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Dynamic property of neural activities and contextual effects generated by
functional construction of visual cortex
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In the cat primary visual cortex, almost all neurons are orientation
selective and preferred orientations are arranged regularly along the cortical surface. In contrast,
the rodent has salt-and-pepper-like orientation manner, and neurons unresponsive to oriented
stimuli coexist with orientations selective neurons. In order to elucidate how the structure of
orientation representation affects neuronal response properties, we performed computer simulations
of the dynamics of neural networks composed of leaky integrate-and-fire units that receive the
self-organized thalamo-cortical inputs. In the simulations, we employed sinusoidal grating patches
as visual stimuli, and changed the luminance contrast and length of the grating patches along the
stimulus orientations. The simulation results suggest that the regularity of orientation
representation contributes to the emergence of orientation-selective neurons with a wide dynamic
range of luminance contrast.
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C”: membrane capacitance of excitatory (0.5nF) or inhibitory (0.2nF)

g""®**: leakage conductance of excitatory (25nS) or inhibitory (20nS)

gv’LGN (t): synaptic conductance of excitatory inputs from LGN neurons

of excitatory (3nS) or inhibitory (1.5nS)

(t): synaptic conductance of excitatory lateral inputs (E-E:7nS; I-E: 1.5nS)
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(t): synaptic conductance of inhibitory lateral inputs (E-1:1.5nS; I-I: 3nS)

ETest; resting potential (—65mV)

EV: reversal potential of excitatory (OmV) or inhibitory neurons (—70mV)

p s, spike threshold (—55mV) of excitatory and inhibitory neurons

VVTeset reset potential of excitatory (—60mV) or inhibitory (—65mV) neurons
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