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Abstract 
Summary: Patterns of mutational correlations, learnt from protein sequences, have been shown to 
be informative of co-evolutionary sectors that are tightly linked to functional and/or structural proper-
ties of proteins. Previously, we developed a statistical inference method, robust co-evolutionary anal-
ysis (RoCA), to reliably predict co-evolutionary sectors of proteins, while controlling for statistical er-
rors caused by limited data. RoCA was demonstrated on multiple viral proteins, with the inferred sec-
tors showing close correspondences with experimentally-known biochemical domains. To facilitate 
seamless use of RoCA and promote more widespread application to protein data, here we present a 
standalone cross-platform package “RocaSec” which features an easy-to-use GUI. The package only 
requires the multiple sequence alignment of a protein for inferring the co-evolutionary sectors. In ad-
dition, when information on the protein biochemical domains is provided, RocaSec returns the corre-
sponding statistical association between the inferred sectors and biochemical domains. 
Availability and implementation: The RocaSec software is publicly available under the MIT License at 
https://github.com/ahmedaq/RocaSec.  
Contact: m.mckay@ust.hk 
Supplementary information: Supplementary data are available at Bioinformatics online. 

 
 
1     Introduction 
An important problem in biology is to understand how the amino acid 
sequence of a protein is related to its functionality and structural stabil-
ity. Conventional methods to identify residues engaged in structural and 
functional protein domains involve laborious experiments (Berman et al., 
2012; Zoller and Smith, 1982). The relatively rapid advances in sequenc-
ing technologies have inspired alternative methods based on the statisti-
cal analysis of sequence data, which have recently gained much interest. 
     In this regard, studying patterns of mutational correlations in the 
sequence data has proved useful (de Juan et al., 2013). These correlation 
patterns have been shown to be informative of the underlying co-
evolutionary sectors of residues that work together to mediate specific 
protein functions. Of particular note are the statistical coupling analysis 
(SCA) method (Halabi et al., 2009; Rivoire et al., 2016) and PCA-based 
methods (Dahirel et al., 2011; Quadeer et al., 2014) which have identi-
fied co-evolutionary sectors for various protein families and specific 
viral proteins, respectively. 
     A limitation of these methods was their sensitivity to statistical noise; 
a key issue, due to the fact that sequence data is often limited, while the 
number of parameters to infer is enormous. To deal with this issue, our 
previous work (Quadeer et al., 2018) introduced a statistical method for 

performing robust co-evolutionary analysis (RoCA) based on ideas from 
random matrix theory. This method yielded improved resilience to statis-
tical noise. Using RoCA, we showed that specific conserved non-surface 
(internal) HIV and hepatitis C virus (HCV) proteins involve near-distinct 
and sparse sectors with modular association to protein function and 
structure. RoCA was also applied to other (relatively less conserved) 
protein families (Quadeer et al., 2018), further demonstrating its robust-
ness and range of applicability. Here, to facilitate broadly accessible, 
seamless use of RoCA, we present a standalone GUI-based package 
“RocaSec” to robustly infer co-evolutionary sectors in conserved pro-
teins from limited sequence data. 
 
2     Description of RocaSec 
RocaSec is a cross-platform package currently available for Mac, Linux, 
and Microsoft Windows operating systems. While implemented in 
MATLAB, RocaSec is distributed as a standalone application which 
does not require MATLAB to be installed on the user’s computer. How-
ever, as the software is written in a programming language specific to 
MATLAB, it automatically installs the MATLAB runtime libraries nec-
essary to run the software (only if needed) (see Supplementary Text S1 
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for details). RocaSec is featured with a user-friendly GUI with different 
panels where input/output options and information are conveniently 
displayed. In the following, we provide details of the different GUI pan-
els and use data for HCV NS3-4A protein as a test case, reproducing 
results of (Quadeer et al., 2018). For results of other test HIV/HCV 
proteins, see Supplementary Figs. S1-S3. 
     Once installed, running the RocaSec application opens the GUI win-
dow (Fig. 1). The “Input information” panel (Fig. 1a) allows the user to 
provide the required inputs to run the RoCA method. These include: (i) 
the mandatory multiple sequence alignment (MSA) of the protein in 
FASTA format (see Supplementary Text S2); (ii) an optional input for 
known protein biochemical domains in xls/xlsx format (see Supplemen-
tary Text S2); (iii) the maximum number of leading principal compo-
nents (PCs) to use in the inference of co-evolutionary sectors (default: 
6); and an optional input that gives the user the chance to indicate the 3D 
protein structure PDB ID (available at https://www.rcsb.org). 
     The “Output information” panel (Fig. 1b) offers the user 2 possible 
format choices (either csv or xls; default: csv) to save the output files. 
RocaSec saves the following output files: (i) eigenvalues of the sample 
correlation matrix, (ii) sample PCs, (iii) RoCA estimated PCs, (iv) in-
ferred co-evolutionary sectors (each sector produces a list of the corre-
sponding protein residues), and (v) PyMol (a widely-used software for 
molecular visualization) compatible “.pml” scripts and associated map-
ping files (see Supplementary Text S2). The GUI also provides an option 
to display (in separate windows) additional statistical information, name-
ly: the eigenvalue distribution of the sample correlation matrix and the 
specified PCs, including the sample PCs and the robustly estimated PCs 
(see e.g., Supplementary Figs. S4 and S5).  
     After providing input and output information, the user can click on 
the “Run RoCA” button (Fig. 1c) to run the RoCA method. Progress of 
the execution process is displayed in the “Processing information” panel 
(Fig. 1d) as well as in a separate progress bar which shows up while the 
process is running. Once the process is finished, the user can use the 
interactive slider for the number of PCs (Fig. 1e) to visualize in real-time 
the different sectors inferred in each case. The results are displayed as 
follows: (i) the location of residues involved in each provided biochemi-
cal domain (Fig. 1f) and in each inferred sector (Fig. 1g) is shown on the 
protein’s primary structure, (ii) the intra- and inter-sector correlations are 
shown as a heat map of the cleaned correlation matrix (Quadeer et al., 
2018) (Fig. 1h), and (iii) a heat map of the inter-sector overlap (Fig. 1i). 
The (i,j)-th cell of the heat map shows the overlap between sector i and 

sector j, which is calculated as the fraction of residues in sector i that are 
also in sector j. Additionally, if protein biochemical domains are provid-
ed (Fig. 1a), the statistical significance of the association of the inferred 
sectors with each domain is shown as a heat map (Fig. 1j). Finally, the 
user can click the “Save figures” button to save all figures as vector 
graphics (in eps format) for generating publication-quality figures. All 
the output files containing associated data (i.e., inferred sectors, sample 
PCs, RoCA estimated PCs, sample eigenvalues) are also saved at the 
same time, upon clicking the “Save figures” button. 
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Fig. 1. The RocaSec GUI. (a) Input information 
required to run RoCA; (b) information about the 
output; (c) main execution button to run RoCA; (d) 
display showing information about the provided 
protein data and progress of RoCA execution; (e) an 
interactive slider for the number of PCs to visualize in 
real-time the different sectors inferred in each case; 
panel showing the location of (f) biochemical 
domains (if provided) and (g) inferred sectors on the 
primary structure of protein; (h) heat map of the intra- 
and inter-sector correlations (residues that do not fall 
into any sector are not shown); (i) heat map of the 
inter-sector overlap; and (j) the statistical significance 
(P-value computed using Fisher's exact test) of the 
association of inferred sectors with the provided 
protein biochemical domains. Results are shown for 
the HCV NS3-4A protein as an example. 


