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Abstract Since microarray data acquire tens of thousands of gene expression values
simultaneously, they could be very useful in identifying the phenotypes of diseases. However, the
results of analyzing several microarray datasets which were independently carried out with the same
biological objectives, could turn out to be different. One of the main reasons is attributable to the
limited number of samples involved in one microarry experiment. In order to increase the classification
accuracy, it is desirable to augment the sample size by integrating and maximizing the use of
independently-conducted microarray datasets. In this paper, we propose a novel two-stage approach
which firstly integrates individual microarray datasets to overcome the problem caused by limited
number of samples, and identifies informative genes, secondly builds a classifier using only the
informative genes. The classifier from large samples by integrating independent microarray datasets
achieves high accuracy up to 24.19% increase as against other comparison methods, sensitivity, and
specificity on independent test sample dataset.
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S

® 7 k-TST ¥% WY ¢ud&

Input:
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X < X5 < X)) BAY A2,

7} 7 2 JAFE e AL ¢ £ o ol £33
A X X, Xl i X < X < X 9] FEFo) g
Veide) M Bode RS 9udd k-TST ¢xndE
< BEE JEHHE {§3A X, X;, Xk 2% disio
AE 78l o] ghol & K9 #3E w9
9 Ao AL FAHL (A4 066, ta BA: X < X
< Xy, AR 2% X, X, Xk, A FY2 dold:
C) 2 38" § Aok #d H2E HEo S
ol&g WHstuA & o, A4 A 7wt ddA X,
Xi, Xx A2 & #39 X; < X < X 9 A
E WE]AUE HZ2E AZY FH2E C12E #d
A ot AAZE olye FHe AL kAjolr] w)
Foll it R (majority voting)oll ©E} H]AE AW
9 28 WA S BX YL olf 4
% 2.

o r, is the i" rule

* S is a test sample

® k is the number of rules o NC is the number of normal count

L(r;) =Class Label of the r,(L(r;) = {normal , t

L(r) if S satisfies the r,

P(S)=
L(ry) Otherwise
1 if P..(S)is a Normal Sample
V() =
0 Otherwise
k
NC=)"¥(r)

i=]
A YA Z0)E A ) SAE FA2 wo]
B¢ dulsn B9t H2E AF ST 7Y n B W

% A%olE 75 9 $A Sd2 Holiw, 13
A 4e Al FH r9 AR T Ao

Q22 JHT Y7 T HAE NE9
gAas 73 rd $AF F82 FHolBo] normalol

I H2E AF S7 73S 9E5I0E normalE,
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e T3 e B3 2 33 HEY Aede 18
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#HE sl 8 BF AEolga #AF 3AsE BF
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nEe| Fas oz WA B 1A G2
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B ZoXe =i A F 9A nlojazold
o] B4 v¥e AL} HAEAHES AF3 A% 47
& JlEdd B dgdMe =58 539 4 bl
El7l vlm3d ge AP (Prostate Cancer) wlolZE
oldlo] diolelE AMEEATE Aol ARE vlo]A R0
do] ZTHZ L AffymetrixAte] HG_95AV2e]t) o)
AGAA AHgE dolels ZF A¥AY o]&U Singh
[19], Welsh{20], Latulippe[2112 #7|3ch

4.1 LOOCVE &8t AF 739 (K #E

E AolMs LOOCVE ol&3l 7wa9 A4A KE
HAs) 7ty =) 71 28 HFHY K9 e 4=
Aol s} vt BE AXvEHE {fAxe A
= 500014 20072 Aelsh= Ao) Ak e]=2[10,22],
2 AgdAe F FAA AFd 12600709 1%
126708 g3tk ofd 23 7414 28 127414€ K
o] Hdlghs 1002 MRS W KE HAAA 7
Zt ulolz2o]F o] Holele Ul LOOCVE HHE 1
dzolm E 11L& A A7 42 HFY Ko e
ot g7|A vz HAE2A RIS (Accuracy)d ¥IHE
(Sensitivity) 18]35l Eo]A(Specificity) 2 A3t
°)F Aoz vepld o9} Btk

The Nmberof Correctly Predicted Samples
The Nmber of Samples

Accuracy =

The Nmberof Correctly Predicted Cancer Samples
The Nmberof Cancer Samples

Sensitivity =

The Nmberof Correctly Predicted Normal Samples
The Nmberof NormalSamples

Specificity =

F 10 AP prostate cancer) vFo]AZ o7 o] Ho]e}

o ole} Z2H AE (FA2 M) A MES & & AEY F Z A5 &

Singh 12600 50 52 102

Welsh 12626 9 24 33
LaTulippe 12626 3 23 26




54 AR A =5 A : HoletwlolA A MY A A 1 (20072
Singh's LOOCY Singh+Welsh's LOOCY
98 %
9 ] 88 / L A
o ./. 86 //_____/
[ S— A
g 90 - e g y
8 A * * - 4 78 [ /
- Accuracy 7 A
86 e~ Sensitivil 74 k- Seusitivity
" - Specificity n - Specificity
1 3 5 7 9 1 3 5 7 9
The Number or Rules (K) ‘The Number or Rules (K)
8 7 Singh Hl°]ElZ LOOCV 2% 10 Singh¥ Welsh®] £ dloJel& LOOCV
Latulippe’s LOOCV Singh+Latulippe's LOOCV
100 n "~ A & %
* N\ /
30 2 \\ /
70 % e
i P DN
/ - - - -
50 86
/ =~ Accuracy o ':'AW““WY
%0 - Sensitivi -
30 '—-‘/ - Specificity 2 -@-Specificity
1 3 5 7 9 1 3 5 7 9
The Number or Rules (K) The Number or Rules (K)
213 8 Latulippe ©l°jelE LOOCV 19 11 Singh¥ Latulipple?] % dlo]elZ LOOCV
Welsh's LOOCV Weish+Latalippe's LOOCV
100 100
95 & 95 N A
% [ ——— il . . °

75 W il i . 75 \/
70 = Accurac; 70 ~&— Accurac;
sl D o o hoeumey
o 8- Specificity s B Specificity
1 3 5 7 9 1 3 5 7 9
The Number or Rules (K) ‘The Number or Rules (K)
13 9 Welsh ©lo]e}Z& LOOCV ¥ 12 Welsh®} Latulippe2] 5§ tio]el& LOOCV
E 11 LOOCVE %3 943 &3 K A Fojd ZEHA dHoletE HAE TloJEE 3o
Traing Data EERS APHRE 2¢ FEz7 2old & A7) wEolrh
Singh 9 4.2 IENE|E REX}; £& WOl F&E Ul
Latulippe 5 E AdME =8dA AL AXAER FEA
B 2 3 Pdol BE AI=E W B4V HE o
ing els N
Singh + Latulippe 7 2 YE¥3Q JXHEE {32 F& PP Q=
Welsh + Latulippe 5 o] Ad(Information Gain)¥} "= o] Z(Relief-F)

3t

Ao AHYE B3] o]F7] wEe] dA e @

dustd e ASst UR H4e A%

&
1=K
i

%

€ ARSI ol | 5 i 2 53 wolgl o
2 HEske Ao Vs3] Wi 73 dutz<l
e i Z-scoreE ARSI FHIAAY. a8n
F oA @A g4 EF Wi v dFe=s



294 R T B vl o] deolete {71 A

Singh

[E0ur System + SvM
BRelief-F + SVM
8 Information gain + SVM:

&

Percentage
© @
4

Accuracy

Sensitivity
Measures

219 13 Singh Helgd] digk LOOCV A=}

Specificity

;EOur System + SVM
iBReliet—F + SVM

Percentage

Accuracy

Sensitivity
Moasures

a3 14 Welsh ®lolele] g LOOCV ZA3}

Latulippe

100

90
L NN - = N\ e —
70 _
o ————
g% B0ur System + SYM
g 80 - B Reliel~F + SVM
S 40 Rinformation gain + SVM
& (Binformation gain + SVM.

30 -
20 =
10

Specifieity

Accuracy

Sensitivity
Measures

1% 15 Latulippe HlolEto] st LOOCV A=

A HE A4 Fopelld 7 F& HE=E Jehin
¥ SVM(Support Vector Machine)S ARE39)
Oy 1394 ' 18 7 dlojgl MEY] tF LOOCV
o] AE=E Vel 2z},

e} IYPZEL RYE =FA AU AEHER
FZ ge]l O el BiE FYIAY © A U
€& € 4 3tk Singh# Welshe] @2 dlolgto] o
g LOOCVY AF=(a3 1314)e AXEulA AUQL
AHE8E Aot BdstA vgker Latulippe HloJEH L
g 1594 gside 9 £ 45 Jeidth a8z

Percentage

Percentage

Percentage

¢

55

Singh + Welsh

100
90
80
70
60 -
50 |-
40
30
20 -
10

[E0ur Systom + SW
-{B Reliof-F + SVM
S Information gain + SVYM:

Accuracy Sensitivity Specificity
Measures
2% 16 Singh¥} Welsh 5§ diolele] gt
LOOCV Z3

Singh + Latulippe

80

70

60 B Our System + SVM
50 Bl Relief-F + SVM

40 ¢ Binformation gain + SYM

Accuracy Sensitivity
Measures
1% 17 Singh¥ Latulippe 3 djo]e}ol] 3+
LOOCV A}
Weish + Latulippe
120
|
100 |
80 ‘
[B0ur System + SVM
60 ! SReliet-F + SYM
[information gain + SYM
40
20 -
0
Accuracy Sensitivity Specificity
Measures
9 18 Welsh$}t Latulippe £33 siolelll tig
LOOCV Z3}
Fz0

4= JzrRTE diE AYTE HYS & &
A}t &3] Singhd Latulippe®] % dlolela® 17)
of 3§ LOOCVY AZrE & WHEC 8] 10%
ool & FFTE Rl ok ojdd ARE v

5

Zol 2 W, B EEA AV ATAHE {8
%% Wyol BE #% WHsSe BHAAUG & o F
© 45e HATE AE T & Atk

okgh 23 19914 18 218 Al A dolg s

i

H2E dojet2 A&t A dojete] 23S
srguojelz AMgste] AHES HFF g zolth o



&

& E°] Singhg HZEHEIZ AL&E 7%, sFd
ole} M Ei= Welsh, Latulippe, Welsh+Latullipe7} &
o £ du8Ee Z sgHolEERY BEAE Ao
A SinghHlolete] &3l FJE=E 27, vlwsigct
283 Singhell it EFAE & A 7R 3 D
2 =FoA ARG JAXMER FAHAR 2 WY +
SVM, 2) "= o= + SVM, 3) Axdold AA +
SVM¢] AF=E vindtsch

=93 dHoelz HAEE FY3F 99 JYg=ES
B4, LOOCV AgdAe} vl 2 =7l Algtst
JAEHEH {12 £& Wyo] AXdold AL T

Test with Singh
90
80 -
70
E s
Ed
2 40
<
30
20 ~&~Our System + SVM
16 b - Relief-F + SVM
. e | ion gain + SVM
Weish Latulippe Welsh + Latulippe
Training Data
¥ 19 Singh$ HZE dloJelZ AMS
Test with Weish
100
95 LN
90

P

2 \
% 80
3
< 75 v
7 : - Our System + SVM
65 |- -l Relief-F + SVM
" - Information gain + SVM
: j
Singh Latulippe Singh + Latulippe

Training Data

a8 20 Welsh& HXE ©lo|elg ALE

Test with Latulippe

2 8
K
N
A\

86 “~-Our System +SVM__

4 B Relief-F + SYM
- i in + SVM
82 - &
Singh Welsh Singh + Welsh
Training Data

719 21 Latulippe® E|AE dlolelz Al

RSB = A vojetuo] 2 A 4 A A 1 F(0072)

