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ABSTRACT

Analysis of cDNA Microarray Design using the

Balanced Factorial Designs

By Lee, Jung-Hwa
Advisor : Prof. Choi, Kuey-Chung
Department of Computer Science and Statistics,

Graduate School of Chosun University

In our view, the main design issue with ¢cDNA microarray experiments is the
determination of which mRNA samples should be hybridized together on the same
slide, bearing in mind the objectives of the experiment and the constraints on
reagents and materials.

Usually, can define that is action that raises change under several conditions
about study subject who is fixed as important terminology that is used in society
diapason such as experiment(experiment) Iran physiotherapy, chemistry, biomedical
engineering and observes and observe the phenomenon. Therefore, experimenter
shall observes reason which make change in result through experiment and
examines closely. Causes that can explain what present state actually exists much

innumerably, and also, various constraints with expense, time make perfect cause
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searching examination difficult. Accordingly, an actuality experiment between a lot
of causes empirically or work which do to arrive in target that want illuminating
attribute of leading persons handled in an experiment thus directly selecting some
by dictionary information in several angles as purpose of an experiment speak can.

A Fisher i1s scholar that is lead self-satisfaction which draft importance of
experimental design in role and , adversely, statistics of statistics in experimental
design while extends in the 1920s and the 30s and works in Rothamsted
Experimental Station. He branch of advocated important principle those
randomization(randomization), block anger (blocking), number of replication
(replicates) be. And in formality of experimental design realization of problem and
purpose establishment of an experiment, comprehension of constraint, suitable
specification of the model etc. (that any leading person amounted interest when
consider whether covariance(covariance) confirmed Itneun and model is crossing
(crossed) model or is interest (nested) model because includes necessary leading
persons out of leading persons and those leading persons reciprocal action in
matrix to be included in matrix, and is interest model consider.

Also, model whether fixed effect(fixed effect) model or probability (random) effect
whether search and in each model whether normality despotic rule about error is
sound process of consideration), decision (decision of number of replication In
Accordance With path of confidence interval or power of test required under
constraint) of number of replication, randomization, selection of experimental design,
a reserve experiment, source collection and analysis of variance follow.

In this paper, I studied desirable and reasonable balance block design for cDNA
microarray design by an experiment once for all using traditional confounding
method. Confirmed that traditional factor experimental design that is gotten from
this paper is more useful than other what confounding method. Specially, suggested
balanced block design for microarray experiment design than method that is
suitable according to algorithm and circumstance, and generalized various

microarray designs by latest literature.
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In a sense, the tools and techniques of statistical design must continue to
develop as more and more imaginative experiments are devised by biologists, but
they must always be based on the sound principles of analysis of these

experiments.
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DNA Microarray 712 T 7l =& % /9 fFdx9 2dS A @A
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I 3}, Mlcroarrayoﬂ e A7 s A HA o]o] Microarrayd A Ao Wi F
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V Microarray 23 A &

5.1 Microarray
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[ 5-11 cDNA7} wsolAE 34
(Alberts et al., 2002)
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3 \_\}\/_\_,-/\\.//\,/_\\_/ /\T’TTT '1'15

double-stranded cDNA copy of original mRNA
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5-2]o FAA &d AFo] AE %= DNA microarray e 4 d&7F 2 yEeEly 9t}

fr M o
4 iff
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9] general overview

e AAAAAL
Litaats *
TTTETT erl
Nor Tprimes-adapter
First strand syathesis AR
TTTTTT Mok
Second strand syihssis
AAAAAR
7 bt o e ) RO
Mork
Sal I adapres addinon DR
= s 1
5 O e
Swid L NotT Fall
Nor I degestrom
Size fracnosaticn
- —-I AAAAAR —s
I_l_. TTTTTT .. —]
Sal I Mat [
- Ligation to Mer I-Saf T-cut vector .
St = AAAAAL — —
j—""i - ITTTTTL 1)
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(18] 5-3] ¢cDNA 9] o]nx

L~

-3 -R g -y ]
S8 - R-R-R -y -

[

Ce0cC .«

&
-
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]

