Julien Ballbé 
  
Margaux Calice 
  
Marta Gajowa 
  
Daniele Marinazzo 
  
Lyle J Graham 
  
Y Sabaté 
  
Derivation of a protocol agnostic current clamp description for the cross-analysis of diverse neuronal electrophysiological databases

de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Biophysically realistic spiking network models rely on the ability of the cellular models to be coherent with the biological diversity of cellular properties and electrophysiological behavior, for example how synaptic conductance inputs impact neuronal firing, Numerous studies of neuronal biophysics have been made over the last decades, primarily intracellular recordings under the current clamp configuration, thus current input as an approximation of synaptic inputs. Increasingly labs publicly release their experimental databases, often including other cellular information [1,2,3]. Apart from common standards for electrophysiological data (Neurodata Without Borders,[4]), experimental design and data collation is typically unique to a given lab, complicating comparative analysis across databases.

To overcome this limitation, we propose a database-independent analysis pipeline to analyze intracellular recording data and extract features relevant for neuron models. These features constitute a Protocol-Agnostic Current-Clamp (PACC) vector, characteristic of a cell independently of its database.

Examples of the application of the PACC include associating transcriptomic or anatomic data available in one database, to cells without this information from another database. Another application is to associate current-clamp and conductance-clamp data from our lab, allowing the inference of current-clamp data from other labs to conductance dependent properties.

Cortical Model Development

 Part of the variability can be compensated by correcting features by the cell's input resistance, and expressing input current in term of linear voltage (i.e. Gain : Hz/pA  Hz/mV; Threshold : pA  mV)

Neurons' electrophysiological properties differences between different experimental configurations can be compensated by the difference in input resistance (Only cells coming from VIS area are considered) A) Input resistance significantly differs between cells recorded in vivo and in vitro B)

Distributions of neuronal Gain between in vivo and in vitro ( fitted to LogNormal function), when expressed in Bi) current Gain (i.e. Hz/pA) and Bii) linear voltage Gain (i.e. Hz/mV).
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These will serve as a basis for the development of biologically-constrained cell models tuned to the specificities extrapolated from the recordings originating of multiple databases. 

Correlation between a PACC vector and neuron's threshold dependence on synaptic inhibition

  independent analysis pipeline -Input resistance correction to gather in vivo and in vitro data -A Rosetta Stone mapping between current and conductance clamp data have been gathered, from 3 different databases [1] Gouwens et al. 2019 ; [2] Gouwens et al. 2020 ; [3] Lantyer et al 2018 [4] Rübel et al., 2022 ; [5] Destexhe et al., 2003 To ensure consistent and relevant comparison of features, we reduce variability arising from differences in curation and experimental paradigms (i.e. in vivo and in vitro) Assumptions: -Neuronal properties scale with cell area -Higher background synaptic activity In vivo can account for many differences in functional properties with In vitro cells [5]  Cell model and synaptic connectivity constrained to experimental data  Must account for biological differences (between areas, layers…) and variability (e.g. within VIS area) A cerebral cortex model in the context of the implementation of a multi-scale model of the mouse brain. A) Scheme of the overall mouse brain model, from neuron model to CC model B) Statistical gain differences between VIS and SS areas, and C) between layers of VIS area : -Designed for long current steps -No pre-processing required -Low-coding effort -2-script calls from TerminalHow to get all databases through the same analysis pipeline ?Organization and the integration of external databases into the data analysis pipelineI 𝑉 𝑉 ( 𝑉)𝑉 𝑉𝑉𝑉 ( 𝑉) =𝑉 𝑉𝑉𝑉 ( 𝑉 𝑉 ( 𝑉) -𝑉 𝑉𝑉𝑉 ) +𝑉 𝑉𝑉𝑉 ( 𝑉 𝑉 ( 𝑉) -𝑉 𝑉𝑉h )Rely on common data analysis pipeline to implement multi-scale cerebral cortex model  I/O features distribution reproduced in cortical models