Rol e oB5PSED mouse binocul ar v
A combined baehdapBowuofil @agi ng stud

Di ssertation
for the award of the degree
Doctor rerum(BPaturaefiumat.)

of theA®egdsng versitat G°ttingen

within the doctoral program
Sensory and Motor Neuroscience

of theAwgeowosyg University School of Science

submitted by

Subhodeep Bhattacharya

fr&KKm!| kata, West Bengal, Il ndi a
Getti,ogerodel



Thesi s Advisory Committee:

Prof. DrL°Beéelkgrid
Department of SystUnmsv eNesurtoys;coifenGe ti ngen

Campus I nstitute for Dynamics of Biological
Prof . DrS.c hDl¢it weer

Depart ment of Psychiatry and Psychotherapy,
Department of Neuroscience, University of Pi

Prof. Dr. Hansj°rg Scherberger
Neurobiology Laboratory, GefGmhmanhi Rgemate Cent

Me mbers of t hhe Examination Boar d:

RefelPeef. Dr. Siegrid L°wel
Depart ment of Systems Neuroscience, Universi
Campus Institute for Dynamics of Biological

2"\Ref ePeef . Dr. Oliver Schl ¢ter
Depart ment of Psychiatry and Psychotherapy,
Depart ment of Neuroscience, University of Pi

Further member s of t he Examination Boar d:

Prof. Dr. Hansj°rg Scherberger

Neur obi ol ogy Laboratory, GefGfiahi Rgemate Cent
Prof. Dr. Fred Wolf

Campus I nstitute for Dynamics of Biological
Prof . Dr. Tim Gollisch

Department of Ophtvdras moy odegdi cal Center G°tt

Prof. Dr. Andr® Fiala
Department of Mol ecular Neurobiology of Beha

Date of or all 2e xta&2mi2ma2t4i o n :



Table of ¢ ontents

N 0153 1 = Lo PP 5
R 011 o o 18 o £ [ o I PP PUUPUPUPRT 7
1.1. Organisational and functional principles of the visual system....................... 10
1.1.1.  The MOUSE VISUAI SYSIEIML.......uiiiieiiiiiiiiiieeeees ceetiiie e e e e e e e eeaen aaeeas 11
1.1.2. The mouse V1: circuits and fUNCLIONS..........ccooeviiiiiiiiiiiiees et 14
1.2. Experiencedependent plasticity: the critical period of development.............. 20
1.2.1.  Circuit mechanisms underlying CP in V1........ccoooiiiiiiiiiiiiiies e 22
1.2.2. Postsynaptic density and CP regulation.................cccooeevviiiin coviiiieevveeiinnnnn. 26
1.3. Functional consequences of visual CP in MICe.............cueiiieiiiiiiiiin covieeeeeennns 29
1.3.1. Development of binocularity in VL........cccoooiiiiiiiiiiies e 30
1.3.2. Refinement of visually driven predatory behaviour................cccccccceeeees ol 33
1.4.  Overview Of thiS theSiS..........uuiiiiiiii s e e e eeeans 36
2. Loss of PSD-95 leads to compromised predatory behaviour .......................... 39
P2 O AN o111 - To! PP URUPP R 40
P22 2 [ 011 o o 1§ o 1o o I 41
2.3.  Materials and MethOdS.........oooeiiiiiiiiiiii s i eeaee reeeeeeeenene 43
2.4, RESUIS ..ot e e e e e e e es —eeeeaeeeee e e ——————. aanae 47
2.5, DISCUSSION ....uiiiiiii ittt et bt aas s 62
2.6. Supplementary Tables and FIQUIES............uuuuiiiiiiiieiies v 67
3. Loss of PSD95 leads to orientation preference matching deficits in binocular
neurons of mouse primary visual COMteX ..........cccccviiiiiiiiiiiiiies e 77
0 I A o 1] 1 - od U 78
1 37 | 01 1o To [ o £ o o 79
3.3, Materials and MethOdS..........coooiiiiiiiiiiiiiiiiis e s 82
Bih. RESUIS ..o e e aaen e 89
G T B o U 1= o] o S 103
3.6. Supplementary Tables and FIQUIeS........cccooveiiiiiiiiiiis e 109
4. Summary and diSCUSSION ......cccoiiiiiiiiiiiiiiiiiiiees ceeeiiiiee e e e e e s eeais aeeeaeenns 123
4.1. PSD95-based silent synapse maturation as substrates for optimal development
Of DINOCUIAITLY .. e e 124
4.1.1. Refinement of ipsilateral reSPONSES...........uuueuiiiiiiiiiiiiies e 126
4.1.2. Refinement of binocular visual behaviour.................iiiins . 127

O



4.2. Dynamics of canonical V1 feature representations..................eeeeeeiiiinns enees 129

4.3. Impact of precocious CP closure on visual behaviour and ocular dominancé33

4.4. Technical considerations and future OUtlOOK ...........cccoovvviiiiiiiinins evieeeeinn, 136
5. BIBHOGraphy ....ooooviiiiiiii s e e 142
ACKNOWIEAGEMENTS ...t e reee aaaaaee e 176
Declaration on the use of ChatGPT and comparable tools .............cccccceeeeeennnn. . 178



Abstract

Vi sual cortical circuits undergo a temporal/l
early in neuytoedremveledt opmetht c;aHu bedr iamd (WDFR 2 el
9gr ucviiasabl I, sucddbasocudrapridggressi vely shap

et woirrk svheual fCaat nhgw a & t AIAn , i BOAEr3t ant post s
caffolding protei A5PP®DSthayeapiheé ecnbdsenrtsvaetdy

regul ate the (tCiPmdloy olcaud are dofmi nwheeeiphathe.

1
opti mi setdhidsurpmasarati on and h®#esoaieamead oméur
n
S

propooftlaam Bbydr-Hmegt Wylsoxazol epropionic acid
synapses subst asndtuirailnlgyoG@DFBicnr etalsee pmo mae y Vi S U
cor (VelMHuang et ) ®ISB 5 20ilbitates the unsoifl encir
AMPA i |l ent aswhnapgs eas e abundan tsaian .tTthhbeb sasp neeni | «
of PSSD i n | matd@er si shtiegnht | yr opAMPA Ohentof,fractdi
uvelni®@BPandaberrant spine dynamincsr,e acsheadr ascptie

—_— S

or mati on anrda teelfsitadiratrattr(dvay ) monocul ar depriv
even in | afHuaandgu 2Dt @adsli,f ov etAtala. bed@Z1 our al
PSEB5 knockouteXHKippiotmi oei entation discrimina
visual (fmvar o et) Gilv.een 220h1le8 devel opment of bir
with CP (WangOBP aTlan e201la® Q 3,2vehOy2p0ot hesi sed t
PSB®S5, and consegudretnlty,syaMPAs e maf lubovaenhcent
devel opment of binociuhwaes tvin@asE®5 akbQ |Imitciee swe r’
tesfeodri entatiabi disygrusmwagtea $Ha vair ou aelt) al . ,
andprey captur e almetdvhiod wrghicrad d iyl are (Nowsausttl t a
al ., ) W0t binocgladefviiciiton, weirne PBIBDs &O\ced
compat e WT cienotbh ori entati on ddiivsecrrsiemi @a@o ¢ o %
pr edatNiodrmbMiyt h monoonl|K®ODr mikleroweadhobsable

i mpr ov e mbeortth t hese,ibne hawn thrivaésst er i obaéeérvad i n
monocuNTar mi §he findingshe ngboionactceodk mavi our al
performanbeutoome of disturbedvbisomapdtar int
to the | e%5Toofprheo®®i nocul ar mingtheeg rbaet i aofnf ect ed
absence -DFr epERiphdt@anti magofh@awge@VBeur ohst he

bi nocul ar vbWliwvals comtdeax taevd k-Bi »hecw mi biceei n g

monocubmdbligcul prleyent ewi swiatl h csansnustii nsgt ati c



Ssinusoi dal gr a¢ o mlgisn atoirodneshtcft i ng s , spati al

phasBisnocbhuMlarneof oiK® emihaebi ted a greater degr
mi smatal onignaws ecdiont r al at er al acho Mei nnacrge man o f

bi nocul ar oifntve gru.avhii ® mplit ®monocul arKOa md ulriomaosc u
consi sshrecawdidlgher or i etnitvaittnypar se¢l eo ,WT hepeur or
receptive field properteires | afr gnednyo csu lma rl amre warca
| ntri guiipmeglferred odr iienndtiavtiidounarle ma® nreaa vsetmash | e
mul tiplasmmdadahedietsis i htt hda eshmortti.@esecal €, the r e
presented I hi ghlib@bdthetsiiesnal speciilfarcti t yy mdp ¢
maturanebnning bi,hbotml aefrmsshnhononul ar visual b

t hexperidemeendent tuningbandcuéfirnsbeMénneof on



1. Il ntroducti on

The abilityi ntoewompathidnaavlilgyamteédds envi ronment re
procesqnicroglanndg ,deoddimgputs arising from diffe
Each tdhfese sensorcyonneosdpael ciitfiiecs oméor mhatsit omct r
pat hwags t he, bwhaiicnh ul ti mately facohesaves
repr esenotfatti memomwer | diDaelpietngd.i hpe o paercd esheir
ecol ogi calonei ohr¢ swemmestecst mp overtocheferhdodrste
chances oAmengui haee rawissiisopneci fviicsallally percept
and the brainds represrimtaBeeaoanaosubjesuoal of niv
fascination and intenkbedeedeawlkéanfpar cieaitpanmn
were asked to indimoatad he®lyi over €e mosrtyt hear ed
vi ssaehgar netrheed hinghmbstr ofHuv maebe)i,t h2f Osladr

per hapsr emiontihseesetar ch endeavours on sensory
researlchdomnmiinetrens of S h eevreortvhod ru meensory mod
Hut mach2W@19

Onef mhet dagluetseadmnwsi ssearcle acwarhatsliead r e

ont he emergence and melkihmodc ®IMs rbiutm e nilltyhiren o i s i
abil Ffobymta si ngdidnmgf erroregidiedvedgdvo ey As Charl es
Wheat st orle8 7/(51)8 & emft otrhe stemeocedop@ NoO quest.i
to vision has been so much debated as the ca
seen by bdt8B38ey pSomé& 7o0f t he eaognsipestul atcons
regarding the phenotmeaoen wdckbithomE@N ead b sdymtnic @
Ari stot3lce BA&Adered over the phedhouelng nviodi c
Ross, )BN3l Eucl-28&83 (BMZ )nh the <context of p hy
di scussed itohhies opm adtjheec tt wWlo fd yea £ ndntsa(Waedse oafn d p h
Ot o, )2Mulcohtré& he Roman mat hemat i ci(arm,d G| A.ull.i)us
experi mehtaétiyitnoees vi sual corresponaWadce, for
20)However, the connection between binocul al
made til |l the IlTtalian mathematician Giovann
famouKeplaebout 20 year shilsatseemAdalVi 1€I0K4i on e
Parali pomeonnac| uded t hat the perception of d



percepts gener at é&duldyitnhgd mRede8eepengchophysi ca
approach to studying binocwWidrliamsiChmr Was
experi mbnhewdisairal as$ relcu ¢ iodla’t %2d dWesldlyiss) 17 92
andVheat stiome@&mrsti on of tihrd 8 38 br eb s ceonpaeb | e d
presentation of slightly disparate g&ineaul i |
depfWMheat st adli8&88r hapfsi tdhte ofastphiyse ol ogi cal e X
of bi nowa | by i G®@l ®&n-2 0102)9, a Greeaevlor&nagomwigthi n
Roman e. nBpai sreed on hi s anat ormiedawned a mipmoat itoh
real i shaedvi sualowoaudnaels substantially overl ap
i magSemi (t h, 17949Q@e n t7ux fi teesr iIGmal Elme t h®6 psh,ysi ol og
Ewal d WHenmnipmged thaatt H @onpyt ed t o descridbepthe pl
perception as an outcome of iBiinsahtoep).ntAdida nat
turn offcehteulg@enowmewr oandtammiiatgo Ranpby y Ca
takangomparati ve anarteocnogecnails eadp ptrhoea cenv, ol ut i on
features ofystthemb wésmafll i es GanjdanldeSh@adr)ai e s (
Caj al , aHeornignegvet hhe mai nt peopeuneoapbBysiol ogic
bi nocul an waiwhieonrebhaesi s of binocularity was wi
afnmagrmlothecitmhol t)wi, t 1 8t6Beofpetrice ptt Wo eyes being
a singl®hen midimyg®dwnen tmidAdlOtemeBiIryhdp,Bilshnd
and Pett ilg9r8eBwlsongst aimkeintal i sascompewhensi vel
chall engleltheiotr ebby c @é IRfanr(te9 5,6vh dé ur t her el abor at
Heringos apdstQaljead gbesn d i ng t he physiological
bi nocuThei agvent of the modernwarrds odgi rgcCe
bi nocul arr uviyswhoBdgoamgr oundb rmregplirrgg puoblkahtebed
1950s anldee(asr $ yop and Peothtlryphewel @868 ophysic
char act erviissautailoony evoked respgd@pmsemsarignoviileex ad g |
neurdnsven byeahi beariyeignggr ees of ocyHuwlreld o mi |
and Wi @é96B96g2andsecondhgbser vahapoerr c e potfi on
stereoscoipscdepepndhent deéEpmbnacdledomwimh the o
bi nocular cue of i mportanclulbeadz,8996¢.£ti nal i n

The neuropeospgtctialve on bsinmpaaeolgare swieadi taearph add
Hubel , ,JMilea®al ot herebxspepriivioetnatls i n the field.
over the |l ast ¢ewvidecadghbkyhdigmparsttamde doft hbei r

Y



visionmul tiple species thriegldbgilnechediamg miah
i ncdatie neural <circuit mechani sms Cadhngrlyi ag. !}
2023Significant progr dbeen hdaed d en etahtel ngpo | ecul a
mechani sms bnhndecuVangcircuit format,i onhet t
formation of v htah eo pd e ccwo<sha taiaoam gsgd RGICesnd cel |
their axontadotrtmargentmaygkeamaet and midbrain nuc
project to thHervieswmaletdoapt.errea2@medur on al cCircu
remainmd peéehei wtay i ttideetbdonweetri al shaping and
i s ftdiremat man uamd | othambe Un dgryalap s efsortnh atthe basi s
the functional neur omdle nmeanwamehaaedpidine eh g e«
strengthening sywmwapt cor c-eahnade eptoi sptnsgy n av@atsi ¢ ac
fifret mad dtyul at ed byl Dothaarl Idy Hierbvwe b r gWieensoenls by
an®davHdbelfirst Wieeki andtbhHea el and thesusn
mo n k ghywsb el et ))adve wBdIFrscored thehémniutnidadli o
peri(acef)or vi sual idaetverhporneelnltys traetset rafct bdi ght
pl astdiuciithygy earIneuposenal apmdéntudrhei nfguncti on
architecturebaseexpert eaatleh er epfriinneanmeyn Wliisnu al
ThiC® withmgordlklf yonnesdet angdhacsl obseuerne furt her i
iexperidepeeaasdbapi nrge fainmdement i calL°wietcantdsSing
199 21eemed to ée€hontttanael thate of visually r
neur o4t owabidsoc uHanms dly, W2m0@ 5et 2210.1,Gu2 &alnd
Cang, ;20€nil6s and dShegpahided et ad20Q220202hE@n et al
202 HoweVvCPrear e r egual actoentpidbeyxy o fs ydniafgftegroeanit! i n g
cascal@esykelr©c vaen @,0Xlu8 et adlantd W 2&xsapcetdiyFi ¢ pr e
and/ or postsynamtitchesempsliegmeasht etn@g cgiavse adiese
bi noculsarsittiy | deamhadteatslteo oadnd i | |

Il n thiauastmgsithhe mMouse alenaemdmvdadailneaseyrsdttlean, d

| i nk bex evieepaasoyrnyaipa ur at itodrd eavred opment of Dbi nc
The primaryi mtueessda dodirseds over the course of
( Wh adr e btehheavi our al c ohnasveigrege & it & ts elimsdfixlca ntad or vy
synaptshersoughout devel opment?

(iAir)e t he def etddtos,i mpfaiaments in binocular v



(iDd )t he deficits, if any,i havebmeagobl apol o066
behavi our
(ivo these fAsil ent & mpyauhdapt sseose vhearv el ma ftghnee reanic o d

vi sual , biimolcwdiaorg ma'tli?o n

To thitshtelasi scuwms lednu€tbdatei mgal €er @hisalsynaptic
protein, nampdliyx plentss W(G/ao( PeIDY § BtS5at haki s et
199vyn infbueowncuhgr vVviawmuthHdkelbveel awinennrt of r ec e
(RPM)roper VilesneoBemer e del vrienggulitnst oo btthaei ned f |
aforementniversed gat womiseffliy sitsetraoaduoaceet hed f ur
organi sativaimsuaf , sfpegtienar i | yt hfaotd lhei nnga e
speci faitcalhley,l eSed ..loXTwiv)plr otcheceend t o themmanrireeat
undearngdti ng regpedidepeeadent pl asvVictheyr ohe mot
silent excitatbpyocasns,pst bpsoskyenyadenspirtoyt ei ns
involved during devel opmentalprpmasR3IBBi5t Yy, t |
which constitutes the main -@3Rgprtkars etf alh.e,
Tao et pl a, p2®A@2i n paOrbaleoxghoaubsi btpop g°,sSiDng i nf | u
excitatory syn@Pesce..rt 2ulr gt mawme bnf bbesfuncti c
consequences dkepexpgémns@amdeiys | ink with the
bi nocul amdvivsd isam | ( Sheech. aFvili no&u)riwyiyltll i ne ¢(hedkscop

of the cuwirteritea woornkhe st i ;mft roduct ory chapter.

1..10rgani sat ifounaclt iaonndal oprt hei pi esal system

The neur onaloff owinsduaa |i hognesee ceatpdgl isap i or&i nt geudi nr y
modern neerOveai egrhce gr e at 'dae rhtadafyt, o fopf it Vi @hte 10
resear ch stulre onuenwrinlgi ol ogycofdwc sescamadh-a®anb e e |
human primates ssulchtheraes amaec axjauree obvi ous adyve
mo d el syst emst,hegiwiesnu atl htallg seempeof es exhi bi
simi |l bBoots@feshumdbrerse spedcioe wahaivegl ueeydaso whi ch
they have a | arge WMunocauyl, deOsBs)uBDOV i &Il slo
possess haghi vys@mdedgpatrad | el i pat hewayssalall t ha
the whay V1, whichoemé@dbotcuwat | domi nance and
Huber man and). Qivedn ,t e0 1dl ear agvaensagesioft]|

NM



speci es, gounees tmiognhtt lnd rselmeVvamce nvest.Mgati ons
are -fnownmepeecei ve the world at aatetOndmel y |
cycl es/(dcefigiv)eiecdh or ders of magnitude(Pbesbw pr
and DougleBssho 2Ok gana@al haveO&yes whicahndar e mi
mor e | adtipdraad d dAf ¢ o500t he | onafi ttuldg ndae@malrxeids t o
pri mates Reamdt wlaldtas Ha!l b;dethov hd &8 etNoalet,he2 @3k,

even wi tdr atwhbhas«&« s , t h eh anso ucsoen tmoidbeult ed f oundat
into the mechmmysisolodgw iever| fumetlh asnt Tthwos de
as been possible due to iteghetlgemelted toadt
devel opment and i mplseonpehnitsattiicoaat nedd ngoehbeeacooiliss r

to t aragpeta,nd r eciofrfdeirfecnatmt s anlldulxed mhman ypred Ni
198Busse,; N201S8 and, SZahtke ambdern repertoir
availabl e for neurloaalll ocwerdec uri & shegaprecshbeerssi etro at
eval caus al i nf er etnltee sf ureqtairadrn anlg aspects of d
i ncluding i n lvnivseisotni graetsieocanrsc ht.o wa r dtsh ea nfiouunscet i ¢

vi sual wecrgei oemeeNedl byandO8Swholklewst(2&t ed t he s

meceptiovearfacectledrket ocaerdt at iseed teicd ncvointtyr ast
i nvariant oraepptavalobontdadnéefegr egat edspatdi aver
rganicfatienepti ve fLiadled suluwritiellss av 1s on esuhr oownesc
Xx hiolhihperroper t i esursrusuhmpgrse®@anoden Bergh et al
patial freyuencsgntetht @almpoér2012r e qcCaennmdy ot wni
| ., )a2n0d2 0di s p ardhtiyo ntau neitn ga0l3.@Gi v2eOnla% hhlast ant i al
mo unitnodmiisgal i nfor mait n odhdiretse xp r eoveleeosvséeadr e n 0 |
reatures | i ker pariicsei,ng tt hiast nnootu sseu vi $ ham sha
f primates, which enables the dedicandd neu

© o o 99 99 O @d® O

uiwies udarlilwen behaviours Nineltlheand eShdva nrzoinamein,t

1.1The mouse Vvisual system

Much of what will be discussed in theedoll ow
previ cBwsslsye, { HuMb1e& man addlMiiellll , and Scianzi an
Skyberg and).Tdi élelg,i n2W24 hcovbeedi byat hei ehder
eyes ofexti egBii ge)lSilnAce mouse eyes amaheypyvelted
al arge pappeof viwkriadh hhiagdedar ee of bi nwhawlhar o
can H@ADr2ger and :Qliedre,r MAN8 @ta noln.d,s 2e0tp 8al . ,

