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Schedule for the Two Days

Monday, July 25, 2022 Tuesday, July 26, 2022

9 -9:45 am Introduction 9-10:15 am Presentations by Allen Institute
9:45 —10 am Set up AWS scientists

10 am —12 pm Demo of Tutorials 10:15am —12 pm Demo of Tutorials

12 -2 pm Lunch, meet & greet 12-2pm Lunch, small group discussions
2—-5pm Work on tutorials 2-5pm Work on tutorials

5 —5:30 pm Tour of the Allen Institute > P Departure

5:30 pm Dinner

A few weeks after the workshop: Survey about BMTK, SONATA, and VND

ALLEN

INSTITUTE alleninstitute.org | 4




Running the Workshop on AWS

g & di F = @ [ in172-21.22.169 us-west-1 comnute.internal ¥
— Warning: Potential Security Risk Ahead p——

Firefox detected a potential security threat and did not continue to 13.57.192,126. If you visit this site,
attackers could try to steal information like your passwords, emails, or credit card details.

Learn more

Go Back (Recommended) Advanced... 1. Click “Advanced”

13.57.192.126:8443 uses an invalid security certificate.
The certificate is not trusted because it is self-signed.

Error code: MOZILLA PKIX ERROR SELF SIGNED CERT

View Certificate

2. Click “Accept the
Risk and Continue”

Go Back (Recommended) Accept the Risk and Continue
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Brain Modeling Toolkit

https://alleninstitute.qgithub.io/bmtk/

Simulators

} NEURON
Model Builder % N T

* Model building
« Simulations (with parallelization)

» A unified interface across multiple levels of resolution

“Brain Modeling ToolKit: An open source software suite for multiscale modeling of brain circuits.”
Dai et al., PLOS Comp. Bio., 2020
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https://alleninstitute.github.io/bmtk/

SONATA Data Format

Network Simulation Output
T 800 : o
N 2600 "
y N g ’
/ \ g 400 ;'
1 1 :
‘\ o it ¥ A 35 Y Rk L
\ d 0 2000 ’ ?ODO 4000 5000
_ad Time (ms
~ & \ e
External /' simulated
(virtual) ~<_"® __° network
nodes populations
SONATA representation
S ,/’ [ ] S “andit%oni""y{l 5 Output spikes and
,C’) ()‘\ 4 N L€ 51:i : 2o =y time series (HDF5)
’ \ { \ v_1inli . =
" O \® ® o ID Time
1 ] A 4 “run”: {
\ o O / o ® “tstop”: 1500.0, 360  1053.9
W e @ T “dt”: 0.1 603  1063.3
1
. ® Nodes Model/simulation parameters 360  1083.8
~-22-7  (CSV,HDF5) and metadata (JSON) 1442 1106.2
0 1108.3
M\ 125 1111
— \\ . 248 1120.3
<//‘ \ Morphologies
/ and parameters Time step| DO D1 ID 2
\'\. P (NeuroML, o| -80.123| -7855| -79.124 -77.999| -73.022
\/] JSON, ...) 1| -80.023| -78.45| -81.294 -77.559| -72.322
LY Edges 2| -80.011 -75.15| -79.615 -79.991 -72.215
(CSV, HDF5)

“The SONATA data format for efficient description of large-scale network models.”

Dai et al., PLOS Comp. Bio., 2020
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SONATA Ecosystem

SONATA

simulation
output

[ NePyNE —TSoNATA |/

network

e

i A
9

// Work by the group of
/ Prof. Hans Ekkehard Plesser
A
N NEURON (Norwegian University of Life Sciences):
Procedural creation/ : Visualizati : . o ] "
rez ) _
o ConelalPUPOSe iucralacivity | imulators « Stine Brekke Vennemo

 Hakon Mark

 Susanne Kunkel
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Visual Neuronal Dynamics (VND)

http://www.ks.uiuc.edu/Research/vnd/

2nd place winner in the 2021 BRAIN
Initiative “Show us your BRAINs!”
contest.

