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M2 INTERNSHIP SUBJECT
TITLE: Co-occurrence and interactions between Fusarium and wheat-associated bacteria.

CONTEXT:

Crops production is frequently impaired by plant diseases such as Fusarium Head Blight (FHB). This disease is the result
of the infection of wheat spikelet tissues by pathogenic Fusarium species, resulting in the reduction not only in grain
yield but also in grain quality due to the production of mycotoxins by the pathogen.

FHB is known as a disease complex since more than one species from the genus Fusarium is involved in the infection.
It is clearly acknowledged that FHB incidence and Fusarium species composition are highly correlated with climatic
conditions, agronomic factors and host genotype. However, the role of the wheat microbiota on the success of the
Fusarium infection is less known and needs further investigations.

OBJECTIVES:

The main objective of this internship is to determine whether and how the wheat microbiota influences the species
composition of Fusarium in wheat grains. The main hypothesis of the project is that wheat-associated bacteria play a role
in shaping the composition of Fusarium species in wheat grains and therefore the levels and profile of mycotoxins. To
validate this hypothesis, we propose a new approach combining molecular and culture-based methods. The goal is not
only to identify taxa that co-occur within wheat grains, but also to test their interactions in vitro.

METHODS:

One part of the internship will consist in analysing bacterial diversity in a large dataset obtained via sequencing of the
16S rRNA gene in grain samples from soft and durum wheat (N = 504 samples). These cereals were sampled from
different regions in France, representing various agricultural practices and climatic conditions. A comprehensive set of
metadata is available for each sample (e.g. wheat variety, weather conditions, agronomic practices, mycotoxin
concentrations, infecting Fusarium species). The influence of these factors on alpha- and beta-diversity of bacterial
communities will be assessed by investigating species richness, diversity indexes and the relative abundance of
individual taxa via univariate (e.g. linear mixed effect models) and multivariate comparisons (e.g. PERMANOVA),
Unconstrained and constrained ordination of microbiome read count data will be also performed by using Principal
Coordinates Analysis (PCoA), Canonical Correspondence Analysis (CCA), as well as other algorithms such as the Row-
Column interaction model of dimension M (RC(M)) developed by Hawinkel et al. (2019).

Co-occurrence network analysis will be performed by integrating the results of the sequencing of bacterial communities
and the diversity of Fusarium species that is currently investigated for the same sample set in the frame of the EvolTox
project (ANR-20-CE32-0011). The construction and comparison of networks will be performed by using existing tools
such as NetCoMi (Peschel et al., 2021), which was developed to measure associations between taxa, to analyse network
topology and to perform differential association analysis. Association between bacterial taxa and the mycotoxins
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analysed in the project EvolTox will be also tested in order to determine the specificity of bacterial taxa to mycotoxins
(Darcyetal., 2022).

Finally, bacterial synthetic communities (SynComs) representative of the wheat microbiota will be assembled and their
interactions with several Fusarium species will be evaluated in vitro. The bacterial isolates and SynComs will be co-
cultured with Fusarium according to the network correlations, either as single isolate or as SynComs. Bacterial and fungal
growth will be followed for each co-culture by gPCR, and the production of mycotoxins will be assessed by HPLC-DAD
and LC-MS.

PREREQUISITES:
Candidates should have a strong background in microbial ecology and/or bioinformatics, with a good command of
bioinformatics tools and the ability to work in a microbiology lab. Interest in plant microbiology would be an advantage.
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