NN



This al so mebainnso ctuh aatr tvhiesual qfuiidled santal €y e clo¢
about hal f vofs utah €Ssuppapreer s 2et).9ahle. ,c |l assi cal ap|
of operationalising the visual processing ma
into two major padlhlwiagwsl: a-g ehen-ad ®it @ thnoma b Apat hwa
the very first | dpledt orf entoespatp aart & h ecoonnevtéi hneas

i ncomihmg ons of | ight passdlngcttrhircoame a nniphutl oseeys
extract different feahTphed odofranBelucitsowal s$ e¢
of the rettimea ipmriotviiadle sovad dt rbaei ntr atne mwhated an
the | ater steps oHuléreman sarad; BipiadslalwaTgiDe B1
signals generated in theupthbteworeea denpateaurrsonar e
types, namél yhiotrlwn ezgomd ad macrwhmieclcegrisvi de feed
anfdebdck i nhikixtciidamattoo ytathalpod amaglciedf R&SCesI)| s
respeci aembwnd; Ma2sOllafnd), ThR2e0 Orlesul t ant signal s
t hesempl ex i natreer atcrtaihosnnsdt t €dr ent <cortical an
viam di ver K6 Cawhrossye dxgrd bem the opti At naerve
fundamenthaé alkivieildtytomi i amactadl dry wiosisbhebl e d
crosandgcrossi ng axfewthhee hRGG esylkt wdamensi onal
remreent ati ons of ttohd hwi geslpexa@r@aeg hemi)alpher 2(
At the opRGE€Eschpgasmifing from thecnasal tloemihi
contral ateral heiseée fiveomp & ol hemidet hot ¢rQ@$S8
and project to Dh®egepsandat)@Nrsdmgaili®@EEBHRHt maj o
90)of RGCs pamd ecpp i ng to the superheot epthdau
pat hfWatyo arhde i fe2)dliBe emai ni ngr RjGaAsht e todoatser al
genicul ate nuct+e0% J¢dfdLWIN)ch al so senHIl bkxsn ¢
et al )..De2piLéeei ving a emiR®Q idfyf boefe ntox ,a cir
organi sdtLiGoln pbalkkesyags ot rer 8 er st halwamihc dri eltayn
RGC types synd&pshowggdndba GNt neurons receive i
they sarengly dominated by inputs from the
monocularity with only a very small fract.i
(Priebe and MceGesc h €r0sltdei ner ;Bamude rGuwitd dalle2 0 270 2
maj or dLYsNomeurons have a standahdrmaeteptsed
a cesureound or(gian.iB3 whiloh ehhbmMme to respond
increments or decremeHhHowevoredadipthiev e nftieenlsd t g/t
dLGHi ffers substant(Nalelly famamn 8t@ldbntd iiakirei MIn c a

N=



and primates, the mouse dLGN does not posse
instead can be divided into two biochemical
portion (the Acoreo) which projects to the
AshewHiogh projects e3nt of BYBsd,a)yBiD&l8 Mer s e
computati ons mpes/Hordweesdc riineed i ing sweacdi ons of
arturther transf eraepr odxoivinmegit ertegatm ntod opi cal |y
hi gher viwhiiadm asraenads bfaecekd c onn e catnido nhsa vteo tVhlei r
speciali se@Wahgndmnmidkrhsa | 2;6006/Souza et;Sat. and01l:
Goard,;ChOoO2d0na et9 Nlel,l 2a0nld Sc)aFnozri atnhe r2e0s2tl o |
section, | wilmajroerlslaypb ocat enywse | f h ¢ od fu revinidi on a |
t hpput ati ve <ci r cwnde rmeycihnagn itshresm

A
B
LGN D
o pr?\:clll]::i‘on A A
@ OoN | _HHH_ L2/3 A @Q
“L OFF | @
(\ ar surround A%%
‘ L4 AN A\
Lateral
Ger?ic?L:ﬁate c V1 Q,\ﬁ A
Nucl
o \ I 3
dLGN o
| ‘—M-m-‘— "_MH— OFF
& Primary
Vi / -
Cortex | il —
(V1) Direction selectivity
Orientation selectivity
Fi gul.el. Organi $anconfcecmaldr es ovfi smalsepat hwa:

[adapt edNifelolm and ScaamzdPaniebé2@2yY)2NiLEGAS
Si mpl icfhheendatsi c represengeaeni-oonfaoi cptali dh wagt iof o n
Thédorizont al 2D perspective ohet menocsualr f

(red, contral at ebreilng bllauregeri ptshdmttetrealbi nocu
~4@® Contralptejracdiyng RGCs fprom ¢ hitei amag oirn t ly C
ipsil ater alRGCs roog mglitsdn gs ma | | bufhdl ambpebet pa

projections from both t hezsoenoet e BPcnhse niaotrinc tohfe
characteristic responses ofceONsrsaursd an dh.erde amali
(Cchemati c dae miedstriganne foefr ent i al activation toc
(I eafntd)i ght ward moviregr ésemiteedagly) spikbD)ng ac
Depiction of r ecurnroeurste SMolmtiea It IONi toaynfds ex® F F
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responsesesr i eartiastiindgh N ocamper esented in L4 and
with distinct or. evil ane wmd mpakdedgEmiametesd vi ty \
similarly tuned neur ons having a higher pr
Al t hough not exchiusivel yruobdef caskboth feedfor
L4 armredcdurrent connectivity within L2/ 3.

1.2The mouseciVdlcuits and functions

Mousec&rdsi stwe pf omi mantmbhaarsdeags pnof kbeti on patt
of dLGN afferents from the: itmseabatleanl zand w
individual neurons exhibit contralateral ey e
zone whteirreul ati on of both eyes elicits Visuz:
neur dDrsf ger ;Kall9artbs ky and ; Wdagorkedt9 8DOBough

possessing certain dissimilar inmauesse ecxbimpbairte d
i mportant similarities as wel/. Li ke other s
with six cytoarchitectonic | ayers, i's retinc

inhi bitory and excitatory neuronsecwhvicthy t mg:
and micr ddwibree uniatns a(nh d; NNied II'l ,a n20 1Slc)a n zUnalniik, e 2if
carnivorous species and primates-sanffepertr oV1
organisation of orientation OQhrkef earnedn cRee.aadn, d 20
Recent investigations, however, suggest the
or i ntati oan(Gpteseeence&tondb. et2®2hgacklolé6t al

n
a
e

we ak but significant clustering of neur ons
e
6 Vi neurons in mice also display simil

2019
individual receptive fields Nwvkréh aomp Pt e g kteo
I n the successive subsecti oonftshe IKremiplelr t b eise fo
mouse V1 neur oinmpowhtincnithar e ontext of the | at

t hesi s.

Ori entati on: Greileencttaitviiotny sel ect iawi t & Teauwr oned
fpr ef edteon cree s moandedto | umbnaeroably par taingdlear

(Fi g 1.)1aD,i enretfaati on sel ectdevtee enteeud ahtusb ewe rmae df |
Wi esel and 62i)nce t hen, this proaopenmut y i pbae Bed
includi Ngeimi cand pihiykers @OO&8of the most di s
of ovilvenvdrhyadt &EhNeur shepwr ef esferedgeorofent ati on:
(Pi scopo e}lwialh ,mo?Ps@de3o ng genwllimd etdi Mvant i ng V1
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not abolish thisthparoorptleiectaylbachkdcdeammwméeatpindnsienc
orientationt sedleGN ivelt@ehaoel | £1) Tal asse9483t he
i nfl uedncGeN acaff f remiggs ng about o rtihean taariico ns ysnealp
exci twasi ol ait @hs |l t aneous optogenetiec foOrmemgi
who-tel l recotdeixncg st aftrooflyi netur @insen 2a0nld3 Scanzi
203 heseudrieevse d lhed RF st i unaditdOkieanadf @Emtred

dLGHEf ferents iinpdinwgiichgalonLdo Vhe nepabhnally o
overl afipiemg and Scahnal amg , wi2t0H 3 a ' i near an
thal amoeacttadl on i ny tihret rValc oerxtciictaalt oai r cui t's
(Lt et pAThi, s 20W@Bt hetrhd negprma legda mahtaitowi 6h dL&NI n
RFs bestows sihregfaeoMll inteyu raofmmeat esir es i n a Vvi s
thatreot necessaribhgic@glpeudeébbpepudtimesto it
studies provide experhisndeench iat h awasdadge pfopos
decadebyYade! and WiHoswe voerh, 8 6 2 nechani sms gove
emergence of or i envteh € epmo psoesleedc tliivk @ yt hea c on
dLGN i nputs podl atrhiet ysaameong t he PpChlaemaad edr i
al ., ; Ni9&@I1l and Sclainzheami t an2c0e2 1o f orientatia
subcorticads sebauetwe e si(Bralrloavg emo rddenvsi ckPp 641967
and car Boyewmeés$s @nd )Vénsdehama |l d & modft i bpamtblc or t i c al
i nheritadc@N asmpgdat i al RF Schoarbli nat ).dddc ént20 13
i nvestigations haeéiaksaodi hgcctosnendefcotm dveilitloy iah g
the emergence of ofFi gnt).dtl ildd thged | neacitn wii wgu t(s
from the vi saueael tper idpthGiNhy@aWh f gr actceount for ~3
total innpfluiceet xadndo 2n0olt3 p mMmavandei tteteory dri ve
requfsfietaet ure encoding in V1 neurons. I nsteac
within the aoorsttekdpeaci tatorik generalneferdaeme
rel atfeudn cttoi on all connect(iChiapmyawi €h;Halbtetl e B&@nt
Wi esel)t hasémhar ged i s tHheiikdeda coofn niielcitkievi ty an
with similar receiNtiieve fandl Scmepamuira2 @ 1 a
20055tudi es have indicated thas$bdthweepr olbZa/b3
excitatoriygmeatrommswhich have sims({Caslslereent a
al ., , K03 al . Th&dd 3neurons having recurrent
ot her are al so moarnepultisk eflryom o hree cseaimee L4 neu
same ori BRosati eh)HdwevidrG2 Qi rwapsebrsteyr ved i n abo
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third of the corticwhilat thhhbemeserurpemul atoinc
wi toh her neur oms s mathelle d oqWwd retnz aée¢t 9.8 nce 20 1E
neurons also receiimagendpubsr &rami naheneur ons
orientationboptrlef eeensoypnaalptancd excitation tuni
The sharpening of orientation selectivity an
beduethe supralinear relatiosgmhapt be tapnede @ n teix
spi king aadt icvoirttyi caMi eildHhidnd i &oc)a.bae ario, th@E2
supral itnheeariinpuyt dynami c;trhaaa g € muiss ueaxlplayn deevdo k
excitatory postwiylnlapttriicg goeort esngiikailng at the p
t he smal |l er postsynapai ottgneat ema s adars & {woiutl yd
ubt hreshdalid leeavelrd e(b20aahd FPavsatlebrgpmi2iODBv e

s
(PNinterneurons provide the main s8yuracpet iocf i

inhi bition arising ftsomch héeseaheaumpatte deg hi
synaptic éhha ist albaloance bet ween synaptic I n
dynamiclmhdldges response to diwiftehr eent s whlrdg teanrt tait
towards exciPO@t uorta)dloardge 21 d e cy-Aemaisreo oudt yr i c
aci( &6ABIAed to highepli @aspewmed erred iomowxne ati o
L2N3 neuwhdmrsh resulted in a decr easdirienctoiraren
sel ecHiagi har & and. Oklkang 2wilt3h hi ghl i ghti ng
optiemadi tianthiiobni-lt)i omal(tEhee demel opmemrti eonft actpitoin
selectivity, I tr od led iod ffha rgehn ti igarithg ebft flhescot nsn gonfo f

di fferendomepat ead eisn V1 neurons.

Direction :Aaloe citeirviitnypor tValntn efueraotnusr ei soft heir

respond prefbaeembiablyndf dpdgelied fleunmngance

(. g., )oreanttiendgsat specific angles,(Ftgrméd1le€s
ri ghtthi s property was first obséemvekdiasl dng v
and Wi esel9gandb5bl9at er al so Mibelelr veardd i it ry lkceer
Duetth@®ooccurrence of the ts mpno rsaul cvidnnedu rsopoaktii,a |
need to code for boSthudtiheess ef odi nehnesi mants V1 s

nonlinear and | inear hmefctgrandisrmec taicdn i e lseyotci
(Reid é93Rlecent investigatiuesnangi m tshenimaus eop
V1 inactivation approach (as f acronworeirgretnatei ol

di stinct spatiadf adldGN emgaom agrles Rdoisvdei r ect i on s
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L4 V1 neureonnsan(d Scankiiraendt i o2n018el ecti ve L4
i piktsipapbdfal $gt transient and wlhemai hédnd
ual movensl ue t he prieffiergte dphats sRe toifont,he d

_‘
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ron exhibiting a sustai nedne ewiptomsteh ea ntdr 4

= S <
® @
n < un o

ponse, ensure an opEomapmmehfi enreraerd sduinrnmeacttiic

(7))
—

I m@li wesses tthreouRgFh o f dLGN neuveonsreaspbnsa
ading to redud¢ed saummmetcigadd ir@rcit,i o0 s& | ect i
al so been shownt hsep abReFaflé dsfencdid&Wryons with exci
and i n hsiybn a potriyc C 0 n dautcttrainbcsetse d htt o mias mat c h b
overl apping excitath@ryeB8BQ#H" hnki bciotnoprl ye Mg e d
of fsets ( metsiprgodisadti icg npsr esfy ntalpeé i ¢ exci tatory
neurons i mpinging on a partic(@Rloasrsidiertg atli.gn 2
The emergence of dinr &fltmoosnt | sye |iencdt&igveintelye nit o o f
sel ecdmevri dgiynsgma | | proporhimhtc@ia et | Sor prefe
forposterior most i mpans swhhlcyh i nher(Criubdhr f # omet hal
201HAi I i er gManealy. ,20200k¥V.oor orientation sel ect
excitation hastalspnfbeencehdbtwa emergence and

selecfbuarey 1695t . al )., 2013

Contextual nhondduilveitdsymaald pe(re.ige.s, si ze, col our,

ofobj eicg shighly i nfolvieercaclelde oty dfhea i viéeshegal S (
sur r ouwids ngl i off ortrhat iodbny ect bAd ibrg ganttt eamndde dS t 1
200.Recent investigations are stlmeaevl yhyysigdlnagi

mechani sms wunderlying the encoding of cont e
Stimul.i presented in the suraoaaomondulnagt er etgh eo nfs
response of a neur on bay psruoppperretsys iwhei cahc tiisont e
suppreV¥amodend Bermroh, ex@®rlegr ¢ hiei wes tiinnturl euass e
Sizehawaae a net iIibhibveoslhyaedwiemgL2Z2XTinaun @ms
stimbhppens to bemplmisggerontah dayn rmdviawi dualm neur
RFHai der et.lahi hinthGeiuyy o nBVylaiskoreact i ve i ntestin
(VliaPm)d somatospasi hi f80®eal smpheemted in brin
this inhibitory méeanhwhoinctho aelxtcoagheatthoecrya |f ocrinr .
moti fVsl(Adesni k etKalll.er 20080 ZaOMce lR2l@2® act exhi
increased activi tiymuwiutsh siinzcer etalsBes @ md hsttht o1 0 ¢
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neur onseinds afKfeed emt £a)tTahli .s, | BEMEBr ajoetItR ng

neurvpaeshi bheedby increasingntthleei phebitexygi!t
neurohus contoi butsgwpmprde Howewer , in cases w
surround is compoaetdihnoghonal |y ofbentiendtgnal
(crosrsient ed  ,tslueme it )eound sdpegeeaien i nhibi
tone ofewd®ns eacnipoemct |(IKOSIM er ed; Nat min2026t a
2024 This ulti cthasehpni beetxdcs nttaa fo r,ty hwaineiwghtotn sb e

the basistfoul supkrceptualllnyt ebrecisrt g mmyd riye ps a&lsie
in the surr oumred r(eoRuptsstiladneoe xbdeietiaft otrhyer e I s no s
present jmedtihaee eRF by feedback pr djredomtglers or
visual c oKteilclaelr aerteSsashnab@bD26boal der26/&28dt e
199At a perceptual |faeill,iiateanhposaehteatyy
when the attended(Lokbpeandi Scgoeiaded 2013

Vi suwl drbievheanv:iEovuemni t lhe conetr ahet snouse visual
(e. g., | ow spati apr ormé snelad tair o nd, camidnarcied nt at i
col smn pco/mpared to highmeircccamsiert s@ierci eissual

ascenttheei nature of apwed@&tedirtsher approaching
over helidg¢ h ,idm idvpetr inma l sdeéenboamemaamed strateg
(De Francesch;Yidtmaal¥ei,s22000136i ce have been al sc
to substantihel syarfesmnemt i mal pbgdampi pyhuagt
Asaceadd xateo ot cotugpehyedd eynevamaentnsai nt ai ni n.
neutral ofergeecmodvuermenngt sacti ve appr of@olyes t o
et al ;Mi c2hOaliee!|l By aut il i29i200g t he moawer atshea 1
| ast t wo, ad ecd eedhese r undersbandvieeg of souak ¢€in
vi sual |l ye hgawii dbeud sb i s sl owl Kalheqiemnlel)igsatimg e Aer
acl ascsiondl tbheon@dmgadsiugecnht mesont rast detection t
obser veacdrkvtelrasti bl eet iopptiomgaect i aati oaRWbwdalVidsd( by

to I mpantedst peetf oc t(@doiftedd d et ) Bh. an@0OA&8r st
wi mih cter ai ned in an orientaWVilomwair saomwmibmiem &tEido
i mprokReir response oharadctaein iont itaninigka@and c
ever ecatdhe observed behaavti duartaelr rsetfaineesineotit | ¢
et al)L2R31deurons have also beenohahawhetrose:

by an increase in responsiveness during the
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a famil Hamamme®32al .T,hi si &f elampo mtdamptoinfegrs

behavioural output amlpe mteurf hanteiaambs hepr e dir ¢ a n
Vi sdiascri mi nuastiinogn rtaansdko m doti tk iwaesnia b gk 2 m8 V]
n
c

eurerbithuinted direction wdél éet itvhera dmupsEensest
hoices iLnstilgeittays kg ttehmeparnale gamd isomatoifah as
i nf ormant ivIn nMar qones €Ot) dald.i,t i onal |l vy, active
states in terms of greater pupil dil ations
neurons in the upper visual field to higher
have iIimplications feri ®dletpéeecdatketeret) Gl . 0of 24
understand the behaWlcourcali tr enpecvwdeades Mafom bo
heafdi xed anestheti s,edonaen dn eaendask et omipcaer amet er i s
spade at t he mouse potWint h adtdhmsb i mp@a s s s redsf

technologisahdadwgeageomuismentsali desggmeur oS C |

resear tihsi snow achieawadbk e -finienaebdo tchamdlint ifornese | vy
behavi ngcomi ceex.amp!| eecoblyo gu siand y isrtd pniurl e d wari tc
mi milce optic flow experienceg whr EDtychtad a vae resti
al . (s2hOolwBe)dV I hrad werxchnsbi t ed highly selective r
and direction at spati al frequencies much

standard stati c Usri ndgr itfhtei nog egyr adtaipnaussr.ea | ppaor adki
preli maataegdVMlyhaeéuvartonas net wad relm clodliest -apac ey

i nfor madtiemt i al ltyhesiigmtidgriatgi on of depth cue
(Guggiaa et a)lUt,i l2ae2o0hgeehol ogically relevant v
whemece pumpss a viabotatbhecghar amrdnméenodul ar
were fouindvolouwdaccur ate edtismamnicen i(d& rokkentat i o
et al2.3,Rex®Et data fromhfarveeeingr embensagv el gesho
Vi neurons multiplicati vdcedpembidrud adre tthheigaaz
and orientation of thepregfeeraammt ibsaEialdyt ritensgp eyt e
head mov €Praernktesr etbh, 203 3 hede 2 sttaugle telser I mpl vy
contribution ofn VYiswalur omd or madi otnh e p rdoi cf ef ses
environmental caarmablukeat ehtahe spatialt hand t e

neur onal responses.

Nonvisual compongt wohé smagwms d i clahsi nrfoolremaitni ovni

proceasnidngel ated ,cesmhput &tsi mnwer the years ha
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V1i6s ability to intlkegkatéooomei saor@olu smd g imgnads
vesti bul @Nin edilgrmalds Sog.Moxvieaweirf a2@211 si gnal s ari
| ocomot ory ilne hdaivhifoguhresnt | evel hawe thean abearsv:
modul at e tthhee gnaeiunr oonfa l respboasei staNMlsmnhiemuloin
even in the absef(Ncel d6f andsdhykep at 2 @h0t o th
andhovement oif r & dhtei lmmves eal so beepl ap seorhveed t
generating mismatch signals when the visual
dur ilmg o moltdiomwe(ber g.tVeal i pulR2&dr7 sii qirga losu t of
movements rtebeaitsiuvael htsoveneal so beemowodukhawa VDb
neur onal responsegBoaicvries g lae¢lsgy earspect s of
functional repertoire of Vlamae ur e cadipaidameer & e e

det ai | using fweshyumbanegumi ebectrophysi ol o
(Meyer et ;Barker2048) a8ahe, e@0@8@bng and decodi
di verse array of nonvisual representations a
contextually suitable behavioural outputs.

