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The 3D structure and interconnectivity of many brain regions (e.g. the cerebellum) is believed to be an essential determinant of their behaviour. To effectively model such networks and to compare the population behaviour with experimental measurements, it is important to create model networks in 3D. The models should incorporate the neurons’ complex dendritic structures with realistic channel distributions, where much of the information processing is believed to occur, and also reproduce the anatomically determined connectivity.

A software application, neuroConstruct, has been developed which facilitates the development of such networks in 3D. Cell models can be created based on imported neuronal morphology files, e.g. Neurolucida, and appropriate channel and synaptic mechanisms can be added. Cells can be positioned in 3D to mimic the observed arrangement in tissue samples. Connections between cells can be generated and the network structure analysed. The application can generate code for execution in either NEURON or GENESIS. Simulation results are stored, and the network behaviour can be visualised and analysed with neuroConstruct.

The software uses the latest NeuroML standards to ensure simulator independence of the models. Anatomical details of neurons are specified in a subset of this standard, MorphML. Descriptions of neurons in this format can be extended to incorporate the biophysical properties, to enable a complete description of biologically realistic cells. A standard for specifying the behaviour of channel and synaptic mechanisms has also been developed. ChannelML allows a descriptive (as opposed to procedural) description of the voltage and/or concentration dependent ion channels, synaptic mechanisms and internal ionic concentrations. These standards facilitate generation of NEURON and GENESIS scripts for the mechanisms, as well as translation between systems of units (e.g. SI or physiological). 

One of the main goals of the application, besides facilitating the development of 3D networks with complex connectivity, is making neuronal models more open to the wider neuroscience community, especially experimentalists. The 3D visualisation capability and the point and click interface facilitate editing of the cellular morphologies, channel mechanisms, connectivity patterns and simulation settings without the need to learn a simulator specific scripting language. Numerous automated checks help to eliminate common mistakes and incorrect settings which may lead to erroneous simulation results. The power and flexibility of the target simulation environments is not lost however, with the ability to have native scripts run at various points during the simulation.
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