=

J
2
3
]
o
J
V]
3
]
Q
3

CeQ G«

L
L~ - I =l =)
c

[ =

[28 5-4] ¢cDNA microarray% ¥ (Duggan et al., 1999)

DNA clones test reference -
s S excitation
BRI, XX % laser 1 Y laser 2

reverse
transcription

label with
fluer dyes

emission

PCR ampiifical
purification

robotic
printing

computer
analysis

hybridize target
to microarray

c¢DNA microarray 2 gl tis 292 [19 5-4]9 e 9tk ¢cDNA microarray

Eetol= § Ao /|EHE DNA = AAE F WAdM BAE £ wolel 2@
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5.3 Microarray 23 A8 W FH

Microarray A3 -2 st Egtol=o F 719 A7l AAEE JHE A #Hoh.
o] Agv Egol=rt B Ha ExuUe Hle #F& 27t "tk (Kerr and
Churchill, 2001b). [29 5-3]2 ¢]# 3 = A & T U xdAWolt}. o
23 2z TEWLS YAl A4S 4 =9E § dow, bxiele A4S 4
A B7re 5 ok 23 FFAH o2 fagle o5 AAIE

Churchill, 2001b)

oX
o
b

[ 5-5] HxL(C)= Cyb® A #(T)

Cy32 B3 5 4% 2

o

Zelolsely AZsw w2 Ee AP e Cysrt Wa saEst e e
Cy37} €t} [29 5-5]% tZza80 CysE Ao ago Cy3E Heald A8 FA
7l o] t},

22O HEgH(De HAR=E 27t log(C)e} log(T)= ZAFWA, o] AL

SRR

O,
dlo
_E
i
=5

log(C) = p+ Dy + Vo +€° (5.1)
log(T)=p+ Do+ Vy+e’
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Z o9tk o714, e=e —e“olgtn Uehith of W, 72 AeEw gxEAels mu
o Folsh dmel mAAL Aw mFHe] Yt AL B 5 vk

(19 5-6] 42 43 WP P

4
B B T
g8 299 zhstolA AP oz W wMEa= Aox Aztd 2 5 gt [19
5-6]2 B, SR 9ol £ 47 %A 3

o] gt} ot WRFHFE vehin,
A

Q]

=

AY st A Aol 49 whEHAGYE AS A webA [27 5504 A
1 ke

O_u OE

log (T/C) = [log (T" /C") 4+ log (T* /C*) +log (T? /C?) + log (T" /C")] /4
(5.2)
of Zo] A" 4 dom, [27 55]9 AFRt= G349 AolE Ht v AHHEst
A FAstelet 71dE & dnk 2y [ 5-6]dA4 9 A= [2% 5-5]¢ HAHA
d AP ane daanst wgsol gt o7, 9 HAAE 24de F=ME Yehd.
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[ 5-7] dye swap Tl A2 2] o

a

—W
& g

b

> Aze B 5 o

jukcud
d

o
4>

e e BARES AAs7] Aol (29 5-71% 2 A
Wgow E7E 49 dye swap HAdo g Faw A
B W GRS uRolA EARANL. HAE A9 e AP o] FL ey
7] sate] Aga AT a el nt [19 5500 @AY gxEwel CysE Aol
Cy3& A2 Aolw, b Eetol=t wole gz Cy3s Azwol Cyss A4
St 49 4 faxe 2@ AelA dumel wRE AAL 5+ A AN )
W % ek
(2% 5719 AgelAE BAAEE Seelmo wekd 2z log(TV/C")sh
log(T'/C") A7 ZAstActe AAAE W, log(T/C) = (log(T"/C") —log(T"/C")) /2
2 s AW, A Ede g g 9o ane Beod A 5 Ao

oo

[19 5-6]3 [® 5719 495 & o 42 A2, dolMx Aol v

13]o] 7] wjiEo] Ao Al45ls FES AETgH o FUdF AL A& AAA
o8 E ZAAd okt Kerr et al.(2002)
A=}

Fuato] RARAS AN s

R m>
flo
[
o
T
-
B
m
rlo
o,
<
(@)
w0
=
QO
(S
a
D)
[-40
o
)