Mouse V1

e Read SONATA files

o Efficient 3D visualization on regular
computers and specialized hardware

e Movies of neural activity

t=600 ms_ ‘_ i t=1650 ms & 2400 ms

Neuropixels probe

1
i : . o
":a VR ,’

Image credits: B. Isralewitz, K.Dai,
J. Siegle, M. Spivak, J. Stone
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http://www.ks.uiuc.edu/Research/vnd/

" Cell Types: Transcriptomics, Connectivity: Brain-wide Tracing,
A I I e n I n St I t u te D at a Morphology, Electrophysiology Local Synaptic Physiology and
G-

Electron Microscopy

and Models

Activity in Vivo:
R . Optical and

Q) Models: Electrophysiology

in Passive Sensing
and Behaving Animals

AN Bio_realistic
and Simplified

Reference atlas, gene
expression atlas,
connectivity atlas...
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http://celltypes.brain-map.org B u i Id i n g B I OoC kS . Cel I Ty pes

 Transcriptomics

+ Electrophysiology @ Point models (GLIF)

 Morphology \

L4 L5 1T L5 CF NP L6 IT L6 CT L6b

Compartmental
models with
passive dendrites

%MLMMM @MML&MWW

ME_Exc: 7 17 18 19 20 5

Compartmental
models with
active dendrites

muw) Ky gbb%!!gugasguwmébwbe]

ME_Inh:15 22 23 24 25 26 6 7 8 10 11 12 13 14 16 21 17 18 19 20 1 2 3 4 5
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http://celltypes.brain-map.org/

« 17 cell classes « 51,978 biophysical « 230,924
P neurons cells total

Retina

Optic nerve * 114 unique biophysical « 178,946 point neurons
neuronal models

Optic chiasm

Optic tract

Primary
visual cortex
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The Excitatory Neuronal Network

of the C2 Barrel Column

in Mouse Primary Somatosensory Cortex

Sanddne Lefort! Christian Tomm.? J.-C. Fbyd Sara? and Carl CH. Potorsen’.”
Laboroey of st

Sarscey Procucarg. Bran Mid
a

ndOptica Pastam.

LETTER

Connectivity

410,038 mat e 14382

Functional organization of excitatory synaptic

strength in primary visual cortex

Lee Comsel™, Mariz Flarenda laczruso*?, Dylan R. Muir®, Rachael Houlton', Elie N. Sader’, Ho Ko', Sanja B. Hafer'?
& Thomas D. Mrsic-Flogel™?
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ARTICLES

neuroscience

Inhibition of inhibition in visual cortex: the logic of
connections between molecularly distinct interneurons

Carsten K Pfeffer'2, Mingshan Xue?, Miao He?, Z Josh Huang® & Massimo Scanziani'?
Cortical inhibitory newrons contact each other to form 2 network of inhibitory synapsic connections. Our knowledge of

another yet strongly inhabit all ther populations. Finally. vasoactive

This scheme occurs in
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he missing quantitative data. Combined with

