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propagate and synchronize

gami
throughaul the mouse lhalamocomcal visual system

Donghoon Shin'2, Kayla Peeiman’, Joseph Del Rosario’, Bilal Haider'”
“Biomedical Ermmeen\g “Elsctrical and Computer Engineering.

*Lead contact: bilal hada@hmq gatech edu

Summary

sensory systems. Studies in the visual sysiem
propose that broadband gamma oscillstions (30
- 80 Hz) faciitate neuronal

A

areas facitales neuronal _communication

ng persepion (Frizs, 2015: Singer and
Gror. 1528 t work identifies
seversl Mm\lams o Eraadband gamma

underlying visual perception.  However,
broadband gamma oscillations within and scross
visusl areas show widely varying frequency and
phase, providing constraints for synchronizing
spike timing. Hers, we analyzed data from the
Allen Brain Observatory and performed new
i hat show namowbsnd gamma
(NBG) oscilations (50 — 70 Hz) propagate and
gymonvonize throughout the awake mouse
thalsmocortical  visual  system.
geniculate (LGN) neurons fired with lm\l\smnd
p’eusmn relative to NBG phase in primary visual
cortex (V1) and multiple higher visual areas
(HVAs) NBG in HUAs depended upon

across brain areas
(Kohn et al., 2020; Ray and Maunsell, 2015)
First, band gamma oscillations measured
simultanecusly across brain areas show high
warabifty n frequenay. ampiude, and phase.
is no central dock” that

.mrdmm; broadband gamma oscillstions
in areas st millisecond timescales.

Trird, broadband gamma oscillations typically
emerge after stimulus onset and then
fluctuate continuously with stimulus features. Al
thesa factors pose constraints for maintenance
of spika timing precision and synchronization
across widespread visusl aress. Instesd,
and gamma oselatons may prmarly

from refina (Storchi et al, 2017). echoing
findings from the cat visual system (Castelo-
Branco et al. 1098 Meuenschwander and
Singer, 1086). Remarkably. NBG in mouse V1
also varies with arousal and behavioral state
(Haider et al, 2013; Niell and Styker, 2010;

invads HVAs, itis unknown how this depends on
V1 activity, if NBG is tightly synchronized across

neural recordings from LGH, V1, and HVAs,

ing
population ant ingle neuron level NBG aciy

Hers we addressed these questions by
analyzing the Allen Brain Observatory Visual
Coding dataset of mulii-site simultanecus

‘who bas grarid
‘mvalabia trcar 3GC-EY NG D 4.0 Inarmasion ioarse.

NBG oscillaions effectively synchronize spiking
in funcionally distinct groups of neurons
throughout the awake mouse visual system.
identifying a novel potential substrate for rapid
communication and coordinaion of visual
information across the brain.

Results

Comralated NBG spiking acro:
HVAs

We first verified NBG communication from LGN
ta V1 in the Allen Brain Observatory — Visual
Coding-Neuropixels dataset and then found
avidence for comelated NBG spiking across
LGN, V1. and HVAs. Our starting point was to
examine simultaneous Neuropirels recordings
of spikes in LGN and V1 (Fig. 1A). Consistent
with prior reports. (Saleem &f al, 2017:
Schneider et al.. 2021). many individusl LGN
neurons showed NBG power (between 50 — 70
Hz) in their spike autocorelograms (ACGs: Fig.
51). Further, we found that cross-comelograms

(CCGs) of many LGNV pairs also showed
cormelated spiking oscillating at NBG frequencies
(Fig. 18). We identified NBG

LGN, V1, and

Subject Areas retinotopically aligned V1 aciivity. and neurons reflect timescales of local cortical excitation and Neuropixels recordings ~ (Allen  Brain LGN and V1 neurcn pairs was highly specific:
that fired at NBG fraquencies showed enhanced inhibition (Buzsaki and Wang, 2012: Gardin. Observatory, 2018 Siegle ef al, 2021). and by the same LGN neuron could show significant
functional m""ml\r within and across visual 2018; Sohal, 2018). If. however, an oscillation performing  recordings  from  HVAs  during MBG firing synchronized with some V1 neurons