43 H5E RolAY FF ¢ £ AFS EQd.
ool ARl el BF wlojelo] wiE) 4 o F
< FYEE Ro|x g ¥HE (1Y 19), ¥ =FA
At e dolets 58l A& FE FUH A
245 FY=7} oA AE € F U

4.3 S~ 2R YHo| HSE Hlm

E HoMEe 413864 78 74 &< vlojzRofg o]
dlelete] i3 HH e Ko #4E o] 43t EHAHQ
dlelele] L34 o Ats= F dA FZ A=E
o] AYEE 71E9 k-TSP WHT 4248044 vz A
s 7B WY F o F& Ase B Qx;HolA
AL HE&3F F SVME 83 Hid via 43
oy 2y 22604 ¥ 24% Singh, Welsh, Latulippe
E 747 5339 H2E dHolglz o] &da 1 oj9e]
vlojazojlo] Hojete] xFoR Bhgsle] F3& T
Eo] HAEZ AT g zojtt F 12 A A&
€ K9} & vepdch

Ao A 2dZg BRE & F URo] &Y wolam
olglo] dHlolete] e H2E AIE k-TSTV ©e
g vlg $F F2 AgE UAE 2o 28y
@ wlolzgogo] dHolehs 4 HoJElZ A8
o ME 47 FEA gvl 53] Welsh, Latulippe
dAXz WY F71 o 307 Wgela FY AEH ¢

=

Test with Singh

~k-TST .
4 =TSP |
=~ Information Gain + SVM

Welsh Latulippe
Training Data

a9 22 Singh€ HIAE HolElZ AME-

Welsh + Latulippe

Test with Welsh

100

95 LN »

90

85
2 80 po -
g 75
< 70

65

60 --k-TST

55 kTSP

(-~ Information Gain + SVM.

50

Singh Latulippe
Training Data

23 23 WelshE HI2E Holgt2 A

Singh + Latulippe



294 HAENs 59

Test with Latulippe

100 »

95 T~ /

-
80

75

7

65 \/

o -kTST
-
5 k-TSP

o (=& Information Gain + SVM|

Singh . Welsh Singh + Welsh
Training Data

719 24 LatulippeE H|A-E Hlolglg Al

Accuracy

¥ 12 Ag A48 729 AEEK)

Test data |Training data k-TSP k-TST
Welsh 3 5

Singh Latulippe 3 5
Welsh + Latulippe 1 5
Singh 1 9

Welsh Latulippe 3 5
Singh + Latulippe 5 7
Singh 1 9

Latulippe | Welsh 3 5
Singh + Welsh 9 9

BE %9 £¥7} vt Hol7] W] o|F e Hlo|

B2 2t A A58 vy 2L w5 WA R

7Fe/de]l Aok 1Eut Sy dlolgle] AE o] 427} o
E5E, & 9 nlo]aRolye] HeolelE: FRIFE,
k-TST9 A%Er} k-TSPY SVMel HIs] 15%9]A
Aol 2419% Ford(ad 22, 23)S & ¢ Utk 99
HPES FAZ 9 o B =8N A = &
A A2l ©Y wmlolzzejle] HolgtE: F¥shad
goE, AR 52 FAL 45 e 2L ¢ 5 ¢
=8

528 ¥ g A7

B E=RNE BYdoz 448 mlolamold o)
JEE FUHIT QEeHE FAAE e F, s
25 FHE A4SE F oA A2 wEe et
2 e2el 3 FH g B

slolazoldo] Holele) o] EurHoz wR e
AN BAR PBAR FAZ TE QTR
=Ydoz A dolEle BUL 5 Yt N2e B
e A 1 Aol Hgsgnh doleel BHon g
Aol $EL SN A £ JUE
BolE BRAT 2E & AQTh =B T WA A
APRA A 2 DA 1RANN F2E Qv