5.3.2 71 A 8 (reference design)

oA FdE AP o] ste] 7lEE ol &ske] ofel A Ao A
8 (reference design)e]&txx 3o} o= 71X AT
& Hlasforste Ay, MIEAHAA WMEsrte AAE AvRaz @ oo Yz
B o2 o9l wwlo|th, 9o Wl e gjao] sl Ay A wpwlo] Hon A=

& HEOG AYE Frhste] JEe] APEH vad F 7] WEel AP 44

o
o
=
=]
ol
s
i
o
)
o
o
N
FN
)
o

M
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g2 3 Sdol=rRY 7|EAE o9 AA
of A3 7t Bold v E& Aol

s FiA BAAEE log(TL/R), log(T2/R), log(T3/R) 2 log(T4/R) = =
2 Atk 714 FE7F A WTDHH A 2T2)9 &3e AolE ¢ 4o
log(T2/R) =log(T2/R) —log(T1/R) & AAtste] A #}

log (72/T1) = Do+ Vi —Dp— Vo —(Dg+ Vn —Dp— Vi) + ¢

(5.3)
- VD_ V]‘l+€
o o] AW aelu Ag(zeolmivbt BES olgA FE ikl mekA X

-1 =
A(53)7 2ol mAHE AL opyr.

[AA 5.1] dye swap AZ 3 71=A
A vHadte] G35 vtz ofw AdS fzpedsiy v A Aotz
Ao 9ste] F A3 4= 252 FAHIY. o] FAldMe= [29 5-7]9 Adx [

H 5-8]9 Ao A & ¢

[29 5-8] 7I=A12 9] d

& T
R
[29 5-8]7 22 AFoAN 7|Fo2 AEHE TR AJETHoRE U ARE
Abgato] i Aol thélo] microarray A ES 3 Aottt wref A oA 7
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oo weEbd ZEUAdS AR wlE 7]E A9 HEEo] I
N8 S AZs= Aol mpEAS L ek M2 tE AESH Ao FEIATH
Z 3 (pooling)= ©| &3t Hu.

[ 5717 [29 5-8]9] F AdAFTES vuwstr] 935ted, Yang and Speed

1

d

(20022) ®E =W Hate] o'ow Fdan], AR T &dol= Aol Hiol
2k 7HA ekl

(29 5-71¢] dye swap ©A49e log(T/C) = (log(T"/C") —log(C"/T")) 2 0] 2 &,
Var (log(T/C)) = */20] @t} [219 5-8]12 log(T/C) = (log(T/R) —log(C/R) o] 2%
Var (log(T/C) =20%¢] ®t}. upebr] o] Aol dye swap HAHelo] Az H ),

[ 5-5]9 APAH Addads shvhe] Shol=olM Hlasty] A A= W
HS A3 AAM (direct design)olghal st 55l 7IEol Ao AolE o] &sto] A
s UE Sdol=s AHEeH vuss S 3 A AW (ndirect design)ol 2t

1l 3t} (Yang and Speed, 2002b)

M

5.3.3 18 A8 (loop design)

47 Mz te EEE 9RE wHius Agss P8e 1979 (oop design)
Ba gk vwstna she tgel A e LY ot v, shuteh
AZA7 AE A5 vE AgelA e AR AAas B o944 8
o olwl wEPEe) ZHL log(T2/T1), log(T3/72), log(T4/T3) 2 log(T5/T4)
o FUE SR o714 A LTDIH A 2AT2)e) Z#e) Aol§ %u He 7

_43_



[19 5-9] Aol 571 A2

TI1

T3

T

T4

_44_



VI 8¢ Microarrays
6.1 245 8¢ Microarrays

6.1.1 2> AP A9 A

Glonek® Solomon(2002)> microarray Aol &9l wWixHE aefstdvt. 928 &
1

AwpA el Aol AN wE o HEE AAs F Aolm 7 AR FEFE 27
Atk ARAE g dHUD g0l FEL 0 12 g FES 0% 12 dudr 3
TN FED ABE 0GB (G52 8 REE BEAT Aotk dolge

el ofgje} o] Q0

(Y —y) = (0, — 0y) + (Tt,1 - Tt,z) + €12

wEAge ael FHoRRE ABHOZ wEH oItk Al Wl
k<)

of Zzte] Az B FEeA dEgThd, slo mde & fAA7 AEge
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(£ 6-11 28 2AmAelA §HA] HaAY

