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1

ZFo| microarray A=A 220]i= A¥ H(exploratory techniques) ¥4 02+ +
A2 (cluster analysis)e] 7F4 BH Aoz ALg¥ a1 th(Eisen et al., 1998;
Tomayo et al.,, 1999). ¥ &4 2 FAAY MES J3) oAtz (multiple)
array®] T-Z(portrait)& Zopll= WHolu, A oldd FEjo Aol Wz
SH(sensitive) HH-S ofYt}. kst o] A2 Hete] FAMI (similarities) &
T Aoy 7 F71A] Aol(difference)= & 4 7] witeolth A FASHH
X o]l =(classic statistical approach) t-7 A (Dudoit et al., 2000), ANOVA
(Kerr et al., 2000) , 3] #+A(Thomas et al., 2001; Zhao et al., 2001), €3 &=
A HAGo] AH ARRHATY. L2y array-based CGHAE ARl A=
T2 1Y HHES IUE AEste A SATA Z1E7FEA Aurt

Hol ®A2 shd BAZ AY AU



1. 2. 9754 2 O9

Microarray AFEolA 98t FHAE 2= 7)F2e] BEAWHES array-based
CGH Atz = A&ate 22 Az 54 A4l el girh. & A7
A= array-based CGHAE #Amolx g 445 e WHPoR 7tFsHA
Amroel 71x3 374 WHE Fstel FAS stax g AR 2 F
A 7127 el 7t He RE S5 BEE A AEddAe At

(normality)¥ SEAHd(constant variance)©] AW X &1, AZ 7o) o] 2 A]

&

(heterogeneity)e] ¢low t}= H]al(multiple comparison)oll A =& false—positive
rate Witol o gE(p-value)S L= ARt £AZE Advke A 55 1y
skttt

Thomas et al.(2001)¥} Cheng et al.(2003)°] #|A]
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Al 27 cDNA microarrayd a3 cDNA

microarray CGH

2. 1. Microarray

2. 1. 1. cDNA microarray? &7}

EAAAES A A3 wEI T3 (robotics) 71w WER T oA €
DNA microarray <=2 vlo]3aZF (microchip)< F&x ¥ EXo|}
EST(Expressed Sequence Tag)®] WAHEE FAld #&AT 4 = 7]&o|t},
AR FE 7)&o] WEslHA PCR(Polymerase Chain Reaction)o] 2= 7 A}
% Jl=s ol&st FAAE HA & 5 Al HAHBej et al.,1991). oH
AAES FeE 2 Ud2 & ol g9 Jeg& HojES AS microarray &)
3 gl ¢DNA microarray 4% DNA Z£2E5% PCRel| s FZsta AA g

T &efol= 9o dAAVIR Aol (spotting) F(chip)& AZFFCh 2 370

W3 (expression)©] 21l =], microarray A &L ZF Ao WE Fxxle U

wo Aol g HYshz Agolth. 1 APHAL dus Anud e .
2. 1. 2. cDNA microarray$ A 3dHy

ATy thERTFAA mRNAES FE3t9] RT-PCR[Reverse Transcription
af

Polymerase Chain Reacion) < %3] ¢cDNAZ & AAM Reverse Transcription)



HAe Fotol v MZe] g3 AlRR st wAA(CyE) ¥ HA(Cy3)e

o cDNAE aAst), Adag cDNAE EFsle] AFalze Ho A3
hybridization)& AlZ1th ofe] W M o] WHSEHA] &S cDNAE A A &

o] ol 34 ~AY(aser fluorecence scanner)E %

ol

tol 2t Sl BYA

E5 oed ol FAAe HEAAEE dHFTE= AL =E Genepix, Imagened} #

= oM AA Y AZEOE o] &ste] A3} sHA duh. (LH 1)
Cyh: =680 nm  Cy3: ~B50 nm
DIRA slenes axdration
: .a:_‘.\i'_..‘-..—_-:;‘: _ lamer 1 laser 2
.r..-r:.:T-Lr-u
labred with Eriasinin
gt T flar dyes
PR amplification B _ —y
r'plr.:l-jrirminn l . 'ﬁ_ i—?"_. iz:%
M

robotic

n
PR Ty .,

- ""‘-:T‘-\."-\.
___.-;_i' s --.-‘-\-\,‘A-\'_‘h::‘..‘?’ cornpmiles
= !'? . ._:i T Fryhriclizes tarcpest arnalysia

to microarray

Mo differential Expression
Trnduecea
Repressed

13 1. ¢cDNA microarray 23374




2. 1. 3. ¢cDNA H

°F 2-3

14

3|

DNA 2] 7@ 19954 stanford university 2] Pat Brownel ¢

Mol AR Lar Hol ol FoFAZ Fefz A

%/

X
oF

—_

5

N
N

op

<l

Z

e
=
TH

i

}
= cDNA H3F 2070 W<l 7]

