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Sl=YHAE ol88t 0to|2=20{el0| ™ A=zl 84
SPED

2 o

ufolZ 2ol o] 7] el AN FAAE FA 2AE + Ux
7t M2 47 272 AeFsked nfelazolde] A¥ xRzl SupE
AL AE S e AFAG 3 FAZANY FHEo] £82
oAl wto] AR ol # 0] ARANA o] T Ate]oA] LEH o] F Hol: FHA
F 9= HEY AAE 278t T ANOVA 232 ol 43l £As: 4yg AlA g
AMu TR GHIATAE L] HEYHEAE o] 8T NEY ABE MA-ANOVA(Wu et
al.(2003)) & °]43te] £ 3¢t

F88o): vho]azoldo] A, ANOVA 28, 5| EY4A, 2AEH AL LA

1. ME

AR AR AP VS A7 AT Al ALY FAA 715 Hfel] ot
A77E 22 A 5 WA 1995 v] =2 Stanford tfhoil A 7| 2E vlol 2 2 0j@ 0] 7]&L Bt
el oj#lo] oA 5 A-Fr/f FAA] L FdE FAl W3 AA FAATY A3 F
2SS TFHoE AXY £ Yo AHAYs Hole] 1 EE FAH A¥ EFE AU

AE e AHEE JAAY FF7F B8 5 MY FE(specimen)oll A &3 mRNA
of zt7z} Cy3-dUTP(Cy3)2} Cy5-dUTP(Cy5)] #FA71E Hold S AHA (reverse tran-
scription) A Zith oluw) A H F 7}A] cDNAE Z& ¢o 2 HolA §H2t} BEukg g
Al719 o] 2] LAY T+ mRNAC EXE §FF7lo wet ohE Moz vehdoh &,
Cy3& =M g3& 01 Cy5e B4 PF& nev) 27U E o83t S F YJ7s
= FAAY 7t BEY BRJAZEE X F 3 Aol U]'°]El§°1i‘ﬂ°] AP FA ot
IS B X BR) 7]’*—3}7‘] "é—i’i 71N & FEE FAs] AP 7 A
< <33l ‘%}53—4 Fej 7t I FARH(FolH 4?4) < Zotd £ QA B Rolr} =3
SolfAAEE ng 2 g 3 & ““*‘-4’ Aololl A3t AF+= ¥ 23 738 ol & o] &3t
Z71A 9 Z]E_ grobg AAIE 4= e Golub et al.(1999), Alizadeh et al.(2000), Huang
et al.(2003), Nutt et al.(2003)).

uto]ma 2ol o] AP A9 FF, vl 3= mRNA sample®] F5H9 &, 7H58 &
gtol=o] £ Fofl ulet AE A o] A3t =3 AP EA4N A TR ozt 24

* B A= d2astAg 24572 d 72 (R04-2003-000-10145-0) A Yo g 8= 2.

1) (143-747) A A A7 245 98, AFHIR S§583}, $as
E-mail: leesh@sejong.ac.kr

¢
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st7] 2ol MUY FLHAT FARY o FE FEY BEAYo| o] 2oi A Z5
£ A7l R gelth 1HER IR A AY AR} A AREAL AL A
B 2HY ol AGRA By obet B4 PN ol F ABAYY AYPo] 32

&}t

2 =Rl 370 ol A el AbolollAl L d Hel g
AE o] &3 vloja 2ol o] Y 28] B4 o‘ R 28M e HEE A l%
CR R SUSRE L P R U}°lﬂ§°1?-ﬂ°l AaEAE 93 ANOVA 23S Hﬂis}‘ﬁiq 4%
Ae SAEZLAE sto] 22 970 Aol HEY A8 E vz FAUEE, ANE %*
AN B Aol 2E YPeirt e fFAAES AAEA

o] Aol E HIRE £ & 5]%%‘ A

_,

cDNA uvlo]g 2 o] AP L F 7}A] FF BAE o] &8 z77F 29 838 743
B2 M 7}A) o) A, Vi, -, Ve & B8] AiA s E9H B
block design) FollA £4 £4& —b—"‘% T Qe APEAAE FAse
‘A— B'e Cy3§ A3 11?»1 Al EE3 Cy58 ®A% M B
olol A BFMFAZ AL Au|B@ W V) - V,, Voo Vs, -+, V, = W
A& =5 E A A (loop design)(2 8 2.1)) 2k 3t

