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Composite for illustration only: Brain activity data collected by Flyception
superimposed on a photo of a fly. Credit: Takeo Katsuki, Kavli Institute for
Brain and Mind at UC San Diego
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Researchers at the Kavli Institute for Brain and Mind at the University
of California San Diego have developed a technique for imaging brain
activity in a freely walking fruit fly. Working with one of the most
common model organisms in science, Drosophila melanogaster, the team
shows for the first time what goes on in the brain of the fly during
courtship—when it's unrestrained.

Dubbed "Flyception" by the researchers, the novel imaging system is
described in Nature Methods.

Brain imaging in fruit flies is widespread. But most conventional
techniques require immobilizing the fly's head under a microscope.
Picture for a moment being asked to go on a first date strapped inside an
fMRI scanner. It might be pretty hard to act natural (let alone charming).
Fruit flies have had the same problem.

As a consequence of the restraints, brain responses during many
fundamental fly behaviors remain poorly understood. The new
technology, the researchers say, could change that—enabling scientists to
gain insights on neural processes that underlie mating, fighting, sleep,
learning and memory.

The UC San Diego team's solution features two technical innovations.
First, the researchers created an imaging window on the fruit fly's head.
They surgically removed the exoskeleton from the top of the head,
which is about the size of a few grains of salt, and sealed the opening
with transparent silicon adhesive. They then placed a small piece of
coverslip on the head to create a flat surface suitable for imaging. This
window provides a view of the protocerebrum, or the upper half of the
fly brain.
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Flyception features computer vision techniques to track a freely walking fly with
unprecedented speed and precision. The system is built with rotating mirrors
mounted directly above the walking arena that houses the fly and uses three
cameras. Credit: Takeo Katsuki/Kavli Institute for Brain and Mind at UC San
Diego

Second, they developed computer vision techniques to track a freely
walking fly with unprecedented speed and precision. The system is built
with rotating mirrors mounted directly above the walking arena that
houses the fly and uses three cameras. As the fly walks, the mirrors,
controlled by a low-magnification camera, rotate to bring the fly in view
of a second, higher-speed, higher-magnification camera that further
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refines the mirror position so that the head of the fly is accurately
positioned in the center of the view. A laser beam also targeted at the
moving mirrors, and consequently the fly head, excites fluorescent
genetic markers linked to specific neurons in the brain, and a third
camera, a high-sensitivity one, records activity of those neurons. All of
this takes place in real time at 1,000 frames per second.

Previous research has attempted to mimic a fly's freely moving
behaviors. One approach, for example, features a fly treadmill, where a
tethered fly walks on an air-suspended ball and is presented with various
stimuli in a kind of virtual reality setup. But it has remained difficult to
study, in restrained flies, the fundamental activities needed for survival
or the sorts of complex social behaviors in which flies voluntarily
interact with each other.

Although the fly and mammalian brains are quite different anatomically,
there is evidence for similarities in genetic programming and network
connectivity, the researchers say. An advantage to studying the fruit fly
brain is that it is relatively small, with about 100,000 neurons, yet
sufficiently complex to display social and cognitive behaviors. Recent
research has also suggested some emotional behaviors in flies. Another
advantage to studying the fly brain is the availability of powerful genetic
and molecular tools that can be used to manipulate and record neural
activity at the level of the single cell.
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At left, surgically created imaging window on the fruit fly head. Credit: Takeo
Katsuki, Kavli Institute for Brain and Mind at UC San Diego

"Brain imaging is essential for advancing our understanding of the neural
mechanisms underlying behavior and cognition," said corresponding
author Takeo Katsuki, assistant project scientist with the Kavli Institute
for Brain and Mind at UC San Diego, or KIBM. "One of the biggest
goals of today's neuroscience research—as outlined by the national
BRAIN Initiative—is to map brain activity at a whole brain scale in
naturally behaving animals, so that we can understand how higher-order
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cognitive functions,and disorders, emerge through the concerted activity
of multiple brain regions. The technology we developed provides a first
step toward this goal by enabling monitoring brain activity in naturally
behaving fruit flies."

  More information: Dhruv Grover et al, Flyception: imaging brain
activity in freely walking fruit flies, Nature Methods (2016). DOI:
10.1038/nmeth.3866
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