S

A

al

Zdo] 500bpel’de]

=9t DNA HL& 2

ar
=

91+ oligonucleotide H = 74

PN
T

3= oligonucleotide 3

2. 1. 4. ¢cDNA microarray At5&4

o A
- T

3

279

Microarray

<=9 3 AA(wilcoxon rank sum test, Snedecor and

9
=

SAM, SMA, ANOVA =&}

1
L

A

ALgetel BA ST

o
=

Cochran, 1980)%

E 74

¢l(error)

= W 8

| #

H71

S

23 o

o]+ microarray

oo

o|t}, microarray A& FEAo] A}

=
RLe

o] =4

1 3H(K-means

clustering),

3 3} hierarchical

CEE

ol

il

clustering), A4 4y F(decision tree) <t

(artificial neural network), SVM(Support Vector Machine) 53 72 dlo]g w=}

el



CGHY &7

2. 2. 1.

% (solid tumor)ell A3

=
<]

Tl 9lo] CGHe ¥

o2 DNAS 7134 W3k copy number

FoA A GAAS

=] =&
1y

I

CGH

o

o

il

B ol &3] wiel, dubA oz 10-20 Mbel gl 23

3T
ar

o A A (meta phase)

K

<3
=]

2. 2. 2. CGHY 4

o=

2oy
A o] A& CCD7Hv
i FAbdEl (FITC, =4

9]

FITCZ 7 (reference) DNAZ

9%k DNAZ

CGHY

& 3

Alell, A8 &

}ol 2 %H(hybridization)

A}-8-3]

o4g

AHgstel o

ZEdol s

I 5

A

2\
P
file)

o

I~
T

202 Uebdt. DNAZHY

)
il

A (loss)kal ko,

7He g 5(gain), HAE

o z



2. 3. Array—-based CGH

2. 3. 1. Array-based CGHY A7}

o}, HZo 7gE array-based CGHE 8 FH(glass slide) $1o EEE712 #
= AAA didlel AAA AelA AZE fAE 4al 9= DNA fragment(
BAC, PAC, P1)E #lo] =& Ao & DNA microarray H< Z#d9 metaphase
CGH®H ol £83 #o] array-based CGHHo|t}. o]AE& 13824 AAIg AAH,
Sofols Aol of" AMA dH& AW & 4 9= Bacterial Artificial
Chromosome(BAC)E &, && A A A| o 27} 212 A (mapping) cDNAZ array
oz wjxg Aol o] WS metaphase CGHHOZ JAA 498 F

3, 1 Fgel dEEE cosmidF 2 BACEES arrayst 3 DNAHS Al#}s)



Test Genomic
DA pool

UnlabeledZ

Label Cy3 ﬂ
blocking DNA

3+

Reference Genomic

DNA pool

ﬂ Label Cy5

Hybridize

Normal metaphase chromosomes

Array of genomic clones

[P, ) [0/

03 og| ™
= Z 5 [ .
- = E; -y
o ] ]
C TN N 1 hd BN 1B
19 2. Array-based CGHWY ¥¥ (Fridlyand et al., 2004)
2. 3. 2. Array-based CGHY A3

=

w3k

12

AM(CyheZ FA A4 DNASE =M

(Cyde=

2 BACE=£ cDNA(microarray)E Ao 1LFA]

A 235 DNA G oA

v

71

A4

<, a2 g AT DNA el A

3

DNA < <]
CCD7HH gt =&



FF 2MUE ol &sto] AR Fof FFsHtS A&, FAHEE (Cy3, =4 Cyb,

sAloll, Zhzhe]l 3] HlE(Red/Green)=

Axbstar, zead® Yepdith o714 Fa3 312 A S(spot) & DNAZE A A1A|

el Al Y A17F szl Aolojof shrhi= Flolr). (1¥3) o] * ¥ array-based CGH

© T¥ Awse DNA 7Hug9 Aol fAA FEolu AAS F TFY FF
al

st A ZE Aw Wst

normal DNA tumour DNA
ERBE? M’jl fo. .
*«:“ NS
"{‘_L’lsf:\‘_ AW,

cDMA microarray

19 3. cDNA microarray CGH¢ A (Pollack et al.,1999)
2. 3. 3. cDNA H 3 BAC F AF&9] AJold

