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The manufacturing process of cheeses, as for most fermented food, involves a complex flora, composed of bacteria but also yeast and filamentous fungi. These organisms can be brought by starters added during cheese manufacturing, or by environment (milk, maturing cellar…). The exact composition of cheeses is not known. Both academic researchers and cheese manufacturers are interested to have a better insight of cheese ecosystems, and collaborate in the Food-Microbiomes Transfert project. One of the objectives was to develop a metagenomic approach with a user-friendly tool, adapted to cheese ecosystems.

Cheese ecosystems characterization with a metagenomic approach

The manufacturing process of cheeses, as for most fermented food, involves a complex flora, composed of bacteria but also yeast and filamentous fungi. The wide range of final products found on the dairy market is representative of the diversity of natural starters and ripening cultures used by dairy industries or coming from the food chain, from milk to the factory. However the cheese ecosystem is not completely understood [START_REF] Almeida | Construction of a dairy microbial genome catalog opens new perspectives for the metagenomic analysis of dairy fermented products[END_REF]. The natural starters are not constructed from pure strains and the knowledge of their exact composition remains incomplete. Classical microbiological analysis or genetic methods (qPCR, MLST …) can be used to better understand cheese ecosystem, but these techniques are expensive and time consuming. In order to further understand cheeses ecosystems and maintain a constant quality of cheese products, there is a need for a method to characterize low abundant species and assign precisely taxonomy, in cheese samples.

Techniques based on metagenomic DNA sequencing have been developed recently to rapidly identify species in complex ecosystems. Several tools are available to manage shotgun sequencing metagenomic datasets. Some are based on marker genes (for example: MetaPhlaAn [START_REF] Segata | Metagenomic microbial community profiling using unique clade-specific marker genes[END_REF], MetaPhyler [START_REF] Liu | MetaPhyler: Taxonomic profiling for metagenomic sequences[END_REF], mOTU [START_REF] Sunagawa | Metagenomic species profiling using universal phylogenetic marker genes[END_REF]) and propose rapid approach to identify species, although the use of a small part of the genomes decreases sensitivity of these approaches. Others use different strategies to take into account all the reads, for example with k-mer approaches (CLARK [START_REF] Ounit | CLARK: fast and accurate classification of metagenomic and genomic sequences using discriminative k-mers[END_REF], Kraken [START_REF] Wood | Kraken: ultrafast metagenomic sequence classification using exact alignments[END_REF], LMAT [START_REF] Ames | Scalable metagenomic taxonomy classification using a reference genome database[END_REF], OneCodex [START_REF] Minot | One Codex: A Sensitive and Accurate Data Platform for Genomic Microbial Identification[END_REF]...), read mapping on reference genomes (Genometa [START_REF] Davenport | Genometa-a fast and accurate classifier for short metagenomic shotgun reads[END_REF], GOTTCHA [START_REF] Freitas | Accurate read-based metagenome characterization using a hierarchical suite of unique signatures[END_REF], MEGAN [START_REF] Huson | MEGAN analysis of metagenomic data[END_REF], MicrobeGPS [START_REF] Lindner | Metagenomic profiling of known and unknown microbes with MicrobeGPS[END_REF], Sigma [START_REF] Ahn | Sigma: Strain-level inference of genomes from metagenomic analysis for biosurveillance[END_REF]...), assembly and functional annotation (EBI metagenomic web server [START_REF] Hunter | EBI metagenomics-a new resource for the analysis and archiving of metagenomic data[END_REF], MG-RAST [START_REF] Meyer | The metagenomics RAST server-a public resource for the automatic phylogenetic and functional analysis of metagenomes[END_REF]...). Very few are available for biologists.

We are working in partnership with dairy manufacturers to develop a metagenomic approach based on shotgun sequencing of the cheese samples adapted to cheese ecosystems. Cheese ecosystem contain a reduced number of species (less than one hundred in most of the cases) and lots of reference genomes have been sequenced. However, there is a need to assign taxonomy of the present organisms, up to the strain level if possible, and to identify low abundance species. As different strains can have different property on the cheese manufacturing, it is important to have a tool able to identify genes present in the ecosystems. We have developed a method based on the mapping of metagenomic reads on a set of reference genomes, completed by the analysis of reads distributions to identify present species. We also provide information on genes coverage and functions. We have implemented this analysis method under a python pipeline named GeDI.

Food-Microbiomes Transfert, a specific database and an interface to analyze cheese ecosystems

Food-Microbiomes Transfert aims to provide a user-friendly tool to analyze cheeses ecosystems. To create the most accessible tool, the project offers a web interface to GeDI and a cheese specific genomes database. This interface will allow users to analyze their own metagenomes (or public metagenomes).

The genomes database has been created using PostgreSQL and currently contains cheese specific microorganisms. These genomes have been extracted from public databases by dairy products ecosystems experts and will be enriched with ecological metadata using text-mining tools and the Ontobiotope ontology [START_REF] Bossy | Bionlp shared task 2013-an overview of the bacteria biotope task[END_REF]. In addition to these public genomes, the user is able to add his own private genomes to perform analysis. A metagenome database allows to store metagenomics raw data and GeDI results. For this purpose, a metadata model representing cheese manufacturing, sampling method and cheese classification has been created, in partnership with cheese manufacturers and researchers to identify the most accurate and accessible model. These two parts of the database have been conceived using the Minimum Information about a Genome/Metagenome Sequence (MIGS and MIMS [START_REF] Yilmaz | Minimum information about a marker gene sequence (MIMARKS) and minimum information about any (x) sequence (MIxS) specifications[END_REF]). It allows to have a standard and reusable set of data.

The client side is developed using JavaScript/HTML5/CSS3/RDFa and interacts with the server using AJAX queries. The aim is to create a dynamic interface with minimal user interaction needs and an easy way to perform/manage analysis and data.

The user can upload data, share them with other users, manage genomes lists to reuse for a later analysis, and perform analysis with a minimal steps amount: i) select the metagenome ii) select genomes from public or private lists iii) start GeDI with default parameters.

A results page allows the user to visualize the mapping summary and to download the results (mapping tables, charts).

The server, hosted by the Migale platform, is based on two specific technologies. The web server uses the Python Django framework to manage web client requests, databases and users. The GeDI computation is done on a cluster using a Galaxy [START_REF] Goecks | Galaxy: a comprehensive approach for supporting accessible, reproducible, and transparent computational research in the life sciences[END_REF] instance called by the Python Bioblend library [START_REF] Sloggett | BioBlend: automating pipeline analyses within Galaxy and CloudMan[END_REF]. The use of Galaxy facilitate the reproducibility of research because of the possibility of exporting the histories and tools. It also allows to easily link the web server to the analysis pipeline because of the use of the same language: Python.

Prospectives

We are working on the improvement of GeDI tool: validation on several datasets, computation time... The genome database will be enriched with new genomes and expert annotations especially with text-mining tools. The metadata of the metagenomic database will be added. We are also working on the interface improvement in order to make analysis even more intuitive, and to provide tools to perform cross-comparisons between analyses.
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