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21 & (time-course microarray experiment)ol] ©]S W2 #4S 71X A FHATH B =7
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3R 7H—/F—JE dA 84 e T= AS.
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A & (sum of square) ) A F S
. | SS(linear)/df1
18 T X2k o oenear) /4 L
55 (lnear) A7 AT AEH SS(residual)/df3
SS(quadraticlli AP R 3 U5 FS SS(quadratic|linear) /df2
quadratic|linear) A9 o] A& o] o Mt S5 (residual) /df3
5SS (residual) =)o) WE ek

3
ar

19 A df1,df2,df3= Z+Zt SS(linear), SS(quadraticllinear), SS(residual)9] A}
X ol olu] AA pFS b9 FEAZS 33l AAatdEth

P SS(linear) — SS(quadraticllinear)/(df1 4 df2) 7
N SS(residual)/df3 AL+df2,dis:
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$ 0 HAA 22AAL o ‘}@u EA VA
st} o] A9 e A2 “2xk-1XHquadratic-linear)” o] t}.
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1=}
Fpghe BTt F0 AP EA pFe o BTHZ AL AR F 7
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U
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c. ol AETol th3t pgkol o Hrk 2 AP A FAR 22 AL BP(2.1)00 A
o AR W T} 2 BHo R oA AAFA AT

Yij = Boj + Prv + €ij. (2.2)
AATE T AP R N pgho]l et g B9 o] FAA Z2ad2 A
S A2 %l% Aoz Akt ojuje] A FF2 “IA(linear)” o]t} ¥k
2y (2.2)9] AFEF e pRro] BTt Z ¢ T FF2 “wF7olth
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0

N ER

il

AT 5B, 2R 1A, 9, U E A FAA 225

Ag AR wpA g Al o] e o] Apolof whel thA] “A 3 A3 (inear up; LU)”, A3
3} (linear down; LD)”, “2x} B -F(quadratic concave; QC)”, “2x} 2 E(quadratic con-
vex; QV)?, “2xpA18 B E/33F(quadratic-linear concave up; QLCU)”, “2x43 EE3}
FF(quadratic-linear concave down; QLCD)”, “2x}438 2 £ A&k (quadratic-linear convex up-
QLVU)”?, “2x}A8 @ 5313 (quadratic-linear convex down; QLVD)”?, “4=337 2] 97} 2] FAr
o RREG 19 212 o8 F49 oS vhehdch
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(G 1=} (=11}
=
5
a 1 - bl o 1 2 3 4 o 1 2 3_ _ &
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a 1 F | k3 =] 1 2 3 & 1 2 :Ii 4
ma time tima
29 2.1: QR WS 9714 s o (Liu 5, 2005, Fig. 4)
2.2. maSigPro ¥ (microarray Significant Profiles)

Conesa 5 (2006) ©] Al <F3t o] W2 FAA Z2otdo] Fd< ‘?_*4 5t7] Ao o
A A s A R A e
T2 LT shube A M Aol 4E Shube A WS EA i oE Ad
28 GERE usolth $4 08} 0L £715 49 EE st

I A3z A,
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Ry o A A@7e] jA A oA 9] vbRz R 9 7,
Yijr + 1A ARTY AR AN rd A WEEEY] FAA] (r=1,..., Ryj).
olu] maSigPro WAL §A% zade] P ddes] 8 en pe

J -1 B HARY L AR

Yijr =

Bo + B1Drijr + -+
+60Tijr + 6157 Dygjr + -+ -

+ Br-1D-vyijr
+0—1)Tijr D(1—1yijr
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, 2 1,
T: Ak (?jéj\_%é %Z’:)v ﬂa(ga%' JA ﬂ‘_ﬁﬁ“{?‘a €ijr * E’_ﬁgoﬂ ¥y a9E 18E & G
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3] SSR = Z(yiﬂ —9)° df1 ( /p)
ijr SSE/ Z Rij —(p+ 1)}

A | SSE = (yijr — ijr)° | df2™

ijr
A SST =3 (yijr —9)* | df3™
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“df1 = p,
df2 = Zi,j Ri; —(p+1),
***dfg = Zi,j Ri,j —1
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2.3. STEM 21 (Short Time-series Expression Miner)

