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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT
Socio-economic and scientific context:
Current changes in climate and agricultural practices have impacted the frequency and intensity of fungal
contaminations in vineyards. This shift in microbiota may lead to organoleptic defects that appear after
fermentation and for specific vintages. One example is the so-called “fresh mushroom” off-flavours that have been
observed over the past ten years. This sensorial defect is not detected on berries or in must but rather appears in
the months following the end of the fermentation. Professionals in the wine industry hypothesize that this fresh
mushroom off-flavour is related to hot and warm vintages and the macroscopic status of grape berries.
In spite of this, no scientific study has yet been undertaken to compare the microbiota of grape berries from
« healthy » and « sensitive » vineyards. The objective of this PhD project thus aims at characterizing the diversity
and composition of Champagne grape associated microbiota from these different vineyards and pinpointing its
potential role in the fresh mushroom defect in wines.

Assumptions and questions:
The Champagne wine-growing region is located in Northern France and benefits from both oceanic and
continental climatic influences. The grapes in these vineyards grow in both wet and extreme temperature
conditions. The main grape varieties are Pinot Noir, Meunier and Chardonnay. This diversity, together with the
diversified terroirs encountered, contribute to the typical and characteristic wines produced here.
In Champagne, like other vineyards across France, wine quality is highly linked to the characteristics of the raw
materials used. The influence of pedoclimatic conditions is already well followed and documented, however, the
Champagne grape microbiota has yet to be fully characterized and described.
In this context, the first objective of this study is to dynamically identify and compare the microbiota associated
with the main stages of grape development on berries from « healthy » versus « sensitive » vineyards used for
Champagne production. These « sensitive » vineyards have been previously linked to undesirable fresh mushroom
off-flavours after fermentation. To do so, complementary culture-dependent and -independent approaches will be
used. Global data analyses will be carried out by combining the obtained results with all available data related to
climatic conditions and vine and grape growing practices to determine which factors might impact the microbial
ecosystem. In parallel, microbial co-occurrence networks and patterns will be explored using metagenetics data.
This should provide deeper understanding about species interactions within the different vineyards and potentially
linked to undesirable off-flavours and point out potential « suppressive » species that may prevent unwanted fungal
species development. The « suppressive » effect will also be studied using small scale biological tests directly on
the matrix. Finally, fungal development, for a selection of strains and species, will be evaluated by testing multiple
abiotic factors linked to typical climatic conditions using a high throughput laser nephelometry method. Off-flavour
production will also be monitored at key time points for the same samples using biochemical methods. Using the
results obtained, cardinal growth values will be calculated using secondary growth models. Overall, these results
will provide novel information about the most favorable conditions leading to the described undesirable offflavours.

The main steps of the thesis and scientific procedure:
Task 1: Microbiota of Champagne grape berries. This task will focus on dynamically characterizing the Champagne
related microbiota of grape berries from different vineyards described as “healthy” or “sensitive to off-flavours”
using culture-dependent and -independent (metagenetics) approaches. According to the identified fungal species
diversity, those capable of producing undesirable fresh mushroom off-flavours will be determined and conserved.
Task 2: Interactions study. Possible key species interactions, potentially linked to off-flavour development, will be
studied by analyzing co-occurrence networks and patterns between samples based on the obtained metagenetics
data. This analysis should enable us to pinpoint the key taxa that negatively or positively impact off-flavour

development. Small scale biological tests will also be carried out to confirm the potential “suppressive” effect by
inoculating microorganism(s) individually or in combinations in the presence of the unwanted fungal species.
Task 3: Physiological study and conditions necessary for off-flavour production. Growth of key fungal species,
individually or combined, and involved in the production of undesirable off-flavours will be determined by varying
abiotic conditions mimicking climate change. A risk prediction model for growth and off-flavour production will be
proposed.

Methodological and technical approaches considered
Task 1: A minimum of 12 vineyards will be included to study berry microbiota dynamics using both metagenetic
and culture-dependent analyses. Sampling will be performed during 6 key stages of berry development (pre- and
post-harvest). A working collection of fungal strains of interest will also be created. The ability of a preselected
number of these strains and species to produce undesirable volatile compounds leading to fresh mushroom offflavours will be determined using biochemical techniques.
Task 2: Comparison of co-occurrence networks, constructed using metagenetics data, between sensitive and nonsensitive vineyards to spoilage, will be performed to pinpoint putative taxa positively and negatively contributing
to this defect. To validate whether these taxa can suppress spoilage, small scale biological tests will be set up based
on confrontation between a selection of spoilage fungal strains and putative suppressive microorganisms, covering
a large range of phenotypic and/or genetic diversity. Fungal growth will be monitored by qPCR to demonstrate
whether these taxa of interest reduce the target fungal growth.
Task 3: A high through-put screening method based on laser nephelometry will be used to follow fungal growth,
for preselected strains, according to various abiotic factors. Primary growth models will first be used to calculate
growth rates while cardinal growth values will be obtained with a secondary model. These data will be correlated
to the ability of strains to produce undesirable volatile compounds, under the same conditions. Altogether, a risk
prediction model estimating the likelihood of growth and production of undesirable volatile compounds will be
proposed.

Scientific and technical skills required by the candidate
The PhD candidate requirements:
 Master’s Degree or equivalent Degree in microbiology, molecular biology, and have experience in data
analyses related to their specialty (culture-dependent and –independent approaches, PCR, metagenetics,
statistics...)
 Good lab experience with the ability to work autonomously and learn new techniques
 Well-organized, rigorous and a good team player, the candidate will be required to work with a team and do
regular progress reports
 Be capable of adapting and simplifying a scientific discussion according to the context
 Good communication and written skills (protocols, reports, synthesis…), good experience with Office Pack and
statistical analyses
 Fluency in English (both spoken and written) and be able to present their research in International conferences
 An interest for wine science, fermented beverages and biotechnology as well as experience in biochemistry is
an asset.
The candidate should also be interested in hands-on work in a winery setting and will be required to be on-site
during the pre-harvest and harvest periods (3 months/yr).
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