(]

Vi

Vadin®

AN

bl —to¥

d 2.1 ve]a32olgo] AYe FHEPALA

of AA = FE3tA At AR o] AUtk ARA AN E vz 2
€ ZE0) Cy39 Cy59] & 7HA ¥R ERE ﬁxl%}“ AR o] AAEF7] uf ol 2 F7HA
WEH vlo]ARolY o] BAH =FENA HEE HAE )L AEL2 I3 =8} v}
A¥eol B F N2 & B2S %ﬂv}: As olz} A & o] & REES RNAYL ol
o = 7Fs A 3 staloll A AMH M58 RNAE A8 g AAzs Brl53ich
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=3 AREH F AT X @2 ofdo)7} 7lo] Y& W 2E AT UHAE A
o2 BH3e A% E7Fssich 28y SASAY JFoA B 7t 22 s F 7}
2 PFEAE BEF B3 RS AT 249 Ao 5 M AFrt 4
S &N} A2 F%(balance)E ©]F 1 ©] 212 ANOVA B & o] 83 £4HEAE 7153t
A e 2 AEo) Hle Aojt) =3 AdwtH 07 A RE & &4 /4 A (reference design) ol A
A A 7 2o i3 o 3t FAGTE Dof o] Adgte] A A Bl @
BEE AR EHEY AAAAE T FARE A H A5 FMel U & §
2 Z-ol ok 2t HEE AANA AE B BojA AX F 2EE ¥
F o] FREE & AF3E Aol 71 O BES g HHA AU R

4 kI Mool rr

B4 217189 74 } H‘Uﬂoﬂ ol X FEAS Fotu7] A3 AFolA Oleksiak et

(== l 59 ol folA zt sulgde] En7]2HE 8¥ wHE 3o
A& 01%6}04 HEREZAIA 60782 olde] At E &
ATh F ¥ EHAQ —‘é*&%*—i% o] M F 01% Atololl & ApolE Kol FA
2k} 15ute] E317] Abololl 23] Aol & EOI FHAE AW A T

83

240

3. £l=g 479 olo|a=20{20] XI2EME 9

o
K
o2

3.1. ©o|2] BR

sfolazoldlo] AR A% TR Yely X 20 B FAA LY W
& BAHE Aoz, HEZACIL 5 55, 429 Aol B 5L X 5 AT A
Zbol mhE AESA AWARL BAY £ Uk 2| vlo|2=ojeo] AR AR of

A Et ZAghol] Mol YA 247 o go] &A%ttt 24 o8 71 oo
E o 88 AN AFEE oo 7 5 LA 7] wliEol #ol7t dojd & el ol E
o] A F(array effect, A)e} sttt T2 APl FAS FRES Ao AR FY3F
A AU T2 e & F8l dolR Aoln g o] F vk sl ofFojo] HAY £~HL
FAAETE 2 54 282 KNS S u 4 7t =t o A U
3k 2}ol § A 8] & F}(variety effect, V)2 § A2} &3 (gene effect, G)2} T} £33 2t B2
o HFE7NE BASHYE o N 3T EAY 54 FFo) AN FPFR o} LHPEI} <
o 54 JYebve ¥33 9 S E T (dye effect, D)7} Atk E3 A-$E ol AT F AR}
upet £33 BE P xjolE Hole oa,),oaym A7l= st} o] daj7l FPo s
ofo]I2oldlo] Y F QoA LHZPES 2 Aol & Kol AHolth

