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Purpose: The cDNA microarray has become a useful
tool for observing the expression of thousands of genes
simultaneously. However, obtaining good quality micro-
array data is not easy due to the inherent noise at various
stages of the experiment. Therefore, it is essential to
understand the source of the variation in the microarray
experiment and its size as an initial step of the data
analyses.

Materials and Methods: The total RNA extracted from
HT-1080 fibrosarcoma and normal rat tissues were hybri-
dized to the cDNA microarrays with 0.5 K human and 5
K rat genes, respectively. A homotypic reaction and dye
swap experiments were used to identify the sources of
the variation.

Results: The relative fluorescent intensities of the
microarray, if unnormalized, have a large variation, parti-
cularly in the lower intensity region. The distribution of
the log intensity ratios also exhibit some departure from
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a band around zero, which is the distribution pattern
expected when the majority of genes in the microarray are
not requlated. Normalization of the log ratios is usually
required as a means of preprocessing the data. We claim
that a within-print tip group, an intensity-dependent
normalization through a loess fit adjustment will be useful
for this purpose, particularly in the initial stages of the
microarray experiment.

Conclusion: For proper data analysis, an understanding
the source of the variation and preprocessing of data with
a suitable normalization method will be important. It is
important to have an interactive cooperation between a
researcher and a statistician from the early stages of the
study design and to the final stages of data analysis.
(Cancer Research and Treatment 2003;35:533-540)

Key Words: cDNA microarray, Homotypic experiment

d AT~4E okt AEK5), F48He) T B2
A thFatAl 2853 itk DNA vhe]a 2ol o
o #E AFEE 1) FTI FA%H
signature) ¥} A &84 54 (tumor biology)=
A5E AT, 29 G B2 G 2 ool
2 golabrl ek 3) w3 ) AW} o Fo) B
4428 AL H 433 4330 A= 7
e Yaels] 80l A15IA 2k o
BAYEEH EAAEY 75
ko] BEx ey o] &3 &
2eft olg Be Be 4
o] 28 £ 9= AAHo] Y=
8 $asel 8
23812 9 EA 54 -‘%xﬂ@
ojglo] 4= ot A=
7b A wofok =t

hy
ol =
=

),

#
A (molecular
o)3

m{—U:o
AN g
Lnr

"3 m“’ P

o

o
=3

T o

fr

zg
R oyo i mi

9 I-II
;ﬁ i
[
ity
k%
il
o
E
=
o

2

3 AHE

i
f

OS-H

FUI

g

Al



534 Cancer Research and Treatment 2003;35(6)

ool B4 PHS G T AgHolok Fk @
vlolzgoldols A9 £44 ol BAZ A )
WAE T A9 QA7 B A

A7h e A3

bote)
k1
ne
z
i

(o3
frtt

O

o

= 4
30,
_&—r—‘
kD
i
N
o
R

ot

X

plL

\r

o

e 04 [
T2 Er 4y o

o r
o
o)

ol [‘lo rkﬂz

bl

o & 2

Aol fRAZANA 232 A
Uge) BARE TAIE vholAzoid o)
o B3} ol 2n} 2 p, 4
Aolth. o714 pi RS AR 5o
AEtelazold o)l g tehin ek
EARAGE “2 0, AL p ARE FE OF

vholzizofdo] A@st HEHQ “F p, &L n

N
rlio

5«

o

4
Y
il

gy
5 o
b
o 2
= >

=

, I

Y
jg rlo .
o o o

lo
b x 9
o
i
B I P T [P =)

oft
i)

BAe FAGASIAE A2 BHo

of AFelNE FHAGLAA Bol gL Yt
¢DNA vho]zizofd|o]o] Fakste] At 247t BAZ o] %
71 AYRN N AYSHAE 4P HAs %
o Hatel ABetm, A AP ARE g 4

A gt

1
ki
%0
x
2

Mz 2wy

1) MEZF 2 % RNA 55

ATCC (Rockville, MD)l| 4] T-43F HT-1080 fibrosarcoma
HNEFE AL 718 Bl A2 minimum essential media
(GIBCO, Grand Island, NY)ol| 10% -eo} &> (fetal bovine
serum; Commonwealth Serum Laboratories, Melbourne, Aus-
tralia), penicillin (100 U/ml; GIBCO)¥} streptomycin (100pg/
ml; GIBCO)S Z7h8he] AL&3tAtH14). 5% CO,2l EA) 5}l
37°C - v Gl A wf st Al 27} v &1 95% ©
& A HAS W A ZEE 588 Trizol (InVitrogen Co.,
Carlsberg, CA)S ©]-8-3}4] total RNAE FZ3} %t} Rat chip
Age 9ol A4 mel 2, 9, 44, 01, 44, 9% 59
7% AFse] s0°ce RAHAT. 249 A9E A
Aastol] o] dojle AEolA AbE-S o] &3t
B 3 AEF9} U3 WY o2 RNAZ ARE-EF3 H Total
RNA Y] &3} -2 Gene spec 1 spectrophotometer (Hitachi, Inc.,
Tokyo, Japan), 717195 % Bioanalyzer (Agilent, Inc., Palo
Alto, CA)E o] &3l Felsth

2) ¢cDNA microarray &!&

cDNA microarray < 48071 ] Izt A 27F A = ol 9l=
cDNA microarray (CMRC-GT, Seoul, Korea)} 5,0007] 2] rat

FAA7F 4= o] & rat chip (Genomic Tree Co., Daejeon,
Korea)E AF&-3}S1 T} Microarray 282 Aot ddoldd
TFAIE oA &S protocolel] whel Al sttt 2] A
W3lH, 50uge] total RNAS HAAAA S Fsto dx
& Cy-3&, A¥Toll= Cy-58 £AA7]E probes A&}
@ F, A9l SA LEAAD ProbeB A7) 9154od
400 units®] SuperScript II (GIBCO), 3 ml Cy5-dUTP (or Cy-3
dUTP), 1.5 ml®] dATP, dCTP ¢} dGTP, 0.6 ml dTTP, 6ul2]
5X first-strand buffer, 4 ug®] modified Oligo-dT primerE- total
RNAS} Zo] &§3te] 42°Cel| A 2417t &<t §EAI AT
Whgol Eua QALY HA 942 nucleotide= PCR
Purification Kit (Qiagen, Valencia, CA)S ©]-&3}o] A| A3}
o). FHE probe= 2019 lpg/jl Human Cotl DNA
(GIBCO), 219 10pg/ul polyA RNA (Sigma, St. Louis,
MO), 288ul2] 1M TE buffere} £33+ 5, Microcon-30 tube
(Millipore, Bedford, MA)S Al-8-31o] 553t Tth 481Z &
2% probeE 10212} 20 X SSC9} 1.8u1¢] 10% SDS9} &
3 3, 95°Col A 287t 7k 8lar 13,000 rp.m O 2 2E-7H
AR Z Z=8)" cDNA microarray 9ol 2323 A]
Aok AL HE5oA REAHES 7] 98t 10 mg/ml
BSA, 3.5xSSC, 0.1% SDS solution Woll A 2417 &<k ¥H-&
S A7 H ARSI T 65°ClA] 16413 B9 R8-S
A7 F, 53 2ol 43] FAE ATH2*xSSC 104,
0.1% SDS 10+, 0.1xSSC 107t 23]). A7} E4Y3L 600
rpm o2 SEZ YAEESId ZH ¥ GenePix 4000B
(Axon Ins., Foster City, CA) scannerE ©]83}¢] imageE
31, 71 97428 =GenePix Pro3.0 (Axon Inc.)E ©]&3t4] 7]
2 A7z AEHAY.

3) 45 &E (Homotypic experiment)

22 RNA A2 cy3s} cy5E HAS & ##3 AHS
1:1734%2A3 (homotypic experiement)©]Z} gt} cDNA v}
ol oy o] AF A o7 7}A] HEd LA A7E
gpotetal, st e TS gobr 7] 918 05K vt
o|AZojg ol <1zt 5% MEF<2 HT-1180RNAS
AHEsE] 101 s AP AT g 5 K9 rat
AA7F AA oA e vpol AR o] & o] &3t F o A
& &2 pools ©]83t] 111 4Fo 2 HLAAS At
Atk o] W 05 K whola 2o ol= 4] ZHE HE At
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g o]l HT-1080 RNAE o] &3t F £ 435 f‘] Bkl
o A1z AYe 714 BA B2 A Sl

Total RNAE Al 7§19 BMIXIZ Uirolx, zk YA = PrEi
cDNAS AL, 242 t& g, 22 5tolA B
AR A2z AF Wt HEZAd The FEOE,
TY RNAE 9] AHARES A7 F, o] & A B2
oAl A1z 2 st A 2 A7l BEAIA
.

