UnexpectedLY diversE mycorrhizal symbionts in European forest green orchids (Neottieae) suggests a partial mycoheterotrophy
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Achlorophyllous mycoheterotrophic orchids (MHOs) reverse the usual mycorrhizal symbiosis (where plants exchange photosynthates against mineral nutrients) by recovering carbon from the fungus. MHOs evolved at several times by shifting from usual orchid rhizoctonia partners to other basidiomycetes forming ectomycorrhizae (ECM) with trees. MHOs are specific to narrow fungal clades that are mycorrhizal with surrounding green plants, which provide carbon to both heterotrophs. 

We investigated symbionts of chlorophyllous species phylogenetically related to MHOs from the forest orchid tribe Neottieae, that includes MHOs like Neottia nidus-avis or Cephalanthera austiniae, and photosynthetic species, e.g. in the genera Limodorum, Epipactis and Cephalanthera. Root symbionts were identified by ITS amplification and sequencing. Limodorum abortivum is rather specifically associated to Russulaceae, but may contain additional ascomycetes; in addition, photosynthesis experiments suggested that this orchid, although photosynthetic, needs a carbon flux from the fungus. We also studied symbiont diversity in three Epipactis and two Cephalanthera species from European populations, including several achlorophyllous and subterranean individuals. An unexpected fungal diversity was found, including various basidiomycetes such as Sebacinaceae, Thelephoraceae, Russulaceae… as well as Ascomycetes belonging to Helotiales, Pezizaceae (e.g. truffles – Tuber sp.). Ascomycetes were confirmed to form pelotons within orchid root cells by TEM analysis. These orchids are therefore low specificity associates of ECM fungi. Since green orchids have symbionts similar to the achlorophyllous and subterranean individuals, which are mycoheterotrophic, some green Neottieae could partly behave as MHOs. Isotopic data obtained on a Cephalanthera damasonium population suggests that both achlorophyllous and green individuals mainly rely on fungal carbon for their growth. 

Among Neottieae, ECM symbionts perhaps replaced the Rhizoctonias as these orchid shifted to forest niches, possibly as an adaptation to low-light habitats. We speculate that this entailed a predisposition to mycoheterotrophy by exploitation of tree photosynthates.

