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Functional microarchitecture and neuronal connectivity rule in areas V1 and V4
F SCRE A of the macaque visual cortex
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Understanding of functional organization and neural circuitry within a submillimeter cortical space is
crucial to uncover the neural basis of cortical computation. In the rodent cerebral cortices, excitatory
neurons are not randomly connected; they form a well-defined network based on their functional (connection
between the similarly tuned neurons) or topographic specificity (connection between the neighboring
neurons). Because of the diversity in anatomical properties of neurons such as dendritic shape and size
across species and cortical areas, it is still uncertain how these connection rules are applied to early
and late visual processing stages in the primate visual cortex. Here, I examined response profiles of neurons
whose location was specified at microscale spatial resolution to understand the rule of microscale functional

organization and functional connectivity

Using 2—-photon calcium imaging technique, I recorded responses of neurons in the primary visual cortex (V1)
and a middle-stage cortical area (V4) to natural movie stimuli, which allowed us to investigate response
profiles without a prior assumption for the neuron’s preferred visual features. The functional similarity
between neighboring (< 300 um) neurons was evaluated by correlation of responses to the naturalistic movie
(signal correlation). For assessing how an individual neuron had a unique response profile compared to a
population of neighboring neurons, I computed “local uniqueness index” of cells (LUI). The LUI of individual
cells was computed from the average of signal correlations weighted by cellular distance. A high LUI value
indicates that a neuron exhibits response characteristics of a neuron different from those of neighboring
neurons. This analysis allowed us to assess the tightness of clustering of neurons with similar response
characteristics in a local region. Functional connectivity was examined by computing noise correlation.
It is the correlation of response variability across trials between neurons, and can be an indicator of

shared inputs and mutual connections.

LUIs were highly diverse among individual neurons both in V1 and V4, suggesting the existence of heterogeneity
in the degree of functional clustering of neurons within each of these cortical areas. The median value
of local uniqueness was significantly higher in V4 than in V1. Thus, V1 neurons are overall functionally
more organized than V4 neurons. Both in V1 and V4, signal correlation, rather than cellar distance, explained
the variance of noise correlation for the site populated by neurons with high LUIs. In contrast, the cellular
distance accounted for noise correlation for the site where neurons with low LUIs were abundant. Regardless
of V1 or V4, functional specificity is an essential factor for determining neural connection in a

heterogeneous population (i.e., high LUI regions), whereas topographic specificity is more dominant in

determining connectivity for a homogeneous population (i.e., low LUI regions).

I conclude that micro-scale functional organization of a cortical area is related to the connection
specificity of its constituent neurons. Anatomically, the concept of potential synapse among neighboring
neurons suggests the geometry of neurons are highly related to the potential for their plasticity. Weak
functional clustering can cause variation of information flow in local population. Thus, the heterogeneous

but precisely wired microcircuit in higher cortical areas can probably be the substrate of experience

dependence association.
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