
Animal behavior reflects the interplay of two types of responses: those that 
arise innately, from neural circuits pre-programmed into the genome, and 
those acquired by learning from past experience. Using the simple neural 
circuitry of the fruit fly Drosophila, Ruta works to define how behaviors 
are adapted through individual experience or evolution.

Animal behavior arises from an interplay between instinct and learning. Certain behaviors are invariant 
across members of a species, suggesting they are genetically hardwired. However, behavior must also 
be flexible to allow individuals to adapt to their unique and changing experience of the world. The Ruta 
lab delineates the neural circuits and computations that underlie innate and learned behaviors, and 
reveals how these circuits can be modified through evolution or individual experience to generate novel 
behavioral adaptations. The group uses a multidisciplinary toolkit—including optical tracing techniques, 
electrophysiology, functional imaging, and quantitative behavior—to study the concise chemosensory 
circuits of the fly, with the goal of revealing how they mediate fixed and flexible behaviors at the level 
of synapses, cells, and circuit motifs.

One focus of the Ruta lab has been to explore how the nervous system flexibly encodes and assigns meaning 
to the complex and vast chemical world. By examining the functional architecture of the Drosophila mushroom 
body, an associative brain center that is essential for olfactory learning and memory, they demonstrated 
how neuromodulation can act to rapidly reconfigure circuit properties and allow the same odor to drive 
alternative behavioral responses. In recent experiments, the Ruta lab developed a virtual reality system 
to record neural responses as a fly navigates within an odor plume, allowing them to directly link the 
neural and behavioral changes that unfold during learning. They also showed that the temporal sensitivity of 
molecular pathways within the mushroom body gives rise to temporal dependence of associative learning, 
allowing an animal to infer the causal link between an odor and a reward, even within a dynamic environment.

In parallel, the Ruta lab has used Drosophila courtship as a paradigm to explore how innate behaviors emerge 
from genetically specified neural circuits and are modified through evolution to generate species-specific 
variations in mating behavior. The lab has begun to translate genome editing tools from D. melanogaster 
to several closely related species, allowing them to reveal how evolution can tinker with brain circuits to 
produce different behaviors. Recent work showed how the same pheromone can promote mating in one 
species of Drosophila but suppress it in another due to rewiring of a central node within the brain.

In other work, the Ruta lab has been exploring how olfactory receptors evolve to allow flies and other 
insects to rapidly adapt to diverse chemical niches. Insect olfactory receptors form the largest and most 
diverse family of ion channels but bear no similarity to other chemoreceptors. The Ruta lab resolved the 
first structure of an insect olfactory receptor using cryo-electron microscopy. The lab continues to perform 
biochemical, electrophysiological, and structural studies of this receptor family to provide insight into the 
molecular basis for odorant signaling in insects and to lay the foundation for the development of novel 
strategies to prevent the transmission of insect-borne diseases.
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