAC] 9| s 223}
7} A2 Ioks 2 & 4 Q) o8 By #

X
o] g3 FE £ A4 AdE= ¥ 413 2l F 418
_o_

H (MASS5, RMA) 22

u (MAS5, RMA) 7t
o] MAS5 ®E3) Whgoll vis) &3e] =27
TE AT 379 ARESITE B 7R
B RMA H3HH& ©]-83F T-cell do]Efof| T

3 ok T4 MASSH SO uls) Zthe 2S & 4= 3lth o] HlolEle tigl nfe]a 2o o] 4
B AABIAL & wf A7p7E Dol thsk 223} o E MASSE Aesta 2 150 &
FEE HEE 5L & (a1 = 0.5) AAZE 80%(r1/m1), FDR = 1% =2 43312 Ysicpd 2
83 BE4E 360] HaL 7 250l 18714 Sk

4.2.2. Prostate cancer Z2 1% 428 %3 Prostate to]EloA] Z+ T3} H)
=712 ¥l MAS5E 004 12ko]o], RMAS 00]4 0.54Fo]o] &ke] =77} s
A

B3 glo
o] o] T-cell Hlo]El gl ThE oPifelt}. E 4.2 Prostate Hlo|Elo] Tjat E& 4 44 Ao},
MAS5E A o] oF 70%, RMAL oF 40% 5 71E02 A%e] Bad B2 47} 248 S8t

[e)
A2 ¢ 4 ok
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H 4.1. T-cell HIOIEIE 0|2ct & 4 AN AT

FDR
Method a“ m m/m 1% 2% 3% 5% 10% 20%
0.1 14 12 12 11 9 8
0.3 19 17 16 15 13 11
125 0.5 24 22 21 19 17 15
0.7 31 28 27 25 22 20
05 0.9 45 42 40 37 34 30
0.1 11 9 9 8 6 5
0.3 15 13 12 11 9 7
624 0.5 19 17 16 15 12 10
0.7 25 23 21 19 17 14
e 0.9 37 34 32 29 26 22
0.1 16 15 14 12 11 9
0.3 22 20 19 18 16 13
125 0.5 29 26 25 23 20 17
0.7 37 34 32 30 27 23
0.9 53 49 47 44 40 35
0.7 0.1 12 11 10 9 7 6
0.3 18 16 14 13 11 9
624 0.5 23 20 19 17 15 12
0.7 30 27 25 23 20 16
0.9 44 40 38 35 31 26
0.1 13 12 11 10 9 7
0.3 18 16 15 14 12 11
125 0.5 23 21 20 18 16 14
0.7 28 26 25 23 21 18
0.9 40 37 35 33 30 27
0-5 0.1 10 9 8 7 6 5
0.3 14 13 12 10 9 7
624 0.5 18 16 15 14 12 10
0.7 23 21 20 18 15 13
RMA 0.9 33 30 28 26 23 20
0.1 16 14 13 12 10 9
0.3 21 19 18 17 15 13
125 0.5 27 25 23 21 19 16
0.7 34 31 30 27 25 21
0.9 47 44 42 39 36 32
0.7 0.1 12 10 10 9 7 6
0.3 17 15 14 12 10 8
624 0.5 21 19 18 16 14 11
0.7 27 25 23 21 18 15
0.9 39 36 34 31 27 23

4.2.3. J|E} HI0|E] 22} Clozapindt] o] €12} Malaria o8 2] ¢ AA o] S 40% S 7|F02 4
o)l Q3 TE 7} 343 27138t} Head and Neck Cancerd] o819 A9 RMAZZ3) 4
Z29 3¥e] |z 28 5 A =Y 2 a3 V)7t e FY) wiwel 4 2
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Prostate data(MASS) Prostate data(RMA)

g 4.2. Prostate HI0|E{(MAS5, RMA) 22| 27| o2&
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8 57} s B MASSEZS) Bel o8] 44E BE4E A49L 3 44Y4E 2 8
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A (http://www.korea.ac.kr/ stat2242 /pub/) | AA|= o] At}

B =RoAE {93 A A i = 5712 7 W (Fold change, Two-sample t-test, Wilcoxon
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Rrk w3l 5@ Ze‘”é"ﬂ #AE npo]ag o o] AFE LA B AFLAA FAHA FRE o]&
3te] Aol ast 22 4 AR it 7hol=2klg AlFetaz} it o5 3 vlolee Adg
olgh= FHE o] &3] o|AKH o7t Ho & TIe] 715 7 AW HE AR} A7) 1A} 3Tk
37 Al= uto|m 2ol o] HolHER AAANS SH 3 Ef&htﬂ T-cell Hlo]E]e] A9 Two-sample
t-test & AL oF2 HELS B E =2 AEAGES TR A oA AT £ ‘?J\‘iiotq Hlo] A& o]
glo] AgolA LA o] 2XE5 AAS=T olAe RMA ¥o] MASS:TE vl &&49
Ao g oJAZT}. Prostate cancer H OI E{.J AL nRsR 2 RMAHL@ o] M AS5oﬂ H]‘GH FgA o

