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Research on QSPR for n-Octanol-Water Partition Coefficients of Organic
Compounds Based on Genetic Algorithms-Support Vector Machine and Genetic

Algorithms-Radial Basis Function Neural Networks

QI Jun, NIU Jun-feng, WANG Li-li
(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: A modified method to develop quantitative structure-property relationship (QSPR) models of organic compounds was proposed based
on genetic algorithm (GA) and support vector machine (SVM) (GA-SVM). GA was used to perform the variable selection, and SVM was used
to construct QSPR models. GA-SVM was applied to develop the QSPR models for n-octanol-water partition coefficients ¢ K, ) of 38 typical
organic compounds in food industry. 5 descriptors (molecular weights, Hansen polarity, boiling point, percent oxygen and percent hydrogen)
were selected in the QSPR model. The coefficient of multiple determination ( R*), the sum of squares due to error (SSE) and the root mean
squared error (RMSED values between the measured values and predicted values of the model developed by GA-SVM are 0.999, 0.048 and
0.036, respectively, indicating good predictive capability for lgK,, values of these organic compounds. Based on leave-one-out cross
validation, the QSPR model constructed by GA-SVM showed good robustness (SSE = 0.295, RMSE = 0.089, R* = 0.995). Moreover, the
models developed by GA-SVM were compared with the models constructed by genetic algorithm-radial basis function neural network ( GA-
RBFNN) and linear method. The models constructed by GA-SVM show the optimal predictive capability and robustness in the comparisons
which illustrates GA-SVM is the optimal method for developing QSPR models for IgK,,, values of these organic compounds.

Key words: quantitative structure-property relationship ( QSPR); n-octanol-water partition coefficients ( K, ); genetic algorithms ( GA);
support vector machine (SVM)
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Table 1 K, values and descriptors to 38 organic compounds

- Hansen E 7> 1712 W 4hitrne s et 1gK,,
75 wa ATER /delta® MPa ™'/ /a.u. /°C /a.u. GRS GRS ;@Mﬂ