Microarrayol Al AF8-53= cDNA 2 Hlad o] 4% cDNAE o &
HES 202 B TR FA4E s Add 5 e AHol A 1
b oledt B T Al ok wle] 1 FRNEE thefate] HE kol
upel Azt HNEE Ure 7S A7 ulg- ojEe dde] drh
ool Hl&l array-based CGHelA AR&¥= BAC e ¢ o ¥d Fdare] &
Aol obd 4, 724 WIS FAAG= WA ol7] wiiLol A Ee} kAt
o] o] A W& A 4 slvk BAC 9ol &eb7k= BAC DNAE 53kt
3L o8¢ 49¢A( BAC library A2 @A, End-sequencing ©A|, Bioinformatics
@A), BAC Clone mapping by FISH ©@A)E AXA H&3sA &2A¥ BAC clone
= F=c BAC & cDNA Hyp 22 ©gsiA 2<le] & BAC DNAE ©]

_10_



&ot7] mZel 2o Ao A3 A = 7 3

cDNA 3} BAC o] #fol& obd &1l YeEhASATh

3% 1. cDNA 3} BAC H<E Apold

T cDNA chip BAC chip
DNA sourse cDNA BAC (Bacterial Artificial Chromosome
57 ARfe] wd & A e AR A/ Hs)
=4 54
Gene©°|4 STS9] wolrdd /A A Oncogene &Tumor
Clone?] A1 o L
T291 A A suppressor gene)2 X33+ BAC clone
FISH (Fluorescent in Situ Hybridization)
N Northern blot, ] ]
714 7|8t CGH (Comparative Genomic

Dot blot

Hybridization)

2. 3. 4. Array-based CGH A5 &4

Array-based CGH #4& 7+d3tAl= 2 -FAT9 log ratiod] #el 2 ¥+
AxE 7leom AAAY] S3E3 AdS Aot AomREH AlAEte], B4

71ES 1159145 5%, 0.85 9|35 A4 Z(Lundsteen et al., 1995; Schleger,
2000) A A8 Fof] A" W (threshold method; Pollack et al., 2002), 3]+
2YE nigo g o H24H W (Cheng et al., 2003)5 S o83 RS A A
g}, tfE vhH o 2= Hidden Markov Model (Fridlyand., 2004), Break point
model(Jong et al.,, 2003)%52% =XEdo] AAEZ Yt} 7 Tz gzlo =
Matlab tool%l CGH-Plotter(Autio et al., 2003)%} CLAC <igl5g ©]&3&
CGH-Miner(Wang et al., 2004)7} A9 S% 3 A4S 3= © 2ola gt
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3. 1. ALY

0]
P

M7 Fol4]

A
obel s} zol

of el 1= 7}
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T

gH Ass

3

Aol Pz
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8
> $Mt ...... 5
. 5
‘QVA)“Q $1 ......
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SN S 8
XL T_NM ...... $n
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T
&
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il
X

epd .

o
=

oA A AR gk
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T 4_4 4 T
';€n> v P = Py, Pa, "'7/Jp)

(617 €9, °*
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y=Xpte e~ N0 (3-1)

W7ol Bagt o2 ASF BE FEA e 00] Hol oo} 2 A

2 FAE

3. 1. 2. LAY

OE3 ARl de] HaAFEe 0o 348 Ard AAFE fo AL
5 S Fete weltt
Q) = Y (y—z"6)* = (y—Xp) (y—XB) (3-2)

2 (3-2)% Fel disl #AvRate] Astd ohey 22 A4 (normal

equation)2 ¥+=t}.

XTX5 =X Ty
= (XTX)"' X"y
5% olgste 9 AT Ben 2

_13_



Dy FA% y

e=y—y =y—Xp
= y—X(XTX)" Xy

3) A FF SSE

SSE=eTe = (y—X5) (y—Xj)
=yTy—5"X"y

(3-3)

A (XTX)'S W7 Akel @e AYEE A Ritelm @Al (i,j)WA

_14_



2= iR BT AGe} A S FAFe] FEAtolth

2% 4A EEh A9 MSER dAl 2 & gt

AF7HE Hy; 5, =0 o W& SAZFS

(3-4)

