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context and constraints are imposed
Katie A Ferguson1,2*, Carey YL Huh4, Bénédicte Amilhon4, Sylvain Williams4, Frances K Skinner1,3

From Twenty Second Annual Computational Neuroscience Meeting: CNS*2013
Paris, France. 13-18 July 2013

From several experimental and modeling studies, it has
become apparent that networks of parvalbumin-positive
(PV+), fast-firing interneurons play an essential role in
generating population gamma rhythms [1]. Many features
of these perisomatically-inhibiting PV+ cell networks
influence the generation of gamma oscillations, a number
of which have been explored in network models [2,3].
These include the synaptic delay, the decay time constant
of the postsynaptic conductance, and whether the reversal
potential is hyperpolarizing or shunting. While it is clear
that all these features affect whether and how much coher-
ence occurs at gamma frequencies, it is much less clear
which features (i.e. parameters and parameter balances)
may be essential in various biological contexts. To address
this, we used our previously constructed network model of
hippocampal CA1 PV+ cells [4]. Network size, connectiv-
ity, and cellular components would all be expected to
affect the network dynamics. Thus, experimental data
from an intact hippocampus in vitro was used to obtain a
clear biological context, and importantly, the amount of
input that these cells receive during ongoing theta popula-
tion activities was estimated. Using these cellular compo-
nents and input characteristics, we found that coherent
gamma oscillations could emerge within experimental
constraints for particular parameter balances. Here we
investigate the effect of appropriately sized and connected
networks.
Each cell in the network received excitatory input (Iap-

plied), which was heterogeneous across cells, and synaptic
inhibition from presynaptic interneurons, which had a par-
ticular maximal conductance value (gPV). We systematically

varied gPV and Iapplied within the experimentally deter-
mined ranges, and determined the coherence of the net-
work model population firing and the network frequency
for each combination of these values. For each of these
network simulation sets, we also varied the connectivity
probability as well as network size to explore how these
factors affect the network’s ability to produce coherent net-
work firing. We find that when our connection probability
is similar to what has been found experimentally, our
networks exhibit a sharp transition from random firing to
network coherence with only a small change in Iapplied.
However, as connectivity in the network is increased
beyond experimentally estimated values, this sharp transi-
tion disappears. Instead, a larger window of coherence is
achieved, but with a smooth transition from random to
coherent firing. Similarly, decreasing the network size
increases the window of coherent firing, and while these
sharp transitions remain for changing network sizes, the
parameter regimes in which they occur changes signifi-
cantly when the network size becomes much smaller than
experimental estimates. Our work indicates that CA1 fast-
spiking PV+ networks are capable of producing gamma
population rhythms, and that perturbation in and out of
coherent states can occur abruptly given the sharp transi-
tions obtained in our network simulations. Since our simu-
lations approximate a biological context, it may be that
gating in and out of coherence is a design property to
allow generation of theta/gamma network oscillations.

Acknowledgements
This work was supported by the Canadian Institutes of Health Research and
Natural Sciences and Engineering Research Council of Canada.
Computations were performed on the gpc supercomputer at the SciNet
HPC Consortium. SciNet is funded by: the Canada Foundation for Innovation
under the auspices of Compute Canada; the Government of Ontario; Ontario
Research Fund - Research Excellence; and the University of Toronto.

* Correspondence: kt.ferguson@gmail.com
1Toronto Western Research Institute, University Health Network, Toronto,
Ontario, M5T 2S8, Canada
Full list of author information is available at the end of the article

Ferguson et al. BMC Neuroscience 2013, 14(Suppl 1):P365
http://www.biomedcentral.com/1471-2202/14/S1/P365

© 2013 Ferguson et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:kt.ferguson@gmail.com
http://creativecommons.org/licenses/by/2.0


Author details
1Toronto Western Research Institute, University Health Network, Toronto,
Ontario, M5T 2S8, Canada. 2Physiology, University of Toronto, Toronto,
Ontario, M5S 1A1, Canada. 3Medicine (Neurology), Physiology, Institute of
Biomaterials and Biomedical Engineering, University of Toronto, Toronto,
Ontario, M5S 1A1, Canada. 4Psychiatry, Douglas Mental Health University
Institute, McGill University, Montreal, Quebec, H4G 1X6, Canada.

Published: 8 July 2013

References
1. Buzsáki G, Wang XJ: Mechanisms of gamma oscillations. Annu Rev

Neurosci 2012, 35:203-225.
2. Bartos M, Vida I, Jonas P: Synaptic mechanisms of synchronized gamma

oscillations in inhibitory interneuron networks. Nat Rev Neurosci 2007,
8:45-56.

3. Wang XJ, Buzsáki G: Gamma oscillation by synaptic inhibition in a
hippocampal interneuronal network model. J Neurosci 1996, 16:6402-6413.

4. Ferguson KA, Huh CYL, Amilhon B, Murugesu R, Williams S, Skinner FK:
Experimentally constrained network model of hippocampal fast-firing
parvalbumin-positive interneurons. BMC Neurosci 2012, 13:O5.

doi:10.1186/1471-2202-14-S1-P365
Cite this article as: Ferguson et al.: Sharp transitions of gamma
coherence in inhibitory networks occur when a biological context and
constraints are imposed. BMC Neuroscience 2013 14(Suppl 1):P365.

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

Ferguson et al. BMC Neuroscience 2013, 14(Suppl 1):P365
http://www.biomedcentral.com/1471-2202/14/S1/P365

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/22443509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17180162?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17180162?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8815919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8815919?dopt=Abstract

	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