1..2Experi-cegengdpdmtst:t hbetgritical period of de

How we pemndei wmeetrhaec twomiltdh around us i s shape
which at a rudi mentar walréewvells, pare e cadmwmiuads exd o
onedsvirogmehéred primarilyThédseougdnoaunry sgars
can profoundbhitehapbeastructhemne ocamatl Tumcui ot
brai The extent odepgeéndcderetx pterrareanfcer matairo®sof
over the courseThbé mosdshhaniiks nogat atkhee pblraacien
early duringf adertvearhpormelnity restricted period
sensory madd| istpiBEPFf operti espeadldmssrsg e u X and
Danchin),Thle9p7wtr i ods of heightened plasticity
periods of Geot®O6Penexn2B)2005bssac et,18I19.7, 199
The plausibility of thipermapgodemstnedeabeol
promine@hbayl &by St oovhaermd h(el @2nld) hi s col |l eague

> 5

the gener ateiyoerd dfi sbne mbryos was not due t
treat ment but rather the devel opment al ti mef

what t he ¢ hFeomi ceaxlanhpalser ni ng a betond hdngeage

M



|l eads to a greater pr olbiake | f(dtayrensdoyna amide Wienvgp
199®hinmoest indivitdoakd WHearngiuagpgtlebhgear s of a
wer e unabl e ntaot-lsvpkeea kéFdi caeggrat e t). Mol d.i,f yliywnmOegpi a aimll

experience i n bbeaesnhmowwl $ oh al éree Icadhtaingres hi p bei
represent ataiudn s piemaetdthe i sual | ocalMiddteiro na naf
Knudsledny,€emat n f or ms tdfatl @ arkrei rpd aCcPeg adrurra tn gb & h
relearned i f deprived of the necessary exper
(Lone, AKON3Wkn, )200m ,| amadlye =z e bwhao ftiynpcihceasl | vy a«
their songdureipreg CPo(h2&5r days aft ey hant ¢ R&itn o)
conspeci( mnebmpd® f aielfithe theiri todgpoét egmd]|
such auditordureQmppEeobesnctd ).8Ind,eesst udi es fron
di fferent speci esexhpaevree epaientdeudr i ogt ,t hese cr
requi sitecboneoptvmaly and functionality of t
undgr | ynemdrani sms of sensory YesZ@®Pt i on to beh

Al t h@Pghn cortical circuits hsaevnes obreye ns ysstt uedrise,
best delineated ithmankhkse Vvosual Qoothexrring ex|
and HumWe&l3la963Based on el ectrophysiol cgtcal [
vi sual cortex, t hely s ueasltlayb ki & p keehtsi tithga that i c

hi stol ogihyali cdrodyi ¢ alli fdlearegqes atisd omareas i ncl
visual.Georethex projections frompahesei goimpatr ed
those from the conthi aloztuenal ZeayWet )hted otviee al |
popul ation and majority of bei mpghe mespomsi &%
contral ataerpahleneynenon which came to be ter me
(Dr 2 ger ;Hulb9%715 and WiHeusbeell, elt96b2h . Hubh &8r @ aevtl 0 s

exper i memotbss,eravieagt t emfu aviiywmeay ok ed irne stcpdoten s e s
vi sual wit etmhtee xd epaon tvread yagiemr arl el ah e mins gloert éh eb e
recordewasrpmesented witholal vwisruép | mesda kb snwb ars
deprivat.iTbns(MBD) ft of responsiveness of neur
contralater al domi nance towards the open ey
pl asticiltny nd@kRhg f GC®DRvhiicdappr ox ifrmmagmedtynat al

days ~Q(BP) t o0Go+r3d2o n( and 9Starbyr kieerfa MDOU %9%6d sn OtDo a

shi ft froamtohe heontorsDFrager 3l IréeyfcBapet mi Aarng
observati onWi esnelkianidd a8 W(@IMj oche and $inger,
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|l nt er esmiitrhgllyonger duhameos s atoifc MDl,asticity
bi di recdneomradrlegases I n t he deprived eye re
strengthening of ©0OpeWNIlewywe rpasepoeerrsveasngorn he ne
each néuveohkhe( andMmBehalcogel0O0edfFwadt. her0i0iWvestig
utilising visuallypkeyskedogpiotaihtratctordiendgs oc¢
optical hiamagiadng,0 revealed the whker rsaiedacye of
MD in adul tamiicrecrlecads @ oii wewip®wmalelsy vi ai t he ofy
ViLehmann and SPaweol ,an2d00S& $awkelt] 2O0Da&B8dawa 200 :
et al )., 2005

1. 2Circuit mecmaarn I<yRisVd

CPRmedi ated plasticity in the visual system
yeaarsd pr avigdiionfpstehe circuitries implicated
sensitive periods of devel opment. Il n mice, ¢
obser vtehdeajtolmal ami ¢ andareabkt bal amisaal process

(Sommei jer ptwhbse 8004@Fngest prapdct(HoBEt ar e
al ., ) BW&rde a subsetarm#El sHOC rreecdirpdimagnt corti cof u
projeatiaonsg Warngm el pl One2®I3 t he anod t-welrlo mi
charactehdameds plt ake i n t he circuits i n V1
intracorticalHoockosnnarcd i QhBRars e(d20@2rc t i onal ma p [

assayiss, kintowmhti ibat ory and e x cmotuasteo sylspann ad tl

bal anacerdoss the intral aminar aantdh ogugcdntsd taonri yn
pyrami dal neurons greatly outnumbXuwu eéeénhhabit
2026n the $sobtowiowgs |l briefly debndentgi e

i nhi bitoryr@indc eixtciimatomo aderoMlig CP plasticit:

|l nhi bitory ci r:cBuxipte r rdastrpeerenadt eérfothn e ment s of V1
circuits writhdomitnaneaea of the contralateral
~Pl14defore ey eEsopiennadsnag ahd 2 GABAergi c I nhi bi
i nhewurpoonpul ati ons ar e5&8yimi mot heyr émabDning ne
excitatory in nafTmuembliany tehte ddlowd\v&OD 16t hey
i mp o rrteagnutl at oorpse niinn gt hoef . 3R migockea OPOPN-§5 GA B

of t hiesdafswwigmut ami c acid dewhrbbxybgseehé&GABYynN
GABAandharacterised by reducéedénBecekedl GABAOI!



observed thatrwbhepeive field properties r eme
S hotretr m MD idnidducneotang .®¥HWHif £ cteisnsdeinntg al |y i ndi c
CPdi d ompeetn t o bElme namwgwment dfrarviinmghiCPi tiinon i a
further strengthened wiatdmi nihet ritaka zeny adfi o a
benzodi avhea pcihn ee nGhAaByoeedsi astyendapt i ¢ t caoamndmes si on
aCRl i ke period af tasthaviDadt iamiyl igti ywbeunt aognelhy onc
t hesAD6ERO mi(Eaegi ol i ni and) HMefmelcgho w t200ADY f ur t
reveal eddubbaiGAS8AN ecepdtrorvse cortical plasticit
subunits of these receptFoargsi orl @ gwul)attten anse u, r 02n0:
known that there i s anhimbtieorgmicnacudif mart emn
GABAeriqipautexcti o at ory rree nffomxicalg-e 2P 1kef or e t h
classical PonseemiL@Q# 3Cinputs are strengthened
periJodang 20t).@ur.i,ousl y, GAD6s50 KeOx hmibciet esd r edu
of NR2A subuniN-mex/{pwleparoatef (NMRAhot dceptal
200.9n tnhoattehjen c r eiamsheidbi t or y ttaomrer @ Isa tk@ pwiats ke d
experidepeandent NR2Aue x pige &¥(Camr mi gnowvioc iand
199Qui nl an e)XThd .evdlOOd activity of wasocul a
obser vseudb sttoa n ttiraalnlsyi ebnutainyg r a € dgaot¢ ébyac k t o basal
ove&rd hours (Kdlmham eMD JIDur i 2@13 hAVsGAhARAG rogi, C
celtlrssnserht byted | esser ar efsepactnusriev etnheasts was
dur inPg The s ame study dhiartrhaeaogsetnaetteod trleatu
amplifio¢atPAVarcti vtiot e | exlt ensi on or reducti or
respecKullmahyef{ 9.ISOM+210t1ex npuowvstdreong i nhi bi ti
PV+ cien Is2/ound this devel apteakatr itn gnetf m e mi
stage aft-@&3whicbdi nci de gnawiutr ta tgtl lmet aonfat er gi ¢ i
in La2zn/d3 L4 i npuktlsoctka ng2/SXOM+ cell s during t
bi nocRIH adevel opimeomc¢ul ar mapt octhe mbgy adi dnfipitachieti)n g
maturation of ipsil(daegad et dgle.ctsiabedOssttau dy 1
i mplicated the role ofSOMROIciehémsgiandmegu laant id¢
wher e acet(yAlCdsheoclrienteed fr om t heurbibmsgag h tfeomred r
arousatli vat+ sc eBlOki vati on ohfabS@sh owmlnldsu c e
concomderadrti ti c lienahri-inom dtag coend ecpail kcessp eica dii ca l
dendritic brpymcamesdadf nleirons (CnchorGamgd or ¢
20)% o0ocalisedpéciahct dendbackpgr apdgatiitryg dend
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and AQMucedtagethetyhave a significant |1 mpac
in the deveadogi pgrtcorbaxi ons cantheasae tmecélin
i nhi biettiadred pl @otsioniczy rcMMadshra 0,8k ger 2609
| ., ). 86cla9 | ed nApl ast i ciltyyn xdr agkeensedtj hnef) i (kreo tteh en
y6/ neur,b@exn ni micreased expressidamiing EP+ avt
nocking out beleins shewa has pr evgWdr itshhei tcd oestur

N X ™ 9

02,0 essenti alcleyr tsauigng ecsbteicnagme s| easVséensitive
nput dulowmlgs CPnd qhBegyn,acx®®ACrating the expr
erived neur ot r opihnihci bfia otroor d(rB NRF)vi a GABAer

ccel er awvtheatnhcurresalltyed i n a prewociuauds amati u
nd cl os (Huea nogf P@PM.8ht eresndogéryous BNDF, toge

S5 9 9 o

eur al activity has bedBami Shhywn-Smteyd Hyilnf | ue
i soxazolepropionic acidi ABMPANXCIH ¢aevplt hro sty ma f
affedlMDAgEdi ated tramemBBBbkonpackedi dunot expre
AMPA r ec(eAMPOArRs) t h e p oesvtesny naafytisaeerh ©R |1 y NMDA r ec
bei ng firtesmintet) aTéhs, e2s0sCt uail aly hall mar k of
AMPRsi | eynwnapses (only cont aiammrienga bNIMRIA nit e ¢ et ph

maki ngesyhmeapsmpger vi oeussr on@al nactivitayctamdt yt h

dependegnapti c.Aplt @agteit hietry it i si nefvliiudeenncte st hnaett \
activity in concert with emicngdeapargybImecihatne r
I n the -sectli swmipl | iron out the i mportance of

during CP.

Excitatory cir:dhiet magobur auipomagranul ar | ayer
within V1 are L4 Y L2/3 and interconnect:i
connections are majorly reciprocaHoaRs3akNdL5
Chen, YB¥2QQ he time inftr@GRoonsetal) exea diaftioa ayl |s
underegxoper idempea dsehnetretr any n a ptl iacs tfiocri t ¥ h e excite
circuiot riyei medCPRmedi at ed r eMii ame ment splT(o, 201
operati onmdcihseenitshhea ¢ pr i rexicglteasg owyd enrelt wiormnr Kk

during m®G®del has been proposed|absr é¢é¢ieyYynapse
categories: iwmiac e asy®wapesmadh unsl meatwadr k

architeafhglesesghbopwristbr msyhapti c elxgpsird eiharr

dependent oéfiexememt oryu cotnnacA¢o®@B8@Yng to t
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conceptual i satAMRRC otnhtea siymma®fsecsi | it ate fast
transmtesibonng about the rudimentary networ
whitlhee gest alotnlsyy ncaopnsteasi n NAMMPAARRssh dmud e nidAMPAR
si | dinstsoa)c. ,e til9a9B50 et )dadr.i,n gL 9t9%be nascent .stages
NMDARs actnaiceéceaa ect beyg: beepdr esynaptically r
gl ut amat eonbitnhdei nrge popttesrynapdi c aepatar wbatho
mostly mediatedNMDPARSSa tANBIABIReMp within the c
which blocks inward cmembnanél pwt ant;it #ildiasfs:i
bl od&kai s removed once the neuron undMay@moes p
et al ;Qi aln9 &4 ).&lle n coeRPy0synapti cgl bUtyameaeitnegabiedd
i's not enoegltitatelycpbostsynaptewncderitreqnt i laé

nascent gestalt synapses most | y.EXxnperriva mae

dependent i ndtuecrtm opno toefn tl ioamtgb dien i(tLiIT®I) |l eadr por
Ca&*per meadmmlwear dly rectlidogkingg AMPAARS tshueosueni gisl
synapwhehscn facnlitates the postsynaptic depo

M& *b | ofcrkom NMDARs uponbisnidmunlgt aonfe bgtl buet arnmeact eep toonr
(Morita e)TRrIlresdB1lhhljeu®ds itno ttihaetTkdoerp eond e n't

signallinghcabciadetsturrne pflaacciel@Gletmaht2aeo ktihneg A MPARS
with-omomut wardiGly AReat iafi nwi mgMoAMRARSse ). allh.e, 20
incorporation of the appropriate AaMPa@ARIsSe i n

the neuron to r ersepdadmnmpdreddoy nAaVfPtAiRc gl ut amat e r
resting membrhesapoetepntiaao, elt9Pabh.expkrII=®nce

dependabhturati on of isi laedti rsyrna pcsoenssoengtuaei nncien go
AMPARs being incor poartattehde apnods ugsti@aRlon pl didsierdat e |
| eadianng i ncrfeuansce iiomal gdytahe symapsésCP cl o
(Favaro et;Halang 201;8%ub. et2@db5The2C2a&Genbory

experience being requisite for silent synap
observationbBeshewsingt ence of siliethanrlegnagses
mi ¢wi ttihckecl i ne of silent syafiep&po stua lev ingu pll &
exper iFeanvcaer of etFamaha®9al8).The&O0tld8t al number of
Synapdseecsr sdasei nue Pt o synapti-fcumpatuino magl od o mmoe
via ttlemm depression (LTD)mewWhiatckrdkeéeepmasn s AAMBAR
equi | iHarn uemt (aNa ger201&gt;Zladu, e 2 0)8@lMh.e,s e2 0f0idndi ng
highlight the AMPARI béntr o ¢ n aopfs e matur ati on
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functionality of gl ua aprad ece¢ gs cwhsiyanlapses heav
sensory edperngn€@®Af oa ODRPcti onal | secvte las si |
synaptic oppoeEettampiptriogerxipetredempeeandennecti ons i
a neural wndathworwknsi l enci ngnorfeaasi signaiptsse pot
probalbfbé ngayt wred and ¢Farnsobi eagXadef{ &ANQ18 202

1. 2P@8stsynaptic density and CP regulation

One might wondermowlrkatul arer ¢hpel atdeerpeendentexrg
pl asttilcagtoy et Ime unsilencing,stmdtidrn staitom n armd
glutamatergi teAMPARNapses. Recent twvekelygat
par al qpopppsussydapsprtoyt ehas play oppPAMPARG!I ent es
synapse mduuragi CRFaoar ODPt;Hadng @0 )1&8IT.he 201

next fewcbsubher twh é 1 delineate the nature of
these two proteins, which wil ldefscrrmbtlde i oir u
t hesi s.

A B C

% of AMPAR-silent synapses in V1
L4-L2/3 circuit

[=)]
(=]

silent synapse (%)
o 8 8
L

synaptic
aclivitz
| | e
. PSD-95
) NMDAR PSD-93
! AMPAR } | ' : ,
Nascent (silent) matured 0 20 40 60 80 g without PSD-95(KO)
synapse synapse postnatal day

Glu &
L2/, Pyr.

s
o

)
L4

@ wild type (WT)

ocular dominance plasticity (a.u.)

age
@ without PSD-93 (KO)

Figur ©@pb.od.ing rol9é&s amfdIB®IDsi | ent synmampse ma
(ASchematic repnaseeaehtt 8yganckp $negs MIMIPAR S b e c 0 me
mature syYypampaeani ngvi ANMPARsSempeadent synaptic
putativel yt imeuwt wdpppdyg Diyngot hecpaoal oghhIB pr ot
95 andoPE8Apt edLofw@ltn.gB)Schematic repclesreqd at i
in the percendialgentofs AMPRAREXRsD nnecas oansf uncti o
of &@dgéore, during andl arfitcer sGR W are gwR).r ® S 0¥
silent synapses through CP wi tFhSB BKrOy nfiecve r e
mai ntainl ijlueemi bportions of sileabnhds@PBBpses
KO mice show a precocious maturation .of sil
Adapt e r

& afvracom et aaHua(goaés)&adODRP 2dd&s not p
after CP cl oswnineée hi-tsehr@ffitarpi)c eMDO95 PEKO mi ce ex
persistencd i &fef gODWewnen eiand ullaatheo o dCRvhfO®DIE a s
clopeecoci ou9I3y KiOn AR &@t e & afvracm et,Halla.ng( 2018)
al . Y 28an°8wel )(.2020

e
hi
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PSEBE5PSB5 s membert hoef membs amei at ed guanyl at
( MAGUKg mi IPyDZo fd o-enat ai praoagei ns, encodlldG4by t h
(discs | argeSBdmolkmgowin t o di INeMDIAIRYS a nt lee aCt
termPDdl bindi(Kgr mau i €t ; Sahle.n,g, ] 81898 6AMPARs Vi a
anotihemtrer mpdo tsetyanr g@lzem et )aPSE52s00d0ontai ned
~50% of the excliobaeabpedg synmpspbologically m
towaaddegree of specif iB®iptqu ei ret;Hadanlgo @®I0isla.1
20325 The func®ibloans obheePnSDded m&kdat o obe LTP sin
expresuadigsancr eases the amplotudenan&P8€CesqUeRkE
(Stein 200.3a0 .r,el at itdk; otck dtolwins-9obF e PISDh s pi ne
tur nonvdermaa nt ai ned i ncr eagded alteawgl ¢ hef rerquli TR
95 for-daepteindietny ssgbaplEiads a@tQOBAt L i ch et al .,
Schl ¢ter gtCoalver slOYw,6 overedpresdladPofandSCL
enhanced®d®uDeAnadrdade;Faz@d d,20dt18akin et) .al .,

PSBbal sad fects synapdoinceospakhsmocgci t ywhmercd ani s
MEPSC ampilg e utdremil diede cgri iomdanrildyyul po stngynaptic
AMPAR accumnmwl adcammeng@at ensftorrai nedo frpodremralat i
acti(ivurtryi gi a%wn &2md 8Tur nEghanoed206dlreduced e
of PSSD | ed t o as chaldionkga gwausd fn ot necseasamy fuer
suggestthhengr ol e-95% fi elguUD & hlemmeoswaciuomul ati on

post syARMPASRcvi a prisestpeioatei n i rBtuenr aacntdi oThusr r(i g i
20)The express9msramaPs8baldiy ivildc rdeandea i t es ~
after eye opening -dependesttamaerperaadceeach
peak expression Huywwng@P etl| @dasr,hei 20 k5) .alThe 20
expression pHO6fiadesrnonéwWwiPtSeDst he gradual reduc
synapse proportions iFnavnaorucs ee t\WHiladtnlgr auogllBl CR (2
Al t hquogeRPrsS®E KO enittiebi t eWT-IniokbPéFlagi ol i ni et
200,3 the scenario was radi(dadany at AU 2 O0LE
PSEB5 KO mice di spl ayeldi kel epvrac peAdMP p-RWnksa nd fe

synapses along with thenpias¢mavaetadol ohoODP
Huang et )dlh.e, n2a2G@BPRe not hese ek@i mi ted hall ma
juvehi®@ePnf omaj way 6)is hoetreir m MD (~4 days) was
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induce OD shi-ddappritywed: leeetd)rddl | nduced a decre
optically imaged V1 acwiitwhi suevlalloy d had tdievihtiew e
no-depri ved | prseintaaitneirnagl ,(epy@disamigietdse t rgainvseine nt
thatopening the depadrnterdaleayteerraels tdooomeidnance W
the case in noldepgi wdd)arha@egd20dbi ti c L2/ 3
dynamiic\l aadful t-9 P SO weirgea v elnibece har actaemiested &
reduced spandodbdéalsidmiypédt newly f oYyumeidf spi eate sa
202 Addi ti onaddye qguenenoss ki MPEBDoSUton si |l ent sy
fractionsL2/0ODPs@ainde dynaumi @¢rso;mwakuns ckealolwn of F
9550l elmo uisMelr ec alpaitteud al | the pheweornr ypessobg
neuriomst he KQ@ywsciefnav iatCrallc.inacl B &3 &%#ese observed
i hhe inhibntorg2t8nexcitlade od didiilndezuerpoanns aipnp | i c ¢
Tusedenmance GABAteo gtici digmreQO®ORI ceoaneér sel y,
bl o@xPaf thneart ureadlucti on o&duinfhaiklialoolni sifmf ©@P
7-days)iMD t he adul't KO wheeé uwhskeompl &VviTel vy
Huang et )abss 293P&Dso resulted in fewer pro
pref ecrerlilnsgFiagi 91 i i 2@®3taédr ms of vkmaaKkKi be hauwti
PSB®5 | @gbotro or ida rstcatiimimialtel oenx h-l v el ngi Wial a
as asesdesbsy t he vi quaaviarwoa teet). Tehla.s,& 2 ®s&@ul t s alt
conclude the i m®onrifanccidl hada tHSEY | on and st abi
AMPARI | ent ssuwylntaipndaet eediyng t o opti mal wicohouwtal
direct!l ydfifnedd trtercgiltyor y. mechani sms

PSB 3TheL®2 gene teme oplkR&®3amar al PY® S&Whi ch i s
al ®mrichegpoat syhapti c densityamédeapcietsatesr y
with-9PSDn the samavaymagl)ed! (l,at2BRL&$H&En
found to iantreumoatrhwdrft pr ot ei ns  4Gr itehsei upso setts ye
202.250me studies found i mpairment-93iinn tLhTeP w
hi ppoc dCmerulsi sl e ;&tr i &Isi us?2 @WoBoa le.t, a@ 2 28 Ri0OIR 0
oppositiee@m tfawnkRID on whe r9exd ir e mo pDebdudc o b B RE B
LTRCa(r!l i sl e )eStunala.n,d 2ZI@®3Aflgu mac ot fat accumul at i
9 5was not altered with upward or downward
di fferentMA&LIUKsoliem dfthe f aaca @fctuwe o pLt@dient i
del etion afasteraudedeevandonah ohol i ner gtihce sy
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gangilmpal ying its rol@arkesymed.btaixkc ds BODihilcitt y s
of MPSBPave been i MmMphecwebhgdal hing scaffbkbds fc
strength of excitatoKy¢i,iggna@Pt)iPeSIB3 aKO®mmb s e 01
exhi hiytpewdcti vity in novesloiealv iapopnrnmeanclis db e headw
excessi ve (Ygproo oenti nygl ne rtn2sO 200f i tand odiel amt Vsly n:
mat ur ., ateidurc ed® 3P®Dxprleesasdisont o a precocious cl os
i n aawttdnomouspmasnerohQacatt gri sededlyafrae f as
AMPARI | ent synagrde driacrt atnisare f duddidlrsea mmalian ti ai
WT-l ev el v i qFuaavl a raoc ue t) ¥ahli.s, s210y1lg& s-9 8¢ artarta rPySDt o
PSEB5prevenmtpsr ecocmactwsr ati on of gl utsaomat eatyi c

experience can optimise them

Basedténcurrent state of the art whi ch | b
sect, oiatgiidiechnatt -OBS @A n d9 P SWh aivreg mucpupad sliyn,g r ol e
acbgether toheptisrmanwcd i onal ity of, emxearittiad wlrayr
charactetrhesematbyr ati on and -siaknt i fFanaaprsoe s f
et al ). Gi 206t 8hbae proteinsblhavesodefwhart e mtvieall
effects on symampseswi fankkdtilont, hese pr obtleoicnks ha
homeostat up hseawalaiomd(Sun yand Turrgdaoe, mEPSC
ampl istaundde | etahdeitsa af idcestesr i b e,d aal boorvgan cwietahs e d

mor t glaivtayr o e t). Tehli.s, h2 @hi8mpgohrttsat niceev B F s aotfi o n

glut amat e receptorascompr &Ixogmsr owleii tsanednabl e

specialised fumeseéopabteieas bDh moEme sc oanpd e x
Grant ;F@wdrRo et,Nat hiaf2@d8har ajah et al ., 201
13. Functional c onwsieguwainnc @RBi coef

Advancements in methodobmgadanedptoh ® altdreisz dira

and i nveismpgratamtgi guebée mbpeimguodnal activity
organwsmé simultaneoiurs tplreegitrur eavi oosment h a
possible withphbeadady eamt(Denfalg2 entg )al Thi 4 9@&t ho
usegphdton mitco oismagpeg calcium activity (an i
activrom) cell s expr agsesieng chl tga leesicerdteidn di ¢ a
( GESJ,I whi cehs seemagiealelt y c of usi octmsl cd iumg pr ot ei n
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fl uor o@rhioerebgr ger). Cente aolf. ,twh2ek Bn@Boasmt d uGsEeCd | s
GCaMP compogsreede noff |l uorescent proteamd (nMByFdPyi,n c
|l ightain bepasdé oMaBed -tadr nihneusN of the syntt
(Nakai et )adaIn. t h20pr esentkh€EaoNdomalmde@emgoes a
confirmatianhdi ndibtamgtli £ h |deeapdrsottoonati on of GF
in tlherads it t Wa nfgl ueotr edldbe (GCAMP sensor has
undergone extensive enabhitsgabmadi hgcafi cmrew
ensembl es at f antderovteirmemsuddlaepd) ecetdadb. ( h2023
same iinmdbehaviounaprogseasch@rolbi ity tea wad oy
e

rel evant ibse hearva miieagtcthetrssesess corr elaatsiadnal

connecbebwseen naturalistic b e lKaevni noeudry ).a n2d0 22 r
Addi ti threalddvent | et r-deesegua r kl eers s ttoaokisngl i ke
DeepLa@autreits al ;L awedrl 8et ) alSEA@®PE202Rra e}t al .,
and ot hers umagpwe cleedlentt®@d | eveilns doefsda sgop hnigggst i ¢
behaviour al aexp eamiarneg/rsti®&n ptihpaet!l ionoetse.i, n @ thieon of
phot oh'i @MaguBegng mi minsglconpaetsur al i stic behavi ou
greatly i nfor meodv évih es i loans tr etsvearcencades.

