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Brain functions rely on the coordinated dynamics of a vast number of highly
interconnected neurons. To discern how these dynamics lead to behavior, Vaziri
seeks to capture and manipulate neuronal activity over large brain volumes at
high speed, depth, and single-cell resolution across species. His lab develops
imaging techniques addressing these demands to generate functional maps of
neuronal circuits up to the level of a whole brain in behaving animals.

A major goal of systems neuroscience is to understand how sensory information is represented in and
processed by the brain, and ultimately leads to complex behavior. Maps of how neurons connect are essential
to achieving this goal but have not been sufficient due to the extremely interconnected and recurrent nature
of neuronal networks. In many cases, brain functions are thought to emerge from highly distributed networks
of local circuits interacting via long-range neuronal connections. However, the ability to study such large-
scale functional circuits has been hampered by the lack of tools and methods capable of manipulating
neuronal activity in specific spatiotemporal patterns while also capturing the dynamic activity of the
entire network at high spatial and temporal resolutions.

Vaziri's lab develops and applies new neurotechnologies for large-scale, high-speed interrogation of
neuroactivity at single-cell resolution. Over the years, the lab has developed a portfolio of different optical
neurotechnologies that have expanded the conventional limits on imaging speed, spatial resolution, depth,
and volume. They have demonstrated this capability by recording activity from the entire brain of C. elegans
and larval zebrafish at high speed and single-cell resolution.

The lab recently extended these capabilities to the rodent brain, which strongly scatters light and thus
limits imaging depth. They have developed neurotechnologies that enable detection of neuroactivity across
large volumes of brain tissue and at single-cell resolution in freely behaving animals as well as those under
head-fixed conditions. Their most recent method, hybrid multiphoton sculpted light microscopy (HyMS),
has enabled for the first time near-simultaneous recording of activity at different depths in the mouse
brain and at a high speed (up to 17 Hz). It can capture activity in entire cortical columns and subcortical
regions encompassing up to 12,000 neurons at single-neuron resolution. This technological achievement
represents the first volumetric calcium imaging of subcortical brain regions and one of the deepest (1.22
mm) optical recordings of neuroactivity in intact brain tissue. The unmatched performance of this method
has established a new frontier for volumetric and deep-tissue imaging of neuroactivity.

However, developing these technologies is not the end goal of the lab’s research program. They endeavor
to make these tools accessible to other researchers, to enable biological discoveries, and to extend
thefrontiers in neuroscience by making it possible to solve a qualitatively new range of neurobiological
questions. Thus, Vaziri has applied these technologies not only to specific biological questions in his
own lab but also in close collaborations with other neuroscience labs.

Vaziri envisions that the insights gained from these studies will go beyond uncovering biological mechanisms
and may ultimately lead to conceptually new and generalizable information theoretical frameworks and
models of computation by neuronal networks.
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