5% wolz2olg o] diolge] {7 A4 57

=

BB fAREE AMEFo 2N AMES FiFes =
d F Atk a3 B =wA AAE gHi B
HEe a3z vt vlad Ha sjio] gl
0 Fo) Ao ¢f A7 E A48 HE A
A @& § Jdok dustE e {7
ojg&te wlojARojHo] A¥EL v ko] AME
AL vlE WA vl EEH oY) wEo)rt
=FdA AT gaeEe] g Ala" ol
Hol X3y8 HAFANE AW, B =59 AXHE
FAA FEUge]l v W e I AY 2
LS & F Ui, 51 vie|azo o] HolgEg 53
st shgHjolete] AT F7t SojdeE, & =89 &
ALY AR g2 e vls] 453 FolRe ¢
F UATh Yo HYPEL TAZ FPE W B =5
A AR T 9A HEHe] Y mlejaRojyle] dlo]
E3etd #3542 AL 52 73S U5 UE
4 F A
A %% AF2 1) AffymetrixAle] ZHE Bal o}
Yzt o vFes 33 g Tdde cDNA Z9F
I AFshke WY 2) A9#A By == FYd2HY
e 43y, 43 FAAE Y EAFe 3%
(redundancy)% Slole WY 3) FHlx EF 7319 A
, 2 A4 ZFse /AR AeE F 9 dvks
Ol't Wy 5ol o

N
z N
oo
rLI[o

re e

U
-

X

o 2

PO

o alu

U

[1] S. Mukherjee, P. Tamayo, S. Rogers, R. Rifkin, A.
Engle, C. Campbell, T. Golub and ]J. Mesirov,
"Estimating dataset size requirements for classi-
fying DNA microarray data”, Journal of Compu-
tational Biology, vol. 10, pp. 119-142, 2003.

[2] L. Xu, A. Tan, D. Naiman, D. Geman and R.
Winslow, "Robust prostate cancer marker genes
emerge from direct integration of inter-study
microarray data’, Bicinformatics, vol. 21, pp.
3905-3911, 2005.

[3] J. K. Choi, U. Yu, S. Kim and O. J. Yoo,
"Combining multiple microarray studies and
modeling interstudy variation”, Bicinformatics, vol.
19, pp. 84-90, 2003.

[4] H Jiang, Y. Deng, H.S. Chen, L. Tao, Q. Sha and
J. Chen, "Joint analysis of two microarray gene-
expression data sets to select lung adenocar-
cinoma marker genes,” BMC Bioinformatics, vol.
5, pp. 81-92, 2004.

[5] J. Kang, J. Yang, W. Xu, and P. Chopra,
"Integrating heterogeneous microarray data sour—
ces using correlation signatures,” In International
Workshop on Data Integration in the Life
Sciences (DILS), 2005.



58

(6]

(71

[8]

[91]

[10

f11l

(12l

[13]

[14]

(151

[16]

(17

[18]

[19]

[20]

[21]

AR A =EA : vojeto]x A A A Al 1 Z(20072)

S. Dudoit and J. Fridlyand, "Classication in
microarray experiments,” Statistical Analysis of
Gene Expression Microarray Data, Chapman and
Hall, 2003.

C. Tang, A. Zhang and J. Pei, "Mining
Phenotypes and Informative Genes from Gene
Expression Data,” ACM  SIGKDD, pp. 24-27,
Washington, DC, USA, August 2003.

A. Ben-Dor, L. Bruhn, N. Friedman, I. Nachman,
M. Schummer and Z. Yakhini, "Tissue classi-
fication with gene expression profiles,” Journal of
Computational Biology, vol. 7, pp. 559-583, 2000.
C. Bishop, "Neural networks for pattern recog-—
nition,” Oxford University Press, New York, 1995.
T. R. Golub, D. K. Slonim, P. Tamayo, C. Huard,
M. Gaasenbeek, J. P. Mesirov, H. Collier, M. L.
Loh, J. R. Downing and M. A. Caligiuri, "Mole-
cular classification of cancer: class discovery and
class prediction by gene expression monitoring,”
Science, vol. 286, pp. 531-537, 1999.

