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A hallmark feature of cortical networks is the presence
of synaptic motifs, defined as ensembles of neurons
whose synaptic pattern follows a particular configuration
[1]. Simulated networks of neurons whose excitatory
synapses follow a three-node “relay” motif (Figure 1A)-
the most frequent motif in primate visual cortex- exhibit
synchronization with zero time lag [2], a form of activity
reported in a spectrum of experiments [3]. Here, using
simulations of leaky integrate-and-fire networks (LIF) as
well as mean-field stability analyses, we show that this
relay motif promotes the emergence of a limit cycle

whose period is determined by intrinsic properties of
the model (Figure 1B). While cortical recordings show
evidence of limit-cycle oscillations [4], this behavior is
typically transient in non-pathological states. The ques-
tion thus arises, of how to generate transient yet precise
synchronization under different forms of motif connec-
tivity. To address this question, we introduce a mechan-
ism of selective gain inhibition by which cortical circuits
may disengage from a strict limit cycle behavior. This
mechanism works by tuning the gain inhibition [5] of a
selective population of neurons in the model. In a first
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Figure 1 Transient synchronization in LIF networks. A. Three groups of neurons with arrows showing the presence of between-group
synapses (1,000 neurons/group; gain inhibition set to 1.5 nS). B. Spike raster of spontaneous activity for network in A. C. Raster with gain
inhibition of neuron group in black set to 2.25 nS). D. Same as C, with all excitatory neurons injected with a constant current. E. Cross-
correlations averaged over all neurons, with constant current (each simulation lasting 10 sec).
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series of simulations, we show that applying selective gain
inhibition to one population of a network (Figure 1A,
shown in black) disengages the network from a limit
cycle behaviour (Figure 1C). Next, we examine the effect
of selective gain inhibition on a network’s response to an
incoming stimulus and show that transient synchroniza-
tion arises in response to a time-delimited input current
(Figure 1D). Selective gain inhibition enables stimulus-
induced synchronization under strong stimulation and
suppresses zero-lag synchrony under weak stimulation
(Figure 1E). Transient synchronization would not be pos-
sible without selective gain inhibition, given that a
network configured with a “relay” motif follows a limit
cycle attractor (Figure 1B). We conclude that a “relay’
motif of connectivity imposes strict constraints on the
types of dynamics produced by a network under both
spontaneous and evoked states. Going further, results of
simulations suggest that a mechanism of selective gain
inhibition breaks the rigid constraints imposed by synap-
tic connectivity, providing flexible and transient
responses to incoming stimuli.

Acknowledgements

This work was supported by a grant from the NAKFI Keck Future Initiatives
to J.P.T. as well as start-up funds to JP.T. from the University of Ottawa.
Authors are thankful to Eric Shea-Brown for useful discussions.

Author details

'School of Psychology, University of Ottawa, Ottawa, Ontario KIN 6N5,
Canada. 2Departmem of Physics, University of Ottawa, Ottawa, Ontario K1N
6N5, Canada.

Published: 8 July 2013

References

1. Song S, Sjostrom PJ, Reigl M, Nelson S, Chklovskii DB: Highly nonrandom
features of synaptic connectivity in local cortical circuits. PLoS Biol 2005,
3(3):e68.

2. Vicente R, Gollo LL, Mirasso CR, Fischer |, Pipa G: Dynamical relaying can
yield zero time lag neuronal synchrony despite long conduction delays.
Proc Natl Acad Sci USA 2008, 105(44):17157-17162.

3. Benda J, Longtin A, Maler L: A synchronization-desynchronization code
for natural communication signals. Neuron 2006, 52(2):347-358.

4. Rodriguez E, George N, Lachaux JP, Martinerie J, Renault B, Varela FJ:
Perception’s shadow: long-distance synchronization of human brain
activity. Nature 1999, 397(6718):430-433.

5. Vogels TP, Abbott LF: Gating multiple signals through detailed balance of
excitation and inhibition in spiking networks. Nat Neurosci 2009,
12(4):483-491.

doi:10.1186/1471-2202-14-S1-P386
Cite this article as: Comas et al.: Attractor dynamics in local neuronal
networks. BMC Neuroscience 2013 14(Suppl 1):P386.

Page 2 of 2

Submit your next manuscript to BioMed Central
and take full advantage of:

e 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

( ) BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/15737062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15737062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18957544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18957544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17046696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17046696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9989408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9989408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19305402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19305402?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


