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Introduction

Cellular and molecular sources of intersubjective and intrasubjective (intercellular) variability in the electrical activity of nerve cells are not fully understood. An improved understanding of this variability is the key to
predicting the response of nerve tissue to pathological changes. We have previously created a robust data-driven compartmental model of the hippocampal granule cell (GC) (Beining et al. eLife 2017)
comprising 15 different ion channels and variable dendritic morphologies. Here we addressed the question whether it is possible to reduce ion channel diversity while preserving realistic spiking behavior.
We have generated large populations of validated granule cell models by stochastic variation of their ion channels. Surprisingly, extremely reduced models (containing only 5 channels) were able to capture
main electrophysiological characteristics of real granule cells. However, unreduced or less reduced models with a higher number of ion channels were more stable in the face of parameter perturbations. Moreover,
they covered larger and more widely spread regions of the parameter landscape. This suggests that ion channel diversity allows for increased robustness and higher flexibility of finding a solution in the complex
parameter space. In addition to increasing our understanding of cell-to-cell variability, our models might be of practical relevance. Instead of a one-size-fits-all approach where a computer model simulates average
experimental values, the population-based approach reflects the variability of experimental data and therefore might enable pharmacological studies in silico and complement and reduce animal experiments.
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NEURON simulations:
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Population sampling:

We generated populations of GC models by sampling the maximum conductances of all ion

channels in a two-fold range of accurate optimized models.

4 Models with a larger ion channel diversity
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