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Title
Subcortical and cortical mechanisms in primate during active
vision

Abstract

Organisms acquire visual information actively by shifting their eyes. Thus, studying active
vision needs to understand not only how the eye movements are generated, but also how the
visual signals are processed along different brain areas, and to understand the interaction
between them.

| started my journey with Ziad, my PhD supervisor, in active vision since 2012. We selected
superior colliculus (SC), a subcortical brain area that are involved in both vision and saccade
generation pathway, as the first stop. For 5 years, using macaque monkey as the animal
model, we characterized the visual responsive area of neurons with single unit recordings and
quantified their visual sensitivity without eye movement using various visual stimulus. During
mapping the response field, we found surprisingly an asymmetry between upper and lower
visual field that is correlated with the asymmetry in saccade reaction time (SRT). Further,
when we analyzed their sensitivity around saccades, we found SC neurons became more
sensitive to visual stimulus before eye movement onset and less sensitive after. The
decrease of sensitivity is dependent on the spatial frequency content of the stimulus and is
also correlated with the change in SRT.

After graduation, | continued this journey in Tadashi’s lab since 2017. With a rather novel
animal model, the marmosets (Callithrix jacchus), in this field, we looked at the cortical
mechanism during active vision. | first characterized a cortical brain area, frontal eye field
(FEF) as my starting point. We located saccade related areas in the dorsal frontal cortex by
electrical microstinulation. Combining with anterograde virus tracing in similar cortical areas,
we revealed a retinotopic saccade map in the saccade evoking areas. We further used
muscimol or optogenetically to manipulated the saccade evoking areas and showed causal
relationship of these areas to saccade generation. On the other hand, we injected retrograde
virus in the SC to map saccade related cortical areas and found that beside the the dorsal
frontal cortex, several parietal, temporal, and occipital areas also send direct project to the SC.
We implanted a large ECoG covering a whole hemisphere of the cortical surface to record the
brain activities and found large traveling brain waves after saccade offset covering almost half
of the cortical surface which is dependent on both visual signal and motor command. We
have also showed how the eye movement response time changes with the progression of a
neurodegenerative model we developed using a-synuclein fibrils injected marmosets.
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