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Abstract: Informative gene selection is an essential step to perform tumor classification with large scale
gene expression profiles. However, it is difficult to select informative genes related to tumor from gene
expression profiles because of its characteristics such as high dimensionality and relatively small samples,
many noises, and some of the genes are superfluous and irrelevant. To deal with the challenging problem
of finding an informative gene subset with the least number of genes but the highest classification per-
formance, a novel hybrid gene selection algorithm named SUNRS is proposed based on the symmetric un-

certainty (SU) and neighborhood rough set (NRS). Firstly, the symmetric uncertain index, which aims
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to eliminate redundant and irrelevant genes, is used to select top-ranked genes as the candidate gene sub-
set. Secondly, the neighborhood rough set reduction algorithm is used to obtain the target gene subset by
optimizing the candidate gene subset. Experimental results show that the proposed algorithm can obtain
higher classification accuracy with less informative gene, which not only improves the generalization per-
formance of the algorithm, but also enhances the time efficiency.

Key words: gene expression profiles; neighborhood rough set; symmetric uncertainty; feature selection;

tumor classification

51

il

i e o R BB NS AR i B R 2 — o R A B A BEOR R IR R T AL s e K B
DNA 50510 51 42 40 3 Pk DY 208 S 0 200200 0 20 K 2R 48 L I I A 0 S o 084 A 1) — 2R A2 R i PR i
i 96 56 PR 3% 36 33 2 48 R R 8 B0 i CEY DN GES ) T 2 58 R i e 4 21l O 4 21 S5 A Rl AR AS 3R 3k
I o BIF 5T B B PR 3k 3 v 5 e 6 5 0 8 U0 RH O 118 DG B 5 PR (SRR Ry R 1k 6 PR £ B Ak PR i 3R
W WETERE D SR 2 BRUE B DR R DA R A B R R R o R 2R Y R R AR AL W LA B Y
Wi YT T AL 0 A 0 T T B [ IS A A IO A R A A R Y S

Bl E DNA G 51 AR B PR 4 e o AT A5 K B 04 25 TR 3k 335 o DI Ay F 9 i 988 1149 5 i AL+l A
I R A2 W7 S At 1 o AR . ORI i TR 3R 3K 9% A7 A R 2 /N RE AR VR RS R HLOU AR R R 2 4 B R L X
U5 B 7 B DR 6K 1 ok R 43 2 ) BBLAE 5% O LR Bk K . Guyon %57 45 Y 2 3 13 DNA Bl |42 81 AR 3K B
R PR 3K 4% v B A KR 5 R A B TU AR O A O A R T A s TG OGS TR A A TE N S SO S b
JE8 43 J ALY S i B T L R AT Sk G B A B LG G R AR A [ R DR i R R A TR i A
BE T AL SR 3K 1% 1 IR 43 28 B9 B S8 A% O R AR L B OME BN B R AR W BE e A R Y W O RO
z =t

PNAF B2 o BE 2 1 B A R RAR R R AR 1 — AN R AE 0 o] 687 1 B A vh B A R AR BT LA Y A R E
B Y VTS B AN 5 AE X R AR 2 28 TR BE (9 TR /0N 3 SR A AR A R DR B DG B R — AR AE
S 4 FRRAE < JEOCRRAE L TUA RRAE L 55 SC I Il 0 A R AR A0 9 OC R RFAE - . I 5 A R AE - 4 AXUAX
A0 B A RRAE , BRI 55 R ICHE U A FRAE RN 98 S R AE o A5 8 3 R %k B CRPRRAE 38 £5) 2 38 S 323k
P T A 5 TR e 38 B — > e AR R TR 4 RV ol 5 B TG G B TRURN 0 4 B TR B 4% 55 40 28 H A A7 AE 5 AR
SRR A5 B B AR DT S SRS A SE 5 B A A SRR A GE R L RFAEE SR T T A O 3 K
R YR B R TR R AR L vk U O 1 R R R L 4 2 3R T 06 O T v A/ RE AR
PH BN T2 R o b U 5 1 DA RR A AR DG M 0 BE DAy B Gl A R AR ECREAE SR B RH DG ET L RRIE AT 56
PRI B AT 43 A R AE -2 IR 56 M (LR G 56 1) 0 2 R R AE 7 AE 4 56 1k (LR P Se O g, 3
Hh, G DG P 0 32 38 2o 55 AE 6 R A 28 53] 1 DX 43 BB ) o PP REAE 04 B ML I TR BT L FR R
Fisher | 5|1 5 B #4250 5238 & T /E 5 1iF (Receiver operating characteristic, RoC) fi £ Fil{= I 11,
(Signal noise ratio, SNR) ™ &5 5 F-H 5 P I B2 6 /2 5% 715 28 BURFE B B 19 58 TF e Mok 37 0 5 A ¢
AF (A AH S FE BE , tn B 5 BE L2 JR 28 M 96 2 8 (Pearson correlation coefficient, PCC) P 1 %F #5 A # 1 P
(Symmetric uncertainty, SU) "' AR 38 S e B b m] B T RE A RRAE 52 B0 R0 C-A e T

SU J& — i F] F AR 20 5 348 1 F 2 1 AR SC I B2, F T 9P Al 75 A AE 2k 1 BB BIL S o 22 [) 9 AR G R
Yu S04 — Fh S T 4R A AF 56 M Y P 35T 3B (Fast correlation-based filter, FCBF) ¥ 4F % 4% 42 32,



428 HIEREEH LA Journal of Data Acquisition and Processing Vol. 33,No. 3, 2018
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F1 EERRAEXRBESEHR

