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Homology modeling is currently the most practical method because the predicted
models are accurate if a good template and sequence alignment can be found. The accuracy
of structure prediction generated from the sequence alignment based on recent highly
sensitive homology detection methods is often less accurate than the prediction generated
from ideal sequence alignment. Therefore, there is a need for automated methods to generate
appropriate alignments for accurate structure prediction by homology modeling. This paper's
contribution is developing a new sequence alignment method for accurate homology
modeling using query and template protein pairs with low sequence similarity.

First, we proposed a machine learning-based method to generate sequence alignments
using known homologous proteins' structural alignments. Sequence alignments generated by
structural alignments are suitable for homology modeling because, in the structural
alignment, the structural differences between the query and the template protein structure are
minimized. It is difficult to predict sequence alignments directly using machine learning.
Instead, we dynamically predicted substitution scores from the trained model, rather than
existing static amino acid substitution matrices and profile comparisons and used them during
sequence alignment generation.

Next, we proposed a method to generate higher quality alignments with distantly related
proteins using intermediate homologous sequences obtained by Intermediate Sequence
Search (ISS) to improve the insufficient accuracy of results by the previously described
method. This study is the first to demonstrate the generation and evaluation of sequence
alignments using ISS results in the context of homology modeling. ISS's basic idea is to find
sequences of distantly related proteins by intermediate related proteins' sequences between a
query and hit sequences. ISS is useful in detecting distantly related proteins but cannot
generate sequence alignments. It is also difficult to generate sequence alignments using
existing methods due to the low similarity between the query and target sequences. This study
proposed a sequence alignment method using the intermediate sequence information.

Based on the proposed methods, we could generate more appropriate alignments,
especially for distantly related homologous proteins, and succeeded in predicting better
protein tertiary structure models.
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