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One behavioral cycle at a virtual odor boundary

Wind remained the external direction cue; software switched odor with virtual position.
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The fly enters A counter-turn It travels through A directed turn
the fictive odor carries it across clean air with no brings it back to
corridor. one edge. odor signal. the same edge.
odor on odor ends wind still available odor resumes
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BEHAVIOR SUPPORTS A REMEMBERED RETURN DIRECTION
* it does not reveal a full map or where the memory is stored

Original diagram - The Clean Paper - CC BY 4.0

Tumsnagouaugu unasimlllumadunauiaiondrdn 9 sonmn urmormelsnau uarnaulillasiifiamae wgdnyyu
adbauumyianal; uladlawmesngeyaiuiuegiilnu

The Clean Paper CC BY 4.0
lumanaaownanuu vertical-corridor il 40 unaain il lundutr 9 vunabesn uaznab lgmaudn “Verti-

cal” iludonoasmaaia 0 6@?1’]1%‘1]1/]@1’)131: UNWINTDINNLAUR DU NUTIAL R D AN Vlsﬂﬁwmﬂmmhqﬂnizﬁé’muum
®
(2

ilswsongiuuniin edge tracking ity bout denilvnoudatitosssninmsminaeuiaa: inside bout 15unntanly
AuaN Uag outside bout I3nNBaNIUNAULINN i 755 inside bouts myaglundunmiads 4.9 ui ssninman
al szogimdsnnaeulaade 10.4 fladnay Wesni 4% 104 793 bouts M lilienenriasanneamain

Mtardoagameaiing bouts Lildunaviudarsnarnsesd anuaniaagwssunarinnileinliteyalanars
bouts

maynavlalalwue reflex iinanagad

MINAaINAYEANAdaUN10FNTIIENN

wndisnnnuasudaiiiafiv aauwe13 soamadntiounanudnmitoan ndnausatiniiaiinlnaunaaaion
afl wieoouas unariuliiteaenuluniawmnso autiungie 9 egn “liaenmsiinauuselin ofiny edge tracking
Tuainsoiitlala

N Iizen amane sesmaduinaaiulislia Gaussian Feanuantunldsnunuasstiinaaslilunu
malaianuil  unaviund lnamuiiaaniwildowsiiige  laildassnaniinduusiiga  adluduanmi



THE CLEAN PAPER ssamingmans

< ¥ A 2 ¥ ¥ 2 ' ¥y oa S & '
Lﬂil’)“llE’Nﬂi’]ﬂ’liL“]JaEJ%@H%?I’I\TVI?S‘]JQ?]@‘]JL?lﬂl,ﬁ\iﬂigaﬂﬁ&la mnfmmmawnaummﬂﬂwmmmmmtmsm

ot lulanmneanui gradient novanaanauliaran lusssnma ninstitsainlummaaouit msvininlinunas
Taanfuaongfinysnaanan

UNIFBFIAaULUIBOINMALAK NaNLBNARAAMINILARLIY 0, 45 wag 90 ae uazdnnantanauiinilanly
MUTNaIean MUIUNgNde 40, 21, 20 wag 24 @muaal ldunuannanildsuauymania nililogn “wi
inanane” vesnsanudanguilila

Tugail ndnlidammwindesindnumelulszinmaeiiadini Manssau optogenetic dINNNTONAUTINAIAN
annsnasngiluiuaae edge tracking 16 Optogenetics 14 T1lséinluawilowasuianyyuneusadiidon Tuitina
vannannandg-imaesnaiinawiniglisuiuaengdnssai Talamlvnmsussmisudesinmuaanuainnlu
dailiadoudaselu plume unndn

NNLADTLANN LT

VNLaas deianansanamia Usinmiiuuagfiilsg loauluidiinfiamadunan: unavnarsinlimaeluuiiada
191 plume? Nulinumanyununariuiuddnnos plume wiamunnadeamealuaiu

gilsnannnanadumaiisnasnydudmlazneuresmsadenlniinge  Geanaenmadunasmasiidaunag
Tamunuda  uadetmaeni  ganduansiundsuseunaudnasiluilge  uddunaslnaniuasnairliasam
UHAIUATY watiinww Tuan@zesunaninilsouiuinan Adtarmanabakuazaswuasalala asdungdngsx
Fiafiteyafianannnnmnangumainatadonlniiu

NNUUENIABATLIIAIa09d04 InNg: aannnuauiaa uag navldasuiaa Tnuamaritildthoamsimnamaile
oglunsouannan uailung steering madonitadunulaiiounasiuiadon

v ' 2% Yo oA ° ° v o o a 44 v 0 v v v &
MITNBBULBALAAZATA I RAaRLIA1a9931 10 aansan LU 1aoweiiaadiaildszrninamsoan aaulin Husiliaaia
naudnon: Taousde “aauiaulranouiaa awnmaaadonlinal” ssninnmsnamenad Aanaltuluunsadon
geauNawI1aanablifinen

wndaofauuuataaeniddlumadn 0, 45 uag 90 avd Gluﬂmﬂ%ﬂmﬁﬂuaqﬂ UNAIHATY 72 @IagNITINaee 75 a3
Tiaddidaumalnani loriianauiliseugnentiean mydamuiilszaninmiasaslunnuwimaiu deadbanu
s losunosanuiianonts; lilaiigainaneunasiuskanm s aeemndIonys

“a1u37” Tuunaranituinoasesls?

undaplilaamgnasiitin i lasasennanoaunasiu “Directional memory” tilusoansnuiiawannads
WOANTIN wUAIAeY  Lasmasannlyzam  wuuaassueniiaiinldsuaguies lifmefineaidiaums
arayla Talaigainunaniuldannisass g niannguusaalysamionitaiuiifugoya

Usgaumsoltiiadnnidin 45 avaniiuasaiumling@nssumenasseaunaaii 10 daldsulil arngaumsaaesy
LUUAa0d 29 A53 Faim a1 1o IRaMaImgnMasTosgaunad uagiaainmianuedonnuiiaoy



THE CLEAN PAPER sganminnaans

doanaiainiu nuuhwuineilaaiu

NARUNUIALAzTUNIKAINTIH K central complex novanaunadTh Fufluusandsanbmswing

davdianat MMIInARATUUIN

EPG uag FC2 ilufolssmnsisaailazamaningulu central complex Aanysu EPG vