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A Uniform Design Based PCA-SVM Model for Predicting
Optimum pH in Chitinase
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Abstract The principal component analysis PCA  was applied to the data processing in training sets the new principal
components were then used as input data for support vector machine model. A prediction model for optimum pH of chitinase was
established based on uniform design. When The regularized constant C epsilon and Gamma were 10 0.7 and 0.5 respectively

the calculated pHs fitted the reported optimum pHs of chitinase very well and the MAPEs Mean Absolute Percent Error was
3.76% . At the same time the predicted pHs fitted the reported optimum pHs well and the MAE Mean Absolute Error was

0.42 pH unit. It was superior in fittings and predictions compared to the model based on back propagation BP neural network.
Key words principal component analysis PCA  support vector machine SVM  chitinase optimum pH uniform design
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Swiss-Prot
Release 49.2 of 07-Mar-2006  Swiss-Prot
26 1D pH
1
1
Table 1 Chitinase

ID pan| Tnpl ID PH(,}n Tnpl
P32823 8 50 05638 7.3 55
BAC53628 6 30 BAC99074 6 40
AAK69033 5.8 35 BAAS88833 5.5 60
AAF23368 8 40 BAA88834 5.5 70
AAO22144 6 70 BAC76622 6 50
AAC23715 6 37 BAA88835 4 60
JC7996 6.5 65 AAY99632 4.5 55
BAA34922 6 45 AAM93195 4.3 40
AAK69033 5.8 35 AALO1886 6 45
AAA98644 7 20 AALA6648 6.5 50
AAK26395 4 40 AAGI12973 8 35
Q9FRV1 5 40 BAA36460 6 60
AAC09387 5.5 45 2DBTC 5 55

ID the accession number of chitinase in Swiss-Prot  pH,,, the optimum pH
found in the literature at which the relative chitinase has the maximum
activity Ty, the optimum tempreture found in the literature at which the

relative chitinase has the maximum activity .
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2
K Table 2 Principal component and their explaining variances
Component Eigen values Variance/ % Cumulative/ %
Prl 5.21 24.79 24.79
P2 4.19 19.97 44.76
Pr3 2.84 13.51 58.27
Pr4 2.19 10.45 68.71
Pr5 1.5 7.14 75.85
P16 1.07 5.12 80.96
Pr7 0.92 4.4 85.36
Pr8 0.8 3.8 89.16
1.2.2 Princinal PO 0.6 2.86 92.01
o P Prl0 0.434 2.07 94.08
Component Analysis PCA Prll 0.38 1.8 95.88
Hotelling 1933 8
a=95% 11
11
21
3
Pr1 =0.200A + 0.063C + 0.116D0. 146E — 0.212F
- 0.004G + 0.267H - 0.3191 - 0.271K - 0.059L -
! 2 0.225M - 0.327N + 0.311P + 0.034Q + 0.344R -
3 4 0.265S + 0.204T + 0.194V + 0.150W - 0.236Y +
> 0.159 NUM
Pr2= -0.326A - 0.333C + 0.386D + 0.363E -
1.2.3 6

0.0342F — 0.289C + 0.117H + 0.1151 + 0.302K +
0.128L - 0.012M — 0.035N + 0.053P — 0.317Q +
0.043R — 0.143S - 0.133T + 0.101V + 0.044W +
Monte Carlo 0.186Y +0.0.301 NUM
" ’ Pi3= - 0.014A — 0.038C + 0.162D + 0. 114 —
0.363F + 0.029G - 0.351H — 0.0601 — 0.030K —
0.341L + 0.045M + 0.100N — 0.269P + 0.249Q —
0.312R = 0.008S + 0.369T + 0.350V + 0.019W +

