Modelling local field potential features
during network gamma oscillations
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Introduction

1. Basket interneuron firing dominates LFP signal

While the physics of local field potential (LFP) generation are wellestablished, the complexity of neural network dynamics means that
interpreting LFP measurements in terms of the underlying neural activity is
difficult. Recent studies have therefore investigated forward models of the
LFP: calculating the LFP due to known arrangements of neuronal current
sources [1]. We use this approach to study the spatio-temporal features of
the LFP recorded during persistent gamma-oscillations in vitro [2].
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LFP contribution of each neuron type (Xγ = 0.5 mm, Z = 200 µm, 10 simulation runs).
Dashed grey lines show slice borders and extent of gamma-generating network region;
dotted grey lines show maximum extent of gamma-generating region's axons. A: Ratio of
LFP power due to excitatory synaptic activity to total LFP power, across space. B: Ratio of
LFP power due to basket interneuron synaptic activity to total LFP power. C: Ratio of the
LFP power due to non-basket interneuron synaptic activity to total LFP power. D:
Correlation between LFP due to excitatory synapses and total LFP. E: Correlation between
LFP due to basket interneuron synapses and total LFP. F: Correlation between LFP due to
non-basket interneuron synapses and total LFP. Basket cell LFP dominance fits with recent
experimental observations [4,5]. Synapses were scaled to have the same weight for the
LFP calculation in this figure (basket cells are more dominant prior to rescaling).
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If the lower 95% CI bound of the LFP PSD (red) crosses the upper 95% CI
bound of the LFP PSD from an equivalent model containing only
randomly firing neurons at 3+ frequency bins between 25-40 Hz, the
gamma oscillation is deemed visible. A: Gamma not visible. B: two
frequency bins overlap - gamma not deemed to be visible. C: visible
gamma oscillation. Gamma range set as the point where gamma first
becomes invisible, moving away from the model's centre.
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2. Gamma oscillation spatial range
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We created a neocortical slice model containing only layer 2/3, using our VERTEX
simulation tool [3]. It contained a gamma oscillation-generating region surrounded by
regions of randomly firing (5 Hz) neurons. These enforced conditions allowed us to study
the LFP’s spatial profile from differently sized gamma oscillation-generating patches,
while minimising the number of variables we changed between simulations. Additionally,
we could make observations about properties of the LFP during random activity in the
network. We included pyramidal neurons (9000), basket interneurons targeting pyramidal
cell somas (1000), and non-basket interneurons targeting pyramidal cell dendrites (1000).

Left: ratio of maximum gamma power at the
apical dendrite level to maximum gamma
power in the soma-region, for each model size.
Rows: model depth Z. Columns: Xγ width.
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2.a Decrease in gamma power with increasing model depth
depends on electrode location
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Explanation for difference in gamma power change at soma-level and apical
dendrite-level with increasing Z. Colours represent the direction of current flow: blue for
outward currents (from inhibitory synapses) and red for inward currents (the return
current). A: Model with a small soma-layer depth. Relative distances between
equivalent compartments on the two neurons to the two electrode points are the
same. B: Model with increased soma layer depth. LFP at the bottom electrode
decreases as d2 increases. However, while d6 increases, d5 decreases, so the overall
effect on the LFP magnitude at the top electrode is small compared with that at the
bottom electrode.

3. Frequency scaling depends on electrode position
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Left: Power spectra of the LFP at 20 locations across the model; Xγ = 0.5 mm, Z = 200 µm
(log-log scale). Model coordinates for each electrode are given at the left and along
the top of the figure, in µm. Scale bars show 1/f2 and 1/f3 scaling. Note the shallower
slope in the soma region (bottom row) compared with the slope at the apical dendrite
level (top two rows), similar to previous modelling results [6]. Slope at higher frequencies
also becomes steeper closer to the gamma-generating region. Right: Example power
spectra for LFPs recorded in macaque auditory neocortex in vitro [3]. Light grey line
shows LFP power recorded in layer 1, dark grey the LFP power recorded 400 µm below, in
layer 2/3. Increased power at higher frequencies compared to the model - particularly in
layer 2/3 - is likely due to spikes, which are not present in the LFP model.
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Top: model anatomy; pyramidal cells are black, interneurons magenta (cell
morphologies described in [3]). Electrode positions shown as crosses. Green shaded area
shows region of cells participating in gamma oscillation. Vertical green lines to the left
and right mark maximum range of synaptic connections made from this region. Gammapatch width Xγ was set to 0.1 mm, 0.5 mm or 1 mm; model depth Z was set to 0.1 mm, 0.2
mm or 0.3 mm. Bottom: spike rasters and example simulated LFPs. A: Cell spiking during
simulated gamma oscillation. B: Cell spiking during random activity. C: Combined
gamma and random activity, to simulate spatially localised gamma generation. D-F:
Simulated LFPs corresponding to spiking activity shown in A-C. LFP recorded at z = 500 µm
(black trace), z = 200 µm (medium grey trace) and z = -50 µm (light grey trace).
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Magnitude and spatial range of the gamma oscillation for various values of Xγ and model
depth Z (10 simulation runs). Left: Xγ = 0.1 mm, centre: Xγ = 0.5 mm, right: Xγ = 1 mm. Top
row: z = 100 µm, centre row: z = 200 µm, bottom row: z = 300 µm. Note different scale bars.
Gamma range is plotted in light grey solid lines, SD indicated by grey dashed lines.
Gamma range increases if surround activity is reduced (not shown).
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