AN A fpel BE A= MSE(XTX) le) uzteae] AFes ofuai,

Unbiased Estimator ; BLUE)o] o}uyt} zpz o] A4 ol gt T2A7Hg& vk
@

of HA = Ae7t &3 TAIY. ofd Aol dwts vT AR

(generalized multiple regression model)S 7% =2 3+ 7[5 AAFTHS 48 A2
T AT

Yi= 5o+ 5Xa+ B Xp+ - +0,+€
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3} o] tepd 4 9leh
A7 A4 o]

/e 2~
7/3 = E—To];ﬂ—y Xil? XZQ? "‘,Xip = <

0217]/H /307 /317 AN
'—1’27...;71 O]]q_

2 (3-D) Boh o &

Z}

H

g o]t}
a2 0 - 0
sz |0 a3 0
0 0 - o
AEA2ATEE okdl 4 (-5 QF AzsARA ANAFE 74
Holt},

oJ7]4 o7e] A5E 7}E A (weigh) 2 A 051w,

g o
)

)
RS
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(normal

4elsh

1] -5}

A

3

El

ol

(3-5)E

Al
A

equation)& €=t}

X "Wy

3

XT

Is

(XTWX) =X Twy

w BA-FEA APe ofdsh g,

(XTWX) !

2
0"3

¥

o
aj

wgge wyol} spgel ojw EAlFo] Jus

Aoltt, o714 7| BH 0w

A& erohui

3

g

]
S|

A o] A
2} (residual) o] o}

=
RN

of Al 7ol Al

A5

A

1
R

Ton

]
n

37 gl 7]

F qvt

ol
=

1

14

3]

=1z #kel o

g X

(€,)2] SRl o

58

7178 o]t}
=4+ 5 9¥A(independency)o|t}. Wk <@ A}

e

el

ol

=2 fYl-%<=(Durbin -Watson)

_zrl
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2 g

AAE exel AitAolth oM@ X=1 gkl HAAE YO Lzt e
2 gegs ol AFETE U] oad tlE b4 BHHoln BgA
Q= BEolth HARA Y F43 AR 2ol -FEE ATFRE 2 9l

(normal probability plot ;Q-Q plot)® HE & ¢ Ut} Ay FEE=E= JAH9
At st el ZIREs MtEFOR skl AA wEd dAE ARFoR 8
of 19 Ijolt}, o] Z1yo] 45%9] 7LV E MR HAAM 7ke-d TS

oA ATFEEES upEtha 2 5 olvh

ARGl EASY PERN, AT, SADE] WEHE Gl A
AAFEE P ARA ABAGEAFAZES 74 T 5 Ak FF A

HALAFFEHEL v HEE FAH 42 (unbiased) ¥ AW ¥ &8 4 (inefficient) o] Ft}.

oo Z}z}e] #:EA 7+ 2219 ¥ FHA(standard deviation)®] HFE  TFEH
2 F olAE a1 FATH wWHol A=A )t (Green, 2000; Carroll

and Ruppert, 1988) o|&AF4 9] e (form)7F &R HAg-ol= Lol AA|gE 7}

=d ol A5 dxrvtes F= WS A8 (impractical) oA 33ttt

H o~
oA e TR Fe Felol o3 op/H ], oA FHUF B
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=, EYWH 259 HElo 2 (Carroll and Ruppert, 1988) A &31A & 4
A T AEE VxR F A (test)> o]t o] LA A &
< oA FAATY T4 BEE dAFHFOE A A g}

HCCME] &rg3d-2 %7]9| Eicker(1963, 1967)2} Huber(1967), White (1980)7}
HCOZ ¢#z HCCM HHE A7Meklal 9] Mackinon and White(1985)7}F
HCO®] At 5S E¢] o5 Here HCI, HC2, HC3E Al¢tslaltt. o714 215
2 & R A= HC3E AREste AS A3k al Davidson and Mackinnon

(1993)¥ HCO Xt} HC2 Y} HC3E AHES #AS AHsT).

FL:

3. 2. 2. AT ARGANA Y o] LA H LA FE

2l (3-1¢ mEolA E(e)=0 , 281 E(ee’) =02 Aoletd FHiAFH

bel #re

var(5) = (XTX)7'X T (X TX) !

(3-6)
ojt},

927} S homoscedastic)dw] o= @ =% o]ER 2] (3-3)o| 9} o]
dol & 4 9o oAt Aujol= 24 (3-3)=4] (3-6) 7 @ 4 fith
ghek @ ap7b olitatelal @b ARl Agel= A (3-6)% o]&ste] oAt S
BA g glrh 2eu oAb e FEE S AR ¥ A 9-ole HCCMo] Al

S5ofoF gt ffol A EE 47Fx] ol ek Ael= v Ak

_19_



1) HCO

>~
ofo

HCO+% White, Eicker, Huber 543} zro] HCCMoIlA 71 HH Ao 2 A}
e wyolt HCCME ¢,2 487 98l ¢ S Agdth ol5e F4o

it

e

. (e2—0)? .
i = u =e’, &= diagle?]

