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Neuropixels data
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Image credit: Allen Institute for Brain Science. [https://brain-map.org/our-research/circuits-behavior/visual-coding],
[https://allensdk.readthedocs.io/en/latest/visual coding neuropixels.html]
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van Rossum distance

1. We convolve a discrete spike train data .
euron 2 X1

H (1) = exp (—i> H().

IR

. Convolution:
k

w,.(t)=2exp - ti H(r—14.

k R

. Pairwise distance:

T
D;(tp) = 1 limJ (wi(t) — wi(t))*dr .

. Normalised: l~)l-j(tR) = Dlj(tR)A /Nl-j :
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Principal workftlow I

1. Synthetic raster: t,f = (¢, + k) XIS+ ¢ k

B =2, Ng=15,ISI=0.150 s,
B=2, Ng=15181=0.150 5,0 =0.3,$ =03, T =55 0=03¢=03T=>5s D(tr)
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2. Noise §* ~ U[—0,1> Omax]> Where 2 < 0
Z. 2
0.« = round(ISI X o). £ 9
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3. van Rossum distance matrix from raster: D e " (©

D.

4. Apply the min-max kernel to D using
D — min(D)
f(D) = : :
max(D) — min(D)
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5. Construct the similarity matrix
A=1-f(D).
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Louvain algorithm for community detection

k;k;

| NN k;
. ) . . ) _ A —— 50.,0,
1. This algorithm depends on optimising the modularity of the network: O o ,221 le [ i (¢ ¢))

2. Here A;;: element of the adj acency ]\Ilnatri]i](, k; = Zj A, and ¢;, ¢;: the communities to which nodes i and j
belong respectively, and m = — 3" ijl Ay

3. Works in two phases:
(a) Initial graph (b) Phase 1 (c) Phase 2




%NGtSCT
Principal worktlow II

Network representation of A(tr) ARI = 1.0




Results
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Application to LIF neurons

We apply this methodology to a stochastic block model
(SBM) network of Leaky Integrate and Fire (LIF) neurons,
subjected to external Poisson drive:

av,
Cm? =81,{(V = Vi) + 55,0V = V) +5,,(0(V; = V).
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Application to LIF neurons

We apply this methodology to a stochastic block model tr =5 ms D

1.00
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. . . "* 0.75
subjected to external Poisson drive: N
'2 " 0.50
d V Zs | 0.25
Cn _d =8V = V) +sg,(0(Vg = V) + 5,0V, = V). 7
! o 50 000 (a)
Neuron index j
Dej __Swj AyS(i - £7%) Je(j) de(f)’ J
dt TE P TE TE dt
dsl’j — _ SL + 5(l splke) %ﬁ
dt 7 X %
iel z

0 50 "0 (b)

Neuron index j



Application to LIF neurons

31.00

We apply this methodology to a stochastic block model |
(SBM) network of Leaky Integrate and Fire (LIF) neurons, ..
subjected to external Poisson drive: |
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Applying on Neuropixels data from Allen Brain Institute

Vi 7

1. We also apply to visual coding Neuropixels

data from the Allen Institute dataset N kT &
Gabors Full-Field Drifting Dot Motion Static Natural Natural
Flashes Gratings Gratings Scenes Movies
(44 29
2. We only look at the “spontaneous’ block
1 : 1 1 Stimulus Set #1 (“Brain Observatory 1.1”
between two stimuli for just the wild type ( Vi)
. Flashes optotagging
mlce . 0 min 30 60 90 120 150 180
Gabors
3 Onlv the “functional tivity” dataset
. n y e unC lona Connec 1V1 y a ase . Natural Movie Three x10 Natural Scenes
Natural Movie One x10 Natural Movie One x10
Session ID | Specimen ID | Age (days) | Sex | Unit count | Channel count | Probe count
766640955 | 744912849 133.0 M 842 2233 6
767871931 | 753795610 135.0 M 713 2231 6 Stimulus Set #2 (“Functional Connectivity”)
768515987 | 754477358 136.0 M 802 2217 6
771160300 | 754488979 142.0 M 930 2230 6 Mean Luminance Gray Dot Motion ‘
771990200 | 756578435 108.0 M 546 2229 6 Flashes 30 minute block 7 speeds x 4 directions optotagging
774875821 | 759711152 114.0 M 649 2233 6 60 % 150
778240327 | 760938797 120.0 M 784 2234 6
778998620 | 759674770 121.0 M 793 2229 6 Gabors Drifting Gratince
779839471 | 760960653 122.0 M 863 2220 6 A N Natural Movie One 2 conirasie, 4 cireotions
781842082 | 760946813 126.0 M 833 2232 6 owering probes rifting Gratings original: 30 s x 60 repeats  TF = 2 Hz, SF = 0.04 cpd
9 trasts, 4 d 1 ffle:
703224716 | 769319624 1200 | M 781 2229 6 TF o2 Ha, OF ~0.0d cpd Poral Snuffle: 308 x 20 repeats
819186360 | 800249587 128.0 F 531 1696 5
821695405 | 800250057 134.0 F 474 1856 5 Visual stimuli sets showing “Brain Observatory 1.1” and “Functional Con-
847657808 | 827809884 126.0 F 874 2298 6 nectivity” types. Image credit: Allen Institute for Brain Science. [https://allensdk.

Table 1: Allen SDK extracellular electrophysiology (ecephys) data. readthedocs.io/en/latest/visual_coding_neuropixels.html]



Stimulus ID | Mean duration (s) | Median duration (s)
0 60.067 60.067
3646 288.993 288.992
3797 61.802 61.802
4338 120.601 120.601
40639 1802.514 1802.506
40940 1.001 1.001

Table 2: Stimulus IDs with mean and median durations in seconds.
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uestions/comments/suggestions?

IME[EXPLAINING]

As you can see, A, (t,) is normalized by Tg, so when calculating the ART, we'll n%
optimize modularity Q using Louvain community detection...

ARI=( RO

max(RI) - [RI]
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