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Modeling the turtle brain provides insights
into routing activity in the visual cortex

February 15 2023, by Silke Wolf
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A biologically inspired model of turtle visual cortex. (A) Schematic of the
network with the size, proportion of E and I populations, and connection
probabilities within a disk of 200 um radius (see C). Mean number of outgoing
connections per cell: E-to-E: 750, I-to-I: 110, E-to-1: 190, I-to-E: 2690. Blue
triangles: excitatory neurons. Red circles: inhibitory neurons. (B) Top left:
example of fit (black) of membrane potential responses to current injection in a
recorded neuron (blue). Bottom left and right: distributions of fitted membrane
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capacitance (C,,) and leak conductance (g;) (n = 3886 traces). Top right:
distribution of adaptive indices for 145 recorded neurons. Arrowheads indicate
parameters of model neurons (median). (C) Gaussian profiles of distance-
dependent connection probabilities for different connection types (top: exc,
bottom: inh). The profiles were fitted from the fraction of pairs of patched
neurons that showed a connection from all tested pairs. Vertical bars below
(data) indicate connected (colored) or disconnected (gray) pairs of neurons for
different connection types. (D) Lognormal fit to peak excitatory synaptic
conductances. Top: cumulative distribution function (cdf). Bottom: probability
density function (pdf). Conductances were estimated from excitatory
postsynaptic potential (EPSP) amplitudes experimentally obtained from recorded
pairs of connected neurons (gray dots). Inset: example of modeled EPSPs for
different synaptic weights (top arrowheads) in an isolated postsynaptic neuron at
resting potential. () Probability mass function (pmf) of number of strong (top
0.3%) or weak (bottom 90%) excitatory-to-excitatory connections per model
neuron. (F) Bootstrap estimate of the probability of an excitatory neuron having
at least one strong excitatory-to-excitatory connection. Colored area: 95%
confidence interval. Arrowhead: fit with the original dataset in (D). (G)
Experimentally measured mean and standard deviation of the membrane
potential of 168 patched neurons in ex vivo preparations. Arrowheads indicate
medians. (H) Membrane potential of two model neurons (blue: exc; red: inh)
under different white noise current parameters. Note the presence of action
potentials and EPSPs under a high mean current (x;,). (I) Distributions of
membrane potential mean and standard deviation for model neurons (blue: exc;
red: inh) under the white noise current parameters in (H). Credit: eLife (2023).
DOI: 10.7554/eLife. 79928

A new study by researchers at the Max Planck Institute for Brain
Research uses computer simulations to explore how patterns of spikes
propagate in neuronal networks constrained by experimental data from
the turtle visual cortex.

The researchers found that rare but strong connections in the network
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could promote the reliability of propagation, providing a substrate to
easily halt or promote propagation, resulting in a highly reliable system
to route activity within these networks. The research provides insight
into how neurons in the brain communicate with one another and how
this communication can be reliably controlled.

How reliably can networks of interconnected neurons propagate activity?
Two factors argue "very unreliably": neurons receive input from many
other neurons in the network through weak connections and neuronal
responses vary significantly under multiple presentations of the same
stimulus.

Nonetheless, repeatable patterns of activity have been measured in the
brains of a variety of species, including mice, humans, birds, and turtles.
These patterns involve the activation of the same network of neurons in
the same temporal order, suggesting that the propagation of activity in
the networks is somehow more reliable than previously believed.

Previous experiments in the laboratory of Professor Gilles Laurent,
Director at the Max Planck Institute for Brain Research, had already
challenged these expectations, showing that the activation (a spike) from
even a single neuron in the turtle cortex can trigger patterns of activity in
the network. However, the network mechanisms behind the reliable
propagation of these spikes remain unclear.

Juan Luis Riquelme, a Ph.D. student working with Julijana Gjorgjieva,
research group leader at the Max Planck Institute for Brain Research and
Professor at TU Munich, used computer simulations to investigate the
mechanism underlying activity propagation in neuronal network models.

Their study reveals the network connectivity supporting the generation
of sequential neural responses by a single spike. The networks are
constrained by recordings from the turtle cortex, explaining how single
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spikes might be able to have such an outsized effect on broad-scale
neural activity.

The researchers found that rare but strong connections in the recurrent
network could promote the reliability of propagation despite the
presence of noisy activity from other interconnected neurons. The team
observed that having a few strong connections can easily halt or promote
propagation, resulting in a highly reliable system to route activity within
the networks. In contrast, having many weak connections makes
propagation flexible.

This routing could be context-dependent, with either external inputs or
ongoing network activity determining the final path of propagation
within the network. Importantly, the researchers found that these activity
patterns can be separated into individual modules which can be
independently activated and combined.

This suggests that the brain is capable of generating a vast number of
different but reliable patterns of activity in response to different stimuli.
These findings have important implications for our understanding of
how the brain controls the flow of information and how it processes
different stimuli.

Overall, this new computational study provides insights into how neurons
in the brain communicate with one another and how this communication
can be reliably controlled. As turtles are closely related to ancestral
amniotes, understanding reliable propagation in their simpler cortices
may provide insight into the fundamental operation of networks of
neurons across multiple species.

Further research in this area could lead to insights into how the brain
processes information and inform new development on artificial
networks.
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The study is published in the journal eLife.

More information: Juan Luis Riquelme et al, Single spikes drive
sequential propagation and routing of activity in a cortical network, eLife

(2023). DOI: 10.7554/eLife. 79928
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