23 1 Vol.23  No.1
2007 1 Chinese Journal of Biotechnology January 2007

A Prediction Model for the Activity of Insecticidal Crystal
Proteins from Bacillus thuringiensis Based on Support
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Abstract A quantitative structure-property relationship QSPR  model in terms of amino acid composition and the activity of
Bacillus thuringiensis insecticidal crystal proteins was established. Support vector machine SVM is a novel general machine-
learning tool based on the structural risk minimization principle that exhibits good generalization when fault samples are few it is
especially suitable for classification forecasting and estimation in cases where small amounts of samples are involved such as
fault diagnosis however some parameters of SVM are selected based on the experience of the operator which has led to
decreased efficiency of SVM in practical application. The uniform design UD method was applied to optimize the running
parameters of SVM. It was found that the average accuracy rate approached 73 % when the penalty factor was 0.01 the epsilon
0.2 the gamma 0.05 and the range 0.5. The results indicated that UD might be used an effective method to optimize the
parameters of SVM and SVM and could be used as an alternative powerful modeling tool for QSPR studies of the activity of
Bacillus thuringiensis Bt insecticidal crystal proteins. Therefore a novel method for predicting the insecticidal activity of Bt

insecticidal crystal proteins was proposed by the authors of this study.
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Insecticidal crystal

proteins  ICPs Bt 1
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support vector machine SVM ° NCBI hitp // www. nchi
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Table 1 ID of amino acid sequence and their insecticidal activity
Insecticidal activity ID
Lepidoptera AAA22331 AAA22340 AAA22344 AAA22353 AAA22410 AAB82749 CAA29898 AAC32850

CAA30396 CAA37933 AAA22346 AAA22348 CAA44633 AAAB82114 AAA22341 AAA98959
AAB00376 AAA22335 AAA22342 CAA40536 AAA22333 CAA85764 CAA41122  CAA00882
BAA77213 CAA30312 CAA38099 CAA01235 AAB97923 AAB49768 AAS68357 AAS68355

AAS68356 AAS68354 AAA22614 AAA22613 POA370 P05519 P05068 Q45733
P19415 P09662 AAG33380
AAA21119 Coleoptera CAA34983 AAA22336 AAA22334 CAA42469 AAA22351 AAA21117 AAA21118

AAF76375 AAB32872 AAY28601 CAA68482 AAWS82872 Q06117 Q03749 BAC07226
AAA22334 POA379 Q45744 P17969 Q45708 Q45707 AAA01896 AAA01454

Diptera AAA22335 CAA68485 AAA22614 AAA22352 CAA60504 AACI97162 CAA63860 CAAG68875
AAB93476 132932 CAA26943 CAA67328 CAA78519 AAB93477 CAA30312 AAA22614
AAA22613 POA370 P05519 P09662

Other EALI12386 EALI11303 BAA19712 AAF76290 1BLI 8A3HA 5CEVF AAA22355
AAA22356 AAA22357 AAA22358 AAA67693 AAA67694 134547 EALI12386 EALI1303
BAA19712 AAF76290 1BLI 8A3HA 5CEVF
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20
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St wign: + by: = wagx + by +2- & 7 Table 2 Uniform design U10 10°
§=01=1 Ime 1 k oy, 8 There factors
Levels -
(o epsilon gamma
fx = argmax wgrx +0b 1=1 k 9 N1 1 0.4 0.001
k N2 100 0.1 0.03
ko2 N3 1000000 0.5 0.1
Thorsten Joachims SVM N4 10000 0.3 0.3
N5 100000 0.8 0.01
C N6 1000 1 0.04
http //www. cs. ucl. ac. uk/staff/M. N7 0.001 0.6 0.02
) ) N8 10 0.7 0.5
Sewell/winsvm/winSVM.. exe NO 0.01 0.2 0.05
N10 0.1 0.9 0.2
- N1
1.3 - N2
12 - N3
- N4
= N5
- N6
-+ N7
— N8
— N9
Monte Carlo ~ NIO
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Q= %p i IN 10 Fig.1 The relation curve of expected
Q;, =pilobs i 11 prediction accuracy with range
; Q stand for accuracy and ¢ stand for range.
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Fig.3  The relation curve of the part expected prediction accuracy with range
Q1 Q2 Q3 (@4 all stand for part accuracy and ¢ stand for range.

2.2 Jackknife

k-fold cross-validation k-CV
k
Jackknife k-fold k-1
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© PERZERMEDARIATKSHESE http://journals. im. ac. cn



131

11 11-fold
cross-validation 108
11 11
10 40% 100% 70%
11 73% 11
0.5
0.5 68 % 86.3% 67.4%
3 86.4%
3 4 b ”
3
Table 3 The results of training and testing
. . Lepidoptera Coleoptera Diptera Other Accuracy rate
Circulation — ; — - — ; — - — -
Training Testing Training Testing Training Testing Training Testing Training Testing
1 85.7 0 100 100 88.9 50 72.2 100 87 62.5
2 95.3 100 100 100 9.1 0 66.7 100 91.8 70
3 90 75 100 100 81.2 75 84.2 100 86.7 80
4 82.5 50 100 0 83.3 50 88.2 33.3 77.6 40
5 82.5 50 100 100 78.9 0 76.8 66.7 84.7 60
6 90 75 100 100 83.3 66.7 77.8 50 88.8 70
7 83.3 50 100 100 100 100 78.9 100 86.7 60
8 92.5 50 100 100 73.7 100 84.2 100 88.8 80
9 85 100 100 75 94.7 100 94.7 100 91.8 90
10 90 100 100 75 84.2 100 68.4 100 85.7 90
11 90 100 100 100 84.2 100 73.7 100 89.5 100
Average 87.9 68.2 100 86.3 86 67.4 78.7 86.4 87.2 73
20
15
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