1 i 32.04 12.28 -28.56 54.02 -1.76 49.93 12.58 -0.77

2 3 46.06 8.80 -37.25 78.89 -3.01 34.74 13.12 -0.31

3 1- A i 60.09 6.87 —45.94 97.12 -4.26 26.62 13.41 0.25

4 1- Tl 74.12 5.65 -54.63 116.92 -5.50 21.58 13.59 0.88

5 1-BGTE 88.11 4.49 -63.32 138.63 -6.75 18.15 13.72 1.56

6 1-C B 102.17 3.91 -72.01 160.64 -8.00 15.65 13.81 2.03

7 1-BR 116.20 3.59 -80.70 182.29 -9.24 13.76 13.87 2.38

8 1 130.23 3.23 -89.39 160.64 -10.49 12.28 13.93 2.88

9 2- 3 i 102.17 6.05 -72.00 135.83 -7.99 13.81 70.53 2.03
10 R 30.02 18.76 -26.83 -19.50 -1.30 53.28 6.71 0.35
11 ] 58.08 6.34 —44.22 47.43 -3.81 27.54 10.41 0.59
12 T 72.10 5.27 -52.91 77.41 -5.06 22.18 11.18 0.88
13 i 86.13 4.45 - 61.60 103.06 -6.31 18.57 11.70 1.31
14 OO 100.16 3.86 -70.29 128.00 -7.55 15.97 12.07 1.78
15 P 114.18 3.40 -78.98 151.93 -8.80 12.47 12.35 2.42
16 [SL 58.08 10.39 - 44.24 56.21 -3.83 27.54 10.41 -0.24
17 2- T 72.10 9.01 -52.93 73.11 -5.08 22.18 11.18 0.29
18 2- IR 86.13 7.73 -61.62 102.72 -6.32 18.57 11.70 0.91
19 2-CL i 100.16 6.77 -70.31 128.08 -1.57 15.97 12.07 1.38
20 2-PE 114.18 5.96 -78.99 152.43 -8.81 14.01 12.35 1.98
21 2-Fi 128.21 5.33 - 87.68 175.67 -10.06 12.47 12.57 2.37
2 L 60.05 7.91 -54.01 104.90 -2.96 53.28 6.71 -0.17
23 LR P 74.07 7.24 - 62.68 35.82 -4.19 43.19 8.16 0.18
24 LR T 88.10 5.35 -71.38 55.97 -5.44 31.33 9.15 0.73
25 LR 5T R 102.13 4.65 -80.07 73.18 -6.69 36.31 9.86 1.21
26 %R 172.26 5.25 -123.52 261.16 -12.93 18.57 11.70 3.91
27 TR EETE T G 162.18 9.12 -115.32 222.63 —-11.12 19.72 6.21 2.79
28 TR 136.23 0.97 -83.47 181.85 -11.60 37.46 11.83 4.20
29 T AR 86.09 16.59 -69.94 204.56 -5.29 37.16 7.02 -0.64
30 S [ 88.14 4.55 -63.31 135.38 -6.74 18.15 13.72 1.42
31 2% TR T iR 136.15 9.77 -99.68 176.04 -9.08 23.50 5.9 2.10
32 LT 5 I e 130.18 3.27 -97.44 130.08 -9.18 24.57 10.83 2.13
33 L 44.05 8.00 -35.53 19.66 -2.57 36.31 9.15 0.43
34 2- F L A 72.10 5.28 -52.91 62.81 -5.06 22.18 11.18 1.48
35 LT 86.09 13.42 - 69.66 141.74 -5.00 37.16 7.02 -1.50
36 Fi iR ] e 116.15 3.63 - 88.76 110.33 -7.94 27.54 10.41 1.00
37 H L 152.14 9.90 - 118.12 230.80 -9.44 31.54 5.29 1.23
38 2 R L1 150.17 8.60 -108.37 190.96 -10.33 21.30 6.71 1.84
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Table 2 Comparison of predicted values of 1gK,,, by QSPR models

