
Orchids are very diverse in species number, but also in types of nutrition. Species that rely on photosynthesis in adulthood
strikingly germinate underground from very tiny seeds without reserves: at germination, a fungus colonizing them provides all the
nutrients required, a nutrition called mycoheterotrophy. Later in development, the plant eventually becomes green and
photosynthetic. Yet, the fungus remains associated with the roots, now exchanging mineral resources collected in the soil against
plant carbon. Orchids are thus important models when seeking to understand how nutrition and microbial interaction change
during plant development.
Interestingly, some orchids remain more or less mycoheterotrophic in adulthood. Some are not green and not photosynthetic: the
fungus present in the roots provides them with all the nutrients required, allowing mycoheterotrophy in adulthood. Some species
display an intermediate strategy: they are photosynthetic, but receive part of their carbon from the fungus, in addition to mineral
resources, enabling them to adapt to living in light-limited forests. These strategies also exist in other plants, but evolved often in
orchids, which are thus interesting models when seeking to understand the mechanisms and evolution of the loss of photosynthesis
in plants.
Finally, many orchids are rare or endangered species whose presence is an indicator of ecosystem health, so knowledge of their
nutrition and relation to supporting fungi is crucial. Paradoxically, some species live in soils polluted, for example, by heavy
metals, as some South Poland populations investigated here, although we do not know if they achieve there a normal
physiological status.
ORCHIDOMICS aims at better understanding of these different types of nutrition and the role of the associated fungi, using
orchids as models. It concentrates on underground germination, adult roots that interact with fungus, and adult photosynthetic
leaves, in orchid species with various types of adult nutrition.
ORCHIDOMICS makes use of the most recent methods, which provide a lot of data from a single sample. First, the
characterization of RNAs shows which plant genes are active. Second, extraction and separation of the main molecules
(metabolites) provide a view of metabolism in action. The thousands of pieces of information gathered will be handled using
computer analyses and statistics to (i) separate relevant data from noise, (ii) collate metabolic and gene expression data, and (iii)
compare data obtained from different samples. The handling of unusually large datasets is the first challenge of ORCHIDOMICS.
The second challenge is the study of orchids in situ: ORCHIDOMICS is based on limited, non-lethal sampling of orchid parts in
natural populations, authorized by sampling permits. Thus, the data will reflect orchid physiology in living conditions.
In more detail, ORCHIDOMICS will investigate the diversity of orchid nutrition types. First, we will compare adult plants from
nine species that are fully photosynthetic, partially mycoheterotrophic or fully mycoheterotrophic in adulthood. Second, we will
monitor metabolic changes between mycoheterotrophic seedlings and adults in these species. For four species, we will also
monitor the modifications produced by two environmental factors: light level and soil pollution by heavy metals.
ORCHIDOMICS will produce a massive dataset that will build a detailed view of the various orchid nutrition types in situ. This
will first serve as a unique model to understand how plant nutrition changes with developmental stage, environmental conditions,
and during evolution. Second, through better knowledge of orchid biology in realistic conditions, ORCHIDOMICS will help
improve their future protection. Finally, it will pave the way to future, more precise analyses of crucial metabolites and genes
involved in the different types of nutrition of orchids, and indeed ORCHIDOMICS itself encompasses more genetically detailed
analyses.
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