1 0.105Y +0.260 NUM
1 " | i i |
MAPE = —>) ~ i =i} 6 11 3
ni4 Iy | 1
2 >0.2 MMPD
1 \h )
RMSE = | — -
w2 Vi 7
= 3
3 Table 3 Meaning of principle components in chitinase
MAE = — Al [ Y = i [ 8 Amino acids positive Amino acids negative
n 3 P 0.2A 0.3H0.3P 0.3R 0.2F 0.310.3K 0.2M 0.3N
v ' 0.2T0.2V 0.350.2Y
Pr2 0.4D 0.4E 0.3K 0.2Y 0.3A0.3C0.3G0.3Q
Pr3 0.2D 0.2Q 0.4T 0.4V 0.4F 0.4H 0.3L 0.3P 0.3R
0.3C0.3E 0.2G 0.2K
2 Pr4 0.2N 0.5W 0.2Y 0.2A0.310.4L0.2M 0.2V
Prs5 0.2D 0.6G 0.5M 0.2A 0.3F 0.3N 0.2V
2.1 20 Pro6 0.3L 0.6S 0.2W 0.210.3M 0.2T 0.4Y
PCA Pr7 0.4C 0.4F 0.21 0.4V 0.3A 0.2H 0.3L 0.3N 0.2W 0.2Y
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Experimental values(pH)
1
Fig. 1 The fitting values of support vector machine optimized
2.3 -
4 10 3
4
Table 4 Uniform design U10 103
R Three factors MAPE9/% MAE  MSE
tn ne- C epsilon gamma v ? J ackknife k-fold
RI 1 0.4 0.001 1379 0.7 108  .rossvalidation
R2 100 0.1 0.03 8.99 0.52 0.86 .
R3 1000000 0.5 0.1 5.44  0.32 0.58 Jackknife
R4 10 000 0.3 0.3 3.83 0.22 0.4
R5 100 000 0.8 0.01 11.37 0.65 0.98 . .
k6 L 000 ) 0.04 1o NG 0.82 k-fold cross-validation k-CV
R7 0.001 0.6 0.02 9.99 0.58 0.92 k
R8 10 0.7 0.5 3.76 0.22 0.41 k-1
R9 0.01 0.2 0.05 7.45 0.44 0.77
R10 0.1 0.9 0.2 4.09 0.24 0.43 k
The optimum values are highlighted. Jackknife
C 10 epsilon 0.7 26 25
Gamma 0.5 pH 26
3.76% 0.41 pH 5
0.22 pH -
5 BPNN SVM  PCA-SVM
Table 5 Results of the cross-validations of BPNN SVM and PCA-SVM
MAPE MAE
Run NO.
BPNN SVM PCA-SVM BPNN SVM PCA-SVM
lst Training 0.04 0.04 0.04 0.25 0.28 0.22
S|
Testing 0.04 0.04 0.12 1.66 2.24 0.93
ond Training 0.04 0.04 0.04 0.25 0.04 0.22
e
Testing 0.04 0.04 0.00 0.02 0.23 0.01
3nd Training 0.04 0.04 0.04 0.25 0.00 0.22
T
Testing 0.04 0.04 0.00 0.04 0.01 0.00
6th Training 0.04 0.04 0.04 0.26 0.03 0.22
Testing 0.04 0.04 0.00 0.43 0.16 0.00
12th Training 0.04 0.04 0.04 0.22 0.18 0.22
Testing 0.04 0.04 0.03 1.20 0.89 0.17
Training 0.05 0.04 0.04 0.29 0.22 0.22
Average .
Testing 0.23 0.15 0.08 1.27 0.84 0.42
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1.27 pH
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1000 UlO 10 BP Surmple muber
Signloid °lB [ Feperimental
% optimal ]
—— The predicted pT
Sigmoid 0.09 0.4 0.98 K
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Jackknife L s
3
BP 5y
g
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0.04 |
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1 - 7 g 11 13 15 17 1% 21 23 2%
2 BPNN SVM PCA-SVM Sample number
Fig.2 The comparison between BPNN model
SVMand PCA-SVM model 3 pH
BPNN  back-propagation neural network ~SVM  support vector Fig. 3 Comparison of experimental and predicted pH values.
machine  PCA-SVM  principal component analysis- support vector The results of the three models in cross-validation were shown in Fig. 3.

machine MAPE mean absolute error. It is the results of all the 26 runs

in cross-validation.

A is the result of BPNN B is the result of SVM. And C is the result of

PCA-SVM., . .
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