Ernst %5 (2005) o] A2Hek o] Wy %A T He] A ARG Agotel A% 2
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Rl : ROl =3 AR 2 23t4 9] W, d(pr,pe) - Poll 3= F 28 =23}
A p1,p2 }-/] A€ YepdTh

(2.5)9 #2& TlA A" JEgS Rt 3tal ROl &3 H 49 ﬂalé 7t

Ae T By 2otz A2E o(R)HT AL H(R)E $27F Zohd 4 A 7
AR Q) Aol t). AT RS ol A1E P HER(NP-hard) 9 o] 59
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TR AAA vpelazoleo] Ae] EAL BA 71

A1 EE b(R)F] 3HsH(lower- bound)% b(R)2E T 2A & ++= gtk S b(R)
shgko] b(R')/2H vt AA| H= Re Zrotlle Al £33 JFEifitoltt. 4= 23
Z223d JAY RS e Fold & = HAAHY duEL2 b(R) > b(R)/2€ &
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Nuclear factor kappa B (NF-kappaB)+ A A} 2 & 91 X} (transcription regulation factor) 2
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swmtosicat | | [ 1] || [ ][] | |[c]m[e] || [<]m{e] || [<]m[t]] [c]m[t]] 2
et (e | | [ || [E]et] || []e{c] || [Ele[c]] | [e[]] 3
el || Ew||Ee || Ew || Ee || EeE| 4
¢ Y

Totrested Lowid t

coatrol

3% 3.1 &qtR FAA oAz ol o] A3 Al

Mol <47 <] J;}—f— A% (Ohr, 0.5hr, 1hr, 2hr, 4hr, 6hr)o| Al 2 FZA
Aotk 4708 A2 vtEAR S At meka F 24709 wol = of o] 7} A 2
olgl o] %] shube S X9 Hlgol T0%S 2H3n = #4
ANA AL ekt A2 B2 WL Yang 5 (2002)9] 43734 (loess curve)2 ©]
23 ZUE-§ (print-tip) 8 TF3} HHS AL 474 fFAAEE 2EX9 v
S Abete] 20%7F Y SRS B A A9t 2ER] Al KH 2 H )2 (K-
Neatest Neighbor) 142 A85197 F55 04 B2 Hoko] Aelsheleh. A2 0
2 125767019 |ARS} 237]9] o] o] 2 o]F o] B E o] Ldle] A 7FA] WFHE B
24 sheir.
19319 AAA vto] AR o o] APE Tkl A%
2 P38 Hy : B = B2 = 07F 5 31, A (2. )_4
Ao = 09] ﬂu} £ 3t STEM uhﬂoﬂ o3t 74 AA
A

=

o—l—l
ol

P2k 3= AF7HA S 41(10
Foz FAEH Hy: 00 =po =
2. 3%4011/‘1 AF 3 npe} Zo] &

S =
Lo

Cul
ogh
[o
rlo [-u

ok 12 -
N
N
2
OFD

Z] ]'01] ¥ 3.23 22 A8 A9tk
3.2¢ 747t o g AASE So A [ A MEh Al iy 7 A F-A1A;
HAE Utk Al 712 oA FDR2 25 0.052 A4 th 18 3.2004
42 QR WY I} maSigPro WY EF A} —'—EJ}‘”«] FALE <145}
3S AHESHAL Q3L QR W o] 2318 o 7hest o] A 3| A RS AMEEtAL o
W o] maSigpro WH A A EA] K3 F- RS Bl ot A o)
. maSigPro W QR ®H o] AAst FAAFY] < 2% E Froly i e} o] xkE] 7 WY
< maSigPro #H o] AT {9 60%E Zrobi Sltt 2 #A © 2 = maSigPro ®H 9]
A

.g_

2 gy Woan
o g

nH
Y
© o
K
o
L =

oo L
o oft
t

o
AR AFE 2t B W ¢ - 14 Y AARYS SRR U ThFT P
ABHE Aol 5T Aelekm AR + Aot R AL AT pgt A el A