iy ol

3.2. 010|=2=20{210] XIZ2EMZ 2|5t ANOVA @8 AH

n7lel § AR BAR ] T v7hA) HE B HelE B a7ie) ofelo) AW AR A
ks A Qi = 1, )oﬂm A §FER (j=1: Cy5 B, j=2: Cy3 EA)3}
FAA AR (=1, )8 T EET U8 gAA RBA =1, ,m)el YRAEE
2 BEY Rl A o Wy o ALE FE AL 298 4, D, V, G5 F b5}
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o] 52| ¥ & 24 (interaction) 2 & JElUY= FiHE o} u}o]aiq glo] Ao EAA o
2 252EE AY DY 23322 Vel Z(confound)EH o] 11, A9} Ve wEAEL
D¢k, D Ve A9t wets]o] ot =332 o] 9] A3 A8 £2,Ex2829 &
TzHg Aol wetE o} glof o] &9 40l ol el ANOVA 23 o] AJAIH ¢ c}(Kerr and
Churchill(2001a), Kerr, Martin and Churchill(2000)).

Yijkg = 4+ Ai + Dj + Vi + Gy + (VG)kg + (AG)ig + (DG)jg + €ijkg (3.1)

AZNA pe WA BAZEY HFolL, 2 7] 02 HE FHA FELAE 90
s iAo = Zij =2V = EgG Zk VGlig = Z (VGliy = Z (AG)ig =
Z (AG)ig = Z (DG)jq = Z (DG)jg = 0 & VXL 0#7“1 ANE IZEZFEARR
% (fixed effect model)-& 7| "“"-—1 Heloll 93] AF2= 212 Wolfinger et al.(2001)2 He 2
& (random effect model)o] B} £ A% ASE HA

4 Ry LEZEE JIYE AEFHA ‘327 2T HES gle olfe sHALE
AAdF o] HHEZEY Afojol FFE T EFES AL Foz A /MHAA BAR
uHto] R0 thdt A o] H YA 7] W&ot 5:—1'\5} s -2 Akg ot Al F 2ot
T 5 O HES A2 AE5EF vudt ZF 20 B YIFPE B4 A Y A
%} 31 ¢l oH{Sapir and ‘Churchill(2000), Cui et al.(2003)).

AAZ F vlo]ZRojado] APNME TYH FAXESo] BAY ofd o & AR T},

2B g AP ofefle], dEe} Mg BE 7H5d 2YAA FAAEL 22 2%
B+ ¢9E vetles g o AFE A D, Vel Aagich a8l ule]lm g oja o]
A2 EA o] ANOVA 23 & A2 o) AH dutA oz Fgy) ojg ol xlojE H A
7 Y 283 Aol Wy FQ3A ¢4 By A9t Ve ANEE FUlFToRN
gAg £ Adrkes Aot

2 T A Folh REY A utet L Aol & Hol= FHRE A
7l e Ve G A58 (VG) o 233 00] obd FHAE 2tow Aot

3.3. ==¥ 4 48 K= 24

v7hA) A2l g e WS A3 vl olalol7t B2 B HEY AAGIAE 2 Heuiet o
2 AF AL ol2EE B (VG)E 2R3t (DG)7F Q8¢S v XA 9=t} 18
B2 (3.1)9) ANOVA B3N 24 (DG)E AP + T ol AL AFxol o §7H 4 A
2 (3.2)5 ol &3 EALREA S M5 5HA gk

Yijkg = b+ Ai + Dj + Vi + Gg + (VG)g + (AG)ig + €ijig (3.2)

A AL EH = 74 R4EL AAaAFFARS 737 A A AFE RSS =

SijugWishg = 1t = Ai = Dj = Vi = G = (VG)ig — (AG)ig)* & HLH3He B5ES Fo

A fch & RSSE 4 240 dis] #Hnl B AL dHstd 38 5 Aok e A Hy
géﬂ%lndexp’] E—'E' 7]':?.1' %%g %-E'ﬂ' %F{-g‘mﬂ azg_yzg—yz -~ Y. g+y
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Brg =Y.kg— Yk =Yg+ Y., Thg = Brg — (ak—1,g + akg)/2 Bt AL =& m = [v/2] U uf
(VG)rge otelie} 2ol 23 4 Yvh(Kerr and Churchill(2001a)).

