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Easy and rapid in silico serotyping of Salmonella using WGS data : development of a workflow

Introduction:

Bacterial pathogens pose a major threat to public health, therefore accurate, rapid typing of pathogens is essential for effective surveillance and foodborne outbreak detection. Conventional serotyping is considered to be the gold standard for classification of Salmonella, but the process is laborious, timeconsuming and expensive. In this study we develop the GenoSalmo tool for in silico serotyping of Salmonella from WGS data, and demonstrated its usefulness by evaluating it on WGS data available with conventional serotype information.

RESULTS:

The schema developed allowed to hierarchy the 794 targets inputted according to their selectivity and specificity. Figure 2 illustrates the 12 genetic markers for S. Enteritidis showing a better performance for Se and Sp. Figure 3 shows that no markers, for this serotypes, are highly specific/sensitive, i.e. with specificity associated to a sensitivity above 0.975. 

Materials and Methods:

In silico typing was based on genomes targets described for microarrays and new typing techniques during this last decade by several authors as Porwollik et al., 2004, Kim et al., 2006, Fitzgerald et al., 2007, Arrach et al., 2008, McQuiston et al., 2011, and others. 794 targets allowed proceeding in silico serotyping of 85 different serotypes including 10 of the most frequently isolated Salmonella in humans, food and animals (Table 1). 354 genomes of Salmonella were used to proceed GenoSalmo workflow. 321 genomes of Salmonella isolates with WGS data and conventional serotype information were collected across publicly available data and 39 Salmonella genomes from the strain Salmonella Collection of ANSES (France) were obtained thanks 100k Genome project (http://100kgenome.vetmed.ucdavis.edu/). Before processing with GenoSalmo, the 39 Salmonella genome data from Salmonella Collection of ANSES were previously assembled with MIRA tools. The GenoSalmo workflow was built in python language (Figure 1) with a modular structure non specific to Salmonella. The ability of the 794 potential genetic markers to characterize the 85 tested serotypes was evaluated through specificity (Sp) and sensitivity (Se).

Table 1. The 10 most frequently isolated Salmonella serovars in humans, food and animals according to the Salmonella network. Part of the 85 serovars analyzed with GenoSalmo workflow. 

CONCLUSION and PERSPECTIVE:

The GenoSalmo workflow has a modular structure non specific to Salmonella, it could be processed as well with targets and genomes of other pathogens. This workflow allowed to realize in silico serotyping and to evaluate the targets according their Sp and Se. In perspective to arise the Se and Sp it would be interesting to combine targets (proceed couple of target). An phase test will be also realized with genomes of Salmonella and genomes of organisms different of Salmonella according the recommendations of NF ISO 16140. 
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 1 Figure 1. Structure of the GenoSalmo workflow.
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 3 Figure 3. Specificity (Sp) and sensitivity (Se) associated with the 100 best markers for S. Enteritidis.
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 2 Figure 2. Position in the genome of S. Enteritidis strain P125109 (NCBI Ref. Seq. NC_011294.1) of the twelve markers showing better Se and Sp among the 794 targets analyzed. Finally six markers can be retained relative to their position on the genome. This image is realized with BioNumerics v7.5 (Applied Maths).
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