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Neural manifolds: more than the sum of their neurons

Neural manifold

(10D) (10D)
— <N A
N\ ———
D —
/\’ /& :
Neural manifold

Motor cortex
neurons (100)

(only 2D shown)

Neural trajectories

Outside-manifold

BCIl mapping
Within-manifold | Neuron 1 —
BCI mapping
—_— Initial BCI

mapping

Neuron 100 /

Neuron3 <~ /

Neuron 2

Cursor velocity
— <

Together with lesion and stimulation stud-
ies, correlating the recorded activity of sin-
gle neurons from behaving animals with
relevant task variables allowed neurosci-
entists to draw the ‘maps’ of brain function
found in textbooks. However, early in the
21st century, some researchers — inspired by
the study of coordinated behaviour in com-
plex systems — quietly initiated what became
asmall paradigm shift in systems neurosci-
ence: moving the focus from single-neuron
activity to the coordinated activity across
neuronsinarecorded population.

This transition seems to have begunin
2003, when Stopfer et al. realized that inter-
preting the complex single-neuron activity
patterns evoked in the locust olfactory
system by different odorants became easier
when they focused on the neurons’ coordi-
nated activity. Using mathematical tech-
niques to make sense of datasets comprising
many variables — coordination of activity
overtimeinalarge populationof morethana
hundred neurons — they identified the main
patterns of covariation across the recorded
olfactory neurons. This allowed the authors
toreduce the distinct activity patterns to
three covariation patterns that captured the
coordinated behaviour well. Plotting each
of these main covariation patterns alongan
axis of athree-dimensional spacerevealed a
beautiful arrangement: each odour evoked
asimilar-looking rotational trajectory that
captured how the activity of the neural popu-
lation evolved in response to that odorant.
Moreover, all the trajectories evoked by the
same odorant lived in the same plane, and

increasing the intensity of an odour simply
made these trajectories bigger. The —in
this case — three-dimensional surface along
which these trajectories evolved became
known as a ‘neural manifold".

Probably inspired by this result’s beauty,
groups started to adopt this manifold
approachtointerpret the activity of the
increasing neuron numbers they were
recording — work that led to several fasci-
nating findings that unfortunately cannot
be covered here. But Sadtler et al. took
thisapproach one step further by asking
whether neural manifolds are more thana
convenient way tointerpret the population
activity: whatif they capture something
fundamental about neural function?

Biological factors such as circuit con-
nectivity constrain how neurons can fire
with respect to each other, and despite its
complexity this interaction can be loosely
expressed as follows: the activity of closely
connected neurons will covary. Thus, Sadtler
etal. hypothesized that as neural manifolds
capture the dominant patterns of covaria-
tion across neuronsin a population, then
they might reflect fundamental constraints
onwhatactivity patterns a neural population
can produce. More specifically, the authors
predicted that it should be much easier for
an animal to produce population activity
patterns with trajectories within an exist-
ing neural manifold than outsideit, as the
latter could potentially require new synaptic
connections to allow those activity patterns.

To test this hypothesis, Sadtler et al.
designed an elegant experiment in which

they ‘asked’ macaque monkeys to gener-
ate new population activity patterns that
were within or outside an existing manifold,
which they identified at the beginning of
each experimental session. To achieve

this, they built abrain-computer interface
(BCI) that gave two monkeys online ‘mental
control’ of acomputer cursor by mapping
the trajectories described by the activity

of about 100 of their motor cortex neurons
within a ten-dimensional (10D) manifold
onto the cursor velocity (seeimage). Then,
after showing that monkeys could easily
use this BCIto bring the cursor to atarget to
getajuicereward, Sadtler et al. changed the
initial BCI mapping (blue) between neural
activity and cursor movement to either
remain inside (yellow) or move outside
(red) that existing ten-dimensional neural
manifold. When the altered activity patterns
required to move the cursor retained trajec-
tories within the existing neural manifold,
monkeys could easily regain dexterous con-
trol within very few trials. However, when
the changed mapping required the produc-
tion of trajectories outside the existing
manifold, monkeys could not easily regain
control of the cursor within an experimental
session.

This contrasting behaviour beautifully
supported their hypothesis, providing the
first causal hint that neural manifolds might
not be mere mathematical descriptions
of neural data: they may indeed capture
something fundamental about how neural
populations work. More than adecade later,
mounting evidence across anincreasing
number of brain regions and species seems
tosupport the view that, when interpreting
brain activity, neural manifolds may be more
than the sum of their neurons.
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