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“Tales of an ionotropic olfactory receptor: The surprising 
evolutionary trajectory of a pseudogene” 

 
Pseudogenes are generally considered to be non-functional DNA sequences that arise through nonsense or frame-shift 
mutations of protein-coding genes. Olfactory receptor families contain many pseudogenes, which reflect low selection 
pressures on loci no longer relevant to the fitness of a species. While studying the evolution of the olfactory system of 
Drosophila sechellia, a sibling species of D. melanogaster that is endemic to the Seychelles and feeds almost exclusively on 
Morinda fruit, we found that one of its receptors bears a premature stop codon. This receptor, IR75a, belongs to the 
chemosensory variant ionotropic glutamate receptor repertoire. Surprisingly, D. sechellia Ir75a encodes a functional 
receptor, owing to neuron-specific translational read-through of the PTC. Furthermore, we have identified functional PTC-
containing loci within different olfactory receptor repertoires and species, suggesting that such functional ‘pseudogenes’ 
could represent a widespread phenomenon. Additionally, although the intact D. melanogaster Ir75a orthologue detects 
acetic acid—a chemical cue important for locating fermenting food found only at trace levels in Morinda fruit—D. sechellia 
Ir75a has evolved distinct odour-tuning properties. Through comparative analysis and protein homology modeling of the 
ligand binding domain of this receptor, we found three residues within the ligand bind pocket that can determine the ligand 
specificity of this receptor. Through mutational analysis and by extending our study to more distantly related Drosophila 
species, we have been able to delineate a molecular path that reveals how the specificity of an IR can shift from one salient 
odor to another during evolutionary time. Finally, we identify a “hot-spot” in the receptor ligand-binding pocket, where 
mutations both in different IRs, and within the same IR at different evolutionary times, have driven alterations in specificity. 
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