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TD5: Metagenomics Shotgun Sequencing Analysis: Food Microbiome Transfert

Fast and user-friendly exploratory analysis of the metagenomic samples using Kaiju (kmer approach based on translated reads) 2.1 Description

Kaiju is a program for sensitive taxonomic classification of high-throughput sequencing reads from metagenomic whole genome sequencing or metatranscriptomics experiments. Each sequencing read is assigned to a taxon in the NCBI taxonomy by comparing it to a reference database containing microbial and viral protein sequences. By using protein-level classification, Kaiju achieves a higher sensitivity compared with methods based on nucleotide comparison. Reads are translated into amino acid sequences, which are then searched in the database using a modified backward search on a memory-efficient implementation of the Burrows-Wheeler transform, which finds maximum exact matches (MEMs), optionally allowing mismatches in the protein alignment.

More details on Kaiju / references: http://www.nature.com/ncomms/2016/160413/ncomms11257/full/ ncomms11257.html

Run a pre scan of your sample on the web server

The analysis will be launched on kefir metagenomes sub-samples of 5 millions of reads. That will allow us to obtain good results in a reasonable runtime. The sub-samples are available in the /work_projet/m2bge/kefir/sub_samples/5M directory.

• Download your sub-sample on your computer.

• Visit the web server page (URL of the web server: https://kaiju.binf.ku.dk/server) • Fill in the job name by concatenating binome_name, **_** and kefir_sample_name • Add your email in the dedicated field • Upload the 5M sub-sample of your forward kefir sample in the "File with sequencing reads" field (no need to load the reverse file) • Select MEM for "Run mode" option • Let the default options for the other options :

-Reference Database (NCBI BLAST nr +euk) -SEG filter (filter low complexity protein sequences) . . . • Submit the job • Keep the URL of the web page that holds your results

Analyse your results

Once the analysis is over, consult the "taxon path counts" files and the Krona chart to extract the relevant information Questions: What are the main species revealed by this scan ? What is the proportion of unclassified sequences ?

Metagenomic shotgun sequencing analysis using Food Microbium Transfert

Food Microbiome Transfert: Introduction, usefull links

Food-Microbiomes is a user-friendly tool to perform detailed metagenomic analysis, which is composed of a data analysis software and a database which stores genomic, ecological and functional data and metadata associated with food-related microorganisms and food samples.

It provides quantitative and qualitative information about the species, subspecies and genes present in its samples, allowing approaching specific strain detection level.

Metadata development including curated information on gene functions, their technological interest, and food sample environment will facilitate data analysis at the functional level.

URL of the application: https://migale.jouy.inra.fr/foodMicrobiome/index.html Documentation: https://migale.jouy.inra.fr/foodMicrobiome/static/pdf/tutorial_FMT.pdf

Starting with FMT

FMT performs an in-depth analysis of a metagenomic sample so one analysis could last several hours in function of the size of the sample and the list of reference genomes .

Therefore, the analysis will be launched on kefir metagenomes sub-samples of 1 millions of reads (or 5 millions depending on migale server load) that will allow us to obtain reasonable results in a reasonable runtime. The sub-samples have already been created and loaded in FMT database.

First of all: let's connect to the interface using our login/password. 

FMT: Launch the analysis of your samples

See the section 4 Launch your analysis in the documentation (https:// migale.jouy.inra.fr/ foodMicrobiome/ static/ pdf/ tutorial_FMT.pdf ) Launch the analysis of your sub-sample with your custom genomes list.

• Create a project called: Binome_name + "_" + Kefir sample composition -Write a description mentionning the purpose of the analysis add several keywords relevant to the project and allowing you to retrieve it easily further (i.e kefir, sample_names, your_binome_name, TD, M2GBE. . . ) • Inside this project: Each student creates an analysis called: your_sample_name_VS_custom_bank -select your sample by searching it by its name (ex: type kefir and browse in the list to find your sample) -select your custom genomes list in the Parameters tab select a "read length" of 50 bps and a "number of mismatches" of 1.

launch the analysis once the analysis is finished (a green light appears ; hopefully before 12:00), try to answer the questions of the 4th part below.

