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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT
Socio-economic and scientific context : (10 lines)
OilSeed Rape (OSR) is a major oleaginous crop cultivated in the world, with important applications for human and
animal nutrition and biofuel production. However, the yield potential of winter OSR (largely grown in Europe) is
threatened today by increasing climate change and in particular by drought stress in the first stages of the growth
cycle (automnal vigor). Indeed, long-term drought stress strongly affects biomass accumulation and resource
allocation between organs in OSR at the vegetative stage with further strong consequences on seed yield
establishment . In this context, contrasted regulations for metabolism and its dynamic must proceed according to the
developmental stage of leaf tissues, and contribute to optimize carbon and nitrogen resource allocation and
distribution from source tissues (old) to sink tissues (developping). However, these ultimate metabolic adjustments
require a specific regulation of metabolic fluxes within plant primary metabolism, which remained to be dissected.
Leaf primary metabolism comprises different metabolic pathway strongly entangled together: photosynthesis,
photorespiration, glycolysis, tricarboxylic acid cycle, nitrogen assimilation. The PRIMABRA PhD project aims to
unraveling the modifications of metabolic fluxes within leaf primary metabolism supporting osmotic, energetical and
nutritional adjustments of OSR during acclimation to drought stress. We are also interested in studying the interspecie variability associated to these metabolic regulations in brassicaceae in order to promote a potential future
utilization of this diversity for crop improvement.

Assumptions and questions (8 lines)
The progressive apparition of water shortage rapidly induces stomatal closure that negatively affects photosynthesis.
Consequently, carbon and nitrogen lost by the photorespiration process increase, similarly to the properties to retain
carbon and nitrogen required for osmotic potential adjustments, which subsequently affects carbon and nitrogen
transport by xylem and phloem tissues (additional osmotic stress). Therefore, oilseed rape acclimation to drought
stress relies on its capacity to reorchestrate the functionning of different pathway of leaf primary metabolism and
their interconnections through the regulation of metabolic fluxes, in order to maintain energy production
(tricarboxylic acid cycle) for cellular growth process in young leaves and nutrient remobilisation from old leaves.
The PRIMABRA PhD project aims to answer the following questions:
-

What is the impact of drought stress on leaf primary metabolism efficiency and source-sink relationships in
oilseed rape ?
Which metabolic steps from the tricarboxylic acid cycle and its connection areregulated during acclimation
to drought stress with respect to nutrient remobilisation ?
Is there any interspecie variability within brassicaceae associated to these metabolic regulations during
drought stress ?

The main steps of the thesis and scientific procedure (10-12 lines)
The PhD will be separated into three tasks. For each task, plants for oilseed rape (Brassica napus), chinese mustard
(Brassica juncea) and ethiopian mustard (Brassica carinata) will be grown for few weeks (developmental seed vigor
evaluation) in a growth chamber and a moderate drought stress will be applied during two weeks (40% of field
capacity). Sample harvesting will be scheduled to consider spatial and temporal evolution of plant response notably
through the separation of young and old leaves.
Task 1: Impact of drought stress on the physiological status of sink and source leaves of brassicaceae.
 Measurements of leaf water content, leaf osmotic potential, leaf gas
(photosynthesis/photorepsiration/mitochondrial respiration) and photosystem II fluorescence.

exchanges

Task 2: Impact of drought stress on the functionning of the tricarboxylic acid cycle in sink and source leaves of
brassicaceae.
 Measurements of enzymatic activities and metabolite contents in relation with the tricarboxylic acid cycle
 Measurements of levels and ratios of co-factors linked to energetical and redox cell status (ATP/ADP,
NADH/NAD, NADPH/NADP, GSH/GSSG, Ascorbate/dehydroascorbate)
Task 3: Modeling metabolic flux within the tricarboxylic acid cycle in sink and source leaves of brassicaceae



Labeling expriements with 13C-metabolic probes, measurements of 13C-enrichment within metabolites
linked to tricarboxylic acid cycle activity, Software-assisted modelling of metabolic flux (ScalaFlux and
Influx).

Methodological and technical approaches considered (4-6 lines)
The PhD candidate will learn how to apply, manage and evaluate the impact of a controlled drought stress on a crop
species. The PhD candidate will also use several targeted and complementary approaches within the field of plant
eco-physiology, enzymology, metabolomic and 13C-based fluxomic. To perform these approaches, the PhD candidate
will benefit from our network of scientific collaborations with the metabolomic/fluxomic platform P2M2 from our
IGEPP laboratory (Rennes), the IPS2 laboratory (Paris-Saclay), the Bordeaux metabolome platform and the Toulouse
metabolomic and fluxomic platform “MetaToul”.

Scientific and technical skills required by the candidate
We ar looking for a PhD candidate with a strong knowledge in plant physiology and metabolism. Skills in scientific
communication, writing and english speaking are also essential. We strongly encourage applicants owning a first
experience in the management of any abiotic stress to plants, the quantification of leaf primary metabolites
(sugars/organic acids/amino acids) or the measurement of leaf gas exchange parameters. Some knowledge in
statistical treatment tools will be a real advantage for the PhD candidate. Capacities to work in a team will be valuable.
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