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Acceleration of machine learning-based sequence alignment
generation for homology modeling
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Abstract: Homology modeling is a protein structure prediction method and practically useful because the accuracy of generated
models is often high if we can find a good template structure. The method constructs a structure model based on a template structure
and a sequence alignment between a query protein sequence and a protein sequence of the template protein. Thus, the quality of
the sequence alignment is crucial for the prediction. Recently, a novel method to improve the sequence alignment using supervised
machine learning technique was proposed. The method showed better accuracy compared with previous methods but required huge
computation. Because almost millions of machine learning predictions are needed for a sequence alignment generation of a pair of
protein sequences. Thus, in this study, we proposed a novel method to accelerate the sequence generation by optimizing the
algorithm and parameters of machine learning predictions. As results, proposed method was approximately 21-times faster than

the original one in exchange of trivial decrease in accuracy.
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Figure 1 flow of sequence alignment generation.
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Table 1  Prediction time and accuracy of k-nearest neighbor
for larger test set
Ty XL EATRHE (1) FiE (AUC)
Original (brute force) 47,226 0.721
Kd-tree >86,240 N/A
Randomized kd-trees 998 0.716
hierarchical k-means tree 2,510 0.715
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Figure 2 Reduction of matching score calculation.
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Table 2 Prediction time and accuracy of structure prediction

I L TR
*) (TM-score)

1 Original (brute force) 7,643 0.512
1 Randomized kd-trees 1,242 0.511
12 Randomized kd-trees 712 0.511
1/4 Randomized kd-trees 354 0.510
1/8 Randomized kd-trees 213 0.498
1/16 | Randomized kd-trees 153 0.487
1/32 | Randomized kd-trees 112 0.461
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