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Abstract

Motivation: MIToS is an environment for mutual information analysis and a framework for protein
15 multiple sequence alignments (MSAs) and protein structures (PDB) management in Julia language.
It integrates sequence and structural information through SIFTS, making Pfam MSAs analysis
straightforward. MIToS streamlines the implementation of any measure calculated from residue
contingency tables and its optimization and testing in terms of protein contact prediction. As an ex-
ample, we implemented and tested a BLOSUM®62-based pseudo-count strategy in mutual informa-

20 tion analysis.
Availability and Implementation: The software is totally implemented in Julia and supported for Linux,
OS X and Windows. It's freely available on GitHub under MIT license: http://mitos.leloir.org.ar.
Contacts: diegozea@gmail.com or cmb@leloir.org.ar
Supplementary information: Supplementary data are available at Bioinformatics online.

25 1 Approach and implementation MIToS encodes amino acids and gaps as integer numbers. This

) ) . allows fast indexing of residue contingency tables used for counts
The Mutual Information Tools for protein Sequence analysis e L ; .
; i N hat all p and probabilities estimations. The residue contingency tables are 45

(MIT.OS) is an open—sm(lirce Julia pac agfe t a.t z; ows }lsers to study used for, residuc, £ . ither by sequence or columns,
P roFem sequences' an structures using  Information measures Also join, frequencies (residues pairs, triplets, etc.) can be calculated.
derived from multiple sequence alignments (MSA). The standard These residues frequencies can used for calculating any measure (i.e.

30 MSA format used by the tool is Stockholm (used by the Pfam data- entropy, mutual information) based on them
base), as it allows to enrich the alignment with annotations. These The PDB module of MIToS allows to read PDB or PDBML files 50
MSA a.nnotat.ions are mangged l.)y MIToS methods. Sequence pos- as vectors of residues identified by its residue number (from PDB
itions (i.e. residue number in UniProt) are stored as sequence anno- and PDBe when possible), three letters code (to allow ambiguities
tations while the columns numbers of the original input MSA are and not standard residues), chain and model number. MIToS pro-

35 stored as file annotations. Annotations are kept updated when vides methods to calculate the most used distances between residues
mutating operations are performed on the MSA (i.e. elimination of (i.e. C alpha, C beta, etc.) and also 10 different types of residues con- 55
insert columns). That allows to keep track of sequence positions tacts (van der Waals, ionic interactions, etc.). It also performs struc-
through a pipeline. The stored residue positions can be easily ex- tural superimposition using the Kabash algorithm (Kabsch, 1978)
tracted as vector of numbers. MIToS maps structure and sequence and calculates RMSD and RMSF (Root-Mean-Square Deviation and

40 residues using SIFTS as it was shown that aligning PDB sequences Fluctuation) measures of the superimposed structures.

(atom-res) with MSA sequences often yields incorrect alignments in The Pfam module of MIToS makes more simple and efficient the 60

those regions flanking missing residues (Velankar ez al., 2013).

management of Pfam alignments (integrating SIFTS, PDB and MSA

©The Author 2016. Published by Oxford University Press. All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com 1
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annotations). It was used to parameter optimization of the
BLOSUM-based pseudo-count correction for MIp (BLMIp, note
that the difference with ZBLMIp is only the Z-score calculation).
The Pfam module has most of the needed functions to evaluate the
predictive performance in terms of contact prediction and-can—be

used-fortesting-otherscores on a Pfam dataset.

2 Case implementation

Mutual Information (MI) derived scores are covariation measures
calculated between columns in an MSA, giving potential insight into
residues coevolution. MI has proved to be useful for structural con-
tacts and functional sites prediction in proteins (de Juan et al., 2013;
Marino Buslje et al., 2010). The starting point of MIToS was the im-
plementation of the corrected Mutual Information score (ZMlp)
described in Buslje ez al. (2009). ZMlIp is based on the MIp measure
of Dunn et al. (2008) with the following corrections: (i) redundancy
reduction using a Hobohm I clustering for sequence weighting
(Hobohm ez al., 1992), (ii) a pseudo-count correction to deal with
low number of sequences and (iii) a Z score transformation against
a null distribution obtained by calculating MIp on a set of random
alignments generated by shuffling the sequences in the MSA. These
corrections involve a higher computational cost in comparison with
a raw MIp, making important the performance of the language used
for its implementation. Here, the Julia language was chosen since it
is a high level programming language for scientific computing, easy
to use and modify, designed for parallelism with a performance close
to C in terms of computing time.

A major problem for a reliable MI calculation is the number of
sequences in the MSA (Buslje ez al., 2009; Dunn ez al., 2008). In a
previous study, we found that the set of applied corrections, includ-
ing a fix uniform pseudo-count correction, improved the perform-
ance of MI as a predictor of residue contacts, but also found that the
performance decreased for MSA having less than 400 clusters of se-
quences sharing less than 62% sequence identity (Buslje et al.,
2009). We hypothesized that this could be improved by implement-
ing a more biologically relevant pseudo-count correction. In this
work, we used the MIToS framework to implement and test a
BLOSUM-based pseudo-count correction, that considers the nature
and the observed frequency of the amino acids, inspired by Altschul
et al. (1997) (see supplementary data for a detailed description of
the MIToS’
Information and Pfam modules have all the required tools to make a

implementation and parameters optimization).
streamline implementation and testing. We compared this approach
to a uniform pseudo-count correction (see Fig. 1). Performance of
the methods was evaluated as the area under the receiver operating
characteristic curve (AUC) for contact prediction. Residue contacts
relativeto-the-used MSA columns and AUC calculation were deter-
mined with few functions from the Pfam module.

For families in the testing dataset with less than 400 clusters, the
mean AUC improvement was found to be significant (AAUC = 0.013,
P <0.01, Wilcoxon signed rank test). For MSA, with more than 400
clusters, however, the two approaches have comparable performance
(P=0.82, Wilcoxon signed rank test) (See Fig. 1). Given this, we rec-
ommend to use ZBLMIp only for MSAs with less than 400 clusters,
because it is computationally more expensive than ZMIp and it only
achieves superior performance in that interval.

In conclusion, we demonstrate the usefulness of MIToS implement-
ing, optimizing and testing a Z score for corrected MIp using
BLOSUMS62 pseudo frequencies (ZBLMIp) in a comprehensive dataset.

score

" ZMip
r — ZBLMIp

AUC
A
\
\
({

6ODD 8OO0 10000 O 100 200 300 400 500

< @

Number of Clusters (62% identity)

Fig. 1. Mean (solid line) and standard error (shadowed area) of the AUC given
the number of cluster at 62% identity. 25% of the families in the testing data-
set have less than 66 sequences (first gray vertical line) while 50% have less
than 266 sequences (second vertical line). (A) Using a sliding window of
length 200 clusters, with a step size of 10 cluster. (B) Using a sliding window
of length 50 clusters, with a step size of 10 cluster until 500 clusters

3 Simple usage

MIToS has a collection of scripts for running common operations
from the command line without coding in Julia. Most scripts accept
a file or a list of files as input, and the output is written on the same
directory of the input with a suffix in the file name before the exten-
sion. When using a list of files, the parallel-computing capabilities of
Julia can be used for running each file on a different process.
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