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Relazione scientifica sull’attività svolta

Legumes are important in sustainable agriculture because they can provide high value protein, support meat and dairy production and are unique in their ability to improve soil fertility through their symbiosis with nitrogen-fixing bacteria. However, legumes are sensitive to abiotic stresses as water deficit and soil salinity. Abiotic stress is the primary cause of crop loss worldwide, causing average yield losses of more than 50% for major crops (Bray et al., 2000). Tolerance and susceptibility to abiotic stresses are very complex traits and plants have evolved complex cell signalling pathways activating metabolic functions and developmental switches to cope with environmental stresses. 

A conserved group of metabolites playing an important role in the physiological response to several different stresses in plants and animals is represented by those compounds collectively knows as oxylipins which are generated by oxygenation and further transformation of fatty acids. Most of plant oxylipins so far identified are produced by the lipoxygenase pathway. LOX-derived oxylipins are involved in important physiological processes, such as development and fertility and in plant response to biotic and abiotic stresses (Feussner and Wastenack, 2002). The involvement of oxylipins in root growth and development has been recently reported (Vellosillo et al., 2007). The 9-hydroperoxy-derivative of linolenic acid (9-HPOT), produced by the action of specific 9-LOXs expressed in lateral root primordia, was shown to be involved in lateral root growth in Arabidopsis thaliana. 9-HPOT was shown to modulate root development through cell wall modification and ROS accumulation but also other oxylipins were shown to affect root growth such as the oxoacids, produced (together with volatile aldehydes) by the hydroperoxyde lyase (HPL) branch of the LOX pathway. In Medicago truncatula, the Italian group has identified a 9/13-HPL that is expressed in Rhizobium melitoti-inoculated roots and nodules, thus indicating a role of such volatile oxylipins either in pathogen and beneficial microbe interactions (Mita et al., 2007; De Domenico et al., 2007).

Several genomic analyses have been performed to examine stress responses in plants and to identify signal transduction mechanisms. Medicago truncatula has been adopted by the USA and Europe as a model legume to develop genetic and genomic tools. The knowledge of Medicago genome sequences gives us an unprecedented opportunity to confront bioinformatics mining of genomes with biochemical isolation of novel “unpredictable” genes. This coupled with global studies on gene expression using genomics will allow fine dissection and functional analysis of specific targets in legumes.

The French group leaded by Dr. Crespi, developed a Medicago truncatula 16K microarrays (Mt16kOLI1) covering 16,086 genes (TIGR M. truncatula Gene Index 5 http://www.tigr.org/tdb/mtgi), expressed in root apexes submitted to salt stress.

Starting from it, we focused on the main known genes encoding enzymes involved in the oxylipin biosynthesis. They include lipoxygenases (LOX), hydroperoxide lyases (HPL, involved in the biosynthesis of volatile aldehydes), allene oxide synthase (AOS) and allene oxide cyclase (AOC); involved in the biosynthesis of jasmonates and, finally, divinyl ether synthase (DES, involved in the synthesis of antifungal compounds). We identified some genes of the LOX pathway over-expressed by salt stress in M. truncatula roots. In particular, we selected three different genes encoding respectively a LOX, an HPL and an AOS. To confirm microarrays results, we extracted mRNA from salt stressed and control roots for real time PCR experiments. Our results confirmed that the oxylipin metabolism in involved in abiotic stress response in M. truncatula root. Noteworthy, the HPL branch of the LOX pathway seems to play an important role in such response. We recently reported about the endocellular localization and activation mechanism of a M. truncatula 9/13 HPL expressed in M. truncatula roots. The same gene appeared to be greatly up-regulated in abiotic stress response. Further work is now in progress to prepare genetic constructs to block by RNAi the expression of the most interesting genes involved in the oxylipin pathway in Medicago truncatula composite plants and to identify and characterise the most interesting phenotypes in terms of resistance to abiotic stresses and symbiotic bacteria interaction.
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