’U(VCAJ) m(m + Vg + E;:l(m —i)(m =4+ 1) (Ve—ipg + Vetig) v: BF
v kg = ) '
2 7"'27169 + Z:';ll(m - "‘)2('7k~i,g + 'Yk-}-i,g) v JZ]_‘/F‘

gAR FAAZE AR T A AtololA LY Aol & HoleA FASA AE 74
< 23 (3.2)00A otefie} 2o ER AT

Hp: VGlg = VG2g == VG-Ug =0 ©j Hy: Ho-g— A}'}:—:]_‘)] O]'\Ev‘- (33)

Ho3 Hy o M2 g A §A2 JAAFE-E RSSo, 3 RSSy 0l 8t 3t A EE dfy,
dfiolgh st B Ao M 714 (3.3)0ll tiste] ofele] AAF A o] AR HT}

_ (RSSyy — RSS14)/(dfo —df1) _ 2k=1 (VG)i, /(v —1)
- RSS1,/df: =T RSS,/d

o] AFEEE g AREAL Fe ARE (v-1,n-1) FEXEE ,

nlojazojdlo] ARGIA A7} Juisitts AL SRR 27} ) fRo)ln BRY
FE 38 Zong oW § KA} SR AAAA A7 A FAF (3.4)L A
Beo) Hok o)W UHE RAWY) A RE FAAET) Y BAS RETE Ao
FEEANZAZS ARSI AAYHE Y £5 YA 7H ] AulE = F L 59 false
positives) S BAA 71 = 9B o] AUt

F

4. X224
4.1. 2™ N2

AMtite oo o= WPy Ado) 2ol FAAE &7 Y3 METAH Y
of e FANE (Acute leukemia, L) B MY EFA Y (Aplastic Anemia, A)2 2
©E #xol H A (Normal, N)o §A2 HHE vl ZF 29 thdar 255 *
H A ukal 240U 1AM EZE 283519 total RNAE F&3td=d 199 AA0A 2
€5 += RNAYo] HojA Z+ 23 252 RNAE XA AHE3th Total RNA 4ugS 5
(amplification)A] 71 & 17,000712] Q1 7+FAAZ LA E cDNA vlo]aZ ol oo K3
2 AZh ol W) AP L HEFAHAE AREAT 2 AEE 3 vE 3t F 9719
ol gzl o] AR E FATh A 32)M i=1,---,9, k=1(L),2(N),3(4) 4L &
=3 ‘
9739 oj@o] & o] &3 AFA BE FHAE 18709 BAFS & + Ak HEH
AAE o] &3 $elo] WY ApF3 = M7 Ael, LN A Zvzbel] dj&fl Cy3 g Fx A2}
Cy5 BFEX ol thg Bvkg A5 7 UA 3K 25 670 FaAge Uk v
EAAAE AT vz g Al He 25 Cys 33 Ao ch & 3718} Azt
FEF N, TF EAY 9ES T L Lo FY el old Cy3 I FEANE FF EE
oA 9702 FHAZE LS Aotk

24

2L i

)
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4.2. XI2 Helet EE3t 5

L o) MBIl A AR 8 old ol Agbol 176647) Q1T o] & 32/09) ZAE WL AR
stol AL ARSI MY BAEE 168357 A%o] UAE @aa}ﬁxm 9% ofe
ol REoIH BAAEE 2R 5 A= AR 1559370 ALk o] % 243 $2H $AA
7t gee] BERe Foho) gEReR Aoy B4 gate) Nz e §ARE 14429
Mg=1,-,14429)2 Eo] St}

