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Introduction


The problem of resource acquisition is one of the greatest ecological constraints on any organism. Plants, while generally able to supply themselves with sugars via photosynthesis, depend upon their substrates for the majority of their nutrients. Nitrogen-rich fertilizers are used extensively to supply crop plants with nitrogen, and this results in a high cost to both our economy and our environment (Serhal, et al., 2009). Some plants, however, are able to generate their own supplies of nitrogen through symbioses with nitrogen-fixing bacteria. The best-known group of these is the legume family (Fabaceae), whose plans acquire their nitrogen through symbioses with nitrogen-fixing Rhizobia and Frankia bacteria (Hirsch, 1992).


While the legumes, possibly due to their agricultural utility, are the most famous case of plant-microbial symbiosis, other plants obtain their nitrogen by engaging in mutualism with cyanobacteria. Cyanobacterial symbioses exist within every major clade of land plants (Adams, et al. 2006). These include several species of liverworts and hornworts, the fern Azolla, cycads in the gymnosperms, and the Gunnera (Gunneraceae) in the angiosperms, a subtropical genus found throughout the southern hemisphere (Fuller and Hickey, 2005). It is the only genus of angiosperms to engage in symbiosis with cyanobacteria, and it is the only known case of intracellular hosting of a cyanobacteria in plants (Silvester & McNamara, 1976). It engages in mutualism mainly with the genus Nostoc, and it has a conspicuous stem gland that serves as the site of bacterial colonization.


In Gunnera manicata the gland is formed from undifferentiated mitotic cells that are located on the stem beneath the petiole. They form independently of the presence of Nostoc and have a very specialized morphology, including several papillae (grooves) that form around a central papilla (Chiu, 2005; Uheda & Sylvester, 2001). The papillae serve as sites for motile Nostoc (called hormogonia) to invade the gland. Their conspicuous color is caused by the presence of anthocyanin flavonoids. The gland also secretes a translucent mucilage prior to infection by Nostoc (Johansson & Bergman, 1992).


We are interested in the means by which Nostoc gains access to the gland. Because the symbiosis occurs intracellularly, the plant must let down its natural barriers to pathogens in order to facilitate the entry of the symbiont. Our hypothesis is that the gland does this by expressing cell wall remodeling enzymes that convert cell wall components (cellulose and hemicellulose) into smaller sugars. This would accomplish two important functions: the breaking down of cell wall material would provide a weaker barrier to the invading bacteria, and the abundance of monomeric glucose would create an enticing food source for the migrating hormogonia.

Methods


To determine what genes are preferentially expressed in gland tissue, we are using both Sanger and 454-pyrosequencing to construct a cDNA library from stem gland mRNA found in G. manicata.  We will analyze the data to obtain complete sequences of ethylene response factors (ERFs) and cell wall remodeling enzymes. We can then design gene-specific primers for qRT-PCR as well as design RNAi for targeted gene knock-down. Additionally, we can over-express several of these genes ectopically in an effort to induce gland formation. 

Results


By comparing transcription in mature gland and stem tissues, we hope to be able to identify ERFs and cell wall degradation enzymes preferentially expressed in the tissue. These would support the hypothesis presented and would give us the knowledge to induce Nostoc colonization ectopically. Preliminary results are already showing the presence of ERFs as well as enzymes responsible for degrading essential cell wall components. These include β-glucosidase, Xyloglucan endotransglycosylase, and Polygalacturonase, which break down cellulose, hemicellulose, and pectins, respectively.
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