._:
&
B
=
2]
=
=
-+
[}
Z
%)
>
=
sl

41 250 T 27} ALAS AR 58 AL eIt - At

B R dFE APES Be, nESE PYL B 27 T 542 /D drke 2e Hag
4 gglon vlelazoldo] Agel Bad BE 4 o] o] BE Aol FAF 7)E} WHow
3 B =R ARA BelF A Sgleh o)F A5 413004 Jung

949 Z¥e Teish] A3l Aol =707k AR ek AR 4L
W BrES bﬁiwﬁ Wb BRSSP itk 7 23 &3] 7], FDR, o 371845 4
Boll R BE £7F gashe A2 ¢ 4 Yotk £33N AVALS WL Holge] BESE
843 fsiel 123N VUL Do) 18 2HD T AASE olg3iof o AT T
o 2712 s W olgstaln o WilE el 2 vhelazelse) 1he S48 a3k
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I 4.2. Prostate HIO|E|2 0|28t T & 4 AN Aotz

FDR
Method a“ m m/m 1% 2% 3% 5% 10% 20%
0.1 14 12 12 11 9 8
0.3 19 17 16 15 13 11
223 0.5 24 22 21 19 17 15
0.7 31 28 27 25 22 20
05 0.9 45 42 40 37 34 30
0.1 11 9 9 8 6 5
0.3 15 13 12 11 9 7
1114 0.5 19 17 16 15 12 10
0.7 25 23 21 19 17 14
e 0.9 37 34 32 29 26 22
0.1 16 15 14 12 11 9
0.3 22 20 19 18 16 13
223 0.5 29 26 25 23 20 17
0.7 37 34 32 30 27 23
0.9 53 49 47 44 40 35
0.7 0.1 12 11 10 9 7 6
0.3 18 16 14 13 11 9
1114 0.5 23 20 19 17 15 12
0.7 30 27 25 23 20 16
0.9 44 40 38 35 31 26
0.1 13 12 11 10 9 7
0.3 18 16 15 14 12 11
223 0.5 23 21 20 18 16 14
0.7 28 26 25 23 21 18
0.9 40 37 35 33 30 27
0-5 0.1 10 9 8 7 6 5
0.3 14 13 12 10 9 7
1114 0.5 18 16 15 14 12 10
0.7 23 21 20 18 15 13
RMA 0.9 33 30 28 26 23 20
0.1 16 14 13 12 10 9
0.3 21 19 18 17 15 13
223 0.5 27 25 23 21 19 16
0.7 34 31 30 27 25 21
0.9 47 44 42 39 36 32
0.7 0.1 12 10 10 9 7 6
0.3 17 15 14 12 10 8
1114 0.5 21 19 18 16 14 11
0.7 27 25 23 21 18 15
0.9 39 36 34 31 27 23

A7l AolA ARRATE o] 8T WY ol F © tgd 2] Ve FF T e
o] 2¥ Aot} ulo|mZolH o] HlolE e} T B =Eo|A= AffymetrixAt] GeneChip® < 2
she Aoz Stk AffymetrixAte] GeneChip®-2 whea] Azg43} e 34 AL AX A

oﬁ’, E —|>’
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A4 7) whol AT Wol A AEHTIL T 5 glort ;e EAZF A wEe] o] HL o) §
3 uho|azoleo] APL 34717} ool ARolth FFo| o] GeneChip® 9] ulgo] A AT o]
He o183 AP0l HH} B AFsAo] 7] WEe] B 8ol £& BEE =8 AU 4 vk v
Bom, & Be RANE AAT 4 Yt 147l ol Rolithy o] B WhHEE BT Ao
= 479},
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Abstract

A number of methods have been developed to determine sample sizes in clinical trial, and most clinical trial
organizations determine sample sizes based on the methods. In contrast, determining sufficient sample sizes
needed for experiments using microarray chips is unsatisfactory and not widely in use. In this paper, our
objective is to provide a guideline in determining sample sizes, utilizing reproducibility of real microarray
data. In the reproducibility comparison, five methods for discovering differential expression are used: Fold
change, Two-sample t-test, Wilcoxon rank-sum test, SAM, and LPE. In order to standardize gene expression
values, both MAS5 and RMA methods are considered. According to the number of repetitions, the upper
20 and 100 gene accordances are also compared. In determining sample sizes, more realistic information can
be added to the existing method because of our proposed approach.

Keywords: Microarray, reproducibility, sample size, effect size.
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