As | have described in the preceding section
direct conjunction with sever al processes t
circuit/ network |l evels, the wultimatel obgect:i
crucial functions necessary for the opti mal
One of the areas that have received a | ot of

is in the colnt etxhe off o-bvl stiibngvs 4 Uebploruioalf h ¢
functional consequences of sCP N rantdh ev i saumatl e Xte
some ofhanwhae ctheen probed bgmeegtliyendwobldeEntde par

of the main enquiries in this thesis

1. 3Dédvel opmeinnood!l arity in V1

As mentioned i n t hle)2paretcreali antgersalctdmd i(psi | at
t he diLngNi nge on neheoasthe NMNilispewlidn craédiyome
both thesethwmputerming a critical part of t
bi nocul alrh pwioggircarseswii we rmef iamelmeoaor tidati cgr CHBI t
has functional consequencesophnibmanronecsu | aafr tvhi es |
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Onel asgioadli cal r eplriemscemulaari iotny oifs ocubar dc
characteninsebdot h -€CBveannd eadiplyttehemi cel, ati vely
contralaterally vs. i psilaterally evoked acH
with visualg.sBliGauAdion( and StMrygkleogellA®GT

Sato and St)rPyakeari,cu2®d8 vy, dbr nogulC®Pr frmat cODiPn

mat chiwigswdp@r sinme t w,oh gaedbyeeesn deemed norrumail al f
bi nocul ar vi s(Wan g cetp a@li .l ,i t2®:0
A ? -
oy o - mm
B E 101
LGN 00 oz o0& o5 o8 10
Vi Binocular orientation selectivity index
region
Normal
B (P32) D o cv i v ewennrnts -
- ST R N

2s

*kkk

i

0.5 Contrae=—— OD score == Ipsi

0.4

o

0.3

0.2

N B O
o o

041

Proportion of cells
AOrientation

o

0
5 15 25 35 4555 65 75 85
0 0z 04 06 08 1
Aorientation P1418 22 29 36

Fig. Bl.n.cul anse eppopoefmobiues® bvi n(eAulr eofnts:.

Schematic represiesqstalti bnelod ameé& their repre:
region indicates the binocular viswvual .field
Right: Mowsestghopwred gtatenghet i mheuBlofpt: or 1
Representative i mage of ciolhagaeddmud wamro mso meintam
scorien (thi ®©beaswg, more contralaterally domir
i psil ater gBloy tdonmi Hamst ogr a@Drepokebendehngct bd
neur dBadapt edrisiklconge | 200.7 CRepresentative fi el

of a patwiht ofne/ur ons expressing aarcdal cheimr i
corresponding distribut@daptod Solhyem2@Fabn, se
(DRepresedfFaFi vespdbn s ud faraspandinng sel ect i
particul ar, aowritdnpbkaottibotner al or contral ater al
driftlrsg(E@rat'rhgution of the difference i n p
two eyMajority of cells exhibit a 5@2r5¢8-erred
Eadaptedeivi om ef.(FaHr.ef erOrle/d ori entation matc
eye opening, primaril widaiifnegdt lhcgr evalsseu @ Irna @ kBh
degree of or i e(atdaatpiteerd amirsenm tacd h 2022
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As mentionedee8&et) ednd .n@afj otrhehal | marks of re
tuni rnwg siuml icsi rocruiietnst ati on tuning in terms of
particularly orireantgendgmgF atsi-B)/B&Giofrtei n"CPhge ns et ,
POof b¥heurtoenontral ateraéeymesputimpsimatac eedel , th
POdi f f elreetnweeeen t hies t fFa ghleBBe i s mi pmaotga ke siss v e |
redudedi ngnkCelPc osmwee | | mat ched(Fi . aG@uw BaFhd oGQang,
201Pan et aWa.n,g 202 Jad L GN 2i0m4OetvVst ad e eady sl igh
mat ched at CPnomaeto rtvwsh iodadt cihn mpwtroi nagc htiheev eCF i m
degreéesthal ami ¢ amat cihnitnrga, cagitti enagiaéar susceptilk
intracortiocakxpdrpemtdent wmedi fememter sugges
the cl|l adoirawvafrelednodel of ori ent-GR i miGcue amidng i
Cang, J)Z@6&6 matching ionfpumosnoicnulbarnocul ar neur o
experiencesremreed damkhgt €Pdevel op opti mal bi
orientatioangdrkeikeencetCPe fcoas e ionfocDPar mat ch
be del ayedby r btoenrdgm rvtihsual Wadregpre tvap i owme ¥®rl,0
experiiamnependent prtohcee sasrersa nsgheanpeent or i gi nat i
eye to ginwe mail senon@cul (8ar s phak20di| mMtFesr,est i ngl
the deficit in binocular matciMDngudu@gt €Pp g
bereschgdenvironmentvala eenpriigcehnneeent€Chene coadanias$ m:
201Wang et alevi n2e0 18t). Colmp,l eZn@hT i ng t he mous
investi gatoibomg t he f euske bpghvoltsodd ICago mige a !l e d

t heer omén gnmahteady presentnddepampeeante)ncreodul ar
of ori epntedteirrommdeed on viceCHbhngxpeéer))adhe 202
under |l yide@griivikeceda from these expeprmsesense sofoc
rudi mentary bimompudsed cdfrcmattatyed thalbamilar.i
neuslbmt mi smatched at the I|lrresepodde sthe rba mdan
i ntr adamrpteithdeelat ur e sel ectivity |t kesienroiceunltaart i
neuriossr afnidndcktt eirn manmn c &edleep @ rechecrete sfpaeschiiaolnl y
for tthlae ami ¢ and pisntlraaceoarafEisgeayleos apamnd ;Stryke
Gu and CanSgar n2a0 k6 ex Marle ,r @dEpEdtyed i magi ng
neusomnpdait®dewhof beonepul ae fielJen#esvealnadpm
Shepher dTan0et0 a20.2202®2Bgpeat mdfgtymeg sLa2me3
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neurbesore and iatf t wa st QrReltw)eray edew bi naawl ar n
pr eshkeenftor-epenpemagt progressively incr(eas)ye twiet |
tuning ainvdi tsyelpercatf i |l es radirca@lhly aofpirgerionegy eawni c
i s furt haenrd rsehfaidnpeedn e d tChPe i(niitii)al |y weak i psi
are progressipe€ly $sharpenaded by (owmjorcall atrer
neurons wi POf mamcthetdh eyes r efmarithihénmn memciun qro
the wusually weak idpusriilnagt @Rnloceyar taBeungns <c
monocul ar neurerbfsmpdarittihmongye( air) neurons e
sharp tuning ar ebyt ugaiendi nbgi nmatodhaefdh eii Nwius wsa |
experidepean denctept i veeffnement of nebeonbsi nacael
obseromdds i n L2/ 3] eamnkds naontd iSh gf@mgred, a22002210 2020
202Additionally, V1 neur ons sheanvseitta Iviseon dewelna
di sparicthiaersdlcyaee u senods sematiitalvipglpaed aweefnf 4 dites
two eyebds phaaepdpcehsrdaeced an i mportant pr
(Cang and RjiGhicoma2z 0281 @ummi ng and DeAngel i s
Bi nocul ars edn ssiptairviettyy a s3véh s r MD during the vist
suggesting the dependenoptomatVi duaPalalplgr eé@mn
al . )20 1ummary, t he evriodleen coef swuipspuoarlt se xtpheer i €
bi nocul arambhtdcihapgdut yngunhegcritical peri od

1. 3R2finemensuall prediabemgvi our

Theole of CP in dodfheampamnimnaslads obehaviomuryal
beginning to be prldrdy enrodh,&ntiolfe itdral vy .sual s
behaviouralsbeemt gxtstguantted icabhohs ghbhhgedrti
stimul.i i n a | aboratory setting,etwhoilcohgidcamdd
relevant DlReehavoloerof the environment in opti
via sensory represdmtvat bersn ipmo stdeeckeo atbmr t o f
Donal d Hebbbb, ,@®W6 Howeveild mptome aentcheo |l dofgi call evant
considerations in understandianggeoehsgsat igpedc
by Jam@isbsilaon his 1966 book titled "The Sense
Syste@sbson)whHi9éWmphasi sed the i mpbutahceiefl
envirotonefndr m a cdretrathitdrh e p v easnuda | q useaket i ¢ en

uti larntyi foifci al sti neuelnispienyclerpd e romnt(@adddyhgand i r
Cor mac k). Wi2tbolBree c empt hodol ogi cal quWamnhicfeyliemdg samn
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behaviour, it 1 s now pprooshseiek h auvrt oo fs yasnt eonrag a rncia
their ecol ogni ctahe na @wrhtee x t of ethol ogically
predation has received a substanti al amoun:
Different aspects ,ofi mpaledditmng yt e pra@hl evwe fo ny i
been studied in dzédlraleinaimcsop eecti @0 flji k2@ 1 &t 1
2020 oWMagner et)aaltha,r mbegos e2022 . ,
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14. Overvofewthis thesis

This tlkediedi batedr tiolghei dfohe i mporsttarythapti c
mol ecuP8B n the deviil neaaaimdr ibfiywocudlepre ndiesiit on
behavi oluwtsitnlge prey capwWwhirehpiasakip@ymmotcal ar
viua | abidptiimasl fpearfdrmaemgienpgh 02t oafi Magt m g
char aettlhee iwi sual recept i voef fbi el dn aeuucne nnkga cpkriomnpg
PSEB 51 wilblriealfdogast e tPSBr3olvwhiodh I s pafral ogol
95i,prey capturkRr dwvih@aws outrudi esddmourestcroamtcd di sti |
opposing roless |l emt AMPARp aend mxtonrsaetquem®DPy,
(Favaro et;Halang 2021)&lh.e, s2Q@Uld5 es conducted in
i nspbypadvi ous | ye xppuebrlaihsehaendd aanpap ryd atcdhaelts h av e
provided keyt hensvigshuas! liwmtdrfi ware dad me gthleehavi

f or maatnido nme c hamisimsocul ar vision over devel oy

Il the mamwgcChi dt ,sylstematically quantified th
predatory beh® ikl amddecP®Pared them to that
the same genetlitc ibsa c&lgrreoandeyd ukcneodw ne xtphrae®sbs i on o
affects orientation di scrFanviammaot ietn Talepaeb2 0 1
results behaviourally recapitulated an earl:i
recosdirmgmuse rélYeal ed -9HhatkOPShAt t he out set
substanti al | y -dfieswerri noirniBeangtnagtl icoenl ) Isrit(eard est 20 @ Iz
sitnlge vi sual( VWilit)erwaaaskeveamoadcldéper atthaobn

c

~P12Z0 eatdar eduction in the orientataidaukQdi scr i
mi cweher eas entation di scriinmirmaatsievonn atdhuiVéasrh ol d s

signifying poo(rdeart ap eirnfcolruntdendc enon €bun@) ccha tea

a potentially spewiifsiual diaridpttiiers onaj orl y
However, evteme theohawhi our data | ai tdheWTt a ¢c|
paradigm utilises hprgoWieys uvaarlt ,iffuirceetadensityv endi | e
whi ch mi g ht notanyr aredleavtaent i Mftumcti on in th
environmame used the prey capture task, w |

ethologically relevéahoybehodbhas@@ilédtadal t ask
t est whetaree @mhheemroetpyapiadlee wwem ent ati on discr
behaviour iaonbdn |prkeedatn previ ous!| yused |l a-swietdh il |
group desiagnpawhteirceull ad e mihaitste bi nocul ar and |
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Remar kably, the observiedWhwarsoac ®elcamp npgludmdtpyey
captur,e sttarsekngt heniaisgp etchief incoitdiiosni wogtciud mr vi si

Il n s$8eond manuscript f Gh tphr ®djb,e It hee tr9dd @tnof o |
bi nocwilsairon by asbsssatapgtitwnwe fi elodfnelthracmst e
presenthei mupragr 2n @fbak o fhewg kaed ul R6)0MP C AS
previously oisoecuudead matching of orientati ol
f OODRWang et allan, e202X30 Si n2®22 he CP do@5 not
KO miHueang et alwepd2hEeSi sed that thHavk®@iriece
|l evel s of bindkuhaurmnamaneh wof &r i modeewmpsdst &
in the abseMnic,e anfd PcSDabeghbhentlpyopor-si bantof
synapGarse et ;Ehr | i 2014Thaltefo2@07we al so wani
t hdee gr eset aobfi H HKiOy i s u al cordtichhddbelirmadleisadg i ft
i n R@®d indivis,uaad cnaenuomoincal propertglehigoklly
stable and only show modeBauadrridt3sado.vieal2 it |
neurons tmabhViected neuirmahk3aldefl it hajma cen og
associ atped kvaigreuds wi t h the fluorescent cal ci urt
synapsriompt whriecshul tbed hi e xantat oihnyebuirtboersyn g
spar sel yin atbted liedThet endcar wargi chéhy I mpl ant
chronic cr amiizlh wiaveowccess to the injected
2<photon i mAlye nmi ce thenlyndeawdmn2yz wesB&BEONS
get used to-rdeingnnheedadr eltseaadcdi hetihebyoxshowed
acceptabl ef darol A aeec.e successf ul -rheashirtau antiinogn,
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2. 1Abstract

Postsynaptic den(shRSVBp ) prict ea nsi9dnal ling sca
postsynaptic density of excitatory synapses
during critical periods (CP). Bi nocularity
before its closure.p®rispdtpl &9F ek Mgk KD i c

mi ce exhibit relatively subtle sensory phen

housTogasse®9$s$6BSDPole in ethologically releva
we compared prey captuge@eK bredh-awpbd( WIrh mSDe.
mi ce were profoundly impaired in diverse epo
i mproved prey |l ocalisation under monocul ar c
integration. This was coinmiimateidon nt assk ,orwlern
were impaired binocularly but @erfoesmeldt snode

a critical95r otloe dorfi vPeSDbi nocul ar maturati on W

ethologically demlanding behaviours.
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2.2l ntroduction

Di fferent species of rodents, including mic
ecol ogic@&8ladan¢c h®ergrégy and Briecrmasaxgney 192 al .,
Skyberg and;THdineal let ;a2 44d40O&n1 ot &@Bli.noclI @G vi

considered to emerge to support predatory hu

foveate animals | i ke mice, RelhdsetH@dtsstbopre]| a
1838 Bi nocular vision provides depth cues f
huma®erios et) alnd, cBh9dotentially break c¢camo
prey distance estimation and increase sens

condi tiNidryan@nda an,dPoRead,an2l01Bor iPr e2008s st
assessing prey capture beh-bveduadtpape woWdE r \
mi ce napgve to crickets i) show a natwural ten
first day Bouft leexrp oestGadev.i(,n IH Gyl .e;t Zp0 214 i 0N équ
bi nocular vision for opohmadn hemMiacirhg, i peB® 2ett r re
2020 and i1iii) get better -wel &t endr ®aleixpretri eins

(Procacci et ®urjngogZe®, the primary visual «cc¢

visual expeendroe changes wherein relevant
refined and Ecsopnisnoolsiad aatnedd; 5@ o y kK eand 20HA@H0 2007
to establish and refine specialTardetviglu.a,l af

2021 Juvenile WT mice during early CP are ir

by their inability to keep their head direc
active approachAklsl @ o wat) dasll.p,r e ast, adul t
a strong binocul ar vi sual Afil eind eb i aasl Po o r2ion2
predatory hunting during visual CP correl at
mi smatch at the neuronal l evel in V1 which

l evel s with visual Waxnpge reite na€lae.n,t éarOojudg.h, CPO Z 2

We previously demonstr adieldent hasynalpsent maA Ml
postsynaptic dens95)y Ilpanuwtt leminc e9 5pr(ePvSebht s t he

CP for ODP in mouse Dbinocular visual cortex
Huang et )aln ,ad2d0ilt5 on;95l dsns tdfe RIDI| t mouse
structur al changes whi ch wer e reminiscent

MN



enhanced spine elimination on the apical de
foll owing monodWusarf odve pejtiT va@t.v,0 82008211 wat er t as

form of-chfooircceedvi sual di scrimination task, h
acuf{Ptryusky al2an0d ori ent ati qmawarsac ratipvaMa.t,i o0 1
based visual acuity was compromised in mice

CPPfusky and Dpughds bi2@08r Plruls&«yi aamsd iDouygl
2004 I n VWT, compa3®dK® omiWle ®iSDOpl ayed nor mal

reduced orientation dfacai omi @9.t aHbanw ec\2aeprh,® i sl ui ct

measure of orientation discrimination abilit
a deficiemdby tafanBSBtes into poorer behavi ou
contexts where binocular visual @tryeptbern
studied. Therefore, we tested the role of v
PS5 KO and WT mice using the etthhstkkoyi eal |y
al . ,;Johnson etKuahlnl,e 2e@2We|l hypdd@hesi sed a com

predatory behavi our95i ndunei cteo Itahcek ipregg sHSOD ence
a consequence of higheirl|l emtopesynbhapsases of MAMP A\
mat ched binocular Iin9btKOprewdathhi mosboml| & SD |

more successful than with binocul ar Vi si on.

We tested binocular and monocul & K®Ontainmg Wie
mice. As hypo9%9bhekOzmidce PSHOhi bi ted pronounced

compared to WT mice. Notabl vy, compared to
di spl ayedd emdmanacwel ar prey <capture performan
bi nocular integration. A similar phenotype w
mi ce had decreased binocul ar orientation di
Mor eover, i n conthreagsti mpo oWEdmidaej ng monocul

findings demonstrate that the devel opment ar
in terms of orientation discrimination and p
95 medi ated mat ugialte mms®¥n AMPAR

-
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2. 3Materials and Met hods

Ani mal Al | experi ment al procedures wer e appr
Ni eders2chsisches Landesamt fg¢r VerbrTaooucher s
gener at e DI g4 #-/t+r aarsd)y e DIl @4 mi ce used for

heterozygous female and male mice with a m
(Abbas et ;Hlang 20€09%40, e203abere 200dd at t he
ani mal facility of the Universi.Ayl MmdteaweCcC

housed in standard cages (26120114 c¢cm) with

08:00), with food pel |l ets and water avail a
experi mehil) 8P-$B/WT ant/l)7 R-9B® 6KO mice, all ag:¢
P60 (meanNSD, WT: P220N85; KO: P217N70) were
either did not catch crickets or failed to r

phase and hence were not cso.nsMaseireadd f¢omh) f ur
cretk (Acheta domesticus) of botimMmteexas i we a
GmbH and wer e mathmt arienveedrnsiegth tad acw2c |l e (1 i ght
such that the cricketsd night cycle coincide

the exmegets were conducted.

