NEWS AND VIEWS

nonredundancy in these retinal ganglion cell
signals arises from diverse intrinsic properties
versus diverse circuit connections. Another
caveat in this particular experimental prepa-
ration is that the definition of a ganglion cell
type is somewhat subjective. One might argue
that low shared information between two neu-
rons should mean that, by definition, these cells
belong to different types. Indeed, the largest
information gain comes from pooling signals
from different types (for example, ON versus
OFF cells), rather than from cells from the
same type! 112,

Notably, the broader implications of
Padmanabhan and Urban’s study® do not rely
on any particular definition of a neuronal
type. First, this study illustrates why it can be
inappropriate to model populations of neu-
rons as replicates of the same neuron with
fixed intrinsic properties. Instead, it might
be more realistic (in some contexts) to model
populations of neurons by drawing from

distributions of parameters specifying their
intrinsic properties!.

Second, this study suggests that diversity in the
intrinsic properties of neurons can be a virtue.
Given this, it is tempting to speculate that there
might be mechanisms in place to increase diver-
sity. These mechanisms appear to exist at the
level of genetic variation. Because mechanisms
of genetic replication and repair are variable and
heritable, they are themselves subject to natural
selection, and variants that increase mutation
rates can actually enjoy an advantage'4. Similarly,
it has been postulated that there are mechanisms
in place that reduce the lethality associated with
genetic variation, thereby increasing the amount
of variation that is retained during natural selec-
tion'®. It will be interesting to learn whether
analogous mechanisms exist to promote varia-
tion in a neural population.
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Spinal convergence of motor and sensory pathways

Effective motor execution needs to accurately integrate proprioceptive sensory feedback to
update the motor command centers about the outcome of the movements. The motor system
can also generate an internal prediction of the planned actions to reduce delay. Previous stud-
ies have suggested that several cerebellar and cortical sites act as integration centers, where
internal motor predictions can be made by converging sensory feedback and cortical corollary
pathways. On page 1232 of this issue, Hantman and Jessell find that the convergence of the
cortical command pathway and the proprioceptive sensory feedback pathway occurs even
earlier, at Clarke’s column in the spinal cord.

Clarke’s column comprises dorsal spinocerebellar (dSC) tract neurons, which form a
nucleus spanning thoracic and lumbar spinal cord and that relay proprioceptive sensory
information from the hindlimb. Although dSC tract neurons are known to be active upon
electrical stimulation of descending corticospinal tracts, the exact nature of corticospinal
input and the interaction between corticospinal efferent activity and spinocerebellar afferent
activity were unclear. Hantman and Jessell used genetic and anatomical tracers to map out
dSC neurons and their inputs and outputs in the mouse and found that dSC tract neurons
in Clarke’s column receive both proprioceptive axonal projections from the dorsal root
ganglion and descending corticospinal projections. To do this, they identified Clarke’s
column dSC neurons by their expression of glial cell-derived neurotrophic factor (Gdnf);
this expression pattern distinguishes them from other spinocerebellar projections neurons.
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The authors then used the Gdnf promoter to create inducible mice that selectively expressed the fluorescent protein mGFP in their dSC
neurons. Using this elegant genetic technique, the authors found that dSC spinocerebellar projections reach cerebellar lobules I, II, ITI
and VIII (see image; mGFP-positive dSC projections terminating at the cerebellum are shown in green, vGlutl immunostaining is shown
in red and Neurotrace Nissl staining is shown in blue). The authors also measured the electrophysiological responses of dSC neurons on
corticospinal or dorsal root ganglion stimulation and found that these neurons receive excitatory inputs from proprioceptive dorsal root
ganglion projections and direct excitatory inputs from corticospinal axons and/or indirect cortically-evoked inhibitory inputs.

These findings suggest that dSC neurons in Clarke’s column represent a spinal cord-level convergence site where descending motor
corollary signals and ascending sensory feedback may be integrated, perhaps serving to fine-tune ascending proprioceptive feedback to

the locomotor command center.
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