5) FARE BY

cDNA wlo]azolgo] 43 A8 #49 A HAZ, o|F
A43te] X8 =)= data preprocessingZ @] ¥ HZ<Q1
5ol faa wd g, 7 B S B2 I
T AUe Tag Dot ddo] 4 ofHol=
2t 23toll A A3 = g A g ASea,
T A g3 e A€ DNASH F A8t 47 Bgtd
ERdT) & 7l 9] 23S 200~40070 2] 24 (pixel)
7M1 2] PMT (photomultiplier tube)7} ZA &
}aE BAE HARE v, o]0 A/D (analog to
digital) H3H7]ol] &Jate] A= 0~65535 (2'°~1) Atol ¢
AR Aggnt o] i YEFCEXNE FHA] TS5 1LY
Z ¥4 (median)7} A ZHt} =, Cy-3dUTP
o 93t ZAHAF o =+ G (green intensity)=Gfg (fore-
ground)-Gbg (background)Z, Cy-5dUTPe] 2|3t A< 7 9
73 =& R (red intensity)=Rfg-Rbg2 U EFATE A7)0 9
st Aeu e AR 24 4 239 A #¢, A
73} vl 7 & (segmentation of foreground and background)
3 A= FE29 A @AE AAA dTs). o] Al dA B
A oW 7]ES ARt =] whet QAE 2HE F
3, HZoe mpolaRolgo] AFY o] st
Zﬂtﬂ 7hsdt A9 A AsstE 2AHE AT EA
o7 BAHE A% Hol A
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6) M-A plot ¥ EZ3}

shite] wrojazojg ol pAl el FAAE A A E ol 3§
S A% pNAR, GF #ESA Ha, o5 oA W
A2 24 e Y Fig. 19 R vs G plot7} €tk 28t
R, G Zt7tel 215 3t Amrt e Ao A<l R, GTF
o Y E T AAEA & F drk B 22 WIS A
U Z= M=log2 R/G)Z} 212 WHFS F H8 Fxo] Hit
A=log2 R+log2G2E ©]&3 M-A 1L log2 (R) vs log2
@& AA ) o2 455 Eo] & M-A 1ot
230] o)A AdWolu AR T A oE=Ho 7 W}
T g8 & JehiF2 2 1FsE A%ste d f83)

of ¥ ol ohg B vholaRolgo] A7 EAE
M-A Z%o] AH&5 1 Qth(Fig. 1). AFAR WE EF
3} WY ZolE BEsl7] 95t global normalization,
intensity dependent normalization, within-print tip group in-

tensity-dependent normalizationS- A 38 3} H TH(15~ 18).
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Fig. 1. Comparison of scatter plots between “R vs G” and “M-A”
plots using a homotpyic experiment of 0.5 K microarray.
The M-A plot is useful in identifying outliers and detecting
intensity dependent patterns in the log ratios.
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Fig. 2. Global normalization through the median adjustment using
a 0.5 K microarray. Global methods adjust so that the new
median is equal to zero. Black and orange circles denote
M values before and after normalizations, respectively.
Even after the normalization the nonlinear trend of the log
ratios still exist and overall pattern is far from a band
around M=0.

3) Global normalization
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4) Intensity dependent normalization
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weighted smoothing scatter plot) 23 H(18)S F3led T8
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Fig. 3. Intensity-dependent normalization using lowess. First the
lowess fitting curve (solid line in the black circles) is
obtained using S+ software and then a constant is added
or subtracted to each point so that the solid line is aligned
at M=0. Black and orange circles denote M values before
and after normalizations, respectively.

5) Intensity dependent, print tip normalization with

loess method
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4 6 8 10 12 14
A

Fig. 4. Within-print tip group intensity-dependent lowess curves
and normalization. Four lowess fit curves corresponding to
four print tips show some inconsistency, which suggests
the normalization of the separate intensity-dependent loess
fit adjustment for each print tip group. Black and orange
circles represent M values before and after normalizations,
respectively. One may not find a big difference between
this fig. and Fig. 3 Box plots of Fig. 5 detect the difference
between these two normalization methods.
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Fig. 5. Three box plots of log ratios (M) before normalization,
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C. Within-print tip group intensity-dependent
normalization
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intensity-dependent normaization, respectively. Note that medians (white bars in boxes) are deviated from M=0 at (B), whereas

these four medians are aligned at M=0 at (C).
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Table 1. Comparison of reproducibility measured in terms of
Spearman’s rank correlation among three replicates in
two replicate sets

Set 1 Set 2
Array
2 3 2 3

1 0.846 0.837 0.90 0.903

2 0.829 0.863
AAE 7He] A HFLE Table 19] 2=7]o]wke] &9 A# 7|
FEA Uk F e Alix 3] Az 4dET A
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A _ Within-print tip group normalization
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Fig. 6. M-A plots of 5 K rat cDNA microarray. (A). Black and orange circles denote M values before and after within-print tip group
intensity-dependent normalizations. (B) and (C) represent box plots of M values with respect to 16 print tips before and after
within-print tip group intensity-dependent normalizations. We may note in (B) that print tips corresponding to 4, 8, 12 and 16
yield lower M values relative to the other print tips. These four blocks are located at right edges of the array and thus this effect
is referred to as the edge effect, a special type of the spacial effect.
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