>'}Lg:%u



74 o2, Pt A5

0y O O

masiaPro
i

s ey

Lﬁ

R ?r Fﬂf

( 80 \\ﬁ)/nﬁ

STEM\ X~ aRmethad

gul

I8 3.2: Al 7RA ol A AR Soldd F1Ae et £FAA (FDR = 0.05)

VD - OF method GLYD - DMLY G et

A
>

28 55 QR PUAN BAT AT IFAN mSigPro Y= AT
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LW by OF: method CACT by OF: mehod
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31 FolA g AL 2o RAAE AL Qi A AT LAY MLA B £ §
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QR {2 2127}, maSigPro -2 1507) 28] 32 STEM W -2 142719 -4 A}
AR AAE olw B FAAT Eo B RAAA L 5 P
A FAA FoA AAR 8 FAAY v, S AAHS
AN AAZ FFA FE FARY U, S HFIES D 5 9Tk HebA =
£ At 2Ads T4 Al BRI AR YT AFEES Atsto Al 71A
3

=
nE Fart ok

e

4. POl K2 24
2o AY ARt the T 2ol AT A AR Al 7 g o2 AA AR A
AT o & FA%) AE 27 3.2004 YERLFS 0] & 3527 o] Tk o] $-2] % 3527 2]
FAA AT G AL GE v o] BJUY AR F FIT FAAAEE O
23 2ol A4 GE 3o KAF FREA(K =100 & 7 2 2HA 32
e (mg, i =1,...,10) 9 BB -(S;,i = 1,...,10)= Atstgieh. 7k 4 (4.1)L 2A
w909 AmolA ST BRI S BEA B o olch

mg = (1.001,0.238,0.229,0.187,0.085, 0.0008)7, (4.1)
0.0904 0.0062 0.0002 0.0017 —0.0069 —0.0017
0.0062 0.0497 0.0288 0.0182 0.0002 —0.0016
0.0002 0.0288 0.0369 0.0195 —0.0011 —0.0046
0.0017 0.0182 0.0195 0.0215 0.0090 0.0051
—0.0069 0.0002 —0.0011 0.0090 0.0313 0.0223
—0.0017 —0.0016 —0.0046 0.0051 0.0223 0.0338

= B4 2429 m, %%ﬂx} Age A
Aotk 2o AY A FoI5A e fAA QRS AA 1}3011*% Folg FA2 4
3 GE ALY UmARRE e} R4 ALL AdST 1AL 5L e o
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4.1 e AR vlgd AA AR AeE dEd A52REH 259 Al 7HA
el AR AFEeE
2749 2749
%22 | 5%A2" | 10%48" [1%42" [ 5%42" |  10%A 5"
QR 0.314 0.432 0.452 0.5 0.191 0.243
by (11/35) | (76/176) | (159/352) | (11/22) | (18/94) (51/210)
3520 |maSigPro| 0.229 0.449 0.460 0.273 0.112 0.090
s | (8/35) | (79/176) | (162/352) | (3/11) | (10/89) (16/178)
STEM 0.371 0.381 0.406 0.188 0.043 0.007
IR (13/35) | (67/176) | (143/352) | (3/16) | (3/70) (1/144)
QR 0.214 0.375 0.442 0.559 0.309 0.192
by (15/70) | (132/352) | (311/704) | (19/34) | (59/191) (74/385)
7040 | maSigPro| 0.271 0.412 0.474 0.269 0.116 0.080
A (19/70) | (145/352) | (334/704) | (7/26) | (19/164) (29/363)
STEM 0.4 0.406 0.446 0.067 0.021 0.019
by (28/70) | (143/352) | (314/704) | (2/30) | (3/146) (6/320)
QR 0.253 0.407 0.471 0.480 0.256 0.199
ubs | (89/352) | (716/1760) | (1659/3520) | (82/171) | (246/962) |  (413/2072)
35200 | maSigPro | 0.261 0.413 0.461 0.118 0.132 0.087
A= | W | (92/352) | (726/1760) | (1621/3520) | (27/229) | (110/836) |  (154/1775)
STEM 0.406 0.446 0.442 0.083 0.021 0.011
uby | (143/352) | (785/1760) | (1556/3520) | (13/156) | (17/802) |  (17/1573)
*1% A2, 5% A2, 10% A= : 2tz 1%, 5%, 10%2] 523 ¢ AAE £33 R AP
ofv) g
A AR 2 RE AT Fo s AR v gof wet Al 7R e A3t of
| Apol & EO]%X] dotr 7] 93t 1%, 5%, 10%] F & FAAE 7HA & BAF =t
25 AN 44 1%, 5%, 10%A 521 A538t7] 2 ghok Al ZLL Zyzol sl A
Azre] M43 5207H 7,0407K, 35,2007 9] Al B-E A FAA Aol whet |
3= 222 7H7h 3520, 7040, 35200 AAE e AFEF7 2 Srh

