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. Total RNA

(1) Trizol (Invitrogen, USA)

total RNA
(2) Total RNA RNeasy kit (Qiagen,
Germany) RNA
©)) RNA (Bug/ul )



Microcon YM (Millipore, USA) RNA
4 RNA Gene Spec (Hitachi, Japan)

Gel Documentation-Photo System (Vilber Lourmant, France)

. CDNA

Test sample reference RNA  total RNA 40ug test

sample  Cy5-dUTP , reference sample Cy3-dUTP  labeling

Reference RNA 11 RNA
pool Yonsei Reference RNA (Cancer Metastasis Research
Center) . Cy3-dUTP Cy5-dUTP labeling
cDNA , 17,000

(GT-CMRC,  KOREA)
washing GenePix

4000B scanner ,



G Cy3 labeling 532 nm

, R Cy5 labeling 635 Nm
635, 532 nm
foreground background
R, G R,
G
20 ( 1) )

logs G

1. log, R vs. log,G



log, R vs. log,G

M-A

A=0.5*l0g,(RG)

A

M-A

log, R vs. log,G

M-A

M-A
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KNN (K-Nearest Neighbor) K ,

K
KNN 2
1 17K
. Blank ,
1 3, 4 house
keeping ,
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1 2 3 4 589(Blank)
14389 1318 10 5 1
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t (Family-Wise Error Rate)

10,000 0.05

10,000*0.05=500 500

# not rejected | # rejected
# true null hypothese U v m,
# non-true null hypotheses T S m,
W R m
2.
2 m M,={i:H, =0
M, ={i:H =1 m=Mo|, m=M | ( |
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) , V 1 (false
positives) , 1T 2 (false negatives)
1 PCER (Per-comparison error

rate), FWER (Family-wise error rate), FDR (False discovery rate),

pFDR (Positive false discrovey rate) . PCER 1
, 2
PCER=E(V)/m . FWER 1 1
, 2 FWER=Pr(V > 0) . FDR
1 , 2
FDR= E(!) . R 0 FDR
R
R=0 v 0
R

FDR= E(!R]1R>O}) = E(!R |R> 0) Pr(R> 0)

pFDR 0 1
A\
2 pFDR= E(E|R> 0) ; 1
PCER< FDR< pFDR< FWER
23
Westfall & Young ** t
p-value
stepdown , maxT p-value
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Ity Bltg, Rty -2ty Pt |

Py,

= max{Pr(max [T, Bit, IIH,)}

Hy=nM{H =00 . Ge

23

Permutation algorithm for step-down maxT adjusted p-values -
based on Westfall & Young(1993) Algorithm.

For the original data, order the observed test statistics such that

tg BIty Bt For the bth permutation, b=1, ... ,B:

|-

1. Permute the n columns of the data matrix X.

2. Compute test statistics tl,b""’tm,b for each hypothesis.

3. Next, compute Ujp, =Max,_ |ts|’b |, the successive maxima of

.....

test statistics by

um,b :|t

sm,bl
ui,b :max(u”]_,baltsi,b |) for i =nm-1, ..., 1.

The above steps are repeated B times and the adjusted p-value are

estimated by
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~% _#{b:ui,b thg |}
psi - B

fori=1, ... ,m

with the monotonicity constraints enforced by setting

P, < Py . Py «max(p, ,Ps) fori=2, ..,m

1
, Bootstrap
1 ’
23 . R- t
Package (http://www.bioconductor.org).

. SAM (Significance Analysis of Microarray)

SAM Tusher 1 http://www-

stat.stanford.edu/ tibs/SAM/

SAM , ; ,
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SAM

r
d=——i=12---,p 2
S +5, [ 2]
Tt
=X, =X, Xil:z_J’ XiZZZ_J

jec, Ny jec, o

S =l T 0 ~R) ¢ 30652 H 0+ -2

2 jeC jeC,
2 t- ., S fudge factor
M
S . , 100 5,000
FDR (False discovery rate) . FDR
5 SAM
List Delta Table Delta FDR
Delta
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Significant Genes

(Empirical Bayesian Process)
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) i . J . Q)

17



= gPr(Ig—ll(Mij)) .
g Pr(lQ:OI(Mij)) [ 1

p Pr((My)Il,.)
1= p Pr((M;) 11 3.)

p Pr((Mg)||g=1)1;[Pr(Millg=1)

