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Of the nearly 500 different genetic disorders that cause mental retardation, the most common form of inherited mental retardation is Fragile X syndrome (FXS). Individuals with the syndrome display a range of developmental and behavioural deficits with mild to severe mental retardation, attention deficit disorder, autistic behavior, sleep disorders, memory deficits and problems related to anxiety such as hyperactivity among others. FXS is caused by transcriptional silencing or loss of function of the FMR1 gene product by CGG triplet expansion in the 5’ untranslated region of the gene. The gene encodes an apparent RNA binding protein, which appears to be involved in mRNA export, localization and translational regulation, especially locally at particular synapses. In addition, FMR protein (FMRP), appears also to be involved in developmental decisions at the level of neurite extension, guidance and branching. However, the precise role of FMRP in these processes has not yet been defined with certainty. 

A Drosophila model for Fragile X Syndrome has been developed that is based on loss-of function mutants of dfmr1, the single homolog of the FMR1 gene in the Drosophila genome. Studies of these mutants uncovered neuronal and behavioural phenotypes analogous to symptoms observed in Fragile X patients. These include alterations in circadian rhythms, synaptic branching and cytoskeletal dynamics in neurons and other tissues.  In this study, we investigated the role of dfmr1 in associative and non-associative learning in Drosophila. First, we determined whether dfmr1 heterozygous mutants exhibit deficits in olfactory associative learning and memory and surprisingly, we uncovered a robust deficit. The deficit can be rescued by transgenes carrying the full length genomic fragment that harbours the entire wild type dfmr1 gene (RES), but not by a frame-shift mutation in the coding region (FS). Furthermore, we investigated whether dfmr1 heterozygous mutants are deficient in habituation both as a measure of non-associative learning and to probe whether we can model attention deficit, autism and schizophrenia experienced by human FXS patients in the fly. We found that mutant flies habituate slower than control animals, indicating a defect in non-associative learning. In addition, we treated the dfmr1 mutants with mGluR antagonists, to restore both learning and habituation deficits. Also we examined the overall locomotor activity of mutants and clearly, total locomotor activity of dfmr1 flies is significantly higher than that of controls. Hyperactivity is a characteristic common symptom of FXS and it may reflect anxiety.
 These results demonstrate the utility of the Drosophila system both as a model of behavioural deficits exhibited by FXS patients, but also as a vehicle for discovery and validation of pharmaceuticals to ameliorate them.
