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Summary (Abstract) of doctoral thesis contents

The vertebrate telencephalon, a center for higher-order processing, is vital to the integration of
learning, memory, emotion, and sensory inputs. However, the neurological basis of these
functions are still not fully understood, particularly in the case of teleosts. In order to understand
how the neural circuits essential for these behaviors form, and how these circuits may ultimately
produce sophisticated behaviors, larval zebrafish can be used as a model to visualize the
activities of neurons in the process of establishing functional circuits, as well as during stimulus
processing and behavioral tasks. Since the transparency of zebrafish larvae allow light to pass
through the entirety of their brains, living specimens may be used for optogenetic studies without
the need for invasive tissue dissection. Furthermore, in the initial stages of brain development,
the telencephalon exhibits activities generated by internal processes, rather than by external
stimuli. These spontaneous activities are believed to be indicative of the types of activity
observed in later, mature neural circuits, and therefore formed the basis of my analysis. Using
Genetically Encoded Calcium Indicators (GECIs) such as GCaMP expressed in genetically
defined portions of the forebrains of 5 day old zebrafish through the Gal4/UAS system, |
recorded activities of neural populations of agarose-fixed larvae under a confocal microscope. |
then proceeded to use dimensionality reduction and signal analysis techniques to find consistent
patterns among them, identifying a population of cells with slow, periodic oscillations alternating
at a rate of approximately 0.1 Hz between the left and right hemispheres of the dorsal surface of
the forebrain. Using a custom analysis pipeline to register confocal imaging data from multiple
optical layers and fish, | was able to expand this analysis to the more ventral optical sections of
the dorsal telencephalon, finding a gradient of frequencies across the anteroposterior axis of the
pallium consisting of cells with progressively slower periodic activities towards the posterior end.
In order to elucidate the mechanics of these oscillating cells, and their possible behavioral
functionality, | attempted to manipulate the frequency and phase of the oscillator through
pharmalogical and visual stimulus-based interventions. Treatments of baclofen, a GABABR
agonist, resulted in a reduction in the 0.1 Hz activities of the oscillating telencephalic cells,
fitting with an oscillating circuit model that would require inhibitory inputs to both hemispheres
to maintain a separation in terms of phase. Moreover, with a visual stimulus protocol consisting
of periodic dark flashes displayed in an alternating fashion to the left and right eyes of the larvae,
I was able to identify populations of neurons in both the telencephalon and optic tectum with
initially periodic, spontaneous alternating activities that were also responsive to the phase of
visual stimuli. In the case of the visually responsive telencephalic cells, a difference in
sensitivity to left or right-sided stimuli was also found, based on the initial phase of their
ongoing spontaneous activities. Additionally, the telencephalic pallium contained a smaller
population of cells that were responsive to visual stimuli from both the left and right eyes. Since
both of these populations were capable of entrainment after the end of visual stimuli, this

suggests that these cells may be part of a circuit able to integrate visual information over short
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time-scales, similar to functionalities proposed for another recently identified oscillator in the
larval zebrafish located in the hindbrain, and implicated in long term biases in swim directions.
The shared frequencies and similar responses to visual input suggest that these two oscillators
may in fact be part of a much larger functional circuit. Finally, in order to further investigate the
link between telencephalic oscillatory activity and behavior, | developed a system for performing
virtual reality behavioral assays on agarose-fixed larvae, using a camera-based method to track
tail movements in order to reconstruct intended paths during fictive swim bouts, with the intent

to combine it with a calcium imaging platform for future experiments.
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Summary of the results of the doctoral thesis screening
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