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Single Cell Modeling: Experimental Pipelines

Multiples labs investigating cell types and

properties in the mouse and human neocortex.
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Transcriptomics (rna-seq)

Electrophysiology

Data of thousands of cell can be downloaded
from the Allen Cell Types Database:

http://celltypes.brain-map.orag/
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Connectivity

Using synaptic physiology, EM, and viral injections we are able to find patterns of
connectivity within and between regions of the mouse visual cortex.

http://connectivity.brain-map.org/
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http://connectivity.brain-map.org/

In-Vivo Behavioral Observatories

With ophys techniques we are able to record neural activity of the mouse visual cortex
during passive viewing or behavioral experiments
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Detailed Models and simulations of a mouse
visual V1 column
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Use both compartmental models (with NEURON) and
point neuron models (with NEST) - explore the difference
between various levels of resolutions



https://github.com/AllenInstitute/arkhipov2018_layer4/

Current Modeling Efforts

Modeling visual stimuli onto the LGN.

14 subtypes of LGN filters
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Modeling Projects

Extracellular stimulations and Network models using Human cell Predictive encoding models
LFP recordings from small networks models
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Needed a software platform that:
e Work across different levels of resolution (and across different simulators)
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e Scalable from single-cell simulations to large dense networks.

e [Easy to modify and update as our data changes.

e Allows for sharing of models and simulation results (both internally and externally).



Solution: The Brain Modeling Toolkit (BMTK)

https://github.com/AllenInstitute/bmtk

A software package for building, simulating and analyzing large-scale
network models at different resolutions. _
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https://github.com/AllenInstitute/bmtk

BMTK: Network Builder

A Python API for building large-scale
networks.

e Can build different resolutions of brain
networks (biophysical, point, ANN) using a
graph structure.

e Modelers can choose whatever parameters
they require for representing nodes, can

create custom connectivity rules.

e Can be used as a stand-alone tool (i.e.
does not require NEURON, NEST, etc.)

| alleninstitute.org | brain-map.org

import numpy as np
from bmtk.builder import SynNetwork

net = SynNetwork('V1l"')

net.add nodes(N=10500, name='Scnnla',
tuning angle=tuning angles 1,
rotatons=np.random.uinform(10500, 3),
positions=scnnla pos(),
model type='Biophysical’,
model params='472363762_fit.json',
model morphology='Scnnla_473845048_m.swc',
potential='e')

net.add nodes(N=800, name='PV1',
positions=pvalb pos(),
model type='InfFirel’,
model params='IntFirel_inh_1.json',
potential='1i")

net.add edges(targets={'name': 'Scnnla'}, sources={'potential':

func=synaptic filter,

delay=2.0,

min weight=-4.5e-05,

weight function='gaussian’,
target regions=['soma', 'basal'],
template="'Exp2Syn"')

net.build()
net.save nodes('vl_nodes.h5', 'vl_nodes_metadata.csv')
net.save edges('vl_edges.h5', 'vl_edges_metadata.csv')
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BMTK: Simulator Engines

An interface for running
large-scale network models

BioNet PointNet
i ; A NEURON based Interface for A NEST based Interface for running
across different simulators of i e e tels ok prosess modals
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little-to-no programming needed (using
SONATA config files).

.y - PopNet FilterNet
Built-in paraIIeI Computlng SUpport Uses The DiPDE simulator to model Uses filters to convert stimuli to firing
firing rate dynamics of neuronal rates and spikes on a receptive field
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A set of standardized format for representing brain circuit models and simulation. Includes formats for
e Network Representation

e Simulation configuration

e Simulation results

SONATA integration into the BMTK

BMTK SONATA BMTK . SONATA BMTK
Network . Simulators (BioNet, . Analysis and
Builder NetWOI"k FlleS PointNet, etc) Slm. RGSUltS visualization tools

{}

SONATA
Config. Files




Uses HDF5 and CSV files to store nodes (cells) and edges
(synapses, junctions)

Highly normalized and optimized table structure.

Saves both individual node properties and shared node “types”
properties (same with edges).

Allows for heterogeneous networks with a mixture of different
model types
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Reserved node attributes

Attribute Description

| n Cl u d eS rese rved d iCti O n a ry model_type Used to describe the type of model for each node. Currently there are four

valid values; biophysical for morphologically detailed models,

of attri b u tes fo r single_compartment for non-morphological models. point_process for point

neuron models, and virtual for non-simulated spikes or rate generating objects
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model_processing | A directive or function name providing additional instructions on how to
processes each individual model (for example how to handle axon).
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Simulation Configuration Files

A JSON-based text file to define all the parameters
needed to run a full network simulation.

Including

e Run-time parameters
simulation time, step time, initial conditions

e Network and model parameters
What nodes/edges files are being simulated,
mod/hoc/NeuroML/swe files to build cells and synapses

e Network stimuli
current clamp, spike trains, voltage clamps

e Recorded parameters
spike-trains, membrane voltage/Ca++, LFP

sonata_sim_config.json

“run": {
*tstop'': 3000.0,
"t 0:1;
*dL**: 20.0,
"spike_threshold": -15,
*nsteps_block™: S000
)
“conditions': {
*celsius': 34.0,
“v_init*: -80

}

“output': {"log_file": "$OUTPUT_DIR/log.txt™...},

“inputs': {
"spikes": {
“input_type': “‘spikes”,
“module’: ""h5",

“input_file": "inputs/exc_spike_trains.h5",

*node_set'*: “biophysical"

),

“current_clamp': {
“input_type': “current_clamp",
"module’: "ICLamp",
“node_set': “biophysical™,
“amp**: 0.2200,
*delay*: 500.0,
“duration’: 1000.0

}



Simulation Output

Single and multi-compartment traces
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SONATA: Growing Support

https://qithub.com/Allenlinstitute/sonata

SONATA is an open-standard with the goal of increasing interoperability and reproducibility in the
modeling and simulation community, and continually looking for feedback for ways to improve the
standard in the future.

Other software Implementing SONATA support

RTNeuron https://github.com/BlueBrain/RTNeuron

Brion https://qgithub.com/BlueBrain/Brion

PyNN http://neuralensemble.org/PyNN/

NeuroML https://www.neuroml.org/

NetPyNE https://github.com/Neurosim-lab/netpyne
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