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Construction of a reference genome catalog to decipher shared strains
along an agrifood chain with shotgun metagenomic data
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1. Context 2. MINDS project and objectives

ldentifying fluxes of micro-organisms between successive compartments of an agrifood
chain is important to understand and control cheese production. A first step to identify shared

Guillaume KON KAM KING 1 and Anne-Laure ABRAHAM

micro-organisms is to perform a taxonomical assignation at the species level. However, the €N
strain resolution is very relevant for the precise analysis of the assembly process of microbiota 0 -
across habitats. In order to study strain fluxes, and take into account intra-species 5 Eramaiilicn Eammn _ ] Core and rind
polymorphism, we choose an approach based on mapping metagenomic reads using the we == 4samples  4samples  2samples  6samples 4 samples 6 + 6 samples
BWA-MEM tool [1] on a catalog of reference genomes to identify shared nucleotidic SIS AR
polymorphism across samples in our various ecosystems. The use of reference genomes The MINDS project wants to study shared microorganisms and their diversity along 7 ecosystems of an
instead of metagenomic assembled genomes allows capturing polymorphisms for more agrifood chain for cows exposed to high or low diversity grassland. Our work in MINDS project is to identify
species than only the most abundant, and enables comparison across multiple datasets using a shared strains between samples. The first step is to build a complete and adapted reference genome
common reference. database to identify species in samples.

Construction of a genome reference database is a key part of our analysis framework and In order to test the completeness of genome databases for our ecosystems, we compare the percentage
must be tailored to the ecosystems under study. We will present the construction of a of mapped reads on each samples using the following 3 reference databases
dedicated genome catalog based on the RefSeq [2] database with the addition of relevant - MINDS MAGS database: MAGS assembled from MINDS samples
genomes from different origins and projects to complete our database: metagenomic - Refseq database: procaryotic representative genomes (2019)
assembled genomes (MAGS) from previous experiments, and microbial genomes isolated from - Enriched database: MAGS from MINDS project + MAGS and genomes of 6 other sources
cows rumen and feces, and cheese. In particular, the species in the reference catalog must be
different enough to avoid ambiguous mapping of the metagenomic reads. This requires g
aggregating similar genomes and choosing a representative for groups of aggregated
genomes. Reads quality Removal of Mapping on Removal % mapped reads

filters cow’s database - MAPQ <20 Count genomes in each
reads —. ‘reads not ecosystem
properly paired

3. Completeness of 3 databases
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Fig1. Percentage of reads properly mapped on samples with MINDS MAGS or Refseq. Fig2. Percentage of reads properly mapped on samples with enriched database.

600 -

MAGS (Metagenomic Assembled Genomes) were constructed with MINDS - Adding several genomes sources allow to map more reads than

- o £ w0 using only Refseq,.
samples [cf. Poster T5.14]. We selected assembled genomes with >=50% 3 ) Surpgrisingly the ;Iercentage of mapped reads is a little lower than
completeness and <5% contamination for a total of 182 MAGS.. obtained with MINDS MAGS onlv. and. MINDS MAGS aenomes
Refseq is a general database containing 14 155 representative prokaryotic 200+ contribute weakly to these percyéntaées 9
genomes (2021). Reads of each sample were mapped separately on MINDS - Few representatives of MINDS MAGS \x/eré kept with defaullt
MAGS and Refseq using the snakemake workflow. About 507% of reads are | — — e .
onerly manoed on MINDS MAGS for soil. arass. rumen. feces and o) M- . . . . . . parameters, indicating that these genomes were either of lower
PrOPETLy MAapp o 9 - | o gl G fmeMNOS RSl e R quality, either less similar to other genomes of their clusters,
bedding), and 80% of reads for cheese (core and rind). Only ~40% of reads Oriain _ Abundant species were assembled into MAGS. and are orobably the
were mapped on Refseq (except for rind). Database || cheeset [JJ] cheese2 [ Feces ] Minos ] Retsea [ rument [ Rumen2 u P . ' p Y
same present in other genome sources. We probably miss a large
(W) despite being specific of our ecosystems, MINDS MAGS lacks low (2) ?/IINDS MAGS ; | ks - Ma ing improving on cHeese core is due to the addition of
abundant species and some genomes are incomplete (2) Refseq lacks . . PpIng Imp J9
. . . (3) MAGS or genomes from other projects with our ecosystems. eukaryotes and fungi in Refseq,
genomes specific to our ecosystems but contains many good quality
genomes. The idea is to combine several genomes and MAG databasesto  Gonomes with completeness <50% or contamination >5% were removed. Drep was used Although some MIND MAGS could have a lower quality, they correspond
better cover our ecosystems. to dereplicate genomes with >= 95% identity (selection of one representative genome per tg strains present in the samples. A better result could be obtained by
species to reduce multi-mapping, same parameters used for UHGG database [9)). choosing preferentially a MINDS MAGS representative, when available

Choice of representative was done with default parameters and takes into account

. R . and if genome quality is good enough.
genome quality and similarity with other genomes of the cluster.
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After improvement, the enriched database will be used to map metagenomic reads on each representative genome, and
identify shared polymorphisms between samples. For the most abundant species, we will attempt strain reconstruction
using methods like DESMAN [9]. This is unrealistic for less abundant species, so we will also compute, for each species,

diversity and similarity indices inspired from Nei's standard genetic distance [10] and adapted to metagenomic datasets. B st RSt it e T Sample similarity Non-Negative
ot b TR T T T R TR e % whichinvolves —> Matrix Factorization
L _ _ o . , _ o N B S g 2y o - inter sample diversity Clustering
Similarity between samples for each species will be jointly analysed using nonnegative matrix and tensor factorisation S ; - Intrasamplediversity  goft clustering of samples
and species

techniques.
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