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Many researchers base their neuronal models on experi-
mental data, but few systematically calibrate to it, and
even fewer use unpooled data from multiple subjects.
Some (partial) exceptions are [1], where one model
parameter was calibrated to data pooled across four
macaques; and [2], where five model parameters were
calibrated to unpooled data from 292 humans. To our
knowledge, no one has previously calibrated spiking net-
work models to individual subjects - likely because a
single model iteration typically takes considerable com-
putational time, compounded by the formidable number
of iterations required to perform optimizations on a sta-
tistically meaningful number of subjects.

In this study, we calibrate and validate a mesoscopic
spiking network model against data from individual rats,
then use these fits to infer differences in the rats’ physiol-
ogies. We recorded data from microelectrode arrays
implanted in the somatosensory cortices of nine male
rats, each of whom received touch stimuli to his left fore-
paw. The spiking network models consisted of 20,000
Izhikevich neurons, representing a 2x2 mm patch of cor-
tex sampled at approximately 10% true cell density, with
cell types (15 across six layers) and connectivities based
on empirical data. We calibrated key model parameters
(including connection probability and weight, tonic back-
ground activity, and the ratio of thalamic to cortical
input) to experimental data (including average firing
rates and coefficients of variation) using a nonlinear opti-
mization algorithm [3]. The calibrations were validated
using the exponents of the local field potential (LFP)
power spectra from 5-50 Hz, which were not used for
calibration. Changes in the information processing
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properties of the (simulated) networks were then quanti-
fied via interlaminar Granger causality.

Experimentally, we found large differences between
subjects. Cortical firing rates varied from 3.8 Hz to 19.6
Hz (median 11.9 Hz); coefficients of variation, 0.4 to 1.2
(median 0.9); and peristimulus time histogram peak
amplitudes, 48 Hz to 73 Hz (median 62 Hz). Inter-subject
differences were significantly greater than intra-subject
differences across both sessions and electrodes. The cali-
brated models reproduced experimental data with an
average mismatch of 16%, compared to 30% when uncali-
brated. Experimentally, the LFP power spectra exponents
varied from -1.4 to -2.7 (median -2.2). While the models
had uniformly steeper exponents (range -2.8 to -3.6), cali-
bration reduced mismatch in eight of the nine subjects.
Inter-subject differences could be largely accounted for
by differences in average synaptic connection probability
(which varied by a mean of 24% between subjects, com-
pared to <8% for other fitted parameters). Parameter dif-
ferences produced changes in how these networks
process information - for example, there were significant
and complex differences in the patterns of interlaminar
information flow between subjects, including reversals in
the dominant direction of information flow for some
layer pairs.

In summary, we found that (1) significant differences
exist between individual subjects, (2) these differences
can be captured by calibrating spiking network models
to data from each individual, and (3) modeling suggests
that these differences affect how individuals process
information across cortical layers.

Authors’ details

'Department of Physiology and Pharmacology, SUNY Downstate Medical
Center, Brooklyn, NY 10029, USA. “Complex Systems Group, School of
Physics, University of Sydney, Sydney, NSW 2006, Australia. *Centre of
Excellence for Integrative Brain Function, University of Sydney, Sydney, NSW
2006, Australia.

© 2015 Choi et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://

( BioMVed Central

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.


mailto:cliff@thekerrlab.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

Choi et al. BMC Neuroscience 2015, 16(Suppl 1):P122 Page 2 of 2
http://www.biomedcentral.com/1471-2202/16/51/P122

Published: 18 December 2015

References

1. Rasch MJ, Schuch K, Logothetis NK, Maass W: Statistical comparison of
spike responses to natural stimuli in monkey area V1 with simulated
responses of a detailed laminar network model for a patch of V1.

J Neurophysiol 2011, 105(2):757-78.

2. Kerr CC, Kemp AH, Rennie CJ, Robinson PA: Thalamocortical changes in
major depression probed by deconvolution and physiology-based
modeling. Neuroimage 2011, 54(4):2672-82.

3. Kerr CC, Smolinski TG, Dura-Bernal S, Wilson DP: Optimization by Bayesian
adaptive locally linear stochastic descent , Under review; available at http.//
thekerrlab.com/pubs/ballsd.pdf.

doi:10.1186/1471-2202-16-S1-P122
Cite this article as: Choi et al.. Spiking network modeling of neuronal
dynamics in individual rats. BMC Neuroscience 2015 16(Suppl 1):P122.

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

e Convenient online submission

e 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 BiolVied Central




	Authors’ 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


