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Research on Prediction and Optimization of Cereal Protein Secondary Structure
Based on Multi-Kernel LSSVM
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(1. School of Information Engineering, Shanghai Maritime University, Shanghai 201306; 2. School of Health Science
and Engineering, University of Shanghai for Science and Technology, Shanghai 200093)

Abstract: The secondary structure of protein has an extremely important impact on their spatial structure and
function. Using machine learning methods to predict the secondary structure of grain proteins is one of the
important topics in the fields of biology, food, etc.In this experiment, three grain proteins of corn, wheat, and
soybeans were selected from the existing protein data bank,using multi-feature fusion method to extract features of
protein sequence, and propose to combine multi-core learning with least square support vector machine classifier,
the linear weighted combination of multiple kernel functions is used to replace the traditional single kernel function,
and the kernel weight is used to adjust the fusion effect to construct a multi-core LSSVM prediction model to
predict the secondary structure of grain proteins. The particle swarm optimization algorithm is used to optimize the
model hyper parameters and find the best hyper parameter combination to improve the prediction performance of
the model. The experimental results prove that the multi-kernel LSSVM algorithm proposed in this paper can make
up for the limitations of single kernel function high-dimensional mapping, integrate the advantages of each kernel
function, and find the best hyperparameter combination through the PSO algorithm, combine multiple feature
extraction methods to significantly improve the Q;accuracy of grain protein secondary structure prediction.
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Table 2 Orthogonal coding of amino acids

R BF: ETSHRISSIMMANERR_REBTMN SR

®3 BEBRERIRERBMAMR

Table 3 Amino acid representation and commonly used
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Fig. 1 Amino acid characterization
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Table4 Prediction results of grain protein secondary structure
based on different feature extraction methods and

kernel functions

O, HETH 2/%
R 1% R
AAC AAC+PP AAC+PP+PSSM
Liner 60.65 62.34 67.38
B Poly 61.72 64.56 70.34
(Zea mays) RBF 63.45 65.47 72.42
Sigmoid  61.02 63.28 71.12
Liner 59.72 61.05 66.71
INFE Poly 60.99 62.89 69.78
(Triticum aestivum) RBF 62.83 64.46 71.48
Sigmoid  61.78 62.82 70.05
Liner 60.23 62.09 65.21
K5 Poly 61.97 63.29 69.32
(Glycine) RBF 63.04  64.80 70.89
Sigmoid  62.03 62.41 69.96

EAAC mAAC+HPP = AAC+PP+PSSM
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Fig. 3 Prediction results of protein secondary structure based

on different coding modes in RBF kernel function
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Table 5 The influence of different kernel function combinations and sliding windows on the prediction of grain protein secondary

structure
O, eI 2 /%
ALY AR e
7 9 11 13 15 17
Poly+RBF 76.14 78.05 80.53 81.23 81.14 81.06
Poly+Sigmoid 75.42 77.25 78.89 79.93 79.42 78.49
£ K (Zea mays)
Rbf+Sigmoid 78.93 80.49 81.71 82.16 82.14 81.85
Poly+RBF+Sigmoid 79.21 81.23 82.96 83.78 83.24 82.13
Poly+RBF 77.28 78.23 78.93 79.49 80.83 80.24
Poly+Sigmoid 76.46 77.24 77.83 78.20 78.46 78.14
/N (Triticum aestivum)
RBF+Sigmoid 77.83 78.44 79.09 80.51 80.91 80.16
Poly+RBF+Sigmoid 78.17 79.42 80.26 81.49 82.47 82.12
Poly+RBF 77.22 78.29 79.12 79.67 80.07 79.79
- Poly+Sigmoid 76.29 77.13 77.86 78.66 79.45 79.21
K& (Glycine)
RBF+Sigmoid 77.38 78.53 79.58 80.15 80.73 80.29
Poly+RBF+Sigmoid 78.66 79.53 80.27 81.18 81.68 81.39

mPoly+RBFuPoly+Sigmoid =RBF+Sigmoid=Poly+RBF+Sigmoid
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Fig. 4
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SRR VRUIETE S
Protein structure prediction results of different combination

kernel functions under the optimal window
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Table 6 Multi-kernel LSSVM model kernel function weight

coefficient
. ERERA
“
RBF Poly Sigmoid
E K (Zea mays) 0.643 0.125 0.232
/NZFZ (Triticum aestivum) 0.779 0.058 0.163
KE (Glycine) 0.728 0.093 0.179
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