Prey captuTretgashker al prey capture experi men
adapted from previoudloy publalle he dOhi6eer at ur ¢
Kuhnl e e?2 Falg.-B)A22Nd2 trials in the behaviour al
were recorded using an oveU3desd Mfamdmna af 6 @
al ternating niomrfrnradr eadn d( MleRy)r LEDs were fixed
provide il luminatidar hndendibtoitdind i ghhe alnidght
under constant il lumination (~80 | x) along
contrast. Trials under darkness were recor de
Prior to the staont pohfasteh,e naiccce iwreartei ssaetpiar at e (
throughout the experiment. The prey capture

phase (A8BYs-bAMSnNn habituation with the exper:i
1-2 cricket s, kepmeocagei ghomi Alt bawhods. At
were introduced to the behavioural arena an

which the mice were put backesbortbeed hHhome~

no



t hroughout the experimental ti meline. The a
conducting the trials in the arena, to ensur
of the original body weight til/l the end of
( aefrt A3, starting with day -D1lt)r, i aelas/hd anyo uwsiet h
cricket per trial. Each trial |l asted for a m
thoroughly with 70% ethanol i n between eact
ol f agctcoures from preceding trials. The traini
reached consistent hunting performance. The
reached consistent hunting performance. The
days wastd ilnb tdeadys. Due to individual differ:¢
of training days required to proceed to the
dayweay variability, especially in KO hunting
charaedebysl100% capture success over at | eas
days and median capture time differences no
two of the |l ast four training days. The finze
mi ce wdr g efsitresl binocularly and then under we
end of the 13)stt ot ebset tdeasyt dd monoculnal, y<2d2h Hh h
|l ater. Both test days consisted of trials ul
eqgual Fyl60ovter ai l s, in a pseudorandom order.
Monoceyarcloabbter the binocular test day tri
the mice as destHuiabgdeprRadavaucROeth(alMi,c e2 Wled ¢
anaesthetised with 2% iso®| 0ang: 0.n25) ,miixnju
carprofen (s.c., 5mg/ kg), both eye I id margi
gel ( Ge PtOSmMi dlirmsmaphar m) was applied. The eyel
2 mattress sut-Qyeand Ethecohgder7war enelaepmgunh a
recovery (<5min). The monocularly deprived e
was closed before the monocular trials on th
Orientation :diAsomoidmifma@tdi eoer si onVWTP rtuhsek yv iestu a
al ., ;RPrO0Os0ky et) awas ®wRYOHH t o quantify orient
previous!| yFaeasrco i dtodBal(.ef 13018 he apparatus wa
trapezoidal [118 (l ength) x 40 (height) x 8C¢C
end) cmii wahedrchamber with the broader end c
pl aced side by sidei comedt hkey waa |l b a rarnide rp.arMiicte
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70%e orientation di scriminati on t hres
ation di fference t he ani mal successf

cy. For monocul ar groups, the right e

-20y P1lufbhlei sphed binocul ar data points fr

ed 9B KW@ebP&Dcul ar group. The WT binoc

from Wbt RnBS®SMouse | i nes.

apture data acqAlbkitrboal asndnanhhbheysaren

ecorded using an overhead camera (60

nati ng niorfrradr eadh d( MleRR)r LEDs were fi xed

e il 1l uminati on ounnddietri obnost.h T hieg hlti gahntd tdrai
constant il lumination (~80 I x) along
st. Trials under darkness were recorde
were acquihBRye d owmns iwong kdwloewvs ¢ &/mmideeeo sc au g h
t before the behwereumdi soaltdedbef remos
es. The acquired videos used for dat a
essCut ; https:fludgi)t hwb .dced m/nminfgi /tlhoes sd te
the end of i ndi viidrusatl itnrsitaa nsc ew awsh eche f
sfully ~caught the cricket. The tri mme
tcosetomiagftware (OpencCV, Rpt hos) et Datét
h et )alwas 2uwWsled9d t o track different poi
entre, mouse body, -t0lca&echi bgctumre nam
i mes by relabelling incorrectly tracke
of poxleysl1(9D.1 cm). Tracking quality
olating over coordinates which had | o\
when the Euclidean -diingdicayvceali bat @ee nw:
t han 5anbesc)m (oo6cjcuumprdéi nfgr t wi ce within 7
of the mouse was calcul ated by taking

np



the two ears (mouse head coordinate) and t he
the vector from the mouse head ttowdeicet otrrsac Kk
were then used to estimate the azimuth bet we
speed and i mmobility were calculated using t
| mmobil ity during baseline was-agpfbael apoth
whree the mouse speed -Wake<fta&temssduArngstact
were definewhaesephheseemouse speed was <2cm/ s
speeds duap prgo arcohn wohheans et.she mouse was not st a
speed>0,®wemésyronsidered as the baseline spe
defined as epochs where i) moucei cslpete dd iwatsa
(range) decreased by a rate of 7Alcimérs atndali
202Roy et alohns20nl6e) . aCont a0628% were p+resent
cricket distance was <3 c¢cm and i) azimuth
approach occurred rwhemrett deg smmanmstee was <3 c¢cm
the termination of an apefr oacdca gtpwrceh.giTvhen pa

defined as 1/ tot al number of contacts in eac

Statistic:al Alalnalsysits$ stical anal yses, unl es
conducted on the pooled trials of each expe
Hoy et alTheg 2836 mpti ons, such as nor mal di
each parameter. For mo s t of the preefyf eccapt ur
model ( LME) wi t h restricted maxi mum | i kel i/

consistency oTfThd hmoaalal ggeasti on for the test

DV ~ genotype + vision + trial sequence + ge
For the first training day analysis, the mod
DV ~ genotype + trial sequence + (1 | mouse
wher e, DV S t he dependent vari abl e, gen
(binocular/ monocul ar) and trial sequence are
condition is the interaction term anfche(l |

significance of the fixed effects and their
¢t ests andhotchecopmpsatri sons between the group
estimated margi nal means for al l simple mai

comparisons wer eccmmisneaderied amae family for h

nz



values were adjusted wusing the false discov
freedom for the comparisons wRo@geresmatmadde.d u

Orientation discrimination threshold differe

an ordinary |l east squares (OLS) multiple 1|in
DV ~ genotype + vision + genotype*vision

and estimated marginal means were uwwsa&ldudsr n
corrected wusing the FDR method. No outlier
statistical anal yses, unl essfédelée swimoa eing n tmi
| i nearsiroeng rmecd el and related analyses were ¢
|l me4 and emmeans packages) and MahbWorelsg) i1 n
GraphPaids m. Effects were considered to be si

t he LME anal ysaensd fdoarr kt htee slti gdhaty s ar e gi ven i

2. 4Resul ts

PSB®B5 KO mice take | ongittrmp rtoov ecsatwiht hprneoynocul a

Hunting behaviour in mice is instinctive; ho
progressively refined via visual experience
optimal and efficient pgHoew aettorapl.t,an2tOelgésal n, a
Predatory beh-8%i &Wdr aod R®Dmi ce was observed
arena after the Fhab-B)tluAawh iolne ph/a& eWT{ mi ce cau
l east in one of the triad%s, KOnmicoamtcasght nom
the first training day. Thus, KO animal s t oc
and reliably catch OMTiIi enkieiteg.( cbhpared to the

nT
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Figure -25 RO® exhibit deficits .i(M%Pphemattihegt eha bebdviour testing

behaviour. Behaviour was recorded (BExpO&r FR&E&nwual ngi mel over wietald rcal
by grey Ilines; after A3dayamiafe avealei rhatoids alteipon vieAll and made t o hun
stable capture -pgrfdhmhmanceest( RBlays consisted of mice hungti,ncgfdreirc|
whi@me eyesaonie tmicese sut uard tsdutted | n 2t@Me hsrasméndttGBrlo b ®bi | ity t o cat
on a given day within 10 minutpsi mtfs parryg ewxenlsaire.onntdhei ceah NIBE
(DBrey capture-96i wWwds aod R®Dmi ce on ni)h.e Haacsh paiantnirngp rdeasye (tbs t he
individual mi ce whereas the bars indicate the meaiwhRNt S8EM, pWTO. DI
(BnB)omparison of median prey Of3bBt MWTe atnidmeKsO fnorc ei rbdeitwiedeuna It hRS | a
bi nocul ar test daniDmrE8s Bddt i7delsy OWB: D | conibPnd5. 688t 7 pz= 0O=055Wi
test, p= 0.125) .
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Additional ly, KO mice displayed profound d
behaviour in comparison to WTs: KO mice disp!
detection times and | ower probability to con
ot héFrisg.) . SAt the stage where mice exhibited
(BP) F(g.),1KO mice needed nearly 5x |l onger ti
WT: 11.8N1.8 s, n=8; KOWhi5t7ne2yN1 (p.=9 ©a @037 5 0}
of capnewr ebettiween t he In@ds tantdr atihnei nbygi ndoagyu | (alr t
demonstrated that capture ti mesFiwes#eWEktabl e
DniDnhi=-3. 6 N1.71 s, n=8: WilcoxonodésiDhe5t6Np=D. 0!
S, n=7; Wilcoxonds t88st KOpmbce2pkeTRhusoRSD
time to reliably catch crickets and do not |

perfor mance.

A @0 start %+ end start end
B C ok ok %k %k k%
§800 - 2]
@ 600 . 150 °
o 300T e —
£ < H
binocular WT [r— E 200 g 100 ®
@0 start * % end start end ‘g_ . E Te
i 8 1004 2 o
ﬁ'yfﬂ-\f’g(y/ ) I 3 8 = o E $
| \ _‘1,-7)} = Ofreeerrrranes i
—— ‘5 _E:U H .a
K e “~60 _0® 00 0e
% _\)y\ /} R WT KO WT KO
2 X o/
binocular KO
Figure 2. Mo#®®c KIOasr hRI®D faster than with in
(MExample tracks 95 WheasdmeOPBiDce respective
VS. monocul ar condition respectively(Bnti ¢
Percentage change in median capt um®ntoicmdsarof
closure o(fWTonel6edy.e2 N70.-82 %7 N2488 %Ohnt/h,eyMan
test, p£f CWi 0iE®wup comparisons of prey captul
mi ce under abrotahn doimmooncouclul ar conddatapsineshpert
represent seachhari akpaedents the mean N SEM (V
n=31; WT monocul ar: 22 2N3. 6 s, n=32; KO b
monocul ar : 42N5.6 s 34) Linear mi xed ef
means for multiple comp*a* ips <n D.. 000l .< 0. 01 a

no



Since mice need binocular Yolnoon te) rebhmnadb2Q
bi nocularity devel ops Whwmngi reg talan, ce2tiOtldolc a| 2
which does no®B5cKOskuargP&D)al we 2Dt hesi se
the observed deficit in binocular prey capt.
specific disruptions -mant dh e ciudpaut svifsricom Hatk

c
this, we repeated the prey dalKOumecéaskutwith
n

usi g monochilg@)y. ZAGadmxi ftent with previous st
with mowoscsulommandeeded ~22.2s for catching
~8.9s with Dbinocul ar vision. Taking the bi

monocul ar depr i viantdiiovni,d Jeatlg d 2\Bené¢ rla was a s ul
percent agae niarpdrugasd i me in WTs (WT: 169.2N70.
as hypot hesi ©é&d, KO nmiR*D monocul ar rvel si on

perfor rramgc€@ 2A capture time was now ~42s and

compared to ~74.2s wi-th. BNR4c8| ®WhiitheeygMad KO
p= 0.006) . Further more, individual trials

conditions for theFisgagnmed®@ Tsnngamd-eKBeatr s mmaedd
( LME) where significant main effects of ge
genotype and vs es®ad!| ec’gldi.t9 40 n pf&0Q .007M,1 ;p=0. 32
Gg*%12. 21, p&01.50.08035; p<0.0001] -wec ecompariveans
the estimated marginal means revealed that K
when binocular visionbubi s8.i9N0Oa:cot7 4 ,n2ekaMm3N.SE Ms;; V
5.647, p<0.0001] wi t h no significant di f f e
monocul ar Vvisionm][ nPe2an2N\B3mM; 4sBVWI5 KO s; t (23.°
p=0.067]. Whil e no significant di fferences

conditions for the WTs [t O50®.n3)=hel.othler rh=a
| ower capture times with monocul ar vs. bi noc
PS5 KO mice exhibit deficits in diverse e

i mprove with monocular vision

The hunting behaviour of mice comprises of s

detection, i nitiating an approach sequence

PM



capturing the prey wusing a combi ndatail wn nofetg

al ., ;Ho0y2 let aldJohnx2dn6éet).allt, i30Xhown that mc
causes deficits in these different phases
detection, approach, contact and ochanpstonnr eetb eH
20321 Thus, gnoneorc ul hawovseneonpredati on, we wan

outcome of monocud9@rKOiIimioa by E®BDonol ogi cal
approach, contact and capture epochs betwee
(Fi g-G)3A

Both genotype and \wids udlée ec orfdiatpipgm adfBfeencrtd s
preets=20. 09, pcd93 099 1 ; pek 65.30 473;, p<0.054]. WT
significantly higher approach rates compar €
[ meanNSEM; OWT27NOw. 020,. 1 &RO0. 02; t (43.6)=4.473
monocul ar visionm[meanhNGEM20. WbANO. 01; t (34.
p=0.048]. WT mice also made fewer approaches
[t (103)=2.765, p=0.014] whereas KO mice both
simrlaaes of approaches [t(102)=0.099, p=0.972

KO mice were al smommpanrpad ntiesieWTdenti et i ng and
the first approachi ¢ 9 egad® 5t hegxdOr.il262etp£0. 25
Gg*x6. 84, p=0.0009] with binowmcullaB8NOs&3®ns [ n

8.37N3.13 s; t(42.9)= 2.83, p=0.02]. KO mice
mice in this parameter with mo n3o c8udlNOrm:7\5i ssi,o |
2.84N0.65 s; t(34)= 0.594, p=0.556]. No sig

detecti bet wemes binocul ar and monocul ar Vvi si (
p=0.368], whereas KO mice were faster to det
prey with monocular vision [t(102)=2.623, p-=

The probability of a contactFiogg¢ug8miwag ddurih
cricdget5.[718), B’~=0.. BBXUL; p’>80368,; pe&=04. . 372321, ,
p=0.029] was significantly | ower i n t he K (

[ meanNSEM; OWE5N@. 005,58K®. 05; t(38)=3.547, p=
vision [meamNDEM;6 N\WT 08, 6 K@O. 05; t(30.2)=2.55

significant di fferences in contact probabil

PN



monocul ar conditions for both WT s [t (102
[t(101.5)=0.025, p=0.98].

Using binocular vision, the probability of
capt Fig.( IBbwards tdrdl1c686ketw 0R2.060606; p=0.10
Gg*x6. 67, m=07..001%8B;, p=0.005] was also severel)
compared to WT miceg [Om&dmMeSmE, 1 w®». 02; t (18.

p=0.002]. With monocul ar vision, KO mice st
compared to monocul ar mWTsO. @raddn 0SE.M KOWT 0 2 ;
t(17.1)=2.28, p=0. 04h8i)b.i t Wl erpeoaosr e WTsca@x ur e
monocul ar vs. bi nocular vision [t(105.2)=2.09

not significamdnagc wclhamtglel si.da%h) =0. 695, p=0. 48

One mar ker of prey capture efficiency is how
with prey tild]l successful capture. Mi ce expe
contact with prey; the contact Jdahmdsgaomneti nalr

2031 Al though we observed a significant ma i
sequence &F2t9833a) spiEA.AFP4, y=01..09491,; p=0.15
G=6. 179, p=0.013] on the meanFdg)aBiostof [
comparisons di d not yield any significant
monocul ar vision for bethl\WTsla] nsaB8WBBEM12 W
t(106.2)=0.486, p=0.628} a2ndl 7KN®s 5[1nseta2rKNIS BLN\G;
t (106.9)=2.434, p=t0. @i66fl er eNfrbc essi ginn fi wa&ainvi du:
were observed between WTs and KOs under both
and monocular [t(106.9)= 0.862, p=0.531] <con
contact dur at iFamg )wi3téhelcdad kaethsi ghl 'y signi fi c.
the genotype and cyilsfu &I13 7 ¢ o nek+01. 3002011, p=0. 00
Gg*%21. 988, ps%=07..000703,; p=0.008]. Wi t h i ntact
mai ntained contact with npr eyhafnorWTmu d melanNEGEH
2.35N0. 204 §4. KODN1.87 s; t(18.1)=5.53, p=0.0
observed between monocul ar WTm arr2d 8O Omi4c5e s[, m
7.24N0.72 s; t(16.9)=2.16, p=0.061]. However
wi t h prey after monocul ar Vi sion [t (106.5

deprivation did not exert any significant ef

o
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(AExampl e tracesi oKketmodiset ance and speed ov
capture for an individual WT and KO with bin
Approach epochs ar(eBRaitgnioffi epp pbhbpacedes per s
prey. WT binocul ar: 0.27N0.02, n=25; WT monc
0.16N0.02, n=27; KO mond€hhanencyy.ti1s5NOnNn0d1, ahn
approach sequence towards prey. WT binocul ar
3.89N0.75 s, notdlarKO8b37N3.13 s, n=27; KO
nN=3¢DProbability of a contact given a succe
binocul ar : 0.85N0. 05, n=25; WT monocul ar :
0.58N0.05, n=27; KO mon(oERulodrazbi 0 i 6 M0 .0G5,c amp
given a successful contact. WT binocular: O.
n=32; KO binocul ar: 0.17N0.02, n € EDOJur aktG ommo n ¢
of each contact with prey WITWmomiormad alrar 0. BIS0
n=32; KO binocul ar: 2.17N0.5 s, nfLyot &KIO mo
duration of contact with prey. WT Dbinocul a
2.88N0.45 s, n=32; KO binocular: 14.09N1.87
n=34. Bars represent pméan NS$BW.ra¢BE 3 ah g d sDiat sa

i EanBcorrespond to the mean value in a singl
by black and blue respectively. 330. ®bi,no*c*u*m
< 0.001 and ****p < 0.0001.

Al toget her, our analyses of approach, cont ac
have profound deficits in hunting behaviou
i mproves hunting outcomes. Our data also rec

t hreumtgi behaviour of monocul ar mice.

KOs exhibit generalised motor deficits but n

with monocul ar Vision

Shank3 KO mice, one of the animal model s for
recently been shown to display some sensori
i mmobility duKuhg! @r ed & tail &n n Q@ 2&h&IDs o been

i mplicat eCholieny AahDd (Bapdit @Hd 8et) al we wé&dHed to
whet her the obser viebd K@ fmicee si mf hwstDi ng bel
attributed t o di fferences i n their I mmobi |l
|l ocomotory behaviour when exposed tobiclriitcyket
travelled distance and speed dfhrea-toeprexgpeh i m
(baseline) and approach phases. I mmobil ity

speed<0. 05 ¢ m/-asppduwraichg prmars e s) were signifi

P



genotype and oFidegr) &A[ nteraina\lSsE M. 3WN 0 .m7 6 %, W
4.16NR1. b1 %Y. KON1 838, 3KBE.1D% 467, p>=D.. EBB2;
p=0. 4%51.207, ¢=0322Z27, p=0.0002]: With bino

were immobile for | onger durations compared
nowi th monocput @22v8pp+#»n269, p=0.066]. No dif
baseline 1 mmobil imgnaoceuloarref @viso. b oafat egenot ype

t(106.2)=1.289, p=0.269; TKe pénO®Odntldg@delflda
states duridgmapprcromohbhsé 9gpevad >nCk.iZdm/rs i nfl
genotype nor byo fFv igs)u a4 BneamNASEM2 . WTNO m6 1 %, W
1. 99NO0. 38 %,2. KONO m4 4 %, 0 KW¥=.059%;56, pz=0. 01022,
p=0. $621. 384, @=0.239; p=0.098].

The degr ecki rodctgowodh||l ocomotory behaviohowcan b
mucdci st ance mice covered during baseline and
amount of distance Frag)edhedhq datheb as elei naer e( n
pursuit [ meanRIEME NWPm: 99 6cZ7m,3 N\WT6n: 1988 m5NKO. 2
cm, mK0O260.6N24.8 cm] was significantly influ
bet ween genotype awg’E2bi SWHI, eEoaldd. i BBAFALN pPf=0. 34
Gg*%17.99400080Q8. 633, p<0.0001]. KO mice tra
compared to WT mice under both binocular [t (
[t (20.6)= 2.52, p=0.02] <conditions, respect.i
di stance wusing moonobciunloacrulcaormpvairseidont [t (102) =
KO mice did the opposite: they covered short
vision [t(100.2)= 3.61, p=0.001].
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Figure 4. KOs exhibit generalised i mpaired n
more efficiently wi({APemocneonctualgaer ovfi stiiome. mi c e
at baselaipmpe olancoon phases). WT binocular: 2. 38fF
4.16N1.01%, n=32; KO binocular: 9.08N1. 83 %,
n=3@4BPercentage of timel mkeesthateiduannngranmpsa
towards prey. WT binocular: 2.58KN0.61%, n=2!
KO binocular: 2. 4BRQA0OMéawcuhal?7 BCDHUSlDabee n
travell ed at baseline when mice are not act
92.96N12.99 c¢cm, n=25; WT monocular: 167. 3N
388.5N40.25 cm, n=27; KO mon(oDR)lsaranc26 &.reaN:2e:
during approach epochs towards prey. WT Dbi
monocul ar : 110.5N11.68 c¢m, n=31; KO binocu
monocul ar : 133. 2NEGpee&dcmf mi84&. aatp pbraosaelhi ne
phasawr) .binocular: 10.54N1.36 cm/s, n=25; WT

n=31; KO binocul ar: 6. 81N0.8 cm/ s, n€£E7J; KO
Speed of mice during the active approach ph
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n=25; WT monocular: 21.55N1.1 cm/s, n=31; K
KO monocul ar: 14. 6(408p.e3 om/ ani cre=&A4.ound N1 s

prey. Li nes asidn dsihcaadteed naeraenaNSE~M. Dashed | ine
a contact Bars indicatoe nihemaBrdNSrErMe s fcmarcd odfat a
i mmobil ity i npcaeiarckhs ntlBrcioalr.e sipaeothad t o t he medi an
in a trial 332, binocular 308, monocul ar. *p
The total di stance traversed Fdgr)i fdasacdli ye

significantly influenced by tthheeigemdt cpendan
[ meanNSEM; 7WT74N8 m9211c0n,5 NWTly: 6838 m4 NK@w 39 ¢ m,
133.2N10.64818cm;84, w%=02.04040,1; p%%831292, p=0.04

c=4.505, p=0.034]. Using binocular vision,
during approaches than WT mice [t (46.4)= 4.
monocul ar vision [t (36.8) = 1.875, p<0.092] .

di stances wiv$. mobinmeawudlaar vision [t (103.1)-=

covered similar distances irrespective of vi

Il n terms of DbFaisge) ,dnkel tstpeewegh (t here was a sigr
genote’spd. P82, F=0. 0403, EF&HO394%3, =06. 066 3;

p=0.049], mul tiple comparisons did not vyiel
either bi nocul arp [ m&adNNAM;3 3 WEEM/557,N0 K®2 cn
t(19.4)=2.236, p=0.149] or momocluld.ax3 l.nM4 td
KG: 7.6N0.63 cm/s; t(16.9)=1.546, p=0.281].
0.595, p=0.553][tdmM®. €= mDcé73, p=0.w345% 3] wa

monocul ar Vi si on

However, the speed during acti vki gappd@aches
strongly influenced by genotype but neither
[6=14. 059, pcEH0 0DV, PP B76536 , pc3=01. . 228794, ,

p=0.259]. Approach speeds were significant]l

binocular [mearn@SBMNIWR?2 16m/0sL,NOKG 3 cm/ s; t(
p=0.023] and monocul ar candi2tli. &bBN1] e ami SE
14.64N0.63 cm/s; t(NM&)&c Bl.a8Bkbi2d i po=tOn &0Béct a|
speeds for bot : gte(hbQ yp@)s= [WTOhS5 4t (PS808BS28;
p=0.669]. The differences in speed between W

each cdntgac @wé(ebot h binocul ar and monocul ar K
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speeds compared to the binocular and monocul

genotype difference in speed modul ation befo
To test whether the degree of i mmobility mig
subtracted the time spent i mmobile from the

(Fig).SdZhis sanity check yielded the correct
t he observed di fferences mat ched wi t h t he

i mmobility was not subtracted.