HOD = (X"X) ' XTpxX (X TX) ! (3-7)

= (X™X) X Tdiag[e] X (X TX)~!

o= g 9 4 gl

2) HC1

H
it

Hinkley(1977)& HCOE At
7

¥ A (property) S F7HA1 7]

(3-8)
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3) HC2

2 (3-DAAME A2} e B 722 S ¢ Pl 1Y), H]E QA7) o Bt

by e 18A B & Ak ol hy=5,(XTX)a! 2 BT o)

var(e;) = o* (1 —hy) = o* |

7} =},

HC2w efol ool HFbiased)® FHAL sle t——= & AFH= A2

Mackinnon® White(1985)7} Horn®} Duncan(1975)¢] o]&<& nlg o=z A¢tsk

Ao 2

2

HC2 = (xTX)—ledmg[ - i’;th(XTX)‘l (3-9)

= gejfr),
4) HC3

HC3+ Efron(1982)¢] jack-knife FH %} H|&3A4 T H =,

HC3 = (X™X) X sz‘ag[le—i}X(X TX ) (3-10)
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7100

T -
T

71N 2% (1—hy)?o® U

N

avns

(over-influence)”S <7 3$H(adjust)

ruge)
o
Nfo

3.3. 1. &

k4

A4 EAE 2e 7} (hypothesis) A& o)

el

o

oAx z5e] 7hXu, 1 Akge] AjR
HHH S o] 7)o o u|7} A4, false significance

Sol 10749l 7Hi e

]
S

Tor

1o

0

o, o]

s

5%°] -2 (significance leve)® A7

=2

(uniform)

(distribution)© TS5 &¥

1=Ehya
a2t

o

=
= ¥4 (independent)2}al 7} A ojt},

E(p-value)

S
T

HE7F4 (null hypothesis)

A

0.401% grolA Al ww, rkeF 207)¢] 7Hdeoletd 0.642%

50|

FoFE)

o

N

o

(a family of hypothesis tests)ol|A X

&

o

A

71 2k (reject) 3 7}

e

(decision rule)2 X

Ko
=

o

rvze]

Az
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ol A & + stk

=]

& ol 77t Qi

3. FolgES B

bel olelel Esh @

s

Method type control
single-ste
Bonferroni ) & P
adjusted p-value
step—down
Holm(1979) e
adjusted p-value
step—u
Hochberg(1988) | epTp FWER
adjusted p-value
single-ste
SidakSS Sme P
adjusted p-value
. step—down
SidakSD )
adjusted p-value
Benjamini and step-up
Hochberg(1995) adjusted p-value DR
Benjamini and step—up
Yekutieli(2001) adjusted p-value

Bonferroni ¢} Sidak X%
2 UF B4ZHd(conservative) A 2.2 &l A
] Step—up WHI} 7
g R ol9d=

U raw p-valued 7k

nsd QA BS

bootstrap HHo]u} permutations

(Westfall and Young, 1989,1993)

_23_

ok7k A9 8 B

grrEoltt o] F+ W
At} Step-down ¥ Hochberg
Frgolrt. 9ol Al AA

g PUE 9

“ A



Al 4% Array-based CGH A& EAoA 715

A4 AFEE 8T AR

4. 1. ALY

B =RoA AAE 2L Thomas et al.(2001)7} A|AE 3] #2383} Cheng
et al.(2003)¢] #| A3k ARORH S At M A|AA array-based CGH A}&.o) &

&3 & Aotk

37 2y
Vi =0+ N (a4 bz + €5) (4-1)
2 4e g
[Ylkl
ANA y,= T = aray® vERM v kA AEe jaA 44
|-
IYJJ
e mddT (j=1,2,,J5k=1,2,- K)
= 0 ,if normal sample: -

= kHA BEel dolshs v

)

