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(Long descending commissural VOv neurons ensure coordinated swimming movements

along the body axis in larval zebrafish)

Locomotion is essential for survival in animals: animals need to move for the purposes
of foraging, reproduction, exploration, escape, etc. Previous studies have shown that
the locomotor central pattern generator (CPG), which are the neural circuits that
generate basic patterns of movement during locomotion such as walking and swimming,
reside in the spinal cord. To elucidate the neuronal identity and circuit organization in
the locomotor CPG, specific groups of neurons have been labeled by transgenic
techniques. Differentiation, morphology, and functional roles during locomotion have
been investigated. However, detailed structures and activity patterns of the mammalian
locomotor CPG have not been fully understood. This is due to the complexity of limbed
locomotion in mammals and the large size of the mammalian spinal cord which has a
large number of spinal neurons.

Larval zebrafish is a good vertebrate model for detailed analysis of the locomotor CPG.
The advantages of using larval zebrafish are that, compared to mammals, its spinal cord
is smaller, translucent, and has fewer neurons. This enables cell ablation using a short-
pulse laser, as well as recording neuronal activities in a live animal. In addition, the
expression patterns of transcription factors in the spinal cord are largely conserved
among vertebrates, and thus, findings in larval zebrafish are expected to contribute to

our understanding of spinal neuronal circuits in other vertebrates.



Swimming kinetics matures during the early larval stages in zebrafish. At 2 days post-
fertilization [dpf], larval zebrafish swim with a large head swing in the yaw direction
during both slow and fast swimming. In contrast, after 4 dpf, the head is stable with
little movement in the yaw direction during slow swimming. This is thought to be
important for stabilizing the gaze and reducing resistance in the water. To minimize the
head swing in the yaw direction, the moment of force around the center of mass needs
to be minimized. To achieve this, the body shape during swimming should be an S-
shaped (i.e., the diagonal body parts [the rostral body on one side and the caudal body
on the opposite side] bend almost at the same timing) but not be a C-shaped (i.e., only
one side of the body bends).

In this study, I focused on MCoD neurons as a candidate neuronal population that
coordinates trunk muscles in the diagonal dimension. MCoD neurons are one of the VOv
neuron subtypes that differentiate from the p0O progenitor domain at 3 dpf. They are
excitatory, rhythmically active during slow swimming, and have long descending
commissural axons that innervate motoneurons in the caudal spinal cord. Based on these
neuronal characteristics, the temporal correlation between the differentiation timing of
the MCoD neurons, and the maturation of slow swimming between 2 dpf and 4 dpf, |
hypothesized that the MCoD neurons are a strong candidate that enables coordinated
trunk movements during slow swimming.

I examined whether the MCoD neurons are involved in coordinated diagonal trunk
movements. First, I used multiphoton microscopy to ablate the MCoD neurons and
captured images using a high-speed camera to analyze the head yaw angle during slow
swimming. In addition, kinetic parameters such as occurrence frequency of swim bouts,
swim bout duration, swim speed, and tail beat frequency were measured.

MCoD-abalated fish showed a 3- to 4-fold increase in head yaw angle during slow
swimming compared to non-ablated fish. Thus, MCoD neurons contributed to the

stability of the head in the yaw direction during slow swimming. Furthermore, the



occurrence frequency of S- and C-shaped bodies during slow swimming was also
analyzed. In the MCoD-ablated fish, the occurrence frequency of the S-shaped bends
during slow swimming decreased while that of the C-shaped bends increased. These
results revealed that the MCoD neurons play an important role in coordinating diagonal
interlimb movements of the trunk during slow swimming.

In mice, long descending commissural VOv neurons are involved in diagonal interlimb
coordination during walking. Together with this, the present study suggests that the
long-distance descending commissural VOv neurons form an evolutionarily conserved
pathway in the spinal locomotor circuits that coordinates the movements of the diagonal

body/limb muscles.
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