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In the leech, we can observe several behaviors — swim- mechanisms of these behavioral pattern generators, we
ming, crawling, shortening, and local-bending — while  must understand the functional properties of the neu-
imaging neuronal activity with voltage-sensitive dyes rons and the connectivity between neurons, which
(VSD) [1]. To understand the underlying neural requires collecting and synthesizing data across several
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Figure 1 The ventral aspect of the leech ganglion is shown with many of the known cells highlighted in color. About two-thirds are unknown,
indicated in white. Several VSD recordings of cells are shown in green. Simultaneous intracellular recordings are shown in black for the Retzius

cell and cell 169.
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animals. However, this synthesis is not trivial because 40110.1186/1471-2202-13-51F1
more than 70% of the neurons in the leech ganglia have Cite this article as: Frady and Kristan: Utilizing multi-functional neuronal
not been identified. We have created a system which responses during different behayiors to uniquely identify all neurons in

. A . the leech ganglion. BMC Neuroscience 2012 13(Suppl 1):F1.
utilizes the functional responses of each neuron during
these behaviors, as well as during unconventional stimu-
lations, to match homologous pairs of neurons across
different animals. Neurons in the leech are almost all
multi-functional, in that they are involved in many dif-
ferent behaviors. For a particular neuron, we can use
these multi-functional responses as a tag indicating the
neuron’s identity. For instance, a neuron in the central
packet on the ventral surface can be identified from its
neighbors because it oscillates in phase with the dorsal
contraction during swimming, and out of phase with the
dorsal contraction during crawling. We have developed
an algorithm that efficiently combines all of these func-
tional properties as well as each neuron’s morphological
properties (soma size and position) to match homolo-
gous cells across animals. We have recently developed a
new VSD [2] that has given us unprecedented signal-to-
noise ratio and temporal resolution of neural activity.
This allows us to use cues such as action-potential
shape and response timing as further indicators of neu-
ronal identity. Figure 1 shows VSD recordings of several
neurons that can now be identified based on their action
potentials — such as the Retzius, Leydig, and N cell, or
based on response to stimulations — such as the rapid
response of the AP cell or the oscillations of cell 169
during swimming. We have used these functional fea-
tures to identify almost every neuron in ganglion 10 by
matching homologs across many different animals. Each
animal reveals a different subset of all neurons in the
circuit, which are all combined to identify virtually every
cell in the leech ganglion. We have used several statisti-
cal functional connectivity techniques to estimate the
connection profile of these neurons. With these connec-
tivity predictions, we can probe identified cells with
micro-electrodes to validate connections and build up
the leech connectome with the knowledge of all of the
neurons in the circuit and their functional properties
during each behavior.

Author details

1Department of Neurosciences, UC San Diego, La Jolla, CA 92093, USA. Submit your next manuscript to BioMed Central
> ) . ) '
Department of Biological Sciences, UC San Diego, La Jolla, CA, 92093, USA. and take full advantage of:

Published: 16 July 2012

e Convenient online submission

References e Thorough peer review

1. Briggman KL, Kristan WB Jr: Imaging Dedicated and Multifunctional « No space constraints or color figure charges
Neural Circuits Generating Distinct Behaviors. Journal of Neuroscience
2006, 26(42):10925-10933.

2. Miller EW, Lin JY, Frady EP, Steinbach PA, Kristan WB Jr, Tsien RY: Optically ¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
monitoring voltage in neurons by photo-induced electron transfer
through molecular wires. PNAS 2012, 109(6):2114-2119.

¢ Immediate publication on acceptance

¢ Research which is freely available for redistribution

Submit your manuscript at ) -
www.biomedcentral.com/submit ( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/17050731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17050731?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22308458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22308458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22308458?dopt=Abstract

	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