1 ,if tumor sample
(a;, b)) + SAFAA 3745 (gene-specific regression coefficients ),

o SR AE 7 oZEA

Q2 2l(sample-specific  additive

heterogeneity factor ),

Z] AR 3

o
o u

8 Ql(sample-specific multiplicative

2
Jm
e
ol

W ol

heterogeneity factor),

€  FEWSF(random variable) ©oJt}.
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2.7F o] &9 (binary)ol 7] wZoll o= A A& (2, =0)00Ae jHA Ak
W3 F(expression leveD?] B 54 & = L b= F AE 1w Alele] g
WA Frzte] wEFge] Hte AolE 54 T F Qdvh o]dA 8cll 6, ok A
= oo mRNA AE3ke] Wi (variation) XS el o) dA 208 F
gskzilsl 3.1.3 ol 2R Ve HaAENE ol&dte] Eaes AR
skl ko=@ A 37bA9] WH O R array-based CGH AEE #2413 uf
el wEl {Fo3 FAAE Fe oW Afelle] glom dAwpy g s
Aol thel rolr izl Jhk

-

>
—
e
M
\V]
i
)
ot

5] 7124

Yy=10,+ Ak(&j'{' € )

A7 g, j WA AR 3

3
=
o
4

s

HEHaAFYERoR 248 oA 2 § o AE /T BRE 49

(Yy—0))

o] AaE =
o A y

2 HASY, A7) 75| (weight)2> FEE4F (sample

variance)E A&7 2 sk} (Carroll and Ruppert, 1988)
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a;+ b + €

o))
k

(Vi —
A

<step 2>

ﬂ Oﬁ \m ‘..vm.o ‘I__/l
w o w o o o
N Ho o
T
o b oAk =
W Mru B m_
o s S
v o w e
o o <H mm =
2 RO e <
o g X
A T N T
%0 CE AT N ,Ul
0|

o T = 70
g = ol S & T
R ¥ = -
h = < +
HT_ ‘MW_ O_E ,_Iq_wl ~ =" O_E
T o 0 , -
\H_OW io S ‘DI OL S =
\Q% ,mﬂ Eo o# ] n_mo __k ﬂ”
0 AT ) — ‘WE V,l] =

A o I =
OE m ™ = 0 3
oGy e ..E_l o Fm T T
w o G 0 J i
z e 5 o & T

=3 o 2 B oo
5 X L Wy ao
Se 2 ¥ w o M 5
= HTL \w.-_ mmo o o OME
W MM o o T Ezr, N o
Te 3 L P T 4 i
< oK — ~ OB —
= o o % S e 4 7
- < S 2 W T
T X M = o) v %0

2l(4-Dell Yo ot
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(1)
J

Yy =0+ M (0 + 0Nz +€)

step 1> oA F4# A](l)g} b



A7 A 7tEAE <step 1>oA F3h MSE(U:&]Z(U = olgsld 1E Hx

Ao 5 3 ANE FHw.

<step2>
vge oA Agehd, AR 2y ohgsh 2.

(Y}k: _ 5k(l))

Al A A A sk wEE R (o]sF M3)2 - WAl gRle] S WRielth W

A S gel wEwel wed Fewd owel s wwe Fd

(converge) 2 u] 71X Hb&sl= wWhyolo)

T oA HH A} w2 B AIE 7HH olFA a9l (6,=0) , 5A
AL FH oldA e\ =12 Z7|#S FH 282 tSy o] xdd).
<stepl>

HAoAFHE ol gate] oV bV & FAG MSED) =620 & sy g}

=)
)
oo
i
.
o
=
[-4 U
it}
)

<step 1> oA F49 Ve VS A (4-1) o Yo
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Vi =0+ M(aM + b Ma+ ¢y) (4-2)

4714 7EAE <step 1A FE MSED = 5200 & olgale] 7%

e
b

2L

IFwow 51 3 ADe g

<step2>

2R oA AYst, ugH mYe ol 2o,
= a;t bz + € (4-3)

e HAa AFwder o) 0P & FAsdn MSEP) =070 & derh
o

HA-2)F Eop7bA o) dialel of?) | P eiAle] g B AXE S| n
A ADE T §, AW o] £EEn A oW jMow BADE ALt
4. 2. FAAT A HA

2 (3-4) AMA"R  AFTHE Hy 5;=0 o A FAFS ok 2ol

oy e
k= QT
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tS* _ /jjA /3]
s.e(8;)  VHC2
t4>i< _ /j] /3]

714 fel EEeAE MSE(XTX) o] gztelne) Awg ofngth.
3. 2.2 oA =9 & AL thA] AT EW, oA FErE A e HS-
ol MSE(XTX)™! thale]l HCCMeo] A}g-=ojok ghr}, wiabxd HCO, HC1, HCZ,

