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Fig.1 A schematic of the present cerebellar model and external input stimuli in eyeblink condition-

We have been developing a large-scale spiking network model of the cerebel- ing. Golgi cells receive excitatory inputs from granule cells and recurrently inhibit granule
lar granular layer that represents the passage of time (POT) from the mossy cells. Thus, granule and Golgi cells construct a recurrent inhibitory network. Granule cells
fibre (MF) stimulus onset. In this study, we examined whether the POT repre- receive CS signals and, in turn, excite a Purkinje and basket/stellate cells. Pairing of US sig-
sentation can be controlled by changing the strength of the MF stimulus. We nals fed to a Purkinje or basket/stellate cells with CS signals induces LTD or LTP at parallel
conducted simulations of the delay eyeblink conditioning, in which pairing of a fiber terminals at these cells.
sustained conditioned stimulus (CS) conveyed by MFs with a delayed uncon-
ditioned stimulus (US) showed that the Purkinje cell (PC) learned to pause 1000000
slightly earlier than the onset of the US. When we increased the CS strength, University of Electro-Communications
the PC pause shifted earlier. This result suggests that the timing of the condi- t20000000000000000000000000O0
tioned response determined by that of PC pause is adaptively changed by the Laboratory for Motor Learning Control, RIKEN Brain Science Institute
CS strength. {30000000000000000000 BSI-0DOOOO0O000

Strategic Planning Unit, RIKEN BSI-TOYOTA Collaboration Center, RIKEN Brain Science
Institute
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Fig.2 The connections between cells in cerebellar cortex. Golgi cells receive excitatory inputs from

granule cells through AMPA and NMDA channels, whereas granule cells receive inhibitory
inputs from Golgi cells through GABAA channels. The strength of current into a granule
cell, which is induced by mossy fiber signal, is controlled as external stimulus strength in
this model. A Purkinje and basket/stellate cells receive excitatory inputs from granule cells
through AMPA channels. A Purkinje cell receives inhibitory inputs from basket/stellate cells
through GABA A channels.
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Fig.3 Network dynamics when current is injected to granule cells as a CS input. (A) Spike patterns

averaged similarity index

of 20 granule cells. The abscissa and ordinate represent time and neuron index, respectively.
(B) SI of spike patterns of granule cells is plotted in a gray scale, in which black indicates 0.5
and white 1. (C) ASI of spike patterns of granule cells. The abscissa and ordinate represent
time lag 7 and ASI, respectively. Left (right) panels represent network dynamics when current
of 29.5 pA (31.0 pA) is injected to granule cells.
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Fig.4 Network dynamics when currents of different strengths are injected to granule cells. (A) SI of

spike patterns of granule cells is plotted in a gray scale. In the left panel, black indicates that
SI is smaller than 0.79 and white indicates that SI is larger than 0.86. Intermediate values
of SI are shown in a gray scale. In the right panel, black (white) indicates that SI is smaller
(larger) than 0.79. (B) ASI of spike patterns of granule cells. The abscissa and ordinate
represent time lag 7 and ASI, respectively. Conventions are as in Fig. 3 C.
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Fig.5 Network dynamics when NMDA channels on Golgi cells open continuously. (A) SI of spike
patterns of granule cells is plotted in a gray scale. (B) ASI of spike patterns of granule cells.

Conventions are as in Fig. 3.
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Fig.6 Network dynamics for injection of currents of different strengths are injected to granule cells

when NMDA channels on Golgi cells open continuously. (A) SI of spike patterns of granule
cells is plotted in a gray scale. In the left panel, black indicates that SI is smaller than 0.85
and white indicates that SI is larger than 0.90. Intermediate values of SI are shown in a gray
scale. In the right panel, black (white) indicates that SI is smaller (larger) than 0.85. (B)
ASI of spike patterns of granule cells. Conventions are as in Fig. 3.
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