LK AR R A P — VLA X AR AE

g iw\lﬂ?ﬁ 2 ] GA-SVM GA-RBFNN GA-SVM GA-RBFNN
T k2 TR AE Bk 22 T k7 FoEm{E Bk 7 THE Bk 2
1 -0.77 0.46 -1.23 -0.77 0.00 -0.77 0.00 -0.76 -0.01 -1.01 0.24
2 -0.31 0.23 -0.54 -0.29  -0.02 -0.30  -0.01 -0.31 0.00 -0.07 -0.24
3 0.25 0.22 0.03 0.22 0.03 0.30  -0.05 0.25 0.00 0.28  -0.03
4 0.88 0.72 0.16 0.88 0.00 0.94 -0.06 0.88 0.00 0.87 0.01
5 1.56 1.31 0.25 1.50 0.06 1.50 0.06 1.55 0.01 1.56 0.00
6 2.03 1.88 0.15 2.00 0.03 2.01 0.02 2.03 0.00 2.03 0.00
7 2.38 2.45 -0.07 2.38 0.00 2.38 0.00 2.38 0.00 2.38 0.00
8 2.88 3.39 -0.51 2.88 0.00 2.78 0.10 2.87 0.01 2.69 0.19
9 2.03 1.82 0.21 2,00 -0.06 2.03 0.00 2.03 0.00 2.05 -0.02
10 0.35 0.28 0.07 0.35 0.00 0.35 0.00 0.36 -0.01 0.34 0.01
11 0.59 0.75 -0.16 0.60 -0.01 0.60 -0.01 0.59 0.00 0.59 0.00
12 0.88 1.01 -0.13 0.87 0.01 1.1 -0.23 0.88 0.00 0.88 0.00
13 1.31 1.42 -0.11 1.28 0.03 133 -0.01 1.31 0.00 1.31 0.00
14 1.78 1.87 -0.09 1.76 0.02 1.74 0.04 1.78 0.00 1.79  -0.01
15 2.42 2.38 0.04 2.41 0.01 2.34 0.08 2.42 0.00 2.29 0.13
16 -0.24 0.29 -0.53 -0.25 0.01 -0.23  -0.01 -0.24 0.00 -0.17  -0.07
17 0.29 0.69 -0.4 0.31  -0.02 0.31 -0.02 0.29 0.00 0.30  -0.01
18 0.91 1.09 -0.18 0.88 0.03 0.93 -0.02 0.91 0.00 0.92  -0.01
19 1.38 1.60 -0.22 1.46  -0.08 1.42  -0.04 1.32 0.06 1.40  -0.02
20 1.98 2.13 -0.15 1.97 0.01 2.03 -0.05 1.98 0.00 1.98 0.00
21 2.37 2.71 -0.34 238  -0.01 241 -0.04 2.37 0.00 2.37 0.00
2 -0.17  -0.79 0.62 -0.16  -0.01 -0.17 0.00 -0.18 0.01 -0.16  -0.01
23 0.18 0.02 0.16 0.21  -0.03 0.18 0.00 0.18 0.00 0.19  -0.01
24 0.73 0.59 0.14 0.69 0.04 0.75 -0.02 0.74 -0.01 0.77 -0.04
25 1.21 1.20 0.01 1.18 0.03 1.20 0.01 1.18 0.03 1.19 0.02
26 3.91 4.04 -0.13 3.91 0.00 3.91 0.00 3.89 0.02 3.89 0.02
27 2.79 2.26 0.53 2.79 0.00 2.72 0.07 2.62 0.17 2.78 0.01
28 4.20 4.67 -0.47 4.20 0.00 4.20 0.00 4.23 -0.03 2.88 1.32
29 -0.64 -1.26 0.62 -0.62 -0.02 -0.64 0.00 -0.64 0.00 -0.65 0.01
30 1.42 1.30 0.12 1.48  -0.06 1.49  -0.07 1.42 0.00 1.42 0.00
31 2.10 1.54 0.56 2.09 0.01 2.09 0.01 2.13 -0.03 2.10 0.00
32 2.13 2.49 -0.36 2.10 0.03 2.07 0.06 2.15 -0.02 2.14  -0.01
33 0.43 0.68 -0.25 0.43 0.00 0.43 0.00 0.43 0.00 0.44  -0.01
34 1.48 1.12 0.36 1.35 0.13 1.19 0.29 1.10 0.38 1.47 0.01
35 -1.50 -1.05 -0.45 -1.47  -0.03 -1.50 0.00 -1.49 -0.01 -0.64 -0.86
36 1.00 1.79 -0.79 .02 -0.02 1.06 -0.06 0.99 0.01 0.99 0.01
37 1.23 1.52 -0.29 1.23 0.00 1.23 0.00 1.54 -0.31 0.92 0.31
38 1.84 2.29 -0.45 1.87  -0.03 192 -0.08 1.98 -0.14 1.81 0.03

%3 5 5IH GA-SVM.GA-RBFNN & H L Y 3 4 QSPR BB S HIAI 5iRE
Table 3 Selected descriptors and errors of 3 QSPR models constructed by GA-SVM, GA-RBFNN and linear method respectively

BRI ppm Mwe BT ws wem anx aus © - RSE
GA-SVM 1 1 0 1 0 1 1 0.999 0.048 0.036
GA-RBFNN 1 1 1 1 1 1 1 0.997 0.194 0.072
2 g 1 1 1 1 1 1 1 0.904 6.050 0.404
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Fig.4 Plots of predicted values vs. measured values of IgK,, by GA-SVM and GA-RBFNN respectively in leave-one-out cross validation
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