Taken together, these results indicate that

predatory behaviour of KO compared to WT mi

i mmobility in the KO mice. The general defic
can &detlpy due to the | ack of speed modul ati c
prey. The fact that with monocular vision, K
binocular vision only under nor mal i Il uminat
prey,isntpowards i mproved efficiency-dofre&0ODedni ¢

|l ocomotory behaviour with monocular vision.

WT and KO mice display similar disruptions o

Predatory behaviour in adult mice was shown
visual cues, i .(doy etndglr . Tda2aGbh®ss whether th
observed bet ween genotypes under bi nocul ar
exclusively dependent on Vvision, prey <capt.
compl ete darkness for both bi noccualnatr da nfdf enmoenr
were observed between genotypes soere elyae | ®o riSdi
for captbBrgut pm88pproaclrifguedysSpBdBey( detectio
(Figurég,S86ntact and chBpgure) pabbbabbotati psey
dur atFiiognur(@ . S3WW mice were slightly more | mm
bi nocul akKi gvursg o H@Gwever, unl i ke WT mice, KO
l evel s of i mmo biclointdyi tabhnednwe e n gewyet ype differ
0 besr ved. KO mice with both Dbinocular and mon
counterparts, however, traversed Fgrgeauatge rS3dH s
and approadh guhpepse®BT (and KO mice al so mainta
at baskilgwre (848 when actively Fapgpumr®ach3dkng
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Furthermore, both genotypes failed to mainta
visual fi el d RingduerraM)d®a3rikmdeiscsat(i ng t hat the de
i mprovements o0b88r KOd miceP$SD predatory beh:
speci fic
PS5 KO mice exhibit binocular visual field
A B
~ 50 . 0 . o o
% { — WT-bino 30 \ ; 30 30 \ ; 30
3 40 ——KO-bino g4 \ Sl 03 60° 60° \ el 03 60°
8 | WT-mono \ 0.2 \ 0.2
> 30 KO-mono ‘Wo.1 0.1
= \\ 9>  90° 90°
20 >\,
'510 ¥
é 025 2I0 1‘5 1I0 5 0 180" 180"
mouse-cricket distance (cm) o]0) 00
C — 30° 0 30° 30° 0 30°
9.; \\ /’ \\ /1
2 60° \ ./ 03 60 60° \\W /03 60°
‘g \\/’0.2 W& 0.2
5 0.1 0.1
8 90° 90° 90° 90°
2 OO0 O® OO Oe
« WT KO 180° 180°
oe oe
Figure 5. Bi nocul ar vi sual field bi as i s
bi nocul ar/ monocul ar viMeiaonabswol uke WES mug A) ¢
of thecmoueset distance till c¢BRalcar dprradinab ial
histograms (10U bins) of azimuth at the end
indicates the binoduWhAbhsohbluseaazifmetd aN2 D .
towards prey. WT binocular: 14.4N2. 620, n=49
binogularlU,l4n5N40ﬁ KO monocul ar: 17. 6N1. 9
meanNSEM. 33, binocular 306, monocular. *p <
Given that mice wutilise their binpopHdoyaet vabku
201%ohnson ej, awe,wa280R2éd to know if the defi
the -BSDKOs correlate with a |l ack of the Dbin
irrespective of visual tokei progsesshow bieco

azi mut h

a so fa

tffhue-cmo oket

Fdiigs)t.abnMcer dover, at tl
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active approaches towards the <crickets, [ i K
bi nocul ar and monocul-facl ¢ omidgheronpr dhlaakei lai >y
azimuth within the binocular zone in compar
vi siFoing .)(.5Brhe maeppr eanah pr &y gazidmutbi gni fic
influenced by t he genotype, 6vh5.s949h, am=0.tOH
A=8. 626, 5840039, ’=0. 0469, p=0.380]. The
similar between hWhs norcd | KOs vwist ©n 1[dmeai2N $ R N
K Q: 14.5N1.61U0; t(74.1)=0.052, p=0.958] but
than KOs®é with monocul as \i6s i8N B BT a 6 KWDE ;U
t(43.2)=3.14, p=0.006]. Interestimlgdyi,ngvheme
eyas significantly higher as expected [t (4
change was observed for t he KOs [t (428. 7) =
previousl|l Hoyemgdr thdd t(h2816ias did not persis
irrespective ofFivgi.sMiSa3lLThersdki triecsrud t(s i ndi cat e
of PBD does not disrupt the binocular field

t hat monocul ar cues are sufficient to preser

KOs are better at orientation discriminati on
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Figure 6 . KOs exhibit poor er buwti impmtoartei on
monocul(aASicsh.emati c of the visual water task

di scriminati 8hottehlr esthmder. of trials required
before beginning the test phase. WT: ;102. 9N
ManWhitney, (pCP0.iGhG.ati on discrimination thr
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with binocular and monocular vision during t
n=28; WT monocul ar: 34N6. 40, n==o6; KO binocul
31.8N2.BBrsniFAdicate meanNSEM. 3Mul thiimloe ull iarm
regression with estimated margi*npml< mexahpp, for
< 01

Previous studies indicated a possible role o

di stinguish betweenBrdadIfey eentti irn st @8 d oanrsd (|
1998 We have previ ous9lby KsOsowar et hmaorRID at
di scrimination evedi&fet ori sp@¥ya@ouiet)g aVgTi ,n g2 0 ]
a modified veRrsuskly odt) VlNg..),( 62800et def i cit i n

di scrimination suggested a possible i mpair me
visual cortex. I n this present s9%5udkyOQs wseh owa n
a similar i mprovement i n sdril @rst amiitdin mbinsoaruil r
PS5 KOs took |l onger than Wirg .t &be 100R2ai9mNed .
n=10; KO: 153. 4N2Whilt5neyn =9p =0Mamrmb ) . Il n ter
di scrimination thresholds for WT and KO mic
genotype, vVvisual condiFtiigonsGeaGhd. L iei phe=BNOBO AL
35. 45, p<b@&E.-200% 2, phHY=8D65H3, p=0.0005) . Cr
hypot hesi sed, we observed a signifidamth | mp
thresholds in KO mice with monZ.uld 4. 2, b3 In]
31.8N2.10L-K@&=4t ( X®) =2.97, p=0.013). As expec
orientation discrimination t hrWEhot d285)W+2 h6 6
p=0.018) . Al t hough bi nocularly, WT mi c e W

di scrimination t han t hhefli KQ: KQ (26 rberdpar tps<O
monocul ar WT and KO mice had similar morient e
K Gh: t(25)=0.273, p=0.787). Thi s dat a concu

i mprovement of KO mice in prey capture perfo
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25. Discussion

This study explored whetisedl enhe sjpatpsasi oned
PS5 influences binocular visual behaviour.
capture task, we showbSthad tdhepil ofscurmd dEPSIDI

behiaovur of mi ce. I n contrast to WT mice, K
monocul ar vision. Further moFayaron kt)nalkw t BO
mi c e, with binocul ar vision, exhibited | mpe
Furthermore, monocular testing in VWT also r

in prey capture behaviour of KO mice.

Exper idempeendent maturation of cortical circu
devel opment ofcobdaoncahdr Sty ywhirgh 199 6c har acH
dendritic spines being more stGahltegeanddekre®s
200Bo0l t maat ¢et. all.t, i2s005Snowde s habn&dtdatrieecn i o
tuning as well as dispari €Chi omd oem2OW2On2@t9
Fi sher and KHwhgelr , arld 7W,l1le9s6eRli,el 196a2nd Stryker
Pal agina eRocahHhef,or2t0 i&ohgh. et Al Ay o dfpbehe yng ,

there is a high proportion of codfanaleat arl al,
20320 During CP, the number of binocul ar neur

dependent recruitment of sharplTant emecé!| mona@c¢

2022032 Thereby the visual CP i s i nvol ved
dependent processes, such as interod®Wahgr mat
et al), #@pPure | earning and speedBidsissecnr iemi n
al ., )20wW8 have previou8bPyKOhownchhatctP&DI se
number oki AMPA synapses, causing an i ncr ea
el i minati on, reduction in spine formati on,

newly formed Z/p3 nlel ofeurhend, resu-ltkegODRto
(j ODP) i n Hadaunlgt enti;dads.{,f a2v0 1ept. aBle.h,a v2iOo2ulr al | vy,
PSB®B5 KO mice exhibited deficifFavaron et)iahnt at
which was further reconfirmed in the presen
context of naturalistic behaviour, we found
PSB®B5 KO mice (Figure 2). We specul atpessegshat t

™M
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wi || interfere with the maturation and st a
bi nocul ar neurons, whi cenha tntihgehdt iinnp uttusr ni nl esaidn
The ipsilateral eye inputs might be more sus
i hhe absend®déd,ofgiReMd t hat they are progressi:
experience (Taawnr iel2@® 28083.1 The consequent binocu
can thereby |l ead to the-98efKiOcimisceobisrer oed ¢

di scrimination and predation with binocul ar

Il n concordance wi thohprseovn oaity , dIWME i W@Bh ( mono
vision even after substanti al hunting exper.i
epochs: they exhibited a reduced approach ra
to maintain their azimuth eesutbtbendpi nnocaharn
the average individual prey capture times by
a significantly shorter time to detect and a

t heir prey i nvestigation ah)d Tchaipst uwas t f me
compl emented by i mproved orientation discri
monocul ar vision (Figure 6). The I mprovement
be explained by differences in the KOgree
di splayed similar immobility |l evels between
after accounting for periods of i mmobi | it

i mprovements with mommdcuklCarmivcies.i oMi cfeorarRS Lk n
monoaqulcaues in nature: for instance, wusing t
rel evant visuomot Parkaeasket pbashpwadp?2éat mi c
estimate distance cues usi ng motion paral/l

i mprovements observed with monocular vision

i mproved visual capabilities due steod thhye tehda 1
no-matched inputs from either eye. This migh
monocul ar cues such as motion parall ax, rel
using binocular visual cues | ike depth and d

Reduced expredfddi cimsofbeRSD previously i mplica
Wi nkl er et, afhedi 2t0eldB | ear ni ng and Cwdrekyi rmgh dme
Gao, )2,01Mi ppomeamaued spati aMi gaadnieh)g aalnedf i ¢ O
has been hypothesised to play &olekheand &ab

201.8)P-8S®D mi ght cause sensorimotor i mpairment

20



Shank3 KO mice,Khaot ASPt;mabekok6dg5aln, th@24on
of preda€CPoB8hahk3 eKO mice showed motor def i

both at baseline and approach towards prey,
modul ate t heir sKpuehend el iekte. atllh.ees 32Tws2 A Shank3 ha:
shown to disrupt synaptic scaling and homeos
basal synaptic properties unaffecltagadviamtyl ed
al ., )20ZBe remoYvtal alosfo PaSfDf ect s homeostatic

synaptic d8wnsaati fgrfigiLake, Sha@ahk3 KOs, we
even with suffic9entkKOsr &ixmii gt edPSBIightly

i mmobility (Figure 4). However, during appr «
similar extenke oft abes es Al t haorutgihal KOsx pweirtihe n
predation exhibit slower speeds in compariso
with monocular vision isnodot caused by a diff
comparable speed modul ation i msbi Kdsyl arr awse.
reater distances in comparison to WTs but

i stances at baseline compared to WTs. Thi s
tection and | ower prey investigatdiiomg ttiome
reater efficiency in active prey pursuit an
ey player in the circuitryFureiggud aettB hagl n.gr e2y0 1
al ;Zha2o0 1e9t )a.l . WiideeD d 9 ( WF)-f aeddna@aNFpwcell s

spectively signal prey detection and accu

O X Q QO a9 «
(¢

—

-

war dsHopr eet (&l . MoR2@19%9ecent studies have |
finement of préldlagan oet;Keahn |neg2 CHP2 d In.c,l udld 2y
e context of ODP in Hwi redc w)lar, M20eRodo es, o0& §
i psilaterally projectRGQ@s)r enawmeal begeam gé h o
ilitate efficiedtoohpsendatdy yalpahedvGaoluar I(y
jectiSuw dto &pIC Al2ZhDlugh the prechbSei hunbei

ual circuitry for predati on R9abv eh anso tb ebeene
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wn to mediate SC synaptic maturation by
mote juvedhae &tC)AMA,t(2i0s13t herefore i mpor
eptive field tuning is affected in these
s o095 .PSD
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Supporting the observaXh odespenfdevnits iporne daantdo r B
was the |l ack of effect during darkness: both
i mpairment irrespective of MD when having to
| i nietHwy et ,alwhi2®OH 6reported predatory behavi
compromi sed i n darkness. Thi s assessment

i mpairments/ i mprovement-cgepean derretd aitn olmo tahr eg evn

particular interest thlke klziepoawgl arhef ipegled, wadl
monocul arly deprived adult mice fail to keep
fieAld en et;Haly. et2@2@hnx2d0n 6e) . aWe, TP028H that
PSB®5 KOs, with both binocular and monocul ar
field bias unlike WTs, who fail to maintain
Mi ce utilise their | arge brienyo cpuHresru iedi s@ula.l, 2 (

Johnson e) BYy. maROBRaining thetemegr almaygies u al
where there is mini mal opt tOdN frledw,n ad n d atntgd i
are higher than ot et mgeeinna)lt. alilheg 6 0a2dllsl  p

censueround receptive fiel dsHuadbred mamnertv atle , S

Krieger ¢€t. afllh.ii,s x@l7ci ali sed area of visual s
region of hi gher spati al resolution in V1,
substantiwdn yBeanatl l)e.t( latl .i,s 2&€I12slo known t hat |
to the direction of Vi sual motion with the
bi nocular zones separating nasally and tempo

respecMabvembhyet({ etx. aMi.ce 2lDdBe been known to

antli xate strategy driven in part bMeyerordati na
al ., ;MiOc2hoai el gt alith 2m20 vi dual SC neurons
movements via their i nnervations to specifi

respectively, Ddhltere ent) nalPnaitm® 30t her hand,
encode gaze shRdnkaemfety mmbhdoa2@23i gni ficantl
head moveMegrtrset)allt 26m&Ii ns t o -5 KE@em cwhe
exhibidt the observed pattern of gaze shifts
epochs towards prey and how it i mpacts SC an

To summériissestudy confirmed t hastiltemd mythampas
medi ated 9ty iBSO i kely involved in binocul ar
optimising prey capture behaviour and orient
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suggest compromised binocular integration of
that monocul ar vision can partly i mprove Vi s

is compromi sed due9t.o the | oss of PSD

Acknowl edgement s

Supported by DFG through t he CRC 889 nCel
Processingo to SL (B5) and OMS (B3). We thai
for sharing the template analysis script an:t
up the tHod K mahan and Tobias M¢ighmer from the G
and mechanical wor kshops for buil ding the

conducting a subset of prey capture experi me
Kani shka Waghmacei fgprtheon®¥WT experiments,

Stumpner for providing the chamber for housi

excell ent ani mal car e.
Aut hor Contributions

Study design by S. B. and S. L. Prey captur e
supervision by S.B. Formal analyses by S.B.

and S. L. Funding acquisition by O. M. S. and

Reviewdngdabhing of manuscript by S.B., L.J.F
Competing interests
The authors declare no competing interests.

Correspondence

sl oewel @gwdg . de

PAD


mailto:sloewel@gwdg.de

26. Suppl e meTnatbd reysF iagnudr e s
Tab®lePrey cagdturddy g ht-Ltimiealrs)mi xmddeoelut pa
Parameter Variabl e Estim SE T val 6? p(e2)
Capture ti me
mouse I D (ranf95.36710.579.023
Genotflyoke 69.08|12.21-5.656|19.94<0.000¢0
visual ¢ondit-29.36]9.211/-3.188|0.9740.324
trial s(eteqQueng-5.127|1.289 -3.978|15.82<0.000
genotype*vimsydd. 79612.823.494 |12.200.0004
(g*v)
Capture ti me
i mmobility su
mouse | D (ranf78.9647.78310. 145
genotype 56.67]9.082 6.24 23.28 <0.000Q
visual condit-23.4846.599 -3.559|0.9240.336
trial sequeng-3.977|0.927-4.291|18.40 <0.000
genotype*visy37.0849.1854.038|16.30<0.000
Time to 1st a
mouse | D (ranf7.599 |2.1313.566
genotype 6.857(2.407 -2.849|1.951{0.162
visual condit-5.688|2.165 -2.628|1.2830.257
trial sequengO0.177 |0.295 0.6 0.36 [0.549
genotype*visy8.159 [3.119/2.616 |{6.8420.009
Time to 1st a
(baseline i mnm
subtracted)
mouse I D (ranfb5.909 |1.5593.791
genotype 5.217|1.758 -2.968|1.5670.211
visual condit-4.444|1.59 |-2.794|1.1620.281
trial sequengO0.183 |0.2160.847 |0.7180.397
genotype*visy6.677 [2.2922.914 |8.489 0.004
approach freq
(approaches/ s
mouse | D (ranf0.142 |0.0236.004
genotype 0.12 0.027 4.498 |20.08<0.000
visual condit-0.002|0.024-0.099(3.9510.047
trial sequendg0.003 |0.0030.911 |0.83 |0.362
genotype*visy-0.067[0.035 -1.93 3.7270.054
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p(contact | a

mo e | D r 0.494 |[0.069 7.161

ge type 0.281 (0.0793.565 |15.71<0.000¢0

Vi al condi 0.002 |[0.0680.025 |0.8340.361

tr | seque 0.02 0.0092.175|4.7310.03

ge type*vi 0.097[0.098 -0.989|0.9790.322
p(capture c

mo e | D r 0.081 (0.0711.14

ge type 0.37 0.89 [4.162 |11.630.0006

Vi al condi 0.033 [0.0480.696 |{2.6590.1083

tr | seque 0.019 |0.007 2.813 |7.9130.005

ge type*vi -0.172(0.067-2.583|6.67 [0.0098
Mean contact

mo e | D r 1.603 |0.389 4. 12

ge type -1.008|0. 46 -2.194)12.9330.087

Vi al condi 0.774](0.318 -2.436|4.1690.041

tr |l seque 0.111 |0.045/2.486 |6. 179 0.013

ge type*vi 0.624 [(0.4421.411 |1.99 (0.158
Tot al contact

mo e | D r 15.2681.658 9.209

ge type -11.464%2.072-5.532(16.23<0.000¢0

Vi al condi 6.385(1.083 -5.894(13.21/0.0003

tr | seque -0.412(0.155 -2.659|7.0730.008

ge type*vi 7.065 |1.507 4.69 21.98 <0.000
Baseline i mmo

mo e | D r 13.2592.0446. 486

ge type -7.888(2.381-3.313|10.46/0.001

Vi al condi 0.478|1.743 0.274]0.535/{0.465

tr | seque -0.892(0.245 -3.644113.27 0.0003

ge type*vi 2.666 [2.4271.099 |1.2070.272
Arrests durin

mo e | D r 1.745 |0.689 2.532

ge type 0.31 0.7990.388 |0.256/0.613

Vi al condi 0.509 |[0.6530.779 |{0.0020.962

tr | seque 0.151 [|0.0911.655 |2.7390.098

ge type*vi -1.108(0.941-1.177|1.3840.239
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Baseline dist
mo e I D r 467.6438.46/12. 159
ge type -305.2146.67 6.541|25.37 <0.00¢0
Vi al condi -114.6131. 74-3.61 0.887 0. 346
tr I seque -19.6114.544-4.317|18.63<0.00¢0
ge type*vi 194.4145.834.242 [17.99<0.00¢(
Approach di st
mo e I D r 159.3814.80010. 767
ge type -71.84{16.59 -4.331|18.08<0.00¢0
Vi al condi -3.634|15.34-0.237|2.4440.118
tr |l seque -4.387|2.067 -2.123|4.505/0.0314
ge type*vi 43.62422.11/1.973 [3.8920.049
Baseline spee
mo e I D r 5.745 |1.709 3.361
ge type 4.765|2.1632.203 |3.7430.053
Vi al condi 1.054|1.1720.899 |0.055/0.8114
tr |l seque 0.259 |0.127 (1.519 (2.3070.129
ge type*vi 1. 792)11.695 -1.057(1.118 0. 29
Approach spee
mo e | D r 14.2681.5319.318
ge type 5.295 [1.91 [2.773|14.050.0002
Vi al condi -0.485(1.131-0.429|0.1750.675
tr | seque 0.185|0.1641.129 |(1.2740.259
ge type*vi 1.734|1.6341.061 |1.126/0.289
Abs. prey azi
ge type -0.189(3.581-0.053|5.941{0.015
Vi al condi 3.379(2.5621.319|8.6260.003
tr I seque -0.346|0.394-0.877|0.769 0. 38
ge type*vi 9.139 |4.5532.007 [(4.028 0.045
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Table S2: Test dhyeseédamkxéediaftgcts

Parameter Variabl e Esti mat SE T val|le p(e>2)

Capture ti me
mouse | D 113.472324.51/4.63
factor)
genotype 21.584(29.41-0.7342.40/0.12]
visual co|[33.36 22.88/1.4581.640. 2
trial seq|-7.954 2.928/-2.7117.380.00]
genotype*|-25.452|32.16/-0.79]0.62/0.42
condition

Time to 1st a
mouse | D 4.333 2.906|/1. 491
factor)
genotype 0.395 3.5140.1120.310.57]
visual co|3.836 2.748/1.3961.30/0. 254
trial seq|-0.387 0.357,-1.0841.17/0. 27§
genotype*]-3.281 3.922,-0.83]0.7 0. 407
condition

approach fregq

(approaches/ s
mouse | D 0.084 0.056|1. 492
factor)
genotype -0.042 0.071-0.58¢(0.23/0. 62 ¢
visual co|-0.048 0.046|{-1.04]10.19/0. 654
trial seq|[0.019 0.006{3.17510.0/0. 001
genotype*|0. 124 0.065/1.8963.59 0.05
condition

p(contact | a
mouse | D 0.329 0.113]2.913
factor)
genotype -0.078 0.142-0.5410.49/0. 481
visual co|0.035 0.092/0.3790. 2 0. 6514
trial seq|[0.031 0.012{2.6 6. 76/0. 00
genotype*|-0.012 0.131/-0.0910.00/0. 92 ¢
condition

p(capture | ¢
mouse | D 0.116 0.114|1. 021
factor)
genotype 0.123 0.143/0.8620.710.39
visual co|0.084 0.092{0.911211.07/,0. 294
trial seq|0.017 0.012|/1.42¢§2.03/0. 151
genotype*|-0. 034 0.129/-0.26(¢0.07/0. 79
condition
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Mean contact
mouse 1.832 0.7172. 554
factor
genoty -1.716 0.835/-2.0510.05/0. 811
visual -1. 339 0.729/-1.83]10.040.841
trial 0.155 0.092/1.6822.830.009]1
genoty 12. 796 1.025|/2.7287.44 0. 00 ¢
condi t