HC3 5 474 Wios E2oAs Fgdtel A4S Tote] nsgy o4

4. 2 oA AANG FAFeE dof FolgdES tF A £AS AL 3
o (o] 3. 3 dA AAME W& =9 HAY) o]& Ast7] Bonferroni,
Holm, Hochberg, Sidak, Benjamini and Hochberg, Benjamini and Yekutieli®] |
AE PgoR +4E FFES TH] P FAAE RE

2
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Al 5% A= w4

5. 1. R package

R & %7 HdXH(statistical computing)¥} Z2]2l(graphics) S 93 ¢1o] o]t}
GNU( Gnu is not Unix) project®A S 2o ¢} w|Esly, AT&To|A} A&
Lucent Technologies?! Bell 74 2] Ross lhaka ¥ Robert Gentleman ©l 23

ke
T

AT R thget SAIA £A4- AP (linear) &2 H|43¥ X (nonlinear
modeling), 214 FATH AQH |, A ALD(time-series) ¥4, +J & 5-2 1
A A<l 7= HH 7 sttt.

R 2 Open Source routeE W=m http://cran.r-project.org oA Th8ES

4 A= Free Softwareo|th, T3t M= o] glojH ezl & AFES 4= lo] /A= 7}

Tt ARE FHE ¢ Jdu SE 2N @B TS RoJA AFEE 9

5

e
%
N

o

Atk 200449 11€¥€o] UL release R.2.0.10] &4 H2 vy ol

AAE & 4 9= (multtest packageAld) release R.2.0.0S ©]
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5. 2. AA A7 EA

5. 2. 1. +9Y A=

i

Stanford Genomics Breast Cancer Consortiumel] F7/15 o+ 4 A8 E

i

o] g&3to] ®EAE| wokth o] A EDE Ed CGH-Miner Z213e oA AH =2
AREE AL QT o] A= 2709 B £ arrays ©F 2070€] H(tumor) arrays
AMZ A9 array-based CGHEAS E3 €A log ratio gkolth. Aol ojst
AL 2%l dFsiith

brel T4 Awnm ofdeh Lt

N

¥ 4. Array-based CGH #A59 +4

o3 28 %) o A7} Normal sample Tumor sample
A A A
= il
X, X, D, GRS X,
7“11 7”12 7"13 cesens r]k
chromosome 1 2 T Tyo Tyy e Top
- il 572 T3 Tk
1 1 9 T3 Tk
2 7'21 7”22 7"23 cese s /'nzk
chromosome 23
J23 Tl 7,52 g e T

o714 A4 BES A4 Ul 44 (normal vs normal)

al
Z o oF tf AAH(tumor vs normal) WEE I array o]t}

1) Pollack et al.(2002) http://genome-www.stanford.edu/breast_cancer
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HA 2APE AL Z4zhe] G Well A Ak A e AR At o
o] St

5. 2. 2. A® 7|&

Stanford Genomics Breast Cancer Consortium AAE A5 2370 4 A A o] A

6,69170¢] fxd=toltt. o] 7|4 = A Fh(missing value)S A1 €] 4,60070 2] 32t

nhe o] &ate] B4 aldt). ol Pl Ao 68.75% WS AL&dTHE W] 9
At AS5ES FAsks WS ol&std 2 Wl webd Aol dFS E 5
Nem

A | FHA N percent(®) | FAA | HAA T percent(%)
1 450 9.78 13 92 2.00
2 332 7.22 14 176 3.83
3 265 5.76 15 120 2.61
4 187 4.07 16 178 3.87
5 245 5.33 17 260 5.65
6 265 5.76 18 76 1.65
7 226 4.91 19 220 4.78
8 167 3.63 20 123 2.67
9 177 3.85 21 56 1.22
10 202 4.39 22 103 2.24
11 266 5.78 23 167 3.63
12 247 5.37 A 4600 100
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5. 3. WHZY BA AL Hlu

A+

o

HAA 6ol el 2t B Y, o] ghe BASH] dell gt 24 Uy

3 5 RAYE gtow aud FAd(boxplot) oth BAEY] HMETh HAE o
Fol 7 WE 7o) Babo] FoJE 2 & % vk
Before adjusted CHé After adjusted CH6 ME1
™ — &
o @
A Qg -iol-l Q R Ilc,z .:;.
Ta?ug? '1‘:’%7‘??0 rg?$?$$'? - r$1$§| ,1 [ T l‘ EO$G

H'HEI'E'Eﬂ'EE'S'BEEBEHH?EﬁaE

JI|I '

