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1. Modeling workflow example: large-scale model of motor cortex

2. FAIR tools/resources for each step of the workflow

Gather and preprocess data
Implement model

Tune and validate model
Experiments and predictions
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Modeling workflow example:
large-scale model of motor cortex



Computational simulations of the brain

Experiments Simulation
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Mouse M1 cell types by projection target

CP PF SC

MOs

Accumulation of experimental data
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Data-driven model of motor cortex circuits

300 um diameter column 10,000 neurons 30 million connections




M1 model: cell types and populations
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Cell classes
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M1 model: single neuron models

Experiment  Simulation Experiment Simulation Reproduce morphology and

\ — physiology of real neurons
N J MWMMMMM‘ L
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M1 model: connectivity

Incorporates connectivity data at multiple scales

Long-range inputs Local microcircuits Dendritic inputs
Relative input strength  Long-range Interlaminar f Presynaptic location
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Parallel Simulation on Supercomputers

1 simulated second — 1 hour on 100 computer cores

University cluster §500

Scientific shared cluster 7200

Google Cloud 50,000

number of simultaneous cores



Motor cortex model results: spiking
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Motor cortex model results: oscillations

- Reproduces LFP oscillations Xperimen imula lo‘n
A B LFP 0-200 Hz
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FAIR tools/resources for each
step of the workflow



Modeling workflow

2. Implement 3. Validate 4. Experiments 5. Share and

model model + predictions disseminate

OPEN SOURCE BRAIN
LFP 0-4 Hz
P M1 Network Model
e
- LFP 30-40 Hz
il (¥
o i Ww mn ‘im mu‘h“ \V“\ A
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Modeling workflow
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Modeling workflow

2. Implement 3. Tune +
model validate model

4. Experiments
+ predictions

5. Share and
disseminate

LS_AA064

Collect experimental data required for model

- Google Scholar ot

- ModelDB D = TV

- OSB + NeuroML DB =

- NeuroElectro

- NeuroMorpho MElectro/\/

- CRCNS

* Allen Brain Map ALLEN BRAIN ATLAS
DATA PORTAL

- Paperpile

- Google Drive / Sheets
- E-notebook (VScode + org-mode)
- WebPlotDigitizer



Modeling workflow

2. Implement
model validate model

3. Tune +

5. Share and
disseminate

4. Experiments
+ predictions

LS_AA064

Collect experimental data required for model

- Google Scholar "

- ModelDB N TV
- OSB + NeuroML DB

- NeuroElectro

- CRCNS

- Allen Brain Map ALLEN BRAIN ATLAS

DATA PORTAL

- Paperpile

- Google Drive / Sheets

- E-notebook (VScode + org-mode)
- WebPlotDigitizer

Preprocess data so can be used in model
- Python

03 B
. PV input
B Presynaptic AP C E
% vl 100 © b;o.z
L2/3 m < 2
il LI T
5 T 0.1
= ol b
Postsynaptic € 50 g 8 2
JEPSC s EGN S
wv
a @ 300 200 100 CB 100 200
L5B Ccal b 20pR 1 kH 0 8 _g Apical Basal

Ccol Ccal Distance from cell body (um)

Store provenance of data used in model

- Python



Modeling workflow: what is missing?

2. Implement 3. Tune + 4. Experiments 5. Share and
model validate model + predictions disseminate

L5 _AA064
Tools for automated search/extraction/preprocessing of data

- Specific queries: "unitary connection EPSP amplitudes (in mV) between L5B PT cells
and L2/3 PV cells in mouse primary motor cortex during spontaneous activity"

- Returns data in a standardized format

- Potential existing tools/resources: Ié% Knowledge
- http://g-node.github.io/nix/ LY | Space
- https://knowledge-space.org/
- https://bluebrainnexus.io/

Blue Brain Nexus


http://g-node.github.io/nix/
https://knowledge-space.org/
https://bluebrainnexus.io/

Modeling workflow

2. Implement 3. Tune + 4. Experiments 5. Share and
model validate model + predictions disseminate

## Cell connectivity rules
netParams.connParams['S

Backend simulator U fetonas “hitbon':
- NEURON

Network model building tool
- NetPyNE

NetPyNE File View Model utorials el CREATE NETWORK &
.
. Others: B MTK B|Onet’ PyN N Cell Types x  Populations x  Synaptic Mechanisms x x  Stim.sources x Stim. targets x Configuration x  »1 o
= O]
PRE-SYNAPTIC POST-SYNAPTIC
CELLS CONDITIONS CELLS CONDITIONS
o . . -

Tracking/managing model versions e

- NetPyNE
- Github —
- E-notebook (VScode + org-mode)

Add new Postsynaptic neuron location (0-1)



Modeling workflow - .

2. Implement 3. Tune + 4. Experiments 5. Share and

model validate model + predictions disseminate

Tune model parameters to match experimental data
- Modeling: NEURON / NetPyNE
- Optimization: Inspyred, Optuna (others: BluePyOpt, NeuroTune) = ; =
- HPCs: NSG, XSEDE, GCP, E-BRAINS :

Fit
N
o

Tracking/managing model version and simulations I ———

- NetPyNE - B -
. Github E 1S
- E-notebook (VScode + org-mode) . i T HIE



Modeling workflow - .

2. Implement 3. Tune + 4. Experiments 5. Share and
model validate model + predictions disseminate

Tune model parameters to match experimental data
- Modeling: NEURON / NetPyNE
- Optimization: Inspyred, Optuna (others: BluePyOpt, NeuroTune)

- HPCs: NSG, XSEDE, GCP, E-BRAINS EBRAINS

D

Google Cloud Platform

Tracking/managing model version and simulations
- NetPyNE

- Github

- E-notebook (VScode + org-mode)




FP 0-4 Hz

Modeling workflow

FP 30-40 Hz

3. Tune + 4. Experiments 5. Share and
validate model + predictions disseminate

Tune model parameters to match experimental data ERESIE
. %k v7 - Added template for connectivity
- Modeling: NEURON / NetPyNE +k v8 - Added cell types
**k v9 — Added local connectivity
* HPCS: NSG, XSEDE, GCP, E_BRAINS ** v10 - Added thalamic populations from prev model

*k v11 Added thalamic conn from prev model

*k v12 Added CT cells to L5B

** v13 — Added CT cells to L5A

*k v14 Fixed L5A & L5B E cell densities + added CT5A & CT5B to 'Epops'

Tracking/managing model Version and simulations ** v15 — Added cortical and thalamic conn to CT5A and CT5B
° NethNE * SIMS
. Github ** v21_batch3 - Param sweep 6 conn params; adjusted EEGain and IIGain; fixed bug IEGain
ok v21_tune - adjusting bkg weights
<E- _ *x v22_batchl - bkg weights for all pops (E+I 40 hz)
E nOtebOOk (VSCOde + Org mOde) *x v22_batch2 - bkg weights for all pops (only E 4@hz)

** v22_batch3 - bkg weights for all pops (E 2@0hz apicdend, I 40 Hz perisom)

x v22_batch5 - bkg weights for all pops
* v22_batch6 <g weights for all pops

E 40hz apicdend, I 40 Hz perisom 2xweight)
E 40hz apicdend, I 40 Hz perisom)

(
(
(
k v22_batch4 - bkg weights for all pops (E 20hz apicdend 2xweight, I 4@ Hz perisom)
(
(



Modeling workflow: what is missing?

2. Implement 3. Tune + 4. Experiments 5. Share and
model validate model + predictions disseminate

Tune model parameters to match experimental data - more standard methods/formats
- SciUnit / SciDash

- OSB NWB Explorer I
ﬁ?\ il e —
Sanit neonn - e TN




Modeling workflow: what is missing?

___
I

3. Tune + 4. Experiments 5. Share and
validate model + predictions disseminate

More standard methods/formats to tune model parameters to match experimental data
- SciUnit / SciDash
- OSB NWB Explorer

Tracking/managing model version and simulations
- Integrated / systematic tool and standard format:
e.g. SimTracker, OSB, NetPyNE GUI

- model version and list of changes

- provenance of model parameters

- simulation parameters, associated results




Modeling workflow

M1 Network Model

25Connectivitys *#odel Description
Wt

2. Implement 3. Tune + 4. Experiments 5. Share and

model validate model + predictions disseminate

Standardized formats to share models and data
- NetPyNE

- NeuroML Q NEUT‘OML]

- SONATA
- NWB (in progress)

Platforms/tools to share models and data A PYSONATA

libSONATA :
- ModelDB BronfBrain <4— § SONATA
* OSB EMII pyNWB < : S

SONATA |y
network
structure

. GitHub -

PYNN

RTNeuron /
- NetPyNE

BMTK
i = NeuroMLlite :
™ pyNeuroML
Procedural creation/ H PYNN
compact definition of General purpose : Visualization of :  Interaction with

networks libraries * structure/activity * simulators



Modeling workflow: what is missing?

2. Implement 3. Tune + 4. Experiments 5. Share and

model validate model + predictions disseminate

Standardized formats to share models and data
- Standards/tools for provenance of model parameters
- Standards for high-level specification of networks (in progress: NetPyNE, NeuroMLLite, NEST?)

- Robust and easy-to-use online platforms to run, visualize and analyze existing models
(in progress: ModelDB, OSB, E-BRAINS, NetPyNE GUI)

- Adoption of standards and tools by the community




Morphoiogy reconstruction ppeiine

B
Morse et al. 2010 root: soma Morse et al. 2010
can (can2.mod) XY X-Z Y-Z o=
gcanbar
Zcat (cat.mod) 030
gcatbar o 25
ds (distr.mod) E 0.20
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SP6BSP-UC-007, Morphology reconstruction

Morphology reconstruction pipeline

yomc
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Thank youl!

SUNY
OWNSTATE

Medical Center

Lab web: dura-bernal.org

Software tool web: netpyne.org

File View Model Tutorials Help. © BACKTOEDIT 8
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http://www.neurosimlab.org
http://www.netpyne.org

