
 

Scientists create comprehensive map of sea
worm neural circuits
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A scanning electron micrograph of the Platynereis dumerilii larva. Credit:
Gáspár Jékely (CC BY 4.0)

Researchers have created a detailed map of the circuits and more than
9,000 cells that make up the entire body and nervous system of a three-
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day-old larva of the sea worm Platynereis dumerilii.

The study, published July 9 in eLife, is described by the editors as an
important advancement towards the understanding of animal nervous
system organization and evolution.

They note that this is only the third animal whole-body connectome to be
assembled, and praise the wealth of high-quality data used which lays the
foundation for future studies on the diversity and connectivity of
different cell types, as well as other nervous system parts, their functions
and evolution.

Platynereis dumerilii is a species of marine worm belonging to the
polychaete class, and is increasingly used across laboratories to study
development, behavior and marine ecology.

Its life cycle begins as a free-swimming larva, which then goes through
several life stages before settling and transforming into an adult worm,
with a simple, segmented body structure—a head featuring sensory
organs, repeated body segments with bristle-bearing muscular
appendages enabling movement, and a tail.

Scientists have increasingly turned to these worms to study the origins of
the central nervous system.

"Platynereis larvae are an excellent model for studying how circuits
connecting nervous system cells help these creatures move," explains
lead author Csaba Verasztó from the École Polytechnique Fédérale de
Lausanne. "They give us insights on the coordination of the nervous
system that's necessary for behaviors such as a startle response to water-
borne vibrations or avoidance of UV light exposure."

Verasztó and his colleagues used high-powered electron microscopes to
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map more than 9,000 cells and the nervous system circuits that connect
them in a three-day-old Platynereis larva. They identified 202 types of
nervous system cells and more than 92 other cell types that interact with
them.

Their work describes how these circuits contribute to coordination
between the body segments, help integrate multiple senses, connect the
left and right sides of the body, and drive movement.

Already, the study has yielded important new insights into the evolution
of complex nervous systems. For example, the team's analysis suggests
that some neural circuits in the sea worms that are connected by synapses
evolved in parallel, by duplicating and differentiating over time. This
process likely allowed the worms to develop more specialized sensory
systems and behaviors, enhancing their ability to interact with their
environment.

The findings also support a long-standing theory, called the Balfour-
Sedgwick theory, which was first proposed in the late 19th century. This
theory proposed that, during the formation of the embryo, repeated units
called somites develop sequentially, which eventually gives rise to the
characteristic segmented bodies seen in animals such as Platynereis
dumerilii.

In addition, it proposed that the nervous system of the ancestral species
from which the sea worm evolved took the shape of a ring with sensory
organs radiating out from it. Consistent with this, the authors find that
the Platynereis dumerilii nervous system loops around all six of its body
segments, and corresponds to radially-arranged mechanosensory organs.

eLife's editors note that the volume of information in the study may
make it challenging to digest, but that it provides a foundation for future
studies to delve into more detail about the creatures' cellular diversity,
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the connections between and within their body segments, the structures
in their brains involved in learning and memory, and more.

"Our whole-body map allowed us to identify several new circuits and to
understand how the many circuits are integrated throughout the body,"
concludes senior author Gáspár Jékely, a professor at the Center for
Organismal Studies, Heidelberg University, Germany.

"None of the insights gathered from our study would be possible without
the complete map, and we hope that others will be able to use this work
to explore their own key questions around the connections and evolution
of the nervous system."

  More information: Csaba Verasztó et al, Whole-body connectome of
a segmented annelid larva, eLife (2024). DOI: 10.7554/eLife.97964.1
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