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A large body of theoretical work has shown how dendrites increase the computational
capacity of neurons. This work predicted that synapses active together should be close
together in space, a phenomenon called synaptic clustering. Experimental evidence
has shown that, in the absence of sensory stimulation, synapses nearby on the same
dendrite can coactivate more than would be expected by chance. Synaptic clustering,
however, is far from ubiquitous: other groups have reported that nearby synapses can
respond to  different  features  of  a  stimulus during sensory evoked activity  so that
synapses tend to activate in a scattered fashion across multiple dendrites. To unify
these state dependent experimental  results,  we use a computational  framework to
study the formation of a synaptic architecture – a set of synaptic weights – and its
function. We present the conditions under which a neuron can learn such synaptic
architecture: (1) presynaptic inputs are organized into correlated groups of neurons;
(2) the postsynaptic neuron is compartmentalized; and (3), the synaptic plasticity rule
is local  within a compartment. Importantly, we show that given the same synaptic
architecture,  synaptic  clustering  is  expressed  during  learning,  whereas  synaptic
scattering is present under evoked activity. This allows sensory neurons’ responses to
be sparse. Interestingly, reduced dendritic morphology, a hallmark of several diseases,
leads  to,  in  our  model,  a  pathological  hyperactivity.  This  work  therefore  unifies  a
seemingly contradictory set of experimental observations: we demonstrate that the
same  synaptic  architecture  can  lead  to  synaptic  clustering  and  scattering,  and
therefore both properties can co-exist in the same neuron.

Dendrites have the potential to enhance the computational capacity of the individual
neuron.  Using  the  computational  and  theoretical  approaches,  it  was  shown  that
dendrites  allow  neurons  to  perform  complex  computations  which  could  not  be
achieved by neurons modelled by a single compartment 1. In particular, dendrites were
proposed to  enhance  sound coincidence detection  2 or  to  play  a  role  in  binocular
disparity  3.  The  first  models  of  dendritic  computation  predicted  the  existence  of
synaptic clustering 4, that is, nearby synapses on the same dendritic branch activate
together,  a  property  that  was  at  that  time  rather  surprising.  Since  then,  several
experimental works have studied how active inputs are organized onto dendrites. The
picture,  however,  remains  rather  confusing:  On  the  one  hand,  Takahashi  et  al
5 observed synaptic clustering in adults rats. On the other hand, synaptic scattering
has been reported several  times during sensory stimulation. Observations made in
multiple sensory modalities like touch 6, vision 7 or hearing 8 suggest that this situation
is  typical  of  a  sensory  episode.  We  wondered  whether  these  state  dependent
evidences  can  be  reconciled  within  one  theoretical  framework.  To  that  end,  we
developed a computational model to study the formation of a synaptic architecture
that could either lead to synaptic clustering or scattering within the same neuron (Fig.
1A). Interestingly, we found that this can occur given a set of three conditions: (1)
presynaptic  inputs  are  organized  into  correlated  groups  of  neurons;  (2)  the
postsynaptic neuron is compartmentalized; and (3), the synaptic plasticity rule is local
to a compartment. The neuron can then learn a single synaptic architecture displaying
both  features:  it  displays  synaptic  clustering  during  learning,  whereas  it  leads  to
synaptic  scattering  under  evoked  activity.  During  learning,  a  group  of  correlated
neurons will form strong synaptic contacts onto a compartment (Fig. 1A). This leads,
for synchronous events experienced previously, to the correlation of active synapses



on a  subunit,  i.e.  synaptic  clustering  (Fig.  1B).  If  a  synchronous  event,  however,
deviates from the experienced probability distribution then active synapses will scatter
(Fig.  1C).  And  for  certain  range  of  somatic  and  dendritic  thresholds  the  neuron
response  will  be  proportional  to  this  deviation  (Fig.  1D).  This  could  explain  why
synapses scatter during sensory evoked activity: because this is when the neuronal
response should be maximal.  With this  study we provide a unifying computational
framework  which  reconciles  state  dependent  experimental  findings  on  the  spatial
distribution of active synapses.

Fig.1: A Synapses  (circles)  impinging  on  two  distinct  locations  on  dendrites;  groups  of
correlated neurons are color  coded (grey/red).  B Coactivation probabilities of  two synapses
within/between  a  pair  of  distinct  dendrites  if  their  synaptic  weights  is  above  0,5.  C Two
representations  of  the same neuron.  Synapses (circles),  dendrites (small  squares)  or  soma
(square)  can  be  active/inactive  (black/white).  This  shows  that  the  neuron  will  respond
maximally when an input deviate from the learned one.  D Spiking probabilities between an
input pattern and patterns experienced during learning.
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