Tot al contact
mouse 13.84 3.039/4.55H5
factor
genoty -7.338 3.518 -2.08(6.05/0. 011
visual 0.702 3.14 0.2240. 7 0.40
trial -0.188 0.394/-0.47]10.22/0. 631
genoty 12.15 4. 413/ 0.4870.23/0.62¢
condit

Baseline i mmo
mouse 4.136 1.179/3.50¢9
factor
genoty -2.988 1.211|-2.44(1.03/0. 30
visual 0. 703 1.063 0.66]2.780.0094]
trial 0.0409 0.14 0.3520.12/0. 724
genoty 3.849 1.509/2.5516.50/0.011
condit

Arrests durin
mouse 2.366 0.801/{2.953
factor
genoty -0. 498 0.949/-0.5240.00/0. 96 ¢
visual -0.86 0.806/-1.06]0.63/0. 424
trial 0.185 0.104/{1.7833.17/0.074
genoty 0.818 1.15 0.7110.50/0. 471
condi t

Baseline dist
mouse 906.84§9116. 1{7.81
factor
genoty -389.24|1122.3/-3.18]17.6/<0.0
vi sual -34.617|100.5/-0.344{0.19/0. 654
trial -48.273|13.88/-3.47]112.0/{0.00
genoty 16. 265 145.40.0430.00/0.96
condit

Approach di st
mouse 503.4365.00[{7. 744
factor
genoty -175.31(66.32|-2.64116.5 <0.0
visual 6.632 57.56/0.1150.06/0.80
trial 27.371(7.98 -3.43|11.7/0.00
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genotype*|-34.569(83.19-0.41(0.17/0.67¢

(¢}
o
=}
[o8
—
o
=}

Baseline spee

mouse | D 7.792 2.078/3.749

—_
o]
(9]
—
o
]

~

genotype 4.236 2.287/1.8521.87/0. 171
visual co|l-0. 355 1.728-0.2042.33/0.12]
trial seq|0.106 0.237/0.4450.19/0.65
genotype*|-3.145 2.5 -1.25(1.58/ 0. 20
condi tion

Approach spee
mouse | D 13.524|1.663/8.131
factor)
genotype 1.786 2.181/0.8190.63/0. 4214
visual co|1.317 1.139/1.1562.03/0. 154
trial seq|0.058 0.148 0.39230. 15/ 0. 629 ¢
genotype*|-0.361 1.613/-0.2240.05/0. 821
condi tion

Abs. prey azi

mouse | D 503.4365.00|7. 744

genotype -175.31(66.32|-2.64116. 5/ <0.0

visual co|6.632 57.56/0.1150.06/{0. 801
trial seq|-27.371|7.98 3.43|11.7{0.00
genotype*|-34.569(83.19/-0.41(0.17/0.67
condition
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Figure S1. I nexperienced WTs are bemitee hunt
(APrey approach f f9éq uelmsc yanadf KROSD on the fir:
e X posutrheeriem a. WT : 0. 06NO. 009, n=21; KO: 0.0
effect sc?mb.ded7, @EBNN.nMeO0OZ2.aken to initiate the
prey (i mmobility duration subtracted). WT: 1
n=13 Linear mixed effectsc?gmdAdelTlaftee€) owdo]
Probability to contact prey during an ongoin
KO: 0. 08NO. 04, n=13. Linegn I mbIxed EHHe@ds1
Percentage of time mice stay i mmobile in
65. 06 N3. 43, n=15. Li ne®R=7 8miOx583d,0 @&De sttanmed e
covered by mice when not actively approachin
763. 7N93. 7 c¢m, n=13. Liaglgedar 1 816 x e @ EDRi fsPt8abBntcse mc
traversed during prey approach phases. WT: 3
cm, n=13. Li near mig=x8.d2 5e4f,f e(c&Pmn eddakd. ®If , mi ce w
not stationary and not approaching prey. WT:

Linear mi xed &F#Hhedld, mMOHPP OS8H . of mi ce when
aprpoaching prey. WT: 12.29N0.37, n=21; KO: 7
moded=16. 596, ((KPe@@O0ODFf mice 1s before and a
Dashed |l ine indicate(slJAbkel i ememeadn cpmewnchzi
function-cafi cheasai stance til [ KRBomlngaracpr aluab inl
hi stograms (10U bins) of azimuth at the end
ndist @dtee bi nocul ar Bvairssu ailn dfiicealtde (me0aln)NSEM of |

[

7/5 WT/ KO micepoilBaachr edlapaands to % of I mmo b i
respecti peli nGab&dwarrespond to the median mou
*p < 0.05, **p < 0.01, ****p < 0.0001.
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n=31; WT monocular: 3.63N0.66 s, n=31; KO
monocul ar : 2.42N0. 49 s, n=34. Li neamarr gminxaé d
means for multighkeé. 66mpaghkr@ o862, ch=8. 289,
p=0. O0OB3WTuWTt E1034¥ 7, pr=-R24t ( KO®2) =2. 789, p=0.
K@ t(43.6)=2.9-KO:pt@3@813%;) =WT 913, p=0.368.
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Figure S3. Predatory behaviour( Af m&VTs AaK@s |
capture prey. WT binocular: 37.72N5.57 s, n-=
KO binocular: 68.25N12.25 s, n=17; KO monocu
effectsceigmadél,; Q. b52; ch=0.53, BRa“héd. of
approaches towards prey. WT binocular: 0.18N
n=22; KO binocul ar: 0.18N0. 03, n=17; KO mono
effect se?mdd24, ¢=0. 69; @=0D3.66, pEO)aldtsed8n.cy t o
initiate the first approach sequence in a t
monocular: 3.06N0.77 s, n=22; KO binocular:
5. 79N3.59 s, n=18. Li néa0. Inl xegh=m®fB&cpsOmdH
G%g%0. 7, oBbPrdbability of a contact gi ven a
bi nocul ar : 0.45N0.07, n=15; WT monocul ar :
0.53N0.07, n=17; KO monocular: 0.58N0.06,
6=0.49, ¢G=0.28,6%:0. 01, EENr.odAbility to cap
WT Dbinocul ar: 0. 34NO. 07, n=16, WT monocul art
0.21N0.03, n=17; KO monocular: 0.32N0.009,
6%=0.7, H=D.@8, ¢p-=0.07, (@EFAOtad. time spent in
prey in a trial. WT binocul ar: 5.58N1 s, n=:
bi nocul ar : 13.03N2.21 s, n=17; KO monocul ar :
mo ded?=0. 05, @%=00.. 8024;, .56 7844, pGBas®6ElLliIi ne

i mmobility of mice. WT binocular: 1.31N0.38
n=22; KO binocul ar: 4.36NO0. 77 %, n=17; KO mo
mi xed effedts. inddeap=20..739, p%E&60B8;, p=360.01.
WTm: t (68) =2. 9 h;K@=0t. (06lD.;7 )KL . 6KQ p02H271) WZ.
p=0.053:K®®WT t(19)=0. 7/(5Hpipt@ne&7.travelled by
baseline. WT binocul ar: 195.6N42.74 c¢cm, n=1
n=22: KO binocular: 614.7N104.1 cm, n=17; K
Linear mixed e&F&fldctty, mpekd@D 0098, ocfy=00.. 00,2,
p=0.9%-WMWT t (65.9)=0.2-KG:pxqQ.6692;5)K0. Bi4, p=0
K t(20p8D=C@1ltKOGWTt (17.6) =3(.IB)8st prde Otlnavell
mouse during approach phases. WT binocul ar:
165. 1N21.53 c¢cm, n=22; KO binocular: 341. 4N
325.7N48.85 cm, n=18. Lichelad. 50 X em&00f.0fMABG 1 ;S
p=06%80.17, p»OW®t8 .t Wd6) =0. 46-KOp=0a.(BBH;. 6K6G0. :
p=0. 9L K&IT t(21.5)=2.566cKGp=0.(AP6:;3)WB(423B, p =
Baseline speed of mi c e . WT binocul ar: 13.0
8.94N1.41 cm/s, n=22; KO binocular: 8.5N0.87
cm/ s, n=18. Linear mig=xle.d8 7e f f@w®.s1373modp EO . 1 3
Gg*x1. 58, @KNowsle speed 1s before and after ¢
l ine indicates t(hLh@reéeymazomutclonadaactcrhiunlcet on
di stance til/l t he end( MFolaars uhci cset sosgfrualm aopfp raoz:
end of successfubDa sapepdr oraecdh elsi ne i ndicates t|
(N2®@y.s indicate meanNSEM of pooled trials f
bi nocular and monocul aEacl ndlaitdonisnr estp@adt i v
% of i mmobilitypobnnélaohnespahd Dat ahe medi an
in a trial. *p < 0.05
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3. 1Abstract

Bi nocularity, a centr al feature required fo
refined during a temporally i nesetarilcyt e @ osctrn
devel opmemdr acterised by heightened cortical
Postsynaptic d%®h)s,itay KWey (PrSdt ei n present in
has been previously shown to play a cr-uci al

| i kel aocudomi nance plasticity UGamoBPydnmoxay t he
met Rlylsoxazol epropionic acid ( AMPA) sil ent
present begemriengyaend only mature during CP. L
t hiempadt PN t he devel opment of receptive fi
neur ons i n the bi nocul ar Vi suals tooradpetxi mah Vv
binocul arity. UphbitGail g ume pi ematge\ihlg 20l e saadva k e
restrRs®é&d wil dtype (-WIY) @KQ) wmiop& obed and t
visually responmiuvy epmaensde nste |ieaculaavyed d )T 3
proportisamldfy wesponsi ver IKiOweme €led o umalurt on b e
thamVvTmi ce but wehen &fidmottrearent at i oKO skeil rcdulvarn
neur ons exhibited greater bi nocul alF owreirs mat
similarityt wet &wesdntgh ggateraiteeas c dmotmi alaantder a l
increased | inearityBbhhbK@obuharcul enteeugrmaht mo n
popul aetxihdarbs t e di gmrteattieant dereerl ejga p W atyHowe ver ,
ot her tunilngef edatsurrasouti ons of orientation &
and cardinal iomimobhatulbar bnasrons were si mi/l
Tracking of i naoiveirdue vneeanleaid onbe t meggnht adhe of
preferredo&KrO eretuatoih@stsbBabet he WTn ntehuér eognimo r t
with contralateral aGudr briensowlutl sa rd esmhad nmeutl raa ti eo r
of PEHD time opti mal briengouchval tsaiv@th sé ' atkier eor i ent

mat chinndyYlinfluencinganhdemdeutehbpmaotul ar net
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3.2l ntroduction

Bi nocul aabivliastwadcsr uci al evolutionarfhygi tbhate
the esti3dnbtdemt ofcues from slightly disparat
retinae of two eMesyanammntdaaaeWhRagd(oael718s3
Al t hduqlmcul @arasvibegieoan known to be extensively
mammal i an Gupmmuiirrgs and DeAPRPgrkers), 20M7Ai s now
established faftdveddtaeg epyeni emonincluding mice
visual cues in ethologically Belbeeart )aéhavi
and predahnsan (et;Mathai €l024dtRealent 202@sti ga
reveal ed t hembdbu®de mrocrud @ionr ¢hiegla ekl soaned to dete
a wide range of binocular di sgarbpmaest,tal enc
2028amonds et;Saho] 1l 2@39 allfTheg 20LBi cal circui.t
the devel opment of bi nocul arity i s initial
experience during the temporally restricted
cortex, first WWesrVvedanidnaglibheBb nBEO6 3CP i1 s a
of heightened plasticity which rdsepehdeatt e
refinement and maturation of neur al circuit
shape the over al | Enseptiwoorska aarncdh,itbd & éytkueere d (20H &€n
20320 Al though mice V1 |l ack a distinct col umn
d o mi n abrc@eg e(r ; hQiGordeest ei n )etwhalc.h, i202a3 typic
observed in other mamneelviaayn estp @ a.ieis 1¢A7k8al c at
Oh ket al J)an@20Mméac aHubeed (et )al neul®A8 i n mMousE
respond stoéeatwiveéyrange of ori ent(Mditelolnsaradd
Stryker20120th8 a et ).8I npc@DAv7 neurons in V1 a
eyesod 1 npwittsh, aalbbieast t owards the contralater
right aft erEsepyien cospae nainndg; Kd y y&red , N)i2@I1F29g r 2d@dt5i m
formation and devel opment of mouse V1 binoc
byatt ecrometalmad p si lva tseurtaal Imu b aree puniFagd et et al . ,

Smith and Trachtwmibemgin2007n, facilitates

initially monocul ar neurons Tantetthz2Q2d1 26020
Jenks and Shephdrps,il 2020 ally evoked binocul

further optimised with visual experience du

TO®



tuning properties l eadi ng to overl apping C
matching of ori erstaatniaork mpiiaméeee¢n dIng( 2202221 . ,

20120323 Additionally, while the preferred o
neur al responses to passive drifting grating
over Xaare dt ;Mar ks 28i1@ GRasd, eR20&0MN.r,ec2e0nlt6 st u.
i ndicate thaadumdusensv/1lirexhibit modest dri f
orientation (PO) over aBtaume fetpapméTheé 20RBsTr v
Arepresentational drifto in the context of
experidepeandent Hebbi an pl asdtnideipteyn d @ mtd XIPD &
vol atBialuiery et ;Moln.g,i 12002 33Ru lael .and2 0AdyL.eary, 2022
One of the hallmarks of CPs is the continuol
synapses onto dendritic spines with only fa\
an expeddmpenckent Hbhsmaan ¢TratchterlDd®dBg .et al
AroundobO0O%hese nascent gl ut almari Bfbgida-Hxynaps
met Rlylsoxazol epr opi erneicce patcoirds (aMmMP AomeltyfDyelx pr e s
aspartate (NMbA)oremc&pPaoes heRasciel EAdMPaAl a s hi et
al ., 6lB0sla3c et ; Yaols.h,i mu9 @50 Bi ab. et )al .Br e2v0i 0odu s
observations saw a substantial -sprlemdr tsiyonna pcs!
present in V1 during early CP and progressi
experidepeadent i ncorporatiosaymdprsdR&Rs hiin et
al ., Hanl1 3t aHuan@O0€lt7;RUmMpel20dts) .alAl,t ROWgh t h
in V1 is critical to the optimisation of bin
duration of these temporally restricted cr
t heevel opment of binocularity and silent syn
systematically. We previously showed-96hat poc
cedadlt onomously plays a crucial role in the t
pl aisty c(HOD&PnNg (et )al Remd® a%H5 offunPcStD onal |-y | ed
|l i ke ODP phenotype that per siHutaendy eevte)nalduyr i2
including altered spine dynamics i n Layer

structurally characterised by Il ncreased sp
formation after moYhuosciufl cavr edjeNpa i evoavt 2@ & 1a(re r

el ectrophydiudlogidcal substantially reduced p

preferegeumagns i n the vi9sbuakKO choargteeoxl( i sfi )RS D al
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Il ntrigubP891 knockout ( KO) mi ce exhibited pool
capabilities whi-tlyspge p(oWB)eslsewngl dvadrfdr vi £t alal
20)Fewerienpaefenringcd9uphedr webbhviour al de
orientation idn sBESDMK O aimhdiecated the reduced
orienpaefenri nghacveel ldsi smiugrhbted tuihegeforeis wi
wanted to probe the f umnlié¢ni corneaal s ecdo npseerqcueenntcaegse
synapesresvisually responsive nandons bhattalhie ng
absepntePHBD To this end, weplklotnamucdaldc iriemp eiama
bvVvl neurons I nf i xwakeadluéead mi ce t o assess

responsiveness, receptive fieldyst.uning prope

Neur oms beVilt,her responsi beée n o caunlgear meocntei cveeu att o

stimul atsit@an | dgadi ngursaieéarnegs propadi fifemahity bet w
genot. Mpesd | ater aldegurroensspomesrieveproporttiloamal |y
binocularly responsive popul atta otnh ewaWT hp gl
Ori ent ati omo nsterleelcati eviem| KmewierYokn prapbyt ihomher
compatedthebuWTshad ®©qui wddrefi atihposni | aatnedr al | y
bi nocwledrelcyt i veSenleeucriomee ubar KO neurons disp

degree of mismatch in orientation preferenc:¢
di splayed a |l esser extent of sublinear bino
WT-l ev el selectivity paofdi lcomntral abéhali pgi $a
Whil e we observed PO drift i n both the WTs

di spl ayed a gr eatyeri ndetghreeier opfr esftearbeiniciet f or o
unl i ke i n WTs mwahgernriev it chder rbealsaatthd sgdllay t hg i ni ti a
days of . i magisngwas obserhvwaesdsnebloerctne/ter orness p o n
contradmd ebamadurdudrat i onpr iOona hiotdyseu litmspor t anc e

PSBB5 n the maocwirant ani mhkeitrucawlgaronal popul at
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3. 3Materials and Met hods

Ani malhAsl | experiment al procedures perfor med
the |1 ocal government : Ni eders2chsisches Lar
Lebensmittel sicherheit. ¥Fa rgaennsegreantiec Dnigcde +Hi/s+e

experi mentfsemdll egdmi ce with a mixed ADHDAY/ C57
et al ;Hua2n0g0 9%et ;Mdao ,et204l5. pbredbdauasanaminmal f ac
were mated with heterozygote males of the se
the University Medical ®Gleaoeseda b |IGwWieSriengem, Ge
housed in standard cages (26120114 cm) with
pellets and water avdillammean&&D| i biPLddN68 &
i mag)i nPg8® WT ant/l; metd2NSD, ~P203N35 &tSDst art
95 KO adult mice were used for generating th

Surgery and viThe d¢mamical owi ndow i mpl &ntati o
i maging was performed aHolpgmawitousRyaddeskaqad
al . ,;2Yuks6 fov ed). aMice202P60) were fir-st ana
component anaesthetic combination ((fentanyl
medetomidine 0.75 mg/ kg, i.p.) . Foll owi ng a
temperature was maintaimked suwr ger7yUCd u rha toiuagrh
(5mg/ kg, s.c.) and dexamethasone (0.2 mg/ mol

incision and f ascsaeampao rcd retanliimgghtaAlh2si ve (Opti

was applied on the cleane@ansbtloimyaftdr mmhidc k
was performed on the | eft hemisphere centred
removal of the bone, the exposedoalked gvalsatcil
sponge (Gel aspon, Braun) t o keepf atchd i textpea
haemostasi s. Af terwards, pAAV. Syn. GCaMP6s. W
Addgene; Chen et al., 2013), preloaded into

350 Om below the pial surface 315 inidj/emdtni)on w
téd tot al injection volume distributed equal
mi croinjection system (WPIlI) at stereotaxic ¢c
from | ambda, 3 mm | ater al to midline). The

compiloent of injection and the cranial wi ndow

_<
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coverslip on top of the craniotomy and seal
curing dent al cement (nMaede itci tEvymiFUmwn)i.ndA CQs
subsequenesheadning during i maging, was i mpl
aruond the coverslip with dental cement and t
Shut .-c Amp®nent cocktail (nal oxone 1.20 mgqg /
atipamezole 2.50 mg/ kgsursger.y twasf amijleicttatde
from anaeaesntdhepsoisate st hesi a recovery. The oper.

closely obsSedagd befoBe the subsequent habit

Retinotopic Bmapgiung@r V1 of the | eft hemi spt
cortical responses to visual stimuKaltabakwysi
et al ;Gamng0 03t )alas RMOOWI ou¥d gyi fdewsce;tRbaild. €t 2 0 ;
al . ,) 208@i2ce were anaesthetised initially wit
with-115% halothane deliveredo2JdtM@randht he mbgt
emperature was maintai neantatol~I3d§dCheatai mg f
voked cortical responses were imaged by pr
orizontal bar restricted to t0d WwibdezW!| ar
I muth). The visual stimulus was presented
ia a momhtoh refresh rate (Dell, P170Sb) an

ti mulus frequency was extracted wusing Four

N

cquired using a 130x50 mm tandem sense conf

o 9 o < 9 T O

amera (Dalsa 1M30)i malghee avnads cW¥l acti vity we
il lumination wavelengths of green (550N10 n
Frames were acquired at 30 Hz witmia tempgor
activity maps were obsawaesd pweseatedeest hmul
drift direction and finally averaged to get

Chronic Fprhoviowo c2al ci uAwadndgti2ofy'i Magi ng was
performed usi tGaal @ oResamanng mR,crPustctopr) ( MDR

with al onomkdeed femtosecond Ti: Sapphire |l aser (
920 nm for GCaMP6s excitation. The | aser be:
tur nmdaoouwere bl anked by a Pockels cell to rec

power at the sampl e6® anpdiéed nhde thwge eom ttched B xt en
expression. Emictteedd Viiag had mdn@xs swathd rebj ect i ve

Ol ympus) , passed through an emission filtel
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captured by a photomultiplier tube (Hamamat
were controlled, and data was acquired using
acquisition-l1ddawsi,ceNatPXinal Il nstrument s) . | ma

pl ane-28800 dept ht Hedladw sur face) were acquire

(bidirectional scanning) Hz or 15.26 Hz (uni
field of view (~1.1 Om/pixel). Before start
habituat efditXiaonhdad ~1 hr as Sghevairau Ittty adesc
Yusi fov e}t fad¥. we&kzl1l to ensure mini mal stres

Once mice devel opedfitxoalteroann cien ttoheheraedst r ai n
screened for GCaMP6s exprepdiooon i mi dvds cumpd
presenting flashiongd svass el gpatttiergrss WBdr e u:

usi ng-fwedd I maging andphohteonn sswia ncnhiendg ttoo 2d e
region of interest (ROIlI) for subsequent chro
activity. Mi ce with weake exypclesdednf odm GiCwa Mt

Theyzx coordinates of the ROI weacalniogedt Heri n

ROl over daybkewet hpmecirenhon. The visual stim
from previously paml ieshe@dQfit2@dOtl dr €1 @shing
sinusoi dal gratings were gener abtaesde du spiancgk aRyse!
and presebhottevd aMT d&dni de)Hz with full contrast

Hz refresh rate), positioned ~21 cm away fro
to the mouseds midline. The stimul-ua0@yrol1®Wo
spacings), 8 or 19 GE@.aid02ad5s 49 e g wuieldclicx4393

cycl es/ dedgerpeecmd i g i mul us pr &tedrnthetri ohHzr adre

respeqgtievweelnyly distributed on a | og s-cale a
randoml vy, wi th each uenntqautei ocno,mbsi pnaattii aoln forfe qgour
repeated 6 whreinhadge masqui si twiasn efirtdhma rdadtze o
respectiPreloy to chronic i magitrmga m®i ctes avied & |

static whialte-megsa d ai Be dd aQmwer 2t he course of [

stimuli were presented to band eywisl anadr alo e«
separ apel yablhyg c ka dhhboens i vien tfapoent of ei t her eye
separate I maging sessions. The t ot-aalndi magi
i psil ater al stimulati on) took ~1 hr. | mage
were stomatdelsye pfaor | ater alignment of sti mul
each mouse, only one ROI was i maged.
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Data processingThedi mangkystacks for each rec
pr-mrocessed for source detection and regi strt
based on the coaegdtriaveedathroinx factorisation
Cal mAn, ab apsyetdh*odma gi ng preprocessing tool box,
and -nbgid motion correction, neur onal Sour Cce
Pnevmati kaki;GSietvaalnu,cc2 02¥8) 9alCal n2AOnl 7par amet e
calcium indicator dseiczaey atnidmei, mangeiunrgo nf rhaanhef r a
accordingly, and the rest were kept at- def au
tamoi se ratio<3 were reject epdr ofcrecsms i fngr tpheprel s
match neurons across tide mewsi ompl ementbadi &
t hat incorporates the centroid distance an
detected neuron over imaging sessoohshmsiag
described BhevnbushyePatad .et Q&lI1.7Be f200r2e0 mat c |
u

neurons from one session to the other, the o
bet ween 2 consecutive sessions. Sessions hav
to the inferred common reference framegwere
steps. Sessions that passed the criterion w
and iteratively processed in chronological ¢
mod el assumes that a neuron detectapduliana p
detected in the refeemnobabebstygpnohabedangi gt
(nearest nei ghbour) than other neurons in

footprint correlation and distance were cal
neusomn the reference session situated withi
building the model, matched neurons have bot
the | east shift in distance between sessions:
mouse dat a, Cal mAn was run again using the
components as an additional i nput to further

detect ed.