Logratio
0
|
-
ﬁ:
@ ‘:%
o
2
=
Logratio
0
|

144 JIJ. ,‘Pg@ é‘f’i’ld,
e RS we A 38 ¢ ¢c::<:> ¢
[ Lol I
' TTTITTITTIT T T T TIT T ' TTTTTTITTTTTTIT T TTTTTT
K1 HE K12 K18 K1 X6 K12 X18
Sample Sample
After adjusted CH6 ME2 After adjusted CHG ME3
o — ™ —
< ¢ 8 ¢
A 800 = @{)O i, =]
= goqo‘?ﬁ} O 8011089 = 1_$15_;3 ?1093, ?? 80928{%
% I"||| 1 |: i Illll"eﬂ:'?'lrl'l X
5 aa&eaaaaaaaeaea&maa > < Baﬂaaaaﬁag@aaaﬁeé
= _ cg 60@; gimo,ea.ﬁgéég 3 Lg;d,{téj .%.;izé:"’@*g&ﬁ
t o o @0 ' @ ® @ [+
L]
Lot I Lot I
TTTTTTTITTTTTITIITTITTT T ' TTTTTTTTTTTTTIITTTTITTTI
K1 X8 X112 X118 A1 X6 K12 X118
Sample Sample

29 4. QAA) 6N AR 19
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5. 4. 37FA WHel W& 5, 9 )
¥ 6. 37b4 whgel we 0, 7 A,
L 5y Ak
M1 M2 M3 M1 M2 M3
1 0.031303 -0.007634 -0.006748| 0.551251 1.277665 1.227062
2 0.020500 0.007634 0.007140 | 0.453965 0.722335 0.750508
3 0.009469 0.007984 0.004466 | 0.494001 0.407041 0.495300
4 |-0.008947 0.006653 0.003486 | 0.673205 0.528453 0.607919
5 0.040967 0.055990 0.054378 | 0.487653 0.441506 0.481959
6 -0.023792 -0.013035 -0.008978| 1.172179 1.149262 1.047477
7 1-0.028807 -0.016398 -0.012639| 1.449713 1.301960 1.207657
8 0.051617 0.049458 0.053989 | 1.129443 1.135457 1.021786
9 -0.094747 -0.091842 -0.084952| 1.779053 1.719629 1.546756
10 |-0.048914 -0.043213 -0.041552| 0.961089 0.913696 0.872035
11 0.075454 0.079755 0.085277 | 1.678807 1.557346 1.418786
12 1 0.111183 0.096683 0.099750 | 1.004501 0.974213 0.897268
13 |-0.065965 -0.054113 -0.045937| 1.871594 1.824691 1.619552
14 | 0.045551 0.031164 0.033469 | 0.762041 0.763138 0.705320
15 [-0.036280 -0.028972 -0.022272| 1.531878 1.513624 1.345525
16 |-0.016432 -0.010038 -0.006740| 1.135313 1.107185 1.024451
17 |-0.003162 -0.008702 -0.009190| 0.713222 0.696331 0.708583
18 | 0.052996 0.036342 0.039674 | 0.804907 0.843624 0.760038
19 |-0.010990 -0.002453 0.001930 | 1.773332 1.643434 1.533462
20 [-0.036384 -0.024580 -0.027147| 0.442913 0.405251 0.469676
21 |-0.079081 -0.077912 -0.080935| 0.555162 0.552120 0.627964
22 1 0.014460 0.007227 0.003965 | 0.574776 0.522040 0.603861
¥ 6 =88 AAAE 7 29 o B sden, 249 54 A% /by
old4d a9z W 29 AASa Utk AxE B Ao M 19 ¥
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Abstract

Regression Method for Detecting Significant
Genes 1n Array-based Comparative Genomic

Hibridization Data

Kim, Shin Young
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

[t is inappropriate to apply the statistical methods used in the analysis of
microarray data to array—based CGH data directly. In this study, we
developed a regression-based method using weighted least square for
detecting significant genes in the array—based CGH data. We used
Heteroscedasticity Consistent Covariance Matrix(HCCM) to estimate the
variance of regression coefficients.

To compare the trends of selecting significant genes, we analyzed the
breast cancer data in Stanford Genomics Breast Cancer Consortium using
our three methods which are simple two step regression method(M1),

simple non-iteration method(M2) and iteration method(M3).
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Our results showed that M2 and M3 were more effective than M1 for
adjusting heterogeneities of genes and samples and in the aspects of gene

selection, M2 and M3 were more conservative than M]1.

Key words : Array-based CGH, Weighted least square, HCCM, Simple two

step regression, Simple non-iteration, Iteration
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