1-pPr((Mg)140) [IPr(M; [1,=0) [ 5]

p Pr((My)[1,)
1=pPr((M 9) Il g:o)

B, =log

g

=log

=log

18



a+1(%g+k$Ng)+M§" mn
mn

Bgzlogl_pp\/(lfm[ . E ]z
a+%(SSBg+kSSNg)+1+r;]C
[ 7]
7 SSB,, S9N,
R (www.r-
project.org) Package
6
Y B X M
B
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B vs. M)

(Linear Discrimination Analysis)
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Straight line ]

Same shapes

Hy z,

17

((x) =argmin, (Xx= ) (X= )" [ 8]

R-

.2 (Quadratic Discrimination Analysis)
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Mot straight ImEJ

Different sha [JES_]

o(x)=argmin, { (x— 1), (x=,)" +10g|Z [} [ 9]

R-

. SVM (Support Vector Machine)

SWM , 2

. SWM 9
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(hyperplane)

. SW http://www-ai.cs.uni-dortmund.de
/SOFTWARE/MYSVM/index.html , R-
Package 1o
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DAVID (Database for Annotation Visualization
and Integrated Discovery; http://appsl.niaid.nih.gov/david/)
DAVID
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Hybridization #. number
(Reference, Normal tissue) (Reference, Tumor tissue)

Yes Yes 86

Yes Missing 13
Missing Yes 12

3 111
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total RNA 25

13 12 total RNA
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SAM

197

14

80%
80%
KNN (K-Nearest Neighbor)

K 10 2

15,274*197

12 197
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(%) (%)

100 9960 50 15975
95 14142 45 16082
90 14776 40 16178
85 15069 35 16245
80 15274 30 16315
75 15433 25 16384
70 15554 20 16443
65 15671 15 16518
60 15770 10 16599
55 15846 5 16696

0 17664

29




30



86 t , SAM,
t (Family-Wise Error Rate)
R- Package
86
t 10,000
. p-value 0.0001
3,516 . t
, p-

value

. SAM (Significance Analysis of Microarray)

SAM
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. SAM

paired data ,
5 (FDR)
SAM
(False Discovery Rate) 0.00378%
5,657 . SAM t

(Empirical Bayesian Process)

R- Package

B- 0 6,661

32

5,000
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t
3,516 3
3,296 3
t
3,472
. SAM t
178
t+tFWER
\z/
B SAM
13. t , , SAW

3,516
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(Mean)

34

SAM

(Var)
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Mean-Var plot
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SAM
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Abstract

Statistical Identification and Validation of Gastric Cancer-

Related Genes Using High-Density cDNA Microarray

Sang Cheol Kim
Department of Medlical Science

The Graduate School, Yonsei University

(Directed by Professor Sun Young Rha)

The development of microarray that simultaneously monitors
thousands of genes has new challenge on statistics as well as
biology. Using microarray data with RNA extracted from gastric
cancer and normal tissue around it, this study aims to search for
the genes discriminating between normal and cancer tissue using
various statistical methods.

The study used total of 197 data among 111 patients - paired
data of normal and cancer tissue from 86, normal from 13, and

cancer from 12 patients, respectively. Using 86 paired data as a

48



training set, significant genes discriminating normal tissue from
cancer tissue were selected in a manner of Family-Wise Error
Rate (FWER), SAM (Significance Analysis of Microarray) and
Empirical Bayesian Process. Number of significance genes were
3,516 in the FWER when adjust p-value is less than 0.0001, 5,657
in the SAM when FDR (False Discovery Rate) is 0.00378%, and
6,661 in the empirical Bayesian process when B-statistic is more
than O, respectively. To validate the predictive accuracy of the
selected genes from FWER, LDA (Linear Discrimination Analysis),
QDA (Quadratic Discrimination Analysis) and SVM (Support Vector
Machine) were used in a separate test set of 25 unpaired samples.
As a result top 2 genes showed the prediction rate of 0.96~1. The
selected genes from each method were categorized into
physiological, cellular, and the developmental process according to
the Database for Annotation Visualization and Integrated
Discovery (DAVID, http://appsl.niaid.nih.gov/ david/).

Significant number of genes to discriminate a normal and cancer
tissue of the gastric cancer were selected with various statistical
methods. These selected gene set might serve as an important

database for understanding the carcinogenesis and progression of

49



gastric cancer, and the potential biomarker candidates for the

clinical application.

Key Words : gastric cancer, microarray, statistical method, gene

selection, discriminant analysis, database
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