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A hybrid method to compose an optimal gene set for
multi—class classification using mRMR and
modified particle swarm optimization
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Abstract

The aim of this research is to find an optimal gene set that provides highly accurate multi-class classification with
a minimum number of genes. A two-stage procedure is proposed: Based on minimum redundancy and maximum
relevance (mRMR) framework, several statistics to rank differential expression genes and K-means clustering to
reduce redundancy between genes are used for data filtering procedure. And a particle swarm optimization is
modified to select a small subset of informative genes. Two well known multi-class microarray data sets, ALL and
SRBCT, are analyzed to indicate the effectiveness of this hybrid method.
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Figure 3.1. Flowchart of the procedure for finding an optimal gene set.
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Table 3.1. Algorithm of 1st data filtering
forj=1:gdo
if Dpair(j) < mean(Dpygr) + 25d(Dpyyr) and Dy (j) < mean(D,) + 2sd(D;)
then delete jth gene
endif
end for

Table 3.2. Algorithm of 2nd data filtering
fork =1:Kdo

C,, =index group of genes in cluster k
if maXjec, Dyyrr()) < mean(Dyyrr) + sd(Dyyrr)
then delete all genes in cluster k

else select highly ranked m genes in cluster k

endif

end for
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Table 4.1. The description of ALL data set
Type BCR E2A Hyperdip MLL T-ALL TEL Others ~ Unknown Total
Samples 15 27 64 20 43 79 14 65 327
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Table 4.2. The 10-fold CV prediction accuracies and numbers of genes of the optimal set in combination of the
numbers of clusters and genes included in each cluster. Each value is a mean of 10 trials

Number of genes per cluster

Number of 1 2 3
clusters Average number Average Average number Average Average number Average
of genes accuracy(%) of genes accuracy(%) of genes accuracy(%)
10 6.42 91.7 11.31 93.6 16.30 94.7
20 9.35 93.6 16.05 96.0 22.05 95.8
30 11.38 95.3 19.57 95.8 24.32 96.1
40 12.22 94.9 20.86 95.7 27.10 96.3
50 13.59 95.5 22.23 95.7 27.55 95.8
60 14.12 95.8 23.05 96.5 28.43 96.7
70 15.54 95.9 24.18 95.8 29.81 96.2
80 16.00 95.7 24.14 96.7 30.08 96.5
90 16.86 96.1 25.10 95.8 31.86 96.5
100 17.20 95.8 25.34 96.0 31.56 96.3
o
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Figure 4.1. Within groups sum of squares depending on the number of clusters.

cross validation (CV)& A3l 96%2] H&Hst 527} 7S ER AT o] & ¢J31o] 200717} H+=
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Table 4.3. The description of SRBCT data set

EWS BL NB RMS Total
Number pﬁ samples in the 23 g 12 2 63
training group
Number of samples in the 6 3 6 5 20
testing group
Total 29 11 18 25 83

O]tq O]Iq'] 3—]@%@1}@‘394 37]% i .‘;_(. 2337H0=IE}. Eb—} 37]7]_ 7(1]0 _},_‘% ;gl:/_]'*‘% %%6.27}] %?ﬂx}i
T/3H A-7-olH 93.15%2] S 2d S HAT
K7 #RozRE GHz & Aur ddsia JAHHSE 3 & FHurisE WHoR oS3
LOOCVE 5081 ¥hE3 Bgteh. K = 509) 493 B3t 13.77] fH0= 93.80%, K = 609) -9 14.597
AR 94.17%9] o S 2S5 Bl

4.2 Small round blue cell tumors (SRBCT) At=

Aof7) 9] Al F2 AF A E £ (small round blue cell tumors; SRBCT) o072 BH2rl o]y 8% (Ewing
family of tumors; EWS), W%l & 32 (Burkitt’s lymphoma; BL), 4178 X AJ| 3£ (neuroblastoma; NB)Z} 3] &
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Table. 4.4. The prediction accuracies of a testing set and numbers of genes of the optimal set on 1,000 randomizations of
training set and validation set

Number of genes

Accuracy (%) Total
3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18

100 5 6 7 1 18 14 14 12 11 6 9 6 2 5 126

95 3 11 7 33 31 30 39 51 45 32 28 15 9 6 3 343

90 1 3 17 25 40 32 26 29 27 30 14 20 11 6 1 2 284

85 2 8 10 16 22 21 15 17 12 17 8 10 5 4 1 168
80 3 4 3 9 5 7 5 7 2 2 3 1 51
75 1 1 1 2 3 1 5 14
70 2 3 2 1 1 1 10
65 1 1 1 1 4

Total 6 27 44 88 109 113 105 121 107 98 59 57 35 18 11 2 1000

Table 4.5. The LOOCV prediction accuracy and number of genes of the optimal set in combination of the numbers of clusters
and genes included in each cluster

Number of genes per cluster

Number 1 2 3 4

Clu(s)tf ors Average Average Average  Average Average  Average Average Average
number of  accuracy number of  accuracy number of  accuracy number of  accuracy

genes % genes o genes (%) genes (%)

10 5.47 92.8 9.15 98.2 11.65 97.6 12.95 95.8

16 6.59 95.8 10.09 93.4 12.64 97.0 13.60 97.6

22 7.74 95.8 10.98 94.6 13.02 95.8 14.00 97.6

25 8.18 95.8 11.08 98.2 13.50 97.6 14.53 97.0

30 8.15 96.4 11.99 95.8 13.87 100 14.86 97.6

33 8.74 94.6 11.98 97.0 13.66 97.0 14.96 100

36 8.46 95.2 11.78 98.8 13.70 97.6 14.15 98.2

Nearest-Neighbor 2] £ FH'H-S- 0]-8-31¢ leave one out cross validation (LOOCV)gt A3} 7]&2] Dyyr&

o] &gt W o] Hego] A i1 95% olAte] &S A8 Hste] 157 ol4tel f-Hx 7t Hagt
& 23t

LOOCVZE E o] hH e Hgates EATANME $Jef o] K =13, 28|31 &3 & o 2719 &
O|UHFAAE A5t Hdrte s YHOE ERE ot THE HE 44 AgS 45 &
A 5 SR AAS S A5 27 2 J oA ste]l BA45tE AL 100 wHEst 23} 3
A2 o2 9.817) (sd = 0.234) 9] FAXRZ 96.1% (sd = 1.7)2] A B A T3 K= 10-36, &1 & A
8 AR 5 149 A2 g2 230 2 A3 A3= Table 4.52F Zth.
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