A g ol °}7§7‘4°]11 28 3 A&7 Rl A28 AEXE dhAEE o] &8
3lt}. Troyanskaya et al.(2001)7} oJ 2] 7}A] thx|ub & vl 2 3ln ZLoicy 28 Al 3y

ol HES Bk

tlo]aZojdo] AL thE AFET Bo|E FU3te HAA o] Wl Cy3 3 45
7} Cy5 33 88T 257t 5 A9 FAAE FAs= ZHE i FH 3 AA
of upel BH 5ol o] 7 Ve AAR HETAE A Ao AP FHQ A &
I35 vtz | n g 4 Aok vl g4l & Ao FA3 A HEEE ol dE S
A A= A o] EE3H(normalization)o] X 2B RE HA Ad wl=A] M5 ojo}
g o)t} ofo th3t AF& ol ol o] AYP thE Fokele L] ojn] 2
F 23471 e} 9o Callow et al.(2000), Dudoit et al. (2002), Yang et al.(2000,2002), Kim
et al.(2003))

offo]2] gt AStoA B F FEY BIUR BHEAE (Yirkg, Yickg) ZFE F Y
Ol M = Yirng = Yizkgs BT S A = (Yirkg +Yizkg)/22F T W, £A A FA RS M-A 4
EEE 289 5] AR ¥Eo] Wk M4 otfollM e A HAEI M =08 FAH2E
A3 o Qholl £EE o A& Zol7] Wl2ell AA FAz Mgk FH4+E 002 BA
3= AN 4 E’S‘(global normalization), 57} 2-& A Fol|A Mgteo] ¥ A UEly+=
AL HE4A 2ANME M =09 dX3EE 3= 7% 9J&2 3 A (intensity dependent
normalization), ZHE ‘a°ﬂ 3k ¥ A} ZE g E2H FME FA BRG] Fe
ZE g8 7+5 o] &3 B A (intensity dependent print tip normalization) 5 Th¥3 £ &
3} 9 o] 9t}

29 412 MEE AR F @) ofdlold BRY T MA AEE 24 9F 4
Aol 2 o)A 870 oldlolE B F vl e WehE HATH MA MEEA HE A
AXRoz A5 &4 FME Holx Al 327) @HE 248 lowess AFAM A& Ao 7}
AL 2 4 Aok £3 1.8K ofFloj= 32749 ZHE gol 3 FHo| ZTAF o °]“E'|]
AT ) s!_ﬂi °]F ZYUE Ho| 4,8, .-, 20 AGs= L EF ol AXNT 87 &
oA th2 ﬁ?]_-E_ HES 7EE e $AE BV a2 ZHE 98 AR & H“ﬂ =
AHg-slo] 25 & EEFIGT ol W) T o E2F B L BAE O} # F e, T 0183}
o BEL (Yirkg Vizkg) = (Yitkg — Cikg/2) Yizkg + Cikg/2) B HREA| T tHKerr et al.(2002)).

ZHEYYE 94 BA 2o 53 B A (scale normalization) & & 2Fo] = 7F B A (multi-
slide normalization) §-& el & 4 Yot HBY 2159 7+ ofef o] FEtoll tid] A=}
28 a8 A3 oo i F&3= Fagitty Sds i
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I tEe—T—3Em
L3
M

: L

) ME—CD—RH N 1]
I EEe—T 301 |

vvvvvvvvvvvvvvvvvvvvv TT T T T T 1 T T T T T a
12345678 91011121314151617161920212223242526272629303232 6 e 10 12 14 16
ph

3841 37 Eetol= s tist g AR, AA MA A2 5 2} Y lowess & A

4.3. S0| SHK AN

gAA FAAIE A, L N AbojollA #3e] xlo] & HoleA AAME7] 43 7pde
(3.2)0ll A ofei o} Zo] HAE = ATk

Ho . VGIQ = Vng = VG3g = 0 CH H1 /\}‘}é °] °}‘u (41)

A 7Hd & AR B4R 22 alZ Jackson A4 2] Churchill groupoll A 7§
g vlolz 2 ojd o] A EE A S 9 3 software package?] MA-ANOVA(MicroArray Analysis
Of VAriance)(Wu et al.(2003)) & o] §-3}9ich

FEAEMNA F-HAL 317 A8 AAzAL A5EC] AFAT T2
A mle]z g ol o] AR+ ol 7HRE WHFEA A R32E HFA ol )
48] Aot SR ol vte-& & F-ZH A o] 87153tk MA-ANOVA & 2
tationdl= ¥ & AMEsto] AL BN HES F-FAY AL HA3) 93 3. 4)—4
F-ZAZ(F) 2tge] thE £UE BAE £ At 38 57X SAR R, F)S
So AFsHech A