A =4 21 GEAE
00 (c) E(log(CO)) =p
01 (b) E(log(A)) =p+a
10 (a) E(log(B)) =pu+p3
11 (ab) E(log(AB)) =p+a+ 8+ (af)

[ 6-1]2 o] ddolA TAEY

do
K
o

Ao vtk pi dEP e 00(C)
o m5E vtk o g FEIE Bev, 4827 103 004l o] &
derdeh g gl Fase a, (af)E A4 ph g ameaelet B Ao
FE (B =(11-0)-10—00) % FEE T A

[ 6-1] 2°% QQux el 7t%
d A4¥xg
00 b ool
f
a d
c r
10 6 o 11

[Z8 6-112 92®d QAo AA4T = 3= APdS 2doez 8T Aotk

o] A W&ol [# 6-2]o BE=e] Ut
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[# 6-2] 2°8 alujA APTIA

AP Cyb Cy3 2 711
a 00 10 a
b 00 01 6]
c 00 11 a+ [+ (af)
d 01 11 a+ (o)
e 10 11 B+ (ap)
10 01 —a

[¥ 6-3] 2209 wa

= 25 wehy gy
Dy [00, 011,[10, 11] 4
Dy, [00, 101[01, 11] 7
Dy [00, 111,001, 10] AB

microarray =22 Q89 M7z} ool EF(EFgo=)e ztes HFE
T 07H T 1(5A4)2 A |Ae T oA o 747 sty Dy DS AFEE
o 2H Lo Yo 4719 £gol=vt sEElE HwEl2E microarray RES 9=

.

A A oA RE AYxFS cybE wHEFAL F OHA B cy3ER EHITH
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dE £9, 3 WA 4 [00, 011 Z+zF W 5z
wnfE shtel Eetol=s uEbdTh delM e AEl e ¥
A AT, o4 AHgHE Eetol=e F= Azt &=
A Aol k. 919 microarray RE- 50%9 &&& 7hx
o el whel, waA s gpm p o p oA E A

AT &S AL FATG AL o] 2d 2

o] 21 common loop(CL)XE &l o] t},

N

00 01
¥
0| 11
setel= ) 4 B AB
4 0.50 0.50 1

Augtes mde 5o Foule] wEe Ago

A AFE cross—swap(CS)E &l o] t},

A z2ge] Juz
2 A2
7 5T

[ R

Kerr and Churchill(2001a)e] <] 3 A

24 Landgrebe et al.(2005)°l ©] 3l
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(29 6-2]

01

0o

01

10

0o

b4
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(b)
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11
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Ao BYPS ot FEH} L woAg A FEAS FAY

_},\_
oAM= 6719 Eule]=of wix et designol did E& A2 A BT

(19 6-3] 6719 Sekol=o] wAE o2 29 A
A

NIZ L]

(a) (b)

4 L]
s A
] It
A 2
4 A5 B AR
lc) (d)

(£ 6-41 2 29 28 47

Design choices Main effect 4 ‘ Main effect g ‘ Interaction AR
Indirect design
design 1 (a) 0.50 | 0.50 | 1.50
A balance of direct and indirect design
designIl (b) 0.67 0.43 0.67
designlIll (c) 0.50 0.50 1.00
designlV (d) N/A 0.30 0.67

T3 o] =EodAe [2d 6-3]d AXE AA" 6709 Sehol=d] xdH= oY
tjzpQlel tfstod Al YEFH AT AT cell line 289191 A5 A7 BA 400)=
control cellselegtal akal, (1003 £01)< A WA

fo,
—n
)
)
o2
i
o
ll
Sh
Ak
A,
2
Ac)
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€ ocellz - H A" mRNAzZF st 44112 Ao F 295 AT cellso
ofstzk. YAl ek V& jog(4px ¢ ARE 8= = 000 ting 119 =
& Eabe]l 7B Ak SAR Tl Vo A4 (1000 A7F vERA 2okt

