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Study sheds light on evolution of brain
folding in cerebellum of mammals

October 31 2023
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All coronal cerebellar mid-sections for the different species analyzed, at the
same scale. This dataset is available online for interactive visualization and
annotation: https://microdraw.pasteur.fr/project/brainmuseum-cb. Credit: eLife
(2023). DOI: 10.7554/eLife.85907

1/6



PHYS 19X

Scientists have characterized the folding of the cerebellar cortex using
data from a sample of 56 mammalian species, allowing them to study the
diversity and evolution of cerebellar folding and its relationship with the
anatomy of the cerebrum.

The study from the Institut Pasteur, published today in eLife, suggests
the size and folding of the cerebellum relate closely with the size and
folding of the cerebrum across species, and demonstrates that large
cerebellums are disproportionately more folded than smaller ones.
Furthermore, the size of each individual fold appears to be constant
across species, despite the large differences in brain size.

The findings provide new insights into the diversity and evolution of
cerebellar folding, the mechanisms underlying brain folding, and its
potential influence on the organization of the brain across species.

The cerebrum is the largest part of the mammalian brain and handles a
wide range of responsibilities, including vision, hearing, and the
initiation and coordination of movement. The cerebellum is smaller, but
contains a much larger number of neurons, and plays an important role
in cognition and motion, including muscle control, balance and
movement.

While the cerebrum is unique to mammals, the cerebellum is present in
all vertebrates. Brain folding, the process by which the brain's surface
forms ridges and grooves, greatly increases the surface-to-volume ratio,
allowing more neurons to be in a smaller volume than if it were
unfolded. This process is thought to play an important role in the
development, connectivity and organization of both the cerebrum and
cerebellum.

"Studying cerebellar folding is challenging due to the small size and
abundance of its folia—little leaf-like structures of the highly folded
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cerebellar surface," explains lead author Katja Heuer, a postdoctoral
researcher at the Institut Pasteur, Paris, France. "As a consequence, little
1s known about its diversity and evolution across species."

To remedy this, Heuer and colleagues examined data on the brain
structure of 56 mammalian species, including humans, to explore the
evolution of the cerebellum and its relationship with the cerebrum and
body size. The data was obtained from several open sources, including
the BigBrain Project for the human data, and the Comparative
Mammalian Brain Collection for many other species. To visualize and
segment the data, the team used a web tool they had previously
developed, called MicroDraw.
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The thickness of the molecular layer was measured automatically from the
surface segmentation. (a) Zoom into a manually annotated surface contour. (b)
Automatically computed profile lines. (c) Gray level profile gradients and border
detection for the whole slice. Red dots indicate detected borders (maximum
gradient). Credit: eLife (2023). DOI: 10.7554/eLife.85907
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They developed methods to measure the geometry of cerebellar folia
across species and estimate the thickness of the molecular layer of the
cerebellar cortex. They also used phylogenetic tree data from the
TimeTree website, which depicts the lines of evolutionary descent of a
given species from a common ancestor, for all the species included in
their study.

Since species are non-independent data points due to their evolutionary
relatedness, it was crucial for the team to take phylogenetic tree structure
into account. For example, variation in cerebellar structure could be due
to different evolutionary processes, natural drift or selection. The
researchers therefore used phylogenetic comparative methods to ensure
their analyses considered the evolutionary relationships and history of
each species.

Their results showed two groups of phenotypes, or observable
characteristics. The first was a group of "diverse" characteristics that
varied widely across the species, including body weight, brain weight,
and cerebellar and cerebral section area and length. These all varied over
several orders of magnitude together with body size. The second group
of "stable" characteristics showed much less variation in comparison and
included folial width and thickness of the molecular layer. These
characteristics changed only slightly with changes in brain size.

By tracing the evolutionary pathway of the species, the team observed a
strong pattern demonstrating a concerted change in brain size and body
size. Primates, such as humans, were an outlier to this trend, with large

brains relative to their body size.

In addition, the results confirmed that cerebellar size is strongly
correlated with cerebral size, and revealed that large cerebella are
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disproportionately more folded than smaller ones. Similarly, the width of
cerebellar folds was related to the thickness of the molecular layer.
These patterns were highly conserved across all of the species studied,
suggesting the presence of a common mechanism underlying the folding
of the cerebrum and the cerebellum across mammals.

The authors note that there are a few limitations to the study. Due to the
reduced number of species, only global neuroanatomical measurements
could be analyzed. A larger number of species would make it possible to
study local variation, and even full 3D reconstructions for each species.
This presents challenges from both a technical standpoint in terms of
computational neuroanatomy and phylogenetic comparative methods, as
well as the need for collaboration and open science.

"Our results provide a closer look at the nature of macroscopic
cerebellar anatomys, its relationship with cerebral anatomy, its diversity
across mammalian species, and its evolution," concludes senior author
Roberto Toro, Director of Research at the Institut Pasteur, and head of
the Applied and Theoretical Neuroanatomy Unit.

"The findings suggest to us that the process leading to cerebellar and
cerebral folding is the same. In both structures, folding should lead to the
formation of strongly conserved, mechanically canalized,
neuroanatomical modules, which could have an important role in their
functional organization."

More information: Katja Heuer et al, Diversity and evolution of
cerebellar folding in mammals, eLife (2023). DOI: 10.7554/eLife.85907
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