R ZAAA F-FAFLE BRE Var(aj,) = o) o 7HdA 233 0271 AL
gt £27F @Y AR et TN TAF A2 AP0 FE 2 7}
Honog FAAFHo| gt Aol AT (Cui et al.(2004)) ©] & /WA 517 A FAF e
Var(ejrg) = 0% 2] 744 olel] BE FARNZRE 23 % B4 x%%h‘fpoza H2ua
3tk =3 A3t F9] 2FU2E AAE By #29 29}' U,,oal-—] P& AHEes

m[m

£

I3 4.2¢ 1442970 8] HAAE &4 FRAXY F, BAZY fodsE20 19 SAHY g
FA&EYL £YP&0R 6}0# AZZ 2 ekl Zolth S Ao 91 Zo) 9 X3 38079
e Aol 98 f#Y94F a = 0.000005914 So] fFHAZ AAH Aoln £AM 2
o 9} 3% 1887 & WL a=00029 o F3E AHR3t A" FARo|Th FAH
AH83t] o= 00029 W A 1487) R ARIE o2 EASATH

T oru o wo

A
Z o]
i
_E_
=2



426 oJM %

10 T T T T T T T T
® 9
8 . - ° 7
.
Y ¢ . v,
- B
o‘... . ° * R
se o o °
.l ..0 . 4
® e,
o San o 2 L .
l-. o . . o .
3. . . . -
% ° . [
Pid o
bl K
. M 1
.
. @
! ' 1 ' ! )
0.6 08 1 12 1.4 1.6 18

(sum square of VG)'?

39 42 AZHA AREAFE ol 8 F Sol R AR B4

4.4. ZZYEH

Fi, F28} F38) Al 7FA ZASAH ZF0 oA o] FAA2 ZM A 11578 /3=
g Ao 2 k-BF A 3Hk-means clustering) & A A 3o EEo wel W3] Pejrt &
AP 2R oz B8 Bkt A= U (bootstrap method)-& 5003] wHE3lo] 1157)
SARNE 5709 FHoE B2sn e ZA o 4003 oA EEHUY $AR 1 7R
o £3rtn AARIFATHKerr et al.(2001b)). 2T 4.32 5712 2R o g BE5d §AAE
I o FHAAE £3HA R VA FAASY HE FHE b 2ot

TAEAL HY Ao et 22 FATHA f ol HAase 2y HAL 753
A gtk ol & o] ANA FL NI AdlA = S FAsT7E LA 5718 715
=4 el € Kol 2470 FAAZ LR FAFE ] Atk A Ay BE
Ho g3t ANA 2o 7hed AL otEZ vjR3 75 Ze
FAAEE Zeths A2 Yuids dojth

WBYP o X 5ol 71A37] YHaAM zZF FHN 8 FHAAEY EAE A7t

3
a

o off

fo o

m}i
ot
i)
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24 genes 15 genes 32 genes

10 genes

BT 24 7Hsskoh

o] RAAE A3 BAAL PP AL D& FH Y fold change ruled Al Z
© 2 o] & 7] A3 Newton et al.(2001)¢] ¥, Dudoit et al.(2002)9] t-F A 2L o]-& 3 vt
W, Tusher et al.(2001)7} A ¢+3t SAM (Significance Analysis of Microarrays)e] %ol 2 0]
tdl o] BF F ARY YEAE Au & EA ARt HEJA AN Ad
dulithes F MR A8 ZHzZte] HE PR 23528 ANOVA 28§ o] &3 F4HE A
o] 2 A e] FAEAYH e 37t

Foll Al AFE A3 2ol WEY A5 4B 2 Ay 2] RNAE FAHA AR
sttt APl A AE A BA B X (biological replicate) & F= A2 Ao 71719
HEES NGy AT 2T HFo AHRE £0l7] A3 g7 RNAE §X)7)
& 3gir} o] AEX Y RNAZF RE3 2ol Tx& 2ol KU sdoixgt 21337



