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Cerebellar orthogonal encoding in decision making &=

Motor planning, one form of decision making, enables animals to prepare and take
desirable actions to maximize survival. While executing this mental process requires
coordination from a distributed, brain-wide network, our recent study, using whole
brain neural imaging and computational tools, has highlighted the cerebellum as a core
modulating region. However, it remains unclear how the cerebellum integrates sensory
stimuli and internal brain states for motor planning. To investigate this, we have
combined calcium imaging using light-field and two-photon microscopies, optogenetic
manipulation, and an operant-conditioning task in larval zebrafish. We find the strongly
correlated, directed pre-motor signals in the cerebellum and habenula. These pre-
motor signals are evoked by sensory stimuli and gained through learning. Disrupting the
pre-motor signal in the habenula affects both decision behaviors and signals in the
cerebellum. In particular, optogenetic stimulation leads to rotation in the neural
manifold in the channelrhodopsin (CoChR) animals, while in control siblings the same
light stimuli are encoded orthogonally to the motor planning signals. This result shows
that the cerebellum-dependent motor planning relies on the input from the habenula,
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