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We are investigating various aspects of neuronal computation including nonlinear summation of
synaptic potentials and signaling of dendritic action potentials. To understand these dendritic
functions, it is essential to analyze the interplay of structure and function. Such analysis requires
computational models that incorporate neuron morphology and ion channel distribution.
However, conventional methods of neuron reconstruction are labor-intensive and not highly
reproducible. Our advances in optical imaging techniques support structural and multi-site
functional data acquisition from living neurons during a single experiment.

Our short-term goal is to develop a computational and experimental framework for real-time
mapping of functional imaging data (e.g., spatio-temporal patterns of dendritic voltages or ion
concentrations) to neuronal structure. Therefore, our research objectives center on developing
techniques for robust, accurate, and rapid morphological reconstruction of fluorescently labeled
neurons from optical sections obtained by non-invasive structural imaging. We will use these
automated reconstructions to optimize computational models of the neurons by minimizing error
between the model predictions and the actual functional imaging data.

The long-term goal is to choose functional imaging sites on-line based on predictions of the
compartmental model built from the reconstructed morphology. Our approach will significantly
improve the data acquisition, particularly by optimizing the value of multi-site optical
recordings, as well as the focused and directed incorporation of data into quantitative
computational models of nerve cells. Our computational and experimental framework will guide
the efficient design of experiments and the generations of hypotheses to reveal functional
mechanisms underlying both normal and diseased states of the nervous system.
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