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Neuronal mechanisms of sensory perception

Lefort et al., 2009
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Sensory perception is subjective

Sensory input Motor output
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Causal mechanisms

1. Sensory-guided decision-making task
2. Measure neuronal activity and correlate with task performance
3. Manipulate neuronal activity and correlate with task performance
4. Model neuronal activity and correlate with task performance
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The mammalian brain
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Mouse genetics

www.jax.orgwww.ncbi.nlm.nih.gov

NCBI - National Center for Biotechnology Information
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Gene-expression maps of the mouse brain

www.brain-map.org

Allen Brain Atlas

Complete gene expression 
atlas of the mouse brain.
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Genetically-defined cell-types

Transgenic or knock-in of GFP, Cre-recombinase, …
Cre-LoxP system for precise genetic manipulation
LoxP = ATAACTTCGTATAGCATACATTATACGAAGTTAT

Highly-specific genetic manipulation in well-defined cell-types.
Essential for causal and mechanistic understanding of brain function.
Cre-LoxP system is part of a family of recombinases e.g. Flp-FRT 
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Projection maps of the mouse brain

www.brain-map.org

Allen Brain Atlas

Long-range connectivity 
map of the mouse brain.
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Head-restrained mouse behavior

Sachidhanandam, Sreenivasan, Kyriakatos, Kremer & Petersen, 2013

High-speed video
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A light-activated cation channel

Retinal is bound to ChR2 and changes conformation 
from all-trans to 13-cis upon photon absorption.

Nagel, Szellas, Huhn, Kateriya, Adeishvili, 
Berthold, Ollig, Hegemann, Bamberg (2003) 
Channelrhodopsin-2, a directly light-gated 
cation-selective membrane channel. 
Proc Natl Acad Sci USA 100: 13940-13945.

Channelrhodopsin-2 (ChR2) is a light-activated cation channel, 
cloned from the green algae Chlamydomonas reinhardtii.
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Channelrhodopsin-2 in vivo

Mateo, Avermann, Gentet, Zhang, Deisseroth and Petersen, 2011
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Extracellular potentials

Korogod, Petersen and Knott
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Extracellular recording of action potentials

Sachidhanandam, Sreenivasan, Kyriakatos, Kremer & Petersen, 2013

Vextra
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Multichannel extracellular recordings

Electrode arrays Silicon probes

Utah array, Blackrock Microsystems

Neuronexus
Lapray and PetersenHochberg et al., 2012

http://www.youtube.com/watch?v=ogBX18maUiM
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Neuropixels probes

Jun et al. (2017) Nature 551: 232-236.
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Quantifying behavior - DeepLabCut
Mathis et al. (2018) Nature Neuroscience 21: 1281-1289.
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Analysing high-density extracellular recordings

Raw voltage -> Action potentials
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NWB – Neurodata without borders
NWB v1 - Teeters et al. (2015) Neuron 88: 629-634
NWB v2 - Rübel et al. (2022) eLife 11: e78362



BIO-493 – Course Introduction

NWB – Neurodata without borders

Rübel et al. (2022) eLife 11: e78362
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NWB – Neurodata without borders

Rübel et al. (2022)
eLife 11: e78362
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Data repositories

DANDI

https://dandiarchive.org/

Zenodo

https://zenodo.org/

CERN


