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Abstract

Motivation: Gene-by-gene (GbG) approaches are becoming increasingly popular in bacterial genomic
epidemiology and outbreak detection. However, there is a lack of open source software for schema
definition and allele calling.

Results: The chewBBACA suite was designed to assist users in the creation and evaluation of novel
whole-genome or core-genome GbG schemas and allele calling in bacterial strains of interest. The
alleles called by chewBBACA are potential coding sequences, allowing the user to evaluate the possi-
ble consequences of the observed diversity. The software can run in a laptop or in high performance
clusters making it useful for both small laboratories and large reference centers.

Availability: https://github.com/B-UMMI/chewBBACA/

Contact: jcarrico@fm.ul.pt
Supplementary information:
UMMI/chewBBACA/wiki

Supplementary data are available at https://github.com/B-

A locus in a schema can be a complete coding sequence (CDS) or a

1 Introduction subsequence of it, as in traditional MLST. Defining a locus as a CDS, al-

Read mapping approaches using Single Nucleotide Polymorphisms

lows linking the variability found to potential changes in proteins and thus,
possibly with phenotype. The definition of the locus is currently depend-

(SNP)/Single Nucleotide Variants (SNV) have been used for studying
bacterial genomes (Lynch et al. 2016). However, gene-by-gene (GbG) ap-
proaches are advantageous in the context of genomic epidemiology as an
expansion of Multilocus Sequence Typing (MLST) (Maiden et al. 1998)
thus allowing portability, scalability, and independence from a defined
reference strain. For these reasons, GbG has been adopted by PulseNet
International as the method for bacterial strain discrimination using high
throughput sequencing (Nadon et al. 2017). GbG relies on comparing the
draft genome of a strain of interest against a pre-defined schema, typically
using a BLAST (Altschul et al. 1990) based approach. This schema can
be composed of core loci, present in all or the great majority (e.g. 95%) of
the analysed strains (core genome MLST schemas or cgMLST), or includ-
ing all loci detected in the strains of interest. The latter are referred to as
whole genome or pan genome MLST schemas (wgMLST or pgMLST).

ent on the algorithm used for comparing loci and defining the schema,
hampering the comparison between different GbG approaches.

Only few software are available for GbG allele calling and no tools are
available for schema creation and validation. Two commercial platforms
offer GbG analyses: Ridom SeqSphere+ (http://ridom.de/seqsphere/) and
Bionumerics (http://www.applied-maths.com/applications/wgmlst).
Since these are proprietary, closed source software, their GbG allele call-
ing algorithms are incompletely described (Moura et al. 2016),(Ruppitsch
etal. 2015), although Ridom schemas are public (http://www.cgmlst.org/).

BIGSdb was the first open-source freely available platform allowing
cgMLST analysis (Jolley & Maiden 2010) and currently it is the basis of
the PubMLST website (https:/pubmlst.org/). More recently, EnteroBase
provides comprehensive cgMLST and wgMLST schemas and allele call-
three major foodborne bacterial

ing engine for pathogens
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(https://enterobase.warwick.ac.uk/). A limitation is the requirement to
submit reads to the website or to public repositories (NCBI SRA/EBI
ENA), since no stand-alone versions of their allele calling algorithm are

available. Currently, the only published open-source stand-alone GpG al-
lele calling algorithm is Genome Profiler (Zhang et al. 2015) which, how-
ever, uses a single CPU core making it unsuitable for large analyses.

We developed chewBBACA to be a complete stand-alone pipeline for
GbG analyses, including constructing and validating novel cg/wgMLST
schemas and performing CDS allele calling suitable for large scale studies.

2 Implementation

chewBBACA is composed of three interconnected modules/workflows:

1) Schema Creation workflow defines wg/cgMLST schemas from user
provided complete genomes or draft assemblies, focusing on excluding
paralog loci, detection of contaminated/bad quality assemblies and sup-
porting user decisions towards the identification of the most appropriate
schema through interactive graphic data analysis. This module uses an it-
erative approach for CDS comparison for selection of loci that is more
computationally efficient than the Markov Clustering Step typically used
in software such as OrthoMCL(Li et al. 2003) or CD-hit (Fu et al. 2012).

2) Allele Calling algorithm is based on CDSs identified by Prodigal
(Hyatt et al. 2010) with similarity determined using a BLASTP Blast
Score Ratio (BSR) (Rasko et al. 2005), allowing the detection of alleles
with divergent DNA sequences but similar encoded proteins. This allows
identifying alleles that would be considered absent loci with BLASTN,
but retains the full diversity found at the DNA sequence level.

3) Schema Evaluation allows the assessment of the suitability of in-
cluding each locus in a schema through a suite of functions to graphically
explore and evaluate the type and extent of allelic variation detected in
each of the chosen loci. This module also creates multiple sequence align-
ments for each locus using MAFFT (Katoh et al. 2002) and constructs
neighbor-joining trees using Clustal W2 (Larkin et al. 2007) allowing eval-
uating schemas created by other methodologies and can be further used
for exploring the potential consequences of the variability of each locus.

A complete description of each module and functionalities is available
at https://github.com/B-UMMI/chewBBACA/wiki

3 Usage Example

A tutorial providing a complete usage example demonstrating the creation
of a schema for Streptococcus agalactiae, from publicly available com-
plete genomes and assemblies available at NCBI/ENA is provided at
https://github.com/mickaelsilva/chewBBACA _tutorial

4 Conclusions

The chewBBACA suite was developed to allow GbG analyses to be per-
formed on high-end Unix based laptops but also in high performance serv-
ers, facilitating its adoption into large-scale automated analysis pipelines.
The allele calling engine of chewBBACA uses FASTA files with draft
assemblies or complete genomes as input and returns as output an allelic
profile matrix and a set of FASTA files containing the full allelic diversity
of each locus. For a 2MB bacterial genome and a schema of 1,300 loci it
takes approximately 15 seconds to run using 6 cores. Currently available
cg/wgMLST schemas, can be adapted to run using chewBBACA’s allele
calling engine. chewBBACA is the first suite to provide schema creation
tools and to enforce CDS allele calling, which can be important to evaluate
phenotype diversity. Since there is an urgent need for bioinformatics so-
lutions that will facilitate development of nomenclature-based schemas

(Moran-Gilad 2017)), future work will focus on centralized repositories
for schemas and allele definitions that can be synchronized with local al-
lele calling outputs to facilitate the development of common schemas and
nomenclatures for cg/wgMLST to benefit public health.
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