T YAl T2 Aege] FAAZ 7P ¢ o webs FdeddAE o] §F

kD
o

gApQle]l kel ¥ AES & F Urh oo B =EdAE dHAJAAE ol&F
microarray designs Al ¥ staAr goh, ARk o g Tzl v BEE 2HS 19T

v

WS Ee ATHE 4EE OF

e
o
o

6.1.2 3x2 A @l A9 A
7 ol BE 2 YAt 32892 YAt AFe I @k olel o

gk 99l EdE Lewis and Tuck(1985)e] Js]A A=A, dRtste &3 Wi 9

T 7S F olyd RdES [ 6-5]o R

[ 6-5] 3x28¢& #¢ =4

o s F49 a&

A B | AR
Dy [00,011,[10,111,[20,21] 0 1 1
Dy, [00,111,[10,211,[20,011,[01,101,[11,201,[21,00] 075 1 | 025
Dy [00,101,[10,201,[20,001,001,111,[11,217,[21,01] 0751 0 | 075

104 @eto] Ao =ad wzA AL AAET 10 10 114 =Md2 @

o
i

[ 1] p, (00, 01) & 10(mod(3, 2)) = (10, 11) & 10 mod(3, 2)

= (20, 21) @ 10 mod(3, 2) = (00, 01) : main block
2, (00, 01) @ 20 mod(3, 2) = (20, 21) & 20 mod(3, 2)

= (10, 11) & 20 mod(3, 2) = (00, 01) =23
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D=0y

[¢l 2] p, (00, 11) & 10(mod(3, 2)) = (10, 21) & 10 mod(3, 2)

(20, 01) & 11 mod(3, 2)
(11, 20) & 10 mod(3, 2)
= (00, 11) : =%

(01, 10) @ 10 mod(3, 2)
(21, 00) @& 11 mod(3, 2)

main block

(2) TF2 main designol| tele] AW t}e 1 o)
[ 31 p, (00, 20) (10,000 (20,10)
[A=5EH & 10 mod(3, 2) ,& 10 mod(3, 2),® 11 mod(3, 2) %]
(01, 21) (11,01)  (21,11) (00,20) [s=3%H]
[HS5EH D 10 mod(3, 2), & 10 mod(3, 2), € 11 mod(3, 2)]

[l 41 p, (00, 21) (10, 01) (20, 11) (01, 20) (11, 00) (21, 10) (00,21) [<=%F]
[H=5H ©10, ©10, ©11, €10, €10, ©11 +3]

A7 D=0, D= D, °1 Ht.

mekA] 3 blocke 2 ¥ BS designe 5707} o}yl 370e]H 6 blocke 2 ¥ XL, AL

design 5707} oty 3714 S & 4 AT

D= 6719 Egtol=2 71x] 2do|t},

00 10 20 01 11 21
11 21 01 10 20 00

Landgrebe et al.(2005)% Dy BSER ¥ o] agia Dy, Dyv 772 XL, ALY

2o mdel ¥ N MBS AT Avt RASES Dy, Dy, Dyol AT A%
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of oJsir dojd 5 Ut

6.1.3 2°A gl Ao AA

setel My Abgste] Pold PAPL AW BE 45 Y wE mde pE
of AN Teade ddael dojgem 1 AvE BE [E 66l YT

[% 6-6] 2°29% 9% =g

¢

= o wete &
Dy; | [000,100],[001,1011,[010,110],[011,111] 5. C. BC
D,y | [000,0101,[001,0111,[100,110],[101,111] A. C AC
Dy3 | [000,0011,[010,0111,[100,1011,[110,111] A, B AB
D,y | [000,111],[001,1101,[010,100],[011,100] AB. AC, BC
Dys | [000,0111,[001,0101,[101,1101,[100,111] A. BC. ABC
Dys | [000,1011,[001,1001,[011,1101,[010,111] 5. AC. ABC
Dy; | [000,1101,[010,1001,[011,1011,[001,111] C. AB. ABC
234 oA MHERY mde] FPL UhE WHoR HEW main 22 0003

U™z 7 A 1E Yt
main 5237 X7} 22 YA 61E 208 x2St 98 =
%2 [000, 00110132 YA &5 (000 & 001)(mod 2) = 001 A 2744 zFs}o]
[010, 011] [100, 101] [110, 111] 37he] ==& && 5 ATk ol AS [ 6-3]0M «E
SQd A" wakA HW (% 6613 2e Ads d& 5 A dE 50