428 o] M %

o
o
j=o]
Z,
o=

E FA e AR FAA = Aol 4Fol wet Ao oJE Kol F Hole
A+ o] Arh(Kendziorski et al.(2003), Pheiffer et al.(2002)). =3 7+ X
E2TAEE Y W Eoll AAE |FAAEC] dubA A EABTE A9 &
Gt 2o HE N7 w4 Frh 2F A B =7 FA Ny, A
N8} A3 Abolol] B# ] xo]E Hols FAAE A3 Huhe HER
23 vlo]aZojd o] A AEE ANOVA B8 & A 3te] EAHOZ B3}
A At Aol EFo| ke AE ohA] 3 ZR3ic)

o
ol H

o L

T W
i

r ox °F g rlo
oft

oo

fr oz o2 o M X 50
2

o 2 ox mlo

ol
i

ZAtel =

2 AJE 93 vlo]aRolg o] AVAES AT =A
A E](Cancer Metastasis Research Center)ol] ZAt= & c} 3 =Fo
< ARE FA #HAYT F & AN LAE ZA=A

r
=
r)-
it
4 o

afN R

F

o
o

Lo ]
)&

Alizadeh, A.A., Eisen, M.B., Davis, R.E., Ma, C., Lossos, 1.S., Rosenwald, A., Boldrick,
J.C., Sabet, H., Tran, T., Yu, X., Powell, J.I., Yang, L., Marti, G.E., Moore, T.,
Hudson, J., Lu, L., Lewis, D.B., Tibshirani,R., Sherlock, G., Chan, W.C., Greiner,
T.C., Weisenburger, D.D., Armitage, J.O., Warnke, R., Levy, R., Wilson, W., Grever,
M.R., Byrd, J.C., Botstein, D., Brown, P.O., Staudt, L.M.(2000). Distinct types of
diffuse large B-cell lymphoma identified by gene expression profiling. Nature Genetics,
403, 503-511.

Callow, M.J., Dudoit, S., Gong, E.L., Speed, T.P., Rubin, E.M. (2000). Microarray expres-
sion profiling identifies genes with altered expression in HDL-deficient mice. Genome
Research, 10, 2022-2029.

Cui,X.Q., Hwang, J.T., Qiu,J., Blades, N.J. and Churchill,G.A. (2004). Improved statistical
tests for differential gene expression by shrinking variance components, submitted.
Posted on http://www.jax.org/staff/churchill/labsite/pubs.

Cui, X.Q., Kerr, K. and Churchill, G.A. (2003). Transformations for cDNA microarray
data. Statistical Applications in Genetics and Molecular Biology, 2, article 4.

Dudoit, S., Fridlyand, J., Speed, T.P. (2002). Comparison of methods for classification of
tumors using gene expression data.Journal of the American Statistical Association, 97,
77-87.

Golub, T.R., Slonim, D.K., Tamayo, P., Huard, C., Gaasenbeek, M., Mesirov, J.P., Coller,
H., Loh, M.L., Downing, J.R., Caligiuri, M.A., Bloomfield, C.D., Lander, E.S. (1999).
Molecular classification of cancer: class discovery and class prediction by gene expres-
sion monitoring. Science, 286, 531-537.

Huang, E., Ishida, S., Pittman, J., Dressman, H., Bild, A., Kloos, M., Amico, M.D., Pestell,
R.G., West, M., Nevins, J.(2003). Gene expression phenotypic models that predict the
activity of oncogenic pathways. Nature Genetics, 34, 226-230.

Kendziorky, C.M., Zhang, Y., Lan, H., Attie, A.D. (2003). The efficienty of pooling mRNA
in microarray experiment. Biostatistics, 4, 465-77.



SEUAAE 088 vholaz ol o] AY a9 BA 429

Kerr, K., Churchill, G.A.(2001a). Experimental design for gene expression microarrays.
Biostatistics, 2, 183-201.