Results of kefir analysis in FMT

4.1 Checking the analysis launched in the morning 

Analysis of kefir composition

• Analyse the results of the summary in xls format • Full mapping summary sheet: Order the results by "Median coverage" and "% CDS mapped" and set up the list of the main species found in your samples • Analyse the results at the gene content level • Open the directory (in the archive) of the reference genome of interest and the xls file • Answer to the questions below.

Questions: Do you find any difference in terms of species composition, abundancies? Does FMT detect other species (than Kaiju) ? When you analyse the reads mapped on the main genome: do you find genes with a very low coverage ? How do you interpret that? What type of function are involved?

Graphical visualisation of the genome variations

Installation of a genome browser (Tablet)

• Visit https://ics.hutton.ac.uk/tablet/download-tablet/ to find the proper installer and download the executable installer compatible with your operating system (Windows, MacOs, Linux) • Launch the installer and follow the instructions (below the instructions for windows users) -Click Next to start the wizard -Check the option "I Accept the agreement" and Click Next -Choose the path where Tablet will be installed (the default path proposed is often relevant) -Optional: Check the dedicated box if you want to create a tablet entry in the start up menu -Click on "Finish" to close the wizard.

3. 3

 3 FMT: Create a genome list See the Documentation (https:// migale.jouy.inra.fr/ foodMicrobiome/ static/ pdf/ tutorial_FMT.pdf ) -> Sections 3. Manage genome lists • Add the genome of a MAG representing a major species of your sample (see kaiju pre-scan; could be a MAG of another binome) to the database: To do so, Upload the genbank file of your MAG using the dedicated form in the menu (Manage Sequences -> Add Genome) . For more details: See the section 2.1 Upload your reference genomes of the online documentation • Create a new genome list: by adding several genomes (the main genomes found in kaiju) to a kefir reference genomes list Duplicate the reference genomes list named Kefir_Ref_genomes_TD_M2BGE_2021_V2 to create your own custom genomes list: -in the top menu: click on Manage Sequences -> Browse/Update genomes lists in the left side panel: choose the list named Kefir_Ref_genomes_TD_M2BGE_2021_V2 -in the Management sub-section: click on Duplicate edit the metadata of the custom list you are creating: In the right side panel: change the name (For example name it your_binome_name + "_" + your_sample_name) and the description add the missing genomes (the ones that appeared to be prevalent in your samples according to kaiju) to your custom genomes list. -add the MAG representing a major species of your sample -Click on Create to save the new list.

•

  Visit https://migale.jouy.inra.fr/foodMicrobiome/index.html • Click on Login • Enter your login and password

  • Check the result table on the web interface • Download the analysis • Decompress the zip file and have a quick look on the overall directories and files

Load the data in Tablet

• Go to the sub-directory referencing your genome of interest in the FMT archive downloaded in the 4.1 section and check that you can find:

a fasta file (sequence of the ref.genome) -a bam file (alignment between the sample reads and the ref.genome) -a gff file (protein annotation) • Load these data in Tablet by following this procedure -Click on the link "Import an assembly into Tablet" -Load your bam file (from the FMT subdirectory mentionned above) in the "Primary assembly file" field by clicking on "Browse" -Load your fasta file (from the FMT subdirectory mentionned above) in the "Reference/consensus file" field by clicking on "Browse" -Click on the "Open" button : the genome browser will display the reads of your sample aligned to the ref. genome -Click on the "Import Features" button to also load the proteins annotation • Then, you can load the contig/chromosome that you want to visualize by clicking on its name in the "Contig" panel located under the "Open Assembly" button.

Observation of the variations

The objective here is to check (or not) by graphical visualisation if your findings obtained in the 4.2 section could be investigated further.

• Tips: in tablet, you can zoom onto the genomic region of a gene of interest:

either by searching it by its name (Features section: enter the gene name in the text area at the bottom of the page under the "Filter by Name" dropdown) -or by using its genomic coordinates and entering them in the "Jump to base" To achieve this goal, answer to the questions below: Questions: do you confirm the loss of coverage observed in the regions of your gene(s) of interest ? Is it the only gene of the neighbourhood concerned by this deletion?