Do, Dy, 0O HE EelnE AEuw ves 2

f
o
AN
(e
3
=
5
il

p (0006100) = (———®+--) = (- + +) 5o g
Dy, (000D 111) = (——=B+++) = (- - -) AB, AC, BC
Dy :(000D110) = (——=B++-) = (= - +) C, AB, ABC



A BRAN 5 & oG] o gl WE ZHE FAT F7} gk B
ol5e w7E Ay JelA ot wAg s mestelol @k, woF 9e] wmel
al

@3 Loop B82S myete] AASH oS3 2.

1Ll

010 110

/

1000

o 2=z xdWE Sdol=el WS vak #Zo] 7] EFo]=el uiAH

000 001 110 100 010 111
001 110 100 010 111 000

o

ads FAE g5 40 e Akl LA dEUYA gev. A [E 6-6]
N py, D, DL po= ARSI 16709 SFtel=E izl RS ueshd
O AdE v 2o

111|110 ] 010|011 {000 | 001|101 | 100|000 | 001|011 |010|110 100|101 |111
000]001]101]100/011 /010110111101 ]100]110|111{000]| 010|011 001
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16 075 075 075 05 05 05
A M FEHELS % &R FAIFHAHL, A MY 29 wWEFLES
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cDNA microarray A d 9 B2 YyAUEY HAHLE 22 Eol=dA A A3

AL AES AAst e Aol 2 = =)

4 7t P aAAgd A thste] =R 53], 2945 K9l dig ndAd
A

g Al E o] microarray YAl o2 F&AolgtE AMAS HA & 4 )

Lewis® Tuck(1985) 1]l Gupta(1987)e & &5=7] 2% &5 RdSo] &3
Holgt= Ae dFstAdnt. ool 2le o FFo] BolAW ofF HF{HAEE o
o Adel 9 E5S == WY nd A wEe] o3 dddy agmdo
ok A F2 nHAA YA Adste] 1o dAE dErdo] FEI 2o
A BAY eI 8o sHAoR S WE neste] ¥ ¥ QAAPAAE A
Fotdth FF E gardel 9% AFEEAHLS 470 7hel a2 (classical methods, tree

methods, machine learning method, 22| Z <+ d4t3ld LDA(Linear discriminant
analysis) % PAM(Predictive Analysis of Microarrays) methodE ¢ -3}o] B] ol &4
sted AAE Folop & Aot} md T2 aME BHOse] B Fo a¢l3 FF

W@ wet 0% @ AN B&AS AAed AL Fojof @ Ror)
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1=
3 e

f=function(i)
{
a<-rep(c(0,1),c(27(i-1),2°(G-1)))
b<-rep(c(0,1),c(2°(1-2),2°(1-2)))
bb<-rep(h,2”(i-(i-1)))
c<-rep(c(0,1),c(27(i-3),2"(1-3)))
ce<-rep(c,2~(i-(i-2)))
d<-rep(c(0,1),c(2°(i-4),27(i-4)))
dd<-rep(d,2"({i-(i-3)))
e<-rep(c(0,1),2°(1-1))
D<-matrix(c(a,bb,cc,dd,e),2"1,1)
print(D)

j<-1

while(j<i"1)

{

j<-j+1
D21<-rbind(D[1,], D[j,D
print(D21)
modl=(D21[2,])%%2
M21=matrix(c(modl),1,i)

if(i==2)

{
if(M21[1,11==1)
{
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if(M21[1,2]==1) "AB” else " A"
}
else "B”

}

else if(i==3)

{
if(M21[1,11==1)
{

if(M21[1,2]==1)
{

if(M21[1,3]==1) " AB AC BC”
else " C AB ABC”
}
}
else if(M21[1,2]1==0)
{
if(M21[1,3]1==1) "B AC ABC” else " B C BC”
}
else if(M21[1,1]1==0)
{
if(M21[1,2]==1)
{
if(M21[1,3]1==1) "A BC ABC"” else " A C AC”"
}
}
else "A B AB "
}
}
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