Tab.1 Description for experimental datasets of gene expression profile

il B R 4 PR HHEH HEARE GEZR/ 5128 FA %A

1 Colon 2 000 62(40/22) 2
2 Prostate 12 600 102(52/50) 2
3 Lymphoma 7129 77(58/19) 2
4 Leukemia 7129 72(25/47) 2
5 Lung 12 533 181(31/150) 2

ARSI B PR R PC HLEC Dy Intel F7 15 DU AR B 25 G645, T4 2. 90 GHz, YA 2 GB Al Win-
dows XP ¥EfE R4 . B 24478 Weka 3. 7. 13+ Matlab 2012a o 52U 52 5 F1 FH Weka % fF T 278
B AN R e B U7 VR R H bR TR AR A 4 R A SRR AL B DR SR A C4L 5L BE BL AR AR S AF AL
(Support vector machine, SVM) Fl K-i 4B (K-nearest neighbor, KNN) , 3 H 4% >/ 28 15 81 ) 32 1k 14 fE
4% B — 38 B (Leave-one-out cross validation, LOOCV) J5 8= #4737 EM .

B T A FR A DR PR B AL IR O T BR AN [R] A0S S 50 2 R 04 5 I S gk R L R R
PR 22 3 1 SHEAT AR E AL T AL B0 0, T 2258 1)L I X8 46 A 43 B R A 2 B S B AT U, b R Y
C4. 5 ByE B BT 8 A5 73 0. 25, BEHL AR AR b Az SRS A~ B0 (num Trees) k10, SVM Hb % 6 0y
Z 3 A R KNN 48R 8 H K 5o 107
3.2 KWHERSW

AR SCSE R AP BRAT 3 WA - (1) SR I FCBE B3 . 42 B0 AR AN o M SU Al 0 B JE ¢ S T 4% Sk
o BRI A I8 PR AR 5 (2) A5 15 B DR 1 ik e S b b R ) 405 SRS 4 I8 M 240 17 O vkt — 25 D B
JUARFER L LLRAFEAL 1 H AR5 SRR 4 .

B 4¢ s % LA _E Colon,Prostate, Lymphoma, Leukemia Fl Lung 25 5 /> 3k K % ik 3% FE A 42 58 3 5T RO
B 72 1k SU & SCIY C-AH I S Bk JC ¢ 5 PR F-AH G 22 BR T A Ak [ o di 2 4R A M 32k 114 15 8 3 R SR 50 H 4 i)
D 14,77,73,51 R 128, SRS ) T 48 SOHLURS S 1 Ja8 1 249 187 J7 vk a0k — 20 B3 Bk Ak 8 15 J2 Ak TR 4R v B T A Ak
B SRl B p 0 SR ARS8 0 I IR S A MR E AT AR . Gl — RS
f b s A< 32286 1 Colon, Prostate, Lymphoma, Leukemia Fl Lung 8 5 4> 3[R ¢ 15 3% 19 &5 [ 4R 8L 2 %k o
BUE 5352 0.26,0.75,1.1,0.9 Fl 1. 15 280 & SO 80/ BOAF A SO 36 vp i PR o B2 3 R IR S 80 ) U
#1785 0.000 1,

N T BAEA SRR SUNRS g #5719 H AR {5 B3 P A 7R 73 e MERE A0 T Hofh O ik 5236 vh SR D 3R
i C4. 5 Bk (B HLAR AL Random forest, 5[ FHL SVM LK K-fifr 4% KNN 45 4 Fh 4326 28 1 PEAl L
A F IR 35 35 80 1k T 30k 85 3 L 1) 40 28 P B (A SCRE B 4 40 38 1 i i 00 JEAE AR N B W A 2Pk D
FHHHT LOOCV K AL 73 e a8 Iz AL TERE .

# 2 WoRTE A UG BE P SRR TSR A BRI [ {5 5 3k A 6 8 50 0B AR A5 1 A A SR DN IR i R A
£ FRSZIR SR, 7EFE 2 F, ODP™ %75 O JF 16 Bl 40 BE (Original data processing, ODP) 75 ¥ , Bl 75 J§
I R R IR TEFEA L b A3 S8 L SNR R 7Ry H R 5 M L 45 7 (Signal noise ratio, SNR) 3 [ £ /7
EP R Top 100 A 36 s SNR+ Lasso 378 Ky 56 i SNR J5 i % Top 100 A~ JE B L /3 — 25 R 4
Lasso J5 1" 1B 7T A3 s SNR+TLasso 4275 % 5 il SNR J5 %3 5 Top 100 43 8 . F 6 — 5
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BRASAH S FIOUAY S K 1) FCBE J5 3k s SUNRS 275 A SCIRL ik R R 8 T 00 BN 82 1 SU 5 48 kL

B4R A5 B N #0735 o Beoh O 68 T M A SE B0 45 2R . 3R 2 v B RL MR B 8 7 < A AN (] 2 I ks %
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Tab.2 Experimental comparison of gene number and optimal classification performance (%) with different gene se-

lection algorithms on different gene expression profiles

ODP SNR SNR+Lasso  SNR+ILasso FCBF SUNRS

Bede R b2 W 4% JEE B R 4% R A% BER 4k
BH O teeE BH PEAE FH PRRE MH MERE BH tERE BH fRAE

Colon 2000 82.26 100 90.32 5  88.71 4 90.32 14 88.71 4  90.32
Prostate 12 600 91.18 100  96.08 63  96.08 9  96.08 77 9510 6  97.06
Lymphoma 7129 97.40 100 97.40 12 98.70 11  98.70 73  98.70 10  100.00
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