#* 412 7Y FHA vE
[P SR

Al ZHA el A E S A Y
2} AEglol QR U maSigPro W o] A g o] STEM W el vl A "ot &
2ZE A 7E 3,52070 0] a2 ol 7 F AR W&ol 242 5%, 10% <] AFs oA STEM HL‘:”-/]

OEE

5 AA §
Yehich 259

AR 7N

2 299 B4y Ano 489

2 1%

A5e] A4

3% R A%

AAYL B T b el M ok BolAu 1 9 Ao gAY A A W
Y B HSE 45 HoFa ok

E 41004 = = 2 QR WEe] APl e Pl W] U5 Frie
Aelth. A QR W o] maSigPro Wil Ms|A B FA4 25k el el
A foIBTin AFse el oS AFAL AW 12 ANA AA 2 FIT §
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A A AT STEMHH Y A4, & dEHTor A3 M A2 AA A 2
8 TR 71749 237 flvke Ae Eose A3 € &+ Ik
E 410 235 EdE AesAtd #Fol FA A Hlg ol W2 AF-%(1%)= STEM
| oE 7 7HA BRlEn =2 A4 Y BoF3la AA A2 47} 3,52070 0]
o8 FAARL vEo] 5%, 10%<] 3 -F-oll= STEM ¥R el 7= o] ofzk oA Ak
9l oY AF A= Al 7HA o] A AL ® v #EY AAHe M A
2 =yt AR 1 FAEE9 AR NA = STEM BRle] dAHe = Mg £ 43
HojE ok mebA o2 5 7hA] Wyl WlsiA STEM 3 ) /5 o] Hlas-H o Aot
S 2=

T
)

i
]

x

H g BAL obx AF38 A 71A 9 WY ZoA AFE AA A ulo] T F o]y o)

o
Aol 71 A3ek Ao] LA W Aotk AA ARE Falo] Al 71 W
o AR A QlolA o] EAL GolR kT Fol T AR v} AA A8 AL
22 @ R AEE A ARG AFH S v Boprh BE 2 4Y A
24 QBHom AT A YL Hel L AW A S o) Aol A STEM
o] 7hg 296 9o wE WLk

AR ofu 7t Az
EEE ERR=TRE

3 A A AT

EEE R
2 fAA7t dddchd o)y
QA FHE= AL onsHA Hr} o] E &
o tigt =34 )42 Onto-Express (Draghichi 5, 2003)°1 2]
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Statistical Analysis of a Small Scale Time-Course

Microarray Experiment”®

Keun-Young Lee? Sang-Hwa Yang? Byung-Soo Kim?®

ABSTRACT

Small scale time-course microarray experiments are those which have a small number
of time points. They comprise about 80 percent of all time-course microarray experi-
ments conducted up to 2005. Several statistical methods for the small scale time-course
microarray experiments have been proposed. In this paper we applied three methods,
namely, QR method, maSigPro method and STEM, to a real time-course microarray
experiment which had six time points. We compared the performance of these three
methods based on a simulation study and concluded that STEM outperformed, in

general, in terms of power when the FDR was set to be 5%.

Keywords: Small scale time-course microarray, quadratic regression method, maSigPro,
STEM, false discovery rate.
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