P. J. Park, M. Pagano and M. Bonetti, "A
nonparametric scoring algorithm for identifying
informative genes from microarray data,” Pacific
Symposium on Biocomputing, pp. 52-63, 2001.

I. H Witten, and E. Frank, "Data mining:
practical machine learning tools and techniques
with Java implementations,” Morgan Kaufmann,
1999. .

M. Robnik-Sikonja, and I. Kononenko, "Theore—
tical and empirical analysis of ReliefF and
RReliefF,” Machine Learning, vol. 53, pp.23-69,
2003.

N. Bailey, "Statistical methods in biology,” Cam-
bridge university press, 1995.

C. C. Chang and C. J. Lin, "LIBSVM: a library
for support vector machine,” 2001, http://www.
csie.ntu.edu.tw/~cjlin/libsvm.

V. Vapnik, "Statistical Learning Theory,” John
Wiley & Sons, New York, 1999.

B. Dasarathy, "Nearest Neighbor Norms: NN
Pattern Classification . Techniques,” IEEE Computer
Society Press, Los Alamitos, CA, USA. 1991.

A. Tan, D. Naiman, L. Xu, R.- Winslow and D.
Geman. "Simple decision rules for -classifying
human cancers from  gene expression Dprofiles,”
Bioinformatics, vol. 21, pp. 3896-3904, 2005.

D. Singh, P. G. Febbo, K. Ross,D. G. Jackson, J.
Manola and C. Ladd, "Gene expression correlates
of clinical prostate cancer behavior,” Cancer Cell,
vol. 1, pp. 203-209, 2002.

J. B. Welsh, L. M. Sapinoso, A. 1. Su, S. G. Kem,
J. Wang-Rodriguez and C. A. Moskaluk, "Ana-
lysis of gene expression identifies candidate
markers and pharmacological targets in prostate
cancer”, Cancer Res., vol. 61, pp. 5974-5978, 2001.
E. LaTulippe, J. Satagopan, A. Smith, H. Scher,

P. Scardino and V. Reuter, "Comprehensive gene
expression analysis of prostate cancer reveals
distinct transcriptional programs associated with
metastatic disease,” Cancer Res, vol. 62, pp.
4499-4506, 2002.

L. Li, W. Leping, C. R. Weinberg, T. A. Darden
and L. G. Pedersen, "Gene Selection for Sample
Classification Based on Gene Expression Data:
Study of Sensitivity to Choice of Parameters of
the ga/knn Method,” Bioinformatics, vol. 17, pp.
1131-1142, 2001.

[22]

# 9 v

19813 29 Mgdigtn AAASNE &
A(EAD. 1981 6€~19833 694 23}
ol FHdg faA(FAE). 19874
3¢ zdzcdista HAFEHAEH =4
(AAD). 19874 59~1993d 5€ Intelli-
Genetics Inc., Mouhtainview, California,
Software Engineer. 1995\ 29 ~3dA 7hdelzettstn
3% 20059 38~ AA AT BFE AT DAkt
3. BAEk:= Holeho)x Al2HE, doJg nlold, Hpol
LAF Y

o] & &

20043 8¢ dAWEw AFHANH &
A(EAD. 20061 89 AMIEE BFE
sepat el EY(HAD. Bl
YK 71aku) 2, ITS, dlojehuo] Al
=, dlojel wleolg, nlo] Q¥ HE A

v 4 4

19899 2¢ AMgWdn FFE TR &
A(EHAD. 19919 2¢9 A2dsta HFTHE
283 24(44h. 20013 29 UCLAY
gw AastE £, 1991 38~
1996 8¢ the-FA 7Y 2001d 2
4-~2002d 6¥€ IBM T. J Watson
Research Center Post-Doctoral Fellow. 2002 8¥~
2003y 8¢ 2 FFAYstm AFE I 2w, 200348 9
4~20069 8¢ FAietm FFE AT Zs 20062 9
A~dA AN AFeAEA Rug @B H
olgldlo]2 Kol dolgl wlo]yd, vlolelEnEl 2, XML

=
o



