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Abstract

Summary: Both dynamic correlations in protein sidechain motions during molecular dynamics (MD)
simulations and evolutionary correlations in multiple sequence alignments (MSA) of homologous
proteins may reveal functionally important residues. We developed the R package Bios2cor that pro-
vides a unique framework to investigate and, possibly, integrate both analyses. Bios2cor starts with
an MSA or a MD trajectory and computes correlation/covariation scores between positions in the
MSA or between sidechain dihedral angles or rotamers in the MD trajectory. In addition, Bios2cor
provides a variety of tools for the analysis, the visualization and the interpretation of the data.

Availability: The R package Bios2cor is available from the Comprehensive R Archive Network, at

http://cran.r-project.org/ web/packages/Bios2cor/index.html .

Contact: marie.chabbert@univ-angers.fr

1 Introduction

Covariations in multiple sequence alignments (MSA) of homologous
proteins are widely used to gain structural and functional insights on
protein families from evolutionary information (de Juan, et al., 2013;
Pele, et al., 2014). Dynamic correlations between sidechain motions
during molecular dynamics (MD) simulations did not receive the same
attention yet. However, both dynamic correlations in MD trajectories and
evolutionary covariations in MSAs may reveal functionally important
residues and mechanisms. The dynamic structure of proteins is funda-
mental for function and reflects evolutionary history (Marsh and
Teichmann, 2014). Combining both analysis helps elucidate the molecu-
lar mechanisms of protein functions (Lakhani, et al., 2017; Mishra, et al.,
2019; Stacklies, et al., 2009).

We developed the R package Bios2cor to provide a unique frame-
work for the investigation of dynamic and evolutionary correlations.
After data organization into matrices (Fig. 1), both correlations are
formally similar. Features include (1) the computation of correla-
tion/covariation scores between positions in MSAs or between dihedral
angles or rotamers in MD trajectories using different scoring functions

and (2) the analysis of the correlation/covariation matrix through net-
work representation and principal components analysis. In addition,
several utility functions based on the R graphical environment provide
friendly tools for help in data interpretation.

2 Available functionalities

The Bios2cor package provides a complete environment for correla-
tion/covariation analysis in the context of either MSA or MD simulations
(Fig. 1). Here, we present the main functionalities.

Data import: MSA in fasta and msf formats are read with the im-
port.fasta and import.msf functions. MD trajectories in dcd
formats are read with the read . dcd function from the bio3d package
(Grant, et al., 2006). The dynamic_structure function creates the
data structure for sidechain dihedral angles with bio3d.

Computing scoring matrices: Users can build different scoring matri-
ces. For sequences, scoring methods include omes (Observed Minus
Expected Squared) (Fodor and Aldrich, 2004), elsc (Explicit Likeli-
hood of Subset Covariation) (Dekker, et al., 2004), mi (Mutual Infor-
mation) (Atchley, et al., 2000), mip (Mutual Information Product)
(Dunn, et al., 2008) and mcbasc (McLachlan Based Substitution Corre-
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lation) (Casari, et al., 1995). For simulations, correlations between
dihedral angles are computed with dynamic_circular that uses the
cor.circular function from the circular package (Agostinelli
and Lund, 2017) to calculate a circular version of Pearson correlation
(Jammalamadaka and SenGupta, 2001). For rotamers, an-
gle2rotamer transforms dihedral angles to rotamers using the
dynameomics library (Towse, et al., 2016), then covariation scores can
be calculated with dynamic omes, dynamic mi or dynam-
ic_mip. Boxplots can be visualized with the scores.boxplot
function.

Analysis of data variability: The sequence variability at each position
in the MSA is computed with the ent ropy function based on Shannon
entropy (Shannon, 1948). For trajectories, the variability of each dihedral
angle (dynamic_entropy) is estimated from the number of rotameric
transitions during the simulations. The scores entropy.plot
function gives 2D plots of scores as a function of variability. A selection
of elements based on variability can be obtained with delta filter.

Principal component analysis (PCA): The centered pca function
performs PCA of a scoring matrix after double centering and provides
coordinates of the elements on the principal components.

Network representation: network.plot uses igraph (Csardi and
Nepusz, 2006) to provide a network representation of the top n scoring
pairs determined by top pairs analysis. Files in csv format can
be exported for network representation with Cytoscape (Su, et al., 2014).

Dihedral angle visualization: angles.plot creates plots of the
evolution of the dihedral angles in the top n scoring pairs.

Data export: Scores and entropy values are exported with
write.scores and write.entropy. write.pca creates a csv
file of coordinates in PCA space. The write.pca.pdb function
creates pdb and pml files for nice visualization of three selected compo-
nents with the PyMol program (www.pymol.org).

3 Examples

Examples using the Bios2cor package for the analysis of MSAs
(Taddese, et al., 2018) and MD trajectories (Taddese, et al., 2020) have
been published recently. The integration of these two studies reveals that
a hallmark residue in the evolution of chemokine receptors plays a
pivotal role in the activation mechanism of CXCR4.

4 Conclusions

The R package Bios2cor provides a powerful and flexible framework
for computation and subsequent analysis of correlation/covariation in
MSAs and MD simulations. Bios2cor can help decipher complex
conformational transition in link with protein evolution (Taddese, et al.,
2020). Coupling dynamic and evolutionary correlations will contribute to
elucidate protein molecular functionalities.
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Fig. 1. Schematic representation of the correlation/covariation analyses provided
by the Bios2cor package.
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