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The importance of beneficial microorganisms both in shaping the soil structure and for plant growth has been known for many years. Microorganisms that colonize plant roots either externally or internally appear to play a very important role in plant growth as well as resistance to abiotic and biotic stresses. Plants of the legume family enter into symbiotic relationships with microorganisms (rhizobia, arboreal mycorrhizal fungi), which are mainly mutually beneficial but can also become parasitic. In this particular doctoral thesis, a non-pathogenic endophytic fungus of the genus Fusarium solani strain K, also known as FsK, and the legume model plant Lotus japonicus will be studied. The ascomycete FsK is an endophyte originally isolated from tomato plant roots, and soon became the subject of study, thanks to its ability to increase plant resistance to both biotic stress, for example from the foliar pathogen Septoria lycopersici, and abiotic stress due to lack of water. Recent studies of the plant-fungus interaction at the subcellular level have shown that the establishment of FsK in the tissues of leguminous plants requires a series of changes involving both adaptations to the growth of the fungus and autonomous plant cell responses. Most of these changes have been described for both symbiotic interactions and pathogenicity relationships between plants and microorganisms. We also know that the growth of the fungus inside the plant is neither burdensome nor beneficial, when they grow under normal growth conditions and without the application of any stress. A first question that this PhD thesis set out to answer was whether the plant-fungus interaction is beneficial to the plant in conditions of abiotic stress. The ability of the endophyte to offer resistance to plants growing under conditions of heat, cold and oxidative stress was investigated in the first phase. The endophyte is capable of colonizing the roots of leguminous plants under abiotic stress conditions but to a lesser extent than under normal growth conditions. We also observed that shoot biomass increased in the presence of the endophyte under cold stress while FsK affects plant growth through increasing root length under oxidative stress. In order to gain a more complete picture of the FsK-Lotus relationship, the effect of the fungus on plant growth under iron deficiency conditions was also tested. In this particular case FsK is still able to promote plant growth through shoot and root fresh weight, and plants inoculated with the fungus showed a shorter flowering time under abiotic stress conditions. In addition, the endophytic fungus enhanced the uptake of macronutrients (P, K, Ca and Mg) and micronutrients (Fe, Cu, Zn, Mn, Mo, Co, Ni) by plants without stress conditions. All the above results were complemented by studying the transcriptional profile of FsK-inoculated plants, in the early stages of the interaction. A large number of transcripts were identified as differentially expressed from both the plant and fungal sides. So knowing that the fungus helps prevent nutrients from the plant we checked for iron-related fungal genes. The results showed that the fungus has a high-affinity iron uptake pathway.
Alongside the study of the interaction of the endophytic fungal strain, Fusarium solani strain K, with the model plant Lotus japonicus, under conditions of abiotic stress, we also studied the effect of triterpenes on its colonization capacity. We know that secondary metabolites are known to act in important plant functions, such as protection against biotic and abiotic agents as well as the establishment of symbiotic relationships. Triterpenes are the most important group of defense metabolites against fungi and pathogens. The investigation of the biosynthesis of triterpenes and specifically the role of β-amyrin synthase, LjAMY2 is part of the laboratory's research as it has been proven to date that it is the only enzyme that catalyzes the synthesis of lupeol and β-amyrin. Recent laboratory results have also shown that the endophytic fungus is recognized by the plant in a similar way to rhizobacteria and mycorrhizal fungi and is capable of inducing the known Common Symbiotic Signaling Pathway (CSSP). Having these data, the next goal of the PhD was to answer the question of whether the colonization ability of FsK is affected by the triterpene biosynthetic pathway and how it affects the process of nodulation. For this purpose, Lotus japonicus mutant plants and specific mutants of the AMY2.188.1 and CYP71D353 genes were used. The fungus is able to colonize the roots of the mutant plants while we also observe a cooperative action of the rhizobia with the fungus in the nodulation process only in wild-type plants. 
Finally, all the above results come to complement and confirm the beneficial symbiotic relationship of the endophyte with the leguminous plant. Additionally, the results of cooperative action and coexistence with rhizobacteria remind us that the study of this beneficial endophytic fungus is worthy of investigation.
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