Kerr, K., Churchill, G.A.(2001b). Bootstrapping cluster analysis : Assessing the reliability
of conclusion from microarray experiments. Proceedings of the National Academy of
Sciences, 98, 8961-8965.

Kerr, K., Martin, M., Churchill, G.A.(2000). Analysis of variance for gene expression
microarray data. Journal of Computational Biology, 7, 819-837.

Kim, B.S., Lee, S., Rha, S.Y., Chung, H.C.(2003). ¢cDNA microarray experiment : Design
issues in early stage and the need of normalization. Cancer Research and Treatment,35,
533-40.

Newton, M.N., Kendziorski, C.M., Richmond, C.S., Blattner, F.R., and Tsui, K.W. (2001).
On differential variability of expression ratios: Improving statistical inference about
gene expression changes from microarray data. Journal of Computational Biology, 8,
37-52.

Nutt, C.L., Mani, D.R., Betensky, R.A., Tamayo, P., Cairncross, G., Ladd, C., Pohl,
U., Hartmann, C., McLaughlin, M.E., Batchelor, T.T., Black, P.M., Deimling, A.V.,
Pomeroy, S.L., Golub, T.R., Louis, D.N. (2003). Gene expression-based classification
of malignant gliomas correlates better with survival than histological classification.
Cancer Research, 63, 1602-1607.

Oleksiak, M.F., Churchill, G.A., Crawford, D.L.(2002). Variation in gene expression within
and among natural populations. Nature Genetics, 32, 261-266.

Pheiffer, R.M., Rutter, J.L., Gail, M.H., Struewing, J. and Gastwirth, J.L.(2002). Efficiency
of DNA pooling to estimate joint allete frequencies and measure linkage disequilibrium.
Genetic Epidemiology, 22, 94-102.

Sapir, M. and Churchill, G.A. (2000). Estimating the posterior probability of differential
gene expression from microarray data, poster, www.jax.org/research/churchill/pubs
/index.html.

Troyanskaya, O., Cantor, M., Sherlock, G., Brown, P., Hastie, T., Tibshirani, R., Botstein,
D., Altman, R.B.(2001). Missing value estimation methods for DNA microarrays.
Bioinformatics, 17, 520-525.

Tusher, V., Tibshirani, R., Chu, G.(2001). Significance analysis of microarray applied to
the ionizing radiation response. Proceedings of the National Academy of Sciences, 98,
5116-5121.

Wolfinger, R.D., Gibson, G., Wolfinger, E.D., Benett, L., Hamadeh, H., Bushel, P., Afshari,
C. and Paules, R.(2001). Assessing gene significance from cDNA microarray expression
data via mixed models. Journal of Computational Biology, 8, 625-37.

Wu, H., Kerr, K. and Churchill, G.A.(2003). MAANOVA: A Software Package for the
Analysis of Spotted ¢cDNA Microarray Experiments, Chapter of the analysis of gene
expression data: methods and software, Springer.

Yang, Y.H., Buckley, M.J., Dudoit, S., Speed, T.P. (2000). Comparison of methods for
image analysis on cDNA microarray data. Technical Report, 581, Dept. of Statistics,
Univ. of California at Berkeley.

Yang, Y.H., Dudoit, S., Luu, P., Lin, D.M., Peng, V., Ngal, J. and Speed, T. (2002).
Normalization for cDNA microarray data: a robust composite method addressing single
and multiple slide systematic variation. Nucleic Acids Research, 30 , 4: el5.

[2004d 39 4, 20043 8€ A g )



2
fol

430 o]

Statistical Analysis of a Loop Designed Microarray
Experiment Data *

Sunho Lee Y

ABSTRACT

Since cDNA microarray experiments can monitor expression levels for thousands of
genes simultaneously, the experimental designs and their analyzing methods are very
important for successful analysis of microarray data. The loop design is discussed for
selecting differentially expressed genes among several treatments and the analysis of
variance method is introduced to normalize microarray data and provide estimates of
the interesting quantities. MA-ANOVA is used to illustrate this method on a recently
collected loop designed microarray data at Cancer Metastasis Research Center, Yonsei

University.
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Cluster analysis.
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