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Methods based on heterogeneous mixed effects model for protein dynamics analysis
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A method based on a random effects model was developed for estimating
covariance matrices that represent the inter- and intra-ensemble variations of protein
conformations. The method is applicable under situations such that the dataset is a collection of
ensembles each of which is a set of conformations represented in the Cartesian coordinates system. A

two-stage method based on the least squares method under heteroscedastic variances was developed as
well. Efficiencies of these methods, in particular that of the random effects model at a small
ensemble size, were confirmed by numerical tests on machine-synthesized datasets. The estimated
principal components for 57 X-ray structures of a kinase were consistent with the functional motifs

reported previously. In addition, a combination of the methods with structural clustering was useful
for identifying remarkable conformations.
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