ABSTRACT
Gibberellins (GAs) are phytohormones that regulate a wide range of developmental processes in plants. Levels of bioactive GAs are regulated by biosynthetic enzymes: GA 20-oxidases (GA20ox), GA 3-oxidases (GA3ox) and catabolic enzymes: GA 2-oxidases (GA2oxs). In tomato (Solanum lycopersicum L.) GA2oxs are encoded by a small multigenic family composed of five genes, SlGA2ox. The main objective of our work is to study the role of GA2ox enzymes in the development of tomato plants. First, we studied the expression pattern of SlGA2ox genes in vegetative and reproductive tissues of tomato and its regulation. These genes showed a high degree of redundancy in their expression and were unresponsive to variations in levels of endogenous GAs in seedlings. The genes with higher expression levels in vegetative tissues were SlGA2ox3 , -4 and -5 while SlGA2ox1 and SlGA2ox2 genes appear to be important controlling ovary growth since their expression was repressed in pollinated developing ovaries and was induced in unfertilized ovaries.

To study the role of these genes in the development of tomato plants we employed a reverse genetic approach, using simple and multiple post-transcriptional gene silencing. For multiple silencing, a short-hairpin RNA (shRNA2ox) chimeric construction was used with a sequence homologous to the five genes and for the silencing of only SlGA2ox1 we used an artificial micro-RNA (amiRNA2ox1) construction. Both constructs induced the silencing of all target genes, but the magnitude of mRNA reduction was different for each gene depending on the tissue and the developmental stage, being more efficient for the most abundants targets mRNA. The silencing of SlGA2ox genes in 35S::shRNA2ox plants induced a significant increase in the levels of active GA4 in ovaries. Unfertilized ovaries of transgenic plants were much bigger than wild type ovaries (more than 30 times) and they were also able to develop parthenocarpically with a certain frequency (5-37%). Pollinated ovaries, although develop faster, produced fruits of similar size to wild type fruits.  In the vegetative development of the plants the classical phenotypic effects due to overproduction of GAs were not detected, but inhibition of the side branches and also a higher content of GA4 in the axillary buds were observed. This unexpected phenotype was reverted in the transgenic plants when GAs levels were reduced by applying a GA biosynthesis inhibitor. These results suggest that GAs are negative regulators of branching and that GA 2-oxidases are important in the control of branching mediated by GAs. In 35S::amiRNA2ox1 plants, where only SlGA2ox1 gene was silenced, unlike what happens in multiple silencing plants, no changes were detected in the levels of active GAs, neither alterations on the branching pattern or consistent effect on parthenocarpy. From these results it follows that SlGA2ox1 silencing gene is not enough to induce significant changes in the phenotype of the tomato plants probably due to gene redundancy. In summary, GA 2-oxidases seem to be important in the regulation of GA levels in tomato ovaries and axillary buds, and their silencing may be responsible of parthenocarpic growth and inhibition of branching.
