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The activity of cells in the rodent hippocampus is
strongly modulated by both the location of the animal
and the ongoing theta oscillation. Place cells, but not
interneurons, show a strong spatial modulation of their
firing rates, while both place cells and interneurons
exhibit phase precession, a phenomenon whereby they
spike at a faster frequency than the LFP theta oscillation, causing their spikes to shift to an earlier phase of
this rhythm on each successive cycle [1-3]. Despite
extensive research into this phenomenon, the mechanisms underlying phase precession remain unclear.
Place cells and interneurons are reciprocally connected
in the CA1 region of the hippocampus. The interneurons
receive pacemaker input from the medial septum, which
entrains theta oscillations in the circuit. We tested
whether a minimal model based on this architecture could
produce phase precession in place cells and interneurons.
Specifically, we simulated a single place cell and interneuron, which interact synaptically. The interneuron was
driven with a constant depolarising input which generates
tonic spiking, as well as a weak theta oscillation which
entrains this spiking activity. The place cell received a
depolarising input which is only active at a certain location
in the environment, representing the place field.
We found that phase precession in both the place cell
and interneuron emerges naturally in this model. When
the animal is outside of the place field, the interneuron is
fully entrained to the pacemaker theta oscillation, and the
place cell is rhythmically inhibited, resulting in subthreshold theta oscillations. When the animal enters the place
field, the place cell begins to spike, which perturbs the
interneuron and causes it to transiently fire at a frequency
higher than the pacemaker input. In turn, the spiking of
the interneuron entrains the place cell, generating phase
precession in the coupled pair.
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Generalisation of this model to the network level
reveals important constraints. In particular, as there are
far fewer interneurons than place cells in CA1, it is
necessary that the same interneuron is coupled to multiple place cells. In our model, a single interneuron can
successfully couple to multiple place cells to generate
phase precession, provided that their place fields do not
overlap. This poses constraints on the possible place field
mappings in such a network, and places limits on the
fraction of place cells which can be active in a single
environment. When working within these limits, the network can flexibly generate phase precession, both in linear and open environments, across a vast number of
distinct place field mappings.
Our model has several advantages over existing models.
First, our model generates phase precession through the
intrinsic dynamics of the circuit, without the need for
velocity controlled oscillators upstream. Second, our
model can generate omnidirectional phase precession in
open environments, without additional inputs from head
direction cells. Finally, our model generates phase precession independently in each cell, and therefore allows spatial representations to be flexibly remapped without
detriment to the temporal coding of spatial trajectories in
the population [4].
Authors’ details
1
Institute for Adaptive and Neural Computation, University of Edinburgh,
Edinburgh, UK. 2Centre for Integrative Physiology, University of Edinburgh,
Edinburgh, UK.
Published: 18 December 2015
References
1. O’Keefe J, Recce M: Phase relationship between hippocampal place units
and the EEG theta rhythm. Hippocampus 1993, 3(3):317-330.
2. Maurer AP, Cowen SL, Burke SN, Barnes CA, McNaughton BL: Phase
precession in hippocampal interneurons showing strong functional
coupling to individual pyramidal cells. J Neurosci 2006,
26(52):13485-13492.
3. Geisler C, Robbe D, Zugaro M, Sirota A, Buzsaki G: Hippocampal place cell
assemblies are speed-controlled oscillators. PNAS 2007,
104(19):8149-8154.

© 2015 Chadwick et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Chadwick et al. BMC Neuroscience 2015, 16(Suppl 1):O18
http://www.biomedcentral.com/1471-2202/16/S1/O18

4.

Page 2 of 2

Chadwick A, van Rossum MCW, Nolan MF: Independent theta phase
coding accounts for CA1 population sequences and enables flexible
remapping. Elife 2015, 2:4.
doi:10.1186/1471-2202-16-S1-O18
Cite this article as: Chadwick et al.: Modelling phase precession in the
hippocampus. BMC Neuroscience 2015 16(Suppl 1):O18.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