The Cal mAn inferred calcium trace and spi kit
based on the stimulus onset times for each o
deviati on bel cawvsc ¢ mmei deeraend va s noi se and di s
previously publismeeedz!| et,deadt gt 2PL 8t h20DPt i m

response window of a neuron to a giv4@G7sti mu

YP



ms and712700ms after stimulus onset when the s
500 ms respectively. Neurons were defined as

in response to any stimulus exceeded 6% of

crinhegiven by AwWereerghtat et (al ., 2016
[
VK

Wherneantt are mean firAi agdraateesSDamd the respo

orientation and baseline respectively. For

(orientation x spatial frequency) was plotte
chosen based on |l ocation ofe tdfe dnafxfienruenn tr esip
repeats f o-0r ieeancthat B n combination) i n t he

orientations-17@&tmged fmoa@Gafudsesd asni faglnecti on was
neur onal response at the preferred spati al

defined bel ow:

2] CKT)lCAA

Wherg i s the mean response tdf ghatiingggs hwi tamg
of the preferr glleiomg etnh@atwiodt mnaf the gaussi

orientation (PO) was defined as the angle at
t h

e preferred orientation determined from
maxi mum stimul us oril@@tJat ivoanl ué s grgereead e r t h
n

co
Gaussian cuCivecuwilsamVdaruirerkce t uwulet, &@0.1a8s2020

foll ows:
, ... B2 A
p #EOAG i

Wher2f,corresponds to the inferred #iThisgisat

verted to 0U. Additionally, orientation

equi val ent to gl obal orientation selectivit
indicate better tuning. The orientation sele
t heu&aian function given by tha eddtiacndasStpry
200Wang et @il ., 2010

Y 2



/3)2 >
Wher @gredRNndorRare neuronal responses to the pi
orientation, respectively. Neurons whO0.ch pas

were considered responsive and neurons which
had Gaugs(O.atn aRnd OSI >0. 33 were considered re
particul ar orientation. A neuron was <consid
responsiveness and ori entaantd omo nsterlaelcattievriatly st

The ocul ar i ddmixndg ©®Oé) was cal cul ated for the

equat+popnwhere C and | refer to the estimated
or i psil ateral visual stimulation of a neur
orientation. Similarly, i psilateral and cont
onliy -amgli contral ater al stimulation conditi ol
summation/ integration, we | ooked at the rela
stimulation to the sum of the coll ectasve res
described gheawoi cceus|llgl..(,BinGIlcul ar neurons wh

responded to both monocul ar and binocul ar s

bi nocular integration ratio—was—cawhaeida@tRd u

Rcontaem dipr e the estimated firing rates at th
orientation for each of the stimulation cond
selective to binocular stimulation, the mos
considenedr dms which exhibited selective 71 e
proportion of neurons with cardinal orienta
defined pool of ndanoes$ pabgpte@agftrpmotting
POs (binlTOthjtlsinOwidth: 15U), defining ON15

orientation range and finally calcul ating tfF
withbeN ng the total count of neurons falling
Ntbeing the total number of neurons. For the
of all the occurrences over days for each u

PO diffedenwas (cgondn.bi nocul ar neurons was
absoldutftd erence-aofd tchheatir abadoatr-BOpsPO an|[dPQuver e
bounded between 0 to 90dDO>9%0 B udmprlaltatsi npg elv8 Ool
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descriThad et 3l.. ,To20k22npare the simirbdadity

contral ater al responses of binocular neur ons
were correlated with each other. Receptive f
orientati oneroads sneesusreodn st ow al | stimul-lasndcondi
contral ater al responses of binocular mReur ons
and contr adoaft enreaur opnoso.I Neur ons which were re
the binocul ar stimulation condition were ir
anal ysi s under t he bi nocul ar sti mul-atri on c
contral at er al srseesspscerdsaessth.okVen ga dr i ft by pooli

which occuir3ddad ewmthth sil @dnady 4 nt ervals respect.i
initial day a@)f. ofchceurRPearceon Dcorrel ation coe
orientati omarbde ttwree ncDo s en ndxa ywaisn taesrsveaslsse d( Of o
neuron and bootstrapped with replacement to
coefficients. The probability density distr
gener ated fter n metdsHmmtght er vampawed ebéhweenoc
within each genot ypnrec esb hiansisfets so ft hteh e i f rf eefreer r
The magnitude of drift was cBhuoetaeedabg, p26
taking the absolute value of the differenc
reference day to thennich®@$¢naday bonn@é@®da wi ¢ |hP

StatisticalMawhmt pegs U t esftosrt avieir €t iucsald compar
the violin plots and drift magni tude di ff e
frequency histograms and cumul ative distribu
usi ng-stamp |l 2 KoiSmo gmmooPv 6 gpestti ons were tested
significam@bsgsamgdheedbootstrapped distribut
coefficients were compared using a permutat:i
sdtistics wer e comput ed i n MATLAB ( Mat hwo |

predetermined for these experi ments.
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3. 4Resul t s

PSBEB XO mihaedei f f éd riamdoifoonmsocul ar andebBipooculvar
and selbelt inveeur ons

To investigate the receptive9bi ®VTdandniK®g mc k
we meaguwmedronal activity of neur onsnwuierral |y
the Synapsiinn plrooymrt e2/ 3 of bV1l, | ocal i sed u
(Kal atsky and) Stofykadul 20WBi gndlK®eBiiwea.e (abl
i mage from the same | ocation of 43®8didvaiycsuya l
meanNSEM, ~14N10 days fromFaglhoBadlepehd7hg WH
extent of GCaMP expresssessi guoaimatGLlraidiPg sas d
bl eaching. Sessions which had |l ow cctrrel at
recording session of each mouse) were discar
were able to successfully iIimagemonmosubaityand
bi nomwluarons from bbBitdh-EgeG&GR2yypPi®FT h(gSr3opor ti on
of neur ons r es poonat mgehteos epirtenseernt ed wi t h st a
gratings were found to be substRing)Bd@Bed di ff
on the <criteria wused fForscvoirséurad. 9l potasp v e
popul ati wa f ewoerd€eO neuf®2%p be binocularly r
compared tos thmgdpfprWwportion of i(p2s2i/lla7t% r a |
WT/ K@) d unresponsive proparbtuinconts c(o3n/tlr%a | WT k
responsive (21nQ00Poa&\VEd Q) fhiicgahnetrl WTs compar ed
the KO$er sovritsiunag ltyheresmpoms i fe@mrt ac it o@i gyl e

1F, boRitgomuS2 agcombi naheogoodfnietssf wf t he Gal
funct{GoR>@n€@) OSI0O.,®&8) founodr i temé at i obni nwelud atri
neur pod&lx hi bi tiingnoseleadtaittvoe broetalp dinpsseist r al at €
vi sual s)ttiaimaud radcacsoes i d écroantplayr e het vwi sually res
popblut r emaibret wibmihmlhargenotypes (5/6 % WT/ KO) .
unsel ective nadroansboitrhc rWlasslebh s tht HKsc,h hi gher
proportion in WTs compared to KOs (44/ 23% WT
a higher proportion of contral at erasli nmée¢wamron:
proportion of ipsilateral neurons (17/18% WT

Y @
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Figure 1. Distribution of wvisually r-88ponsi
WT and KO m®vee.viEA) of the experimental ti mel
and cranial window i mplantation were carried
t o hfeiaxdati on and bVl was | e8c awd eskesd up-d@.® rwe e k
respectively by oaoguicr inmag tulsd nmgetiint ri nsi c s
(example image in inset). Calcium activity
heafd xed mice igrhe §d mtsehd nw st at (i BE xsaimpu seo indaaxl
intenstiagk zprojection of ~560x56Q0CHXna niprhagi n ¢
dF/ F traces of contralateral and ipsilateral
mes are shown below each dF/F trace. The r
uron i s displayed beside t(hD§Smoo¢tcbhenespondi
trices (orientation x spatial frequency)
rmer col oamisghedme®w«eée firing rate. The pr e
where the spiking acti ity i(sotiwendfhinghes:
indicated EBprugsegnb solid Iines) on
eferred spatial f ncy. Dotted | i ne
ations. Upper and | r dotanméld! Il i wedtd
fitted curve. Althougii8Olle ¢thiempleak a
curve can have values hi(dBee thant d°
ing the gl obal peWtkKOt’>a4gEpdf 90-B@PONSI
unresponssi=ve:. 1pnek.9060 BdDi nocul ar:, n=16 4
Op72 . 6 2O @ contral at era&90:. 5 76 3#14/i3@Vi | at er
/633321 . p2, 9688 and sel ec WTK®©:c* b 286930 m;
49 WT/ KQnselective:, 6?A2=0102.016/80D16bi nocul ar
66909 1,9 . 7;13contral at e,re&1 6 4,.p5,05i3p 9i6l7at er
JGZFEN 65050 . 2)13neurons which are either mono
i ve to ipsilateral/contralateral visua
i ve-atnod bcootnht riaplsait er alLigyhsuahdstdiamil gt i e
i ng the corresp,oinnddincgat =i grne sfp ocnasnicvee sat
al popul at* *o*nps<s 0 .r0pGlP,e O*i0*L e | vy .

~ o s
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PSBS5 deficient bvl1l bi nocul ar neur ons exhi bi

mi s mat ch

For the analysis of t9ubn i WG/ KO opeut oes, owe P
our sel ves otroi eonnslayt etonhei ve popul ati on of neuro
the unique selectiwegikbnmcaediclcarn veedreamsbo( h

i psil ater al vi sual stimulati on) i maged over
ani nailg. B, 2A&A1)Bhe occurrence with the mini mum
bet ween-anmadntirpas i | at ema&lo nsstiidneurleadt ifoomr w hose bi
that appeared more than on€empaeedthe Wdunese
KO binocul swer ae mpoes(cexeari & catbg/reihsiegcher est i mat ¢

ratest h contral at egtail mualade xbhinnba ctueldarl ower act
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il aterafFi §3A) . Bhatt @t Wonand KO bienocultaed me g
ing rates tihre meepensedtgrating orientat|
il atera(Fi ghABhkeatinaerocul ar difference I
observedl26n92Ne. YFesre=m@8tly consistent
|l i shed el ectrophysiologi cal Foubseetr valt.i,on30
i ne etSannai ROodtWaalg. et2 @AAN),3 2Wel Of ound t he
ocul ar neal ma2sexs mor esbneat ched i n their pref
9N2. J2ham=t9®ei r WPp<0o0Q&EO &r, BBC)t swHi |l e havi
I mil ar degree of matching in Fegms2dMe the
n compared the degr ee-anfd sieplseicltaitveirtayl orfe s
se binocul Rirg.Fezsphhseier fuhlear f orart heceont
ponse was similar between genotypes, the
the KOsFivs.) .2 dF(@SI 2Was |l efgnificantly
ween-acnodntirpasi | at er al respilsgesO.f2eb . BOdh g
=0.mM<dAQ. 0®I0OHei t with a greater dEeHorredeerof |
y nomi &F=0f. jOt6kROWT.)1 7Comparing OSI for indiuvi
ween génagty@des edidghlt a hi gher degree of or
h eaomd riapsi |l ateral responses in the KOs v
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Figure 2. Pronounced binocul ar mi smafdh of ¢
KO migchAExamplienoculoarri eWTt ati on s eleescptoinvde nme ur
bi nocaundarmonocul-and(cpeprasenah)ion of stat|
gratiTogsl eft to rdlghvwescbosteachedebklpati al cor
neur(esncal e bédrsi deOmpadh/ Fo ftStalwdess 193r and 200 %
dF/floramxdawyes, resgpredctdourerregspondi ng Bofeomed
| etfda righttushow m@iemli ¢ied b oaxe sipmodiseast iang t he p
spati al )famaeqtdyteendc yGaussi an curves overlaid on
the preferred spatial frequencyf amdemsdlf f et
stimulcanido.n ilbpnpser and | ower dotted | ines on
andul | owi dhbk ff i(B)Sede cludepi cting 2 KO binocu
respon<Lysolin pl otthsebd®piuectei pgeferred orient
WT and KO binocular neurons. WT: ( meanNSEM)

n=99; -Whinthney U test: U=yd @36 ,n pd ®O.tGBOAIe.pi ct i
di fferences of preferred spatial frequencies
and contral ater al visual stimulation.- WT: |
Whitney U test UEBRLICA 6 .ud ,arp¥ard&rhce (9gOSI)
neurons under contralater al24(NO0e fot2,3WNWiMameény 58 7
U test: U=13832, p=0.122) and ipsilateral (r
ManWhitney U test: U=13053F()! pED. 0062)y i ght mubSa
contral ateral and ipsilateral-cO8kdofobi geanot
areotder polynomial fits °{ONTP6&H.R2500..020543;x K+O:C(
y = 0.455x 2= . ®.738.68,40R0001) . OSI of bi nocul
contral ater al ( WT: 0.592N0OWHIlt5n e yK OU UtBels3 20 B O .
p=0.005) and ipsilateral (WT: 06Wh5i48NeOy. OU 5t; e st
U=13332.5, p=0.(0GP)c ud tairmuloanti in@am.ce i ndekX of ©bi
andl i ndi catconpuakbygeprsall a¢epahsesepectivel y.

0.073N0.016; KO OWh2 3 nfedy. 023t edMtainn U£ H) 755,

Binocular integration ratio of WT and KO neu
and binocular stimulation. WT : 0.518N0.02,

nN=39 fromng7 KMénmmey U test: UFRPERB4T@&nNntpge. ®d
WT/ KO binocul ar neurons havingogirgniaftieda nttuln
matr.iWles 52. 34/ 47 . 66 ;c6>K3080 p162 .81828/68 7T.h8e8 me an an
t he median of the violin plots are depicted |
boxplot is overlaid onto the violins (in |idg
points. *p<0. 05, **p<0.01, ***p<0.001, R ¢

Given the mismatch ofdesorittlebmettatteiro nd epgrreefee roefn coe
selectivity of KO neurons, we wanted to eval
Vi suedo nsoetshese binocular neurons based on th
activity by wusing the ocul ar d&omi)n\21Gd e uindd e x
the @l cul at edesftriomat ede faittrh en g p rreafteersr e d or i
assessedndir wimdrueaslp oehysee pr e s e nt;e ds eger aMd tmhgdsces )

slightly contrafl@at et akl WTd dfinmxhBoarvhpaoedl i s

consistent with previous experi me@Garado rf iaaondd n

@I



StrykerJ,enlkos9 6and SheMrhsdtdcdb,ge2 0 2QXualet, aBt0.0,7 20:

Fu et al.. , Th20X3X binocul ar pool pnoant h@eotbber
significant(.y2h&whecho&@hasly due to the highe
evoked andpsliowdgrer ally evoked ienstdamapg aerdi sfoinr i

neur oFfnsg5). S bvl neurons have been known to e
summati on/ i(rstueng rodt ilmonnocul ar firing breatnegs at
t wice ttheaet fdfrelnigcartaetdeh e preferred orientat
stimu)l aseenNiNetwhlhideh i s thought to play a ro
tuningniZlcao et baMi.t, c ROI1I3 )et Wd .f, 0o R0 2KO neur
a higher Dbinocul aWT:i 2@eg0o2ati €&O: rp@a0b66)00103,
indicating antmegratmpar,ad to WT neurons wher
wer e, as expectedwi tahlimad £tgr &t b loin (Feiagt.)i .02 Hoof ~C
assessortiteem-spat oAl tueaguegmnclhagt ween the two
responses he binocul,arwen ecuoarorneall a-tpaodd Iti lpesi ¢ @an e
tuning matrices for each oFi ghe2We nfomwredr a WT
t hanhidgxcher proportion of WT binocular neur on:¢
be significamrtolmparcedr dloahtdeld&Os of{ 51. 54/ 12. 37
p<0. 0)0.01These resul t s95s uKgQy ebsitn otchualtarP ShxBeur ons
bi nocul ar i nformati on at a fundament al | ev

exhibiting higher degrees of selectivity for

PSBB5 KO neuronsl iskleowrWif erences for orient e

frequenci es

To better characterise the receptive field
WT/ KO neurons, we | ooked at the mondgFciugl.ar p
3AD;SAB;S3B,E) and i prsaigl-H;IS&EDaI3C,(F) neurons separ
Sel ecbinweumar neurons comngissuutadd rcefs ptomssee ewhod
ot hereietyheed not pasfsort hseelc&cdgiewviStay see Met hod
undet edcutreidng the coulCo®at odl atneargak gy n esuerl oencst i
ex hi hiitgehcer f (FriigngwdneMt esds 1 psi | anteeurraolnlsy esleilcelc
lower i hg (FageBsS ati ptrileé esrpraetdi al foegeapiay i on

comparison t oWeWNTf cmwerud otnlsat t he KO contral ate

oP



greater degestabion selectiCWcompaasdmeasuhed
countefFpagnt 8ANowever, their prefeFeggedfBdr sc¢g
orientBtgog9gn8e@tre akin to those of the WT neu
being very similar. The degree of bias to ¢
contral ataeesnlas o p®iomi war b ertiwe)e.3 Myheen oitpyspielsa t(er &
pool also showed similar tuning chtaurdedd er i st
neur oanshi ghear terms of gt hadlaar ofartiheerFddI. neur
3B while the distributFiogn)s 3o d s@rak e mtl)a t3iGoeng L
preferences remained comparable between geno
i psil ater al KO neurons seemed to have a gr e:
(Fi g.), 3tGhe <cardinal proportions at an indiv
bet ween gd&nagt)y.Bddde (al so | ooked at the tuning
which had selective responBieg:L;t38 h.Dndbal ar
estimated firing rates of KO neurons were h
sti mulRitgé@)nS (Howeevesaw the same pattern as
neuronsterms of their Seuecngviptrypeft KOs neur
stimulation was slightly highieg) t®&her etahsatt ho
preferred spaRigq) daheqoehegt)d@®Kosnt r({ buti on r
l argely similar. No genotype differences in
were obser vkidg Jas3 vled | W{ selectivity profiles
spati al frequemailesprampdr ciaods for al | t hr e
agreement with previ oMrselyys emu beltil aahle.d t s280uld2] e 2 (
2022
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Figure 3. WT and KO neurons in bV1l hawve si mi
D)Receptive field properties of( AYoot i al atl eort:
depicting gl obal ori-€ntratuil am dalreamnicei)t yof (
contral aterally selective neur ons. WT : 0.6
0.675N0. 006, AV 2t In8e;y Mh=nIn3 11 6 O(3B )Nopg <mta.l 0 GG M.
probability histogram (bin width: 0.03 cycl e
of WT/ KO contralatebP,al Wh:eu®o®@5N0 .mklan NEO: 0.
samptSe tkest: D*=Q.Cy67vmapr8ed9probability dens:s
wi dt h: 10U)hecdepircbungon of preferred oriente:
neurons. WT: 78.88N1-s4dp ¥ Qk B8tl:. 9O*N=10. (4BBY: 8 ,2 p =
Pr oposotfi owWwT/ KO neurons preferring cardinal 0
WT: 0.376N0.024,0.N0=277., KNOIMh;0tN8aBrpn U=51 FH)p=0. 83
Receptive field propertiengaampsdbdtteoral il ys
neur ons. WT : 0.675N0. 0009, n=7555MaNiKQ:neyY. 7 3
U=230664 p<0.(OFB@Gine Babsut f-oeuipses. WT: O0.054K0.
0.052N0.002; DX €§amé Chup=0-02%ipss. WT: 78. 83
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stimulation selective neurons. WT: 0.051N0.
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t ween genotypes 6*=D7 PFHP 3W)/ KOQn t he ot h
mpared to KO neurons, a substantially higl
76/ 51 % &MY OKIQpPS&0,) did not occur mor e than
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bot h-wdhelteerdigmr i nt erval s compar ed stto akp@ ende u
sampling, the distribution of correlation
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ustered around the mean correlation- val ue:
d dtemgn i nterval s. However, t he PO of KO
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