All Articles arkably, LGN ON versus OFF acts primarily to coordinate visual activity across simuitaneous eptogenstic inactivation of V1. We {Fig. 1B}, but not others recorded simultaneously
neurons S')wed distinet_and reliable spike brain areas, then it should 1) show consistent found strong  evidenos NBG _activity and just tens of micrans away on the probe (Fig.
timing relative to NBG oscillation phase across uency and phase across regions, 2) show propagation and synchronization throughout the 1C). In this example session, we found many

Animal Behavior and Cognition Ecology Paleontology LGH, V1, and HVAs. Taken together, NBG synchronization at the visu ers across mouse thalamocoriical visual system. We found <igniicant NBG GCGs between LGN - LGN
oscillations may serve as a novel subsrate for thesa regions, and 3) enforce neurcns o fire at many neurons in LGN, V1. and HVAs that neuron pairs (Fig. 1D; n = 57), and between LGN

Biochemistry Epidemiology* Pathology precise coordination of spike tming in distinct oscillaton phases according to visual srmdsmmcamr, synchronized NBG spi - V1 neuron pairs (n = 21), and LGN - HVA

 these neurons:

funcionally distinet subnetworks of neurons
muliiple brain areas during awake

spani
e

Introduction

shown that broadband gamma (30 — 80 Hz)
oscillations vary with visual stimulus featurss
and visual task parformance (Fries et al . 2nm
Gray et al., 1888). leading to the hypothesis th

feature preferences

Recent studies have unveiled & novel
namowband gamma (NBG) cscilaton in the
Unlike
activity. NBG in primary visual cortex (V1) shows
a highly stereatyped oscillation frequency
(central peak between 50 — 70 Hz). namow
bandwidth (5 — 7 Hz), and is not generated by
visual simulus features. NBG in mouse V1
anises spontaneously during wakefulness (Niell
and Stryker, 2010), disappaarsin totsl darkness,
and propagates directly from |atersl geniculste

shawed greater ikehtod for

iwise functional interactions than neurons
lacking NBG activity. NBG in LGN was tightly
synchronized with local field potential (LFP)
oscillations in the input layers of V1 and HVAS.
and NBG in HVAs showed reti

dependence on V1 activity. Surprisingly. LGN
meurons prefening dark (OFF) versus bright
(ON) visual stimuli fired spontanecusly at distinct
phases of NBG oscillations: these feature and
phase pm in LGN spikes were aligned
with NBG activity in V1 and muliple HVAs
aﬂwﬁng to their pasition along the anatomical

neuron pairs (n =8). CCGs between these same

BG neurons and cther neurcns recorded
simultanecus o significant NBG
power in any CCG (Fig. 1E). ruling out global
‘synchronization and instead suggesting that only
specific neurons show comelated NBG firing
across the visual system. Across all sessions
with LGN single unit recordings in the Allen
dataset (n = X

neurons were cl a
455 Table S1). while the remainder were
a5 non-NBG neurons.

synchronized gamma activity across visual pi nucleus (LGN: Saleem et al., 2017) and likely hierarchy. Together, these findings show that
i iy i gl g T e i iy
AR Lrar S0C-EY MG ND 4.0 Ikl s, AR Lrcar S0C-BY NG ND 4.0 Il s,
A B NBG power in CCGs within session (»8k then computed histograms of NBG LGN neuron
painwise CCGs). Third, identification of NBG spikes aligned to peaks of cortical LFP fitered for
\ Hvas o G neurons using CCGs showed high overlap with NBG frequencies (Methods). We found clear

o %4 ™ identificaion  based  solly on  spike periodicity in LGN spiking relative to continuous

Hewosinets = A ql\v J[ fl‘ autocomelograms (ACGs; Fig. 51), and our main NBG LFP phase in V1 (Fig. 2E; example session
oo H \ \ results: cycle hisiogram). We quantified the amount of
- | H analysis solely to NBG neurons identified with sinusoidal power in cycle histograms by
e N G ¢ ACGs. as will be evident later. computing their signal to noise ratio (SNR: see

: - Methods) and found that LGN spike ©

-t ¥ R MEG local fisld potential (LFP) oscillations hshnglan)ﬁ showed greatest SNR in V:‘hlﬁ
d across W1 and HVAs wers synchronized with by latiral (RL. LM) then medial HVAS (P, AM:
D Simulaneous NBG CCGs E_Simultanoous non-NBG CCGs i Y 8 s
? Y spikes of NBG LGN neurons. We examined V1 Fig. 2F). We again used non-NBG LGN neurons.
e LaN A LFPs tiggered on simuhansously recorded 2 an intemal contral snd_ found  cycle

spikes of NBG neurons in LGN (Fig. 24). We i
Lo used current source density analysis (Fig. 52) o greater relative to cortical LFP in all areas
et i esponds (V1:p <325 RL p< 2e.3 LM p<Zed AL p <

input layer then calculat .

o spike trggered LFP (stLFP) at this sie relative o ﬁﬁgﬂ: ﬂ:-;l’e:pl P'f';pﬂf't;&f:
Lo . NBG LGN neuran spikes during spontaneous SNR power in NBG neurons relative to non-NBG
v activity. An example V1 L4 stLFP showed clear neurons in the same recordings (-10.0 dB across.
@ and significant NBG oscillations (Fig. 2CB: 5.8 areas for NBG neurons ve 4 8 B for non NBG

Hz). with LGN spikes preceding the LFP troug! .
Lan- , neurons. p < 5e-7). We plotted cycie histogram
w m o m 0 LGN @ @ 1 ® oA by 5.6 ms. We then identified the putative SNR power versus anatomical hierarchy scores,
Lag () innt Lag s functional input layers of HVAS in the same way and again found a signiicent comeiaton (Fg.
Eum1 i 1HBG] vty wisual areas (Fig. 52) and caloulated the siFP in HUAs 2H;r=-0.6:p=0.02). These findings with stLFP
nucleus LGN visual cortex (V1), relative to NBG LGN spikes. As expected. the and cycle histograms suggest that NBG activity
= higher visual areas (HVAs) fom the e e Observatory Visual Coding - Neuropixels dataset were SILFP power was greatest in V1 (Fig. 2C) but in LGN and V1, the major source of feedforward

examined for evidence of NBG oscillations from LGN to V1 (top), and for evidence of NBG amuiya:ussu:‘ﬂ Vi, also showed elevated power in the lateral HVAS

and HVAs (bottom). (RL. LM) compared to the medial anes (P, AM:

cortical input to the HVAs (Siegle ef al., zuzu
schematic in Fig. 2A). Importantly, stFF NBG act

may contribute to propagation of NI

B Eumplq spike cross comlogram (CCEG) betwsen 3 HBG neuron in LGN and 2! newon dueing neous g across the visual cortical hierarchy.
ion (170 mns ~161k LGN spikes and ~303k V1 spikes). power was significantly reduced when triggered

Neurons maseh s spectral power from non-NBG LGN neuron spikes in the same Indeed. we found that the sirength of NBG

in the 50— 'mHzmnge,a#mecnﬁshwﬂmlﬁamNBGponerEmsetseeMalfmdsandFm s} record ly

C. Same NBG LGN neuron in B, and COG with 3 non-NBG neuron in V1 during spontansous ctivity during the a significant d

same session as B, Newrons. 70 1z power in il il performed new experiments (not part of the Allen

a5 non NBG. NonNBG B Brain Observatory dataset) to verify NBG in
LGN. and causally assess contributions of V1 to

D. Cross-comsiograms betmesn NSO LGN neuron n B, and al iter simutaneously recarded NEG neurons n LGN d cau

{n = 57), V1 {n = 21) and higher visual areas (n = B) in same example session. Heatmap shows each CCG . NBG activity in HVAs. We first confirmed strong

nomalized to peak amplitude (yellow) and sorted by peak lag for visualization of escillatory fiing. Plot excludes. wersus feedback anatomical connectivity (Hams and prevalent NBG spiking in our recording

cone NBG cell in LGN for display.
F Cmescamalonrams hatwaan tha sams NAG | GN neurnn 2s AN and all smultanenisiv menried non-NRG

et al,, 2019), and found a significant comelatior conditions with Neuropixels recordings from
the anatomical hierarchy and prpet LGN (nearly 25% of all LGN neurons classifisd
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Cover letter

Dear Editor
On behalf of my co-authors, | am pleased to submit the attached manuscript for consideration for publication in Scientific Reports.
MocTaHoBKa npobaembil:

Autism spectrum disorder (ASD) is characterized by persistent challenges in social communication. Novel therapies are under
development to help individuals with these challenges, however the ability to show a benefit is dependent on a sensitive and reliable
measure of treatment effect. Traditionally, measuring communicative abilities requires the use of subjective and time-consuming
surveys to be completed by a caregiver or clinician.

KOHTeKcT:

Studies in recent years have shown that features derived from natural conversations can provide objective measures of
communicative abilities. Conversations at home are also more ecological, and can be administered more frequently, perhaps giving
them added sensitivity to change. However, the results from these studies have relied on manual transcriptions from trained
professionals. In order to protect patient privacy, and also to bypass this time-consuming and costly process, fully automated machine
learning algorithms need to be applied that can automatically segment a conversation to identify who is talking when. This process is
known as speaker diarization, and has seen much progress in recent years.

Yem 3ameyaTtenoHo Bawe ncenenoBaHuUe, 3a4em ero I'IY6I1MI-(OBaTbZ

In this manuscript, we describe, for the first time, the successful application of a speaker diarization algorithm onto a large cohort of
ASD participants as they recorded conversations with their caregiver over the course of a clinical trial. In addition, we calculated a
simple feature to measure talkativeness (the average duration that a participant would speak for within their turn). We found a
significant correlation between this feature and the Vineland Adaptive Behaviour Scales (VABS) expressive communication score
(r=0.51, p=7x10-5), which is the primary clinical measure of communicative abilities in ASD. Our results show that natural
conversations can be used to obtain measures of talkativeness, and that this measure can be derived automatically, thus showing the
promise of objectively evaluating communication challenges in ASD.

We believe that this manuscript will be of great interest to the readers of Scientific Reports. We build upon several studies related to
digital assessments of ASD that have been published in Scientific Reports in recent years1-8, by demonstrating the potential for
remote monitoring to evaluate novel disease-modifying therapies for ASD in clinical trials.



A3bIK: BCTPeYyaloT No oaeXxKe...

e DeepL nMepesoguuk v DeepL Pro  Mouemy umenHo Deepl? ~  API Q- Bxopscuctemy  —

@ MNMepeBecTn TEKCT @ MepeBecTn dannb / DeepL Write 7
31 A3bIK .pdf, .docx, .pptx M-penakTop

Pycckuit (pacnosHaHo) v (j Anrnuickuia (CLLA) ~ Fnoccapui
BaxHo, 4T06 TekcT BblN HaNMCaH rPaMOoTHbIM X It is important that the text is written in literate English.
aHrMWACKUM A3bIKOM. BHe 3aBMCMMOCTU OT Regardless of the content of your paper, illiterate text will
COofepXXaHWsa Ballen cTaTbk, 6e3rpamMoTHbIN TEKCT negatively affect the way your paper will be evaluated by
HeraTUMBHO NOB/IMAET Ha TO, Kak cTaTbio byayT the editor and reviewers. Carefully proofread the text
OLUEHMBaTb pedakTop M peueH3eHThl. TwartenbHo using online resources such as DeepL.

BblBEPbLTE TEKCT UCNOMBb3YA MHTERPHE-PECYPCDI,

<) g S & D P g D <




A3bIK

[MUWNTE KOPOTKUMU NPEasIOKEHUAMM.

[InWnTe KpaTKo, NO CyLLEeCcTBY.

— OrteyvectBeHHbIN nicuxonor J1. C. BbIroTCKMin e6patua-cBoeBH#MaHWE Ha
BOChpHUATHE-POHEM-YCTAHOBWI, YTO «BCAKAA POHEMA BOCMPUHMMAETCA U

BOCMPOU3BOAUTCA KaK doHema Ha poHe poHem, TO eCTb BocnpumAaTue
doHeMbl NPOUCXOAUT TO/IbKO Ha PoHe Yyenoseyeckom peum» [16].

N3berante ‘pycnamos’

— [Peculiarities of EEG dynamics in cognitive activity demanding
persistent attention in patients with schizophrenia and schizoaffective
psychosis and their relatives] [Article in Russian]

Bo3bmuTe ‘nonoxKutenbHbi npumep’ u
NOMNbITANTECb HAaMUCaATb B TOM Xe CTUNE.



[TPUHUMMBI OLEHKN MAaHYCKPUNTA B }KYpPHane
Scientific Reports

Hay4yHana obocHoBaHHOCTb (Kputepuit "Hay4yHOM

obocHOBaHHOCTU" OXBaTblBaeT Kak MeToAbl, TaK U aHaNm3)

TexHn4yeckaa Ka4yeCTBEHHOCTb BbIMONHEHUSA

MeToaonormyeckaa U CTaTUCTUYECKaA Ha4eXHOCTb

BocnponsBoammocTb

MaTtepuran BCECTOPOHHE NPOaHaIN3NPOBaH

BblBOAbI MONHOCTbIO NOATBEPKAEHDI AAHHbIMMU

[laHHble o0bcyKaaeTcs B KOHTEKCTE nNpeLwecTByoLein
nNTepaTypbl

OpUrMHaNbHbIN BKNAA B CYLLECTBYIOLLEe 3HaHNe



Pe3tome/Abstract

* Ype3Bbl4aMHO Ba*KHAA YaCTb CTaTbM.
 KpaTKumn, HO coaeprKaTe/ibHblIN.

e Heobxoammo
— Introduction: o4epTUTb Npobaemy
— Methods: KpaTKo onucaTtb NyTU peleHns
— Results: onnucaTb OCHOBHbIE Pe3yaAbTaTbl

— Discussion and Conclusions: O yem roBopAT Bawwu
pe3y/ibTaTbl U KaK OHM AOMNONHAIOT COBPEMEHHbIe
3HaHUA B cooTBeTCcTBYOWEN 0b61acTu. HoBM3Ha.
[MpaKTnyeckaa 3HAYMMOCTb|



BeeaeHue: yTo ocobeHHO BayKHO?

* YeTKaA NocCTaHOBKA 3a4a4yu BO BBEAEHUMN.
3aKao4yeHue A0/IKHO afpecoBaThCs K BBEAEHMUIO.

* NcchepgoBaHue AO0NXKHO 6bITb NOMELLEHO B
KOHTEKCT APYrMx COBPEMEHHbIX [3apyberKHbIX]
nccnenoBaHUM No AaHHOM Teme. Agpecaums K
COOTBETCTBYIOLLLEN NTEPATYPE.

* Ba*HO NpaBM/IbHO MCNONb30BaTb TEPMUHONOTUIO
NPUHATYO B AaHHOM obnacTu.
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KpynHble, YynTaemble nognucu. XopoLmnim KOHTPaCT.



LinTnposaHune

[MpounTanTe nnm xota 6l BHUMATENIbHO MPOCMOTPUTE CTaTbIO,
nepea TeM Kak ee LUTUpPOBaTh.

HeBepHoe UMTUPOBaHME NPOU3BOAMUT KpanHe HEraTUBHOE
BMevyaT/ieHune.



Revision

* YBaXKeHue K peueH3eHTaM.
* OTBEeT Ha KaXAbl1 BONPOC/MyHKT 3ameYaHus.

e OTBEeTbl A0/IKHbI BblpaXaTbCs B USMEHEHUAX B
TeKkcTe (track changes, line...., page ....), nn6o B
noapobHbIX 06bACHEHUAX No4Yemy Bbl cumnTaete

HELI,e!'IECOO6pa3HbIM BHOCUTDb npeasioxXeHHble
U3IMEHEHNA.