Source

Connection probabilities
Target

e | 57 | S | fim | ® | v [sor| uin] B8 | ov oox | s ] = | v | ass [ wn
MHTR 0356 0.093 0.068 0.464 | 0.148 0148 0 0 0.148
E23 | 0 | 016 0395 0182 0105 0.016 0083 0083 0.083 | 0.083 0.081 0.102 0
i213PV| 0024 [ 0.411 0451 003 022 | 005 005 005 005 | 007 0073
2358 0.279 | 0.424 - 0.082 - 005 005 005 005 |0.021 0
'2’;"7 0 |0087 002 0625 0028|005 005 005 005| 0
E4 014 01 01 01 |0243 043 0571 0571|0104 0101 0.128 0.05 | 0.032
4PV 025 005 005 005 |0437 0451 003 022 [0088 0091 003 003
i4sST| 0241| 025 005 005 005 |0351 0857| 0.082 077 |0026 003 0 003
i4HTR 025 005 005 005 |0351 002 0625 0028 0 003 003 003
E5 [0017[0021 005 005 005|0007 005 005 0050116 0083 0063 0.105|0.047 003 003 003
eV | o 0.102 0 0034 003 0030455 0361 003 022 | 003 001 001 0.01
i58T | 0.203 | 0.169 0017 0056 003 0006 003 [0317 0887] 004 077 | 003 001 001 001
iSHTR 003 003 003 0030125 002 0625 002 | 003 001 001 001
E6 0 0012 001 001 001|002 0145 01 01
i6PV 0.1 0.1 01 003 003 003| 01 008 01 008
i6SST 003 003 003 003| 04 005 005 005
i6HTR 003 003 003 003| 04 005 005 003
naptic Stren unitary m
S tic St th L PSP (mV)
Target
-'""TR e | by | Sy i ] B | v |oor | wmn| B8 | ov | sor || B | & | emr | ume
“HTR| 173 | 053 048 057 078 | 0.42 042 0 0 0.42
E23| 0 |03 149 086 131|034 139 069 091 | 074 132 053 0
i23Pv| 037 | 048 068 042 041 | 056 068 042 041 | 02 079
""’E:,ss 047 | 031 05 015 052| 03 05 015 052 | 022 0
'2';"7 0 |028 o018 032 037 [ 020 018 032 037 | 0
E4 078 139 069 091 | 083 129 051 051 | 063 125 052 091 | 0.96
4PV 056 068 042 041|064 068 042 041|073 0984 042 041
® wssT| 039 | 03 05 015 052|028 05 015 052028 045 028 052
5 R 020 018 032 037|020 018 032 037 | 0 018 033 037
8 E5 | 076 | 047 125 052 091|038 125 052 091|075 12 052 131 | 04 | 25 052 131
sev| o | o o051 0 094 042 041|081 119 041 041|081 119 041 041
i5SST| 0.31 | 0.25 0.39 028 045 028 052|027 04 04 052|027 04 04 052
ISHTR 029 018 033 037|028 018 033 037 | 028 018 033 037
E6 0 0 023 | 25 052 131 094 |N38N 052 131
6PV 0.81 0.81 081 119 041 041 | 081 119 041 041
i6SST 027 04 04 052|027 04 04 052
IBHTR 028 018 033 037 | 028 048 033 037

Axonal delays

Synaptic targeting of dendrites

Lee et al., Nature, 2016; Seeman et al., eLife, 2018; Billeh et al., Neuron, 2020
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https://portal.brain-map.org/explore/connectivity

Optic nerve
Optic chiasm

Optic tract

o]

» 14 types of LGN cell responses, fit to experimental recordings in vivo \

Filter-based Visual Inputs into the V1 model

Pupil

Transient
LGN pool

Retina

Sustained
LGN pool

V1 neuron

A\

Primary
visual cortex

1mm

Drifting
Gratings

Static
Gratings

\

\

* 17,400 modeled LGN cells provide inputs to 230,924 V1 cells Natural

» Arbitrary visual stimuli (movies) can be processed

ALLEN
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Scenes

Natural
ovies

Locally sparse
noise

Spontaneous
Activity

Durand et al., J. Neurosci. (2016); Arkhipov et al., PLOS Comp. Bio., 2018; Billeh et al., Neuron, 2020
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Models of the Mouse Primary Visual Cortex (V1)

Pupil

Retina

Optic nerve
Optic chiasm

Optic tract

480 CPUs, 1 hour for 1 simulated second 1 CPU, 3 minutes for 1 simulated second

o 230,924 cells total, 17 cell classes

« One-to-one mapping between the biophysical and point-neuron models

* Models are freely available: http://portal.brain-map.org/explore/models

~{ ALLEN o
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http://portal.brain-map.org/explore/models

Responses to Various Visual Stimuli

Flashes Stimulus Natural Movie Stimulus Drifting Grating Stimulus

250 ms 250 ms 30Hz frame rate (2500ms)

50000 §rTH B I"?i’i”kl"“ﬁ’i?ﬂ""'ﬁ @!W’

3 1§ A ;
O Tl s 2 odd v p o 2 ;
E e
S 25000
-
) : &
= 6

4 Sat %
—" 1165 4 34 _
w— Pvalb Q IR ES 3! v T AP ST B b AN R 5 ¢ bl aie gl b o Bl
— Sst [ON] OFF Natural Movie Grating Stimulus (2Hz, 0.04cpd)
= Htr3a |_| _ -
1000 2000 1000 2000 3000 1000 2000 3000
Time (ms) Time (ms) Time (ms)
ALLEN Billeh et al., Neuron, 2020 alleninstitute.org | 16
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Applications of the Published V1 Model

1.  Giacopelli et al. On the structural connectivity of large-scale models of brain networks at
cellular level. Sci. Rep. 11, 4345 (2021).

@ |dentity changed
No change

2. Stoéckl et al. Probabilistic skeletons endow brain-like neural networks with innate computing
capabilities. bioRxiv 2021.05.18.444689 (2021)

3. Chen et al. Analysis of visual processing capabilities and neural coding strategies of a
detailed model for laminar cortical microcircuits in mouse V1. bioRxiv 2021.12.07.471653

(2021)

4. Jabri, T. & MacLean, J. N. Large-scale algorithmic search identifies stiff and sloppy
dimensions in synaptic architectures consistent with murine neocortical wiring. bioRxiv
2021.11.13.468127 (2021) & g

5. Scherr, F. & Maass, W. Analysis of the computational strategy of a detailed laminar cortical

microcircuit model for solving the image-change-detection task. bioRxiv l
2021.11.17.469025 (2021 ) Identity changed No change
6. Schneider et al. Transcriptomic cell type structures in vivo neuronal activity across multiple
time scales. bioRxiv 2022.07.10.499487 (2022) image onset magggreet
Also: simulating LFP and CSD (with Einevoll Lab, U. Oslo), studying criticality (Hengen Lab, A
Wash U St. Louis), etc. _ Image offset
c - LFP from animal 4 .= derived from LFP Response offset
_-200L2/3 _ e Response olfeet Response onset
Eg 400 L4 ' . Z:; E ;1
§ -600 LS —0.1E §
-800 L6 L

0 20 40 60 80 100 0 20 40 60 80 100
Time from flash onset (ms) Time from flash onset (ms)
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Weather Modeling

» Forecast sKkill for 3-10 days has been increasing by about one day per decade

* “The unusual path and intensification of hurricane Sandy in October 2012 was predicted 8 days ahead, the
2010 Russian heat-wave and the 2013 US cold spell were forecast with 1-2 weeks lead time, and tropical sea

surface temperature variability following the EI Nino/Southern Oscillation phenomenon can be predicted 3—4
months ahead.”

— Day3NH — Day 5 NH —— Day 7 NH —— Day 10 NH
—Day3SH — Day5SH — Day7SH — Day 10 SH

Why?

« Steady advances in algorithms modeling
atmospheric physics and chemistry

* Increases in computing power

Forecast skill (%)

« The skill is objectively evaluated daily and
globally, so that success and failure of
forecasts is accurately known and
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1981 1985 1989 1993 1997 2001 2005 2009 2013 pathways to improve predictive skill can be
Year effectively tested
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Towards Multipurpose Models of Cortical Circuits

 New datasets will increase the accuracy and predictive power of models

* Tools are available

* Models are available

« For many applications, computational expense is affordable

« Multi-purpose models, together with theory and experiments, help advance our knowledge

of the brain

ALLEN

INSTITUTE alleninstitute.org | 19




THANK YOU

We wish to thank the Allen
Institute founder, Paul G. Allen,
for his vision, encouragement,
and support.

ALLEN

INSTITUTE

open for science




