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Figure 1: The new model reproduces several experimental observations including frequency-dependent
generation of dendritic spikes, a nonlinear distance-dependent increase of peak calcium transients, and a 25%
reduction in the threshold for dendritic spike generation when dendritic input is paired with a somatic spike.
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Figure 2: The organization of synaptic weights before and after STDP using four competing groups of afferents.
Note that a dendritic mosaic emerges, where the winning group is color coded at each dendritic position
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I have a GENERAL USER account and I wish to
continue using the system in fiscal year 2010, so that
I can attempt to complete the above mentioned
parallel network computations. I also wish to simply
carry over the remaining that I have. In the past
months, I have run many simulations on the RICC,
but also I have been writing a paper with the results
presented in this report. Ever since RICC started full
operation, I have just been able to use 5.4% of my
allocated cpu hours. There are several reasons for
the low usage. Firstly, the was a good 6-8 week
period just after operations started where it was
almost impossible to use the cluster since it was
crashing almost three time a week. Secondly, I have
been writing/editing the above mentioned paper for
several months, and additionally, I have been
analyzing other data for subsequent articles. By the
end of September 2010, I expect to have used most of
my allocated cpu hours. The next set of simulations
focusing on the fine spatial scale structure of efficacy
clusters will be intensive since we are required to
simulate the model neuron with nearly 5 times the
spatial resolution of the current model and use check
pointing simply to complete single trial runs. I
expect that approximately 25% of my currently
allocated cpu hours will be used. I plan to have the
bulk of these simulations done by the end of April if
not sooner. The remaining ~70% will be used for
parallel network simulations where I suspect these
simulations will use at least 50 or more cores
concurrently.
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[Publication]
Spike timing-dependent plasticity as the origin of the formation of clustered synaptic efficacy engrams
(submitted, under review)

[Oral presentation at an international symposium]
Invited talk at the Okinawa Institute for Science and Technology (OIST)
Title: Spike timing-dependent plasticity in spatial model neurons.
Abstract
Cortical circuits and their constituent neurons are able to simultaneously adapt and refine their input/output
characteristics and information processing capabilities. One specific issue is how synaptic plasticity affects the
strength and functional organization of such inputs within the dendrite is not known. This ultimately relies on
understanding how the interplay between synaptic plasticity, synapse location, and the non-linear properties
of the dendrite shapes both the strengths and spatial arrangements of convergent afferent inputs to neuronal
dendrites. Recent experimental and theoretical studies support a clustered plasticity model, a view that
synaptic plasticity promotes the formation of clusters or hotspots of functional synapses.
Here, we propose that Spike timing-dependent plasticity (STDP) may have an important role to play, where
changes to synaptic efficacy are driven by timing differences between pre-synaptic inputs and the generation of
local dendritic spikes. To this end, a network was constructed, where a compartmental model of a
reconstructed Layer 2/3 pyramidal cell received correlated synaptic inputs from two independent yet equally
sized groups of afferent fibers, mimicking the spike activity originating from two different neuronal
populations. Through computer simulations, we show that STDP induces symmetry breaking, resulting in a
clustered yet spatially segregated organization in the strength of synaptic inputs across the dendrite, reflecting
the nature of such correlated activity. Significantly, this resulting organization resembles an interdigitated
series of clusters, a spatial arrangement observed ensuing ocular dominance formation, consistent with our
previous study. We found that synaptic competition, within-group correlation strength and the rate of
pre-synaptic input are important parameters which influence symmetry breaking. Furthermore, we illustrate
that a homogeneous synaptic state is restored simply by increasing the within-group correlation strength,
leading to drastic degradation of both clustering and spatial complementarity. Our model indicates that STDP
may be an important mechanism shaping the spatial organization of synapses across the dendrite and
additionally suggests that the outcome of synaptic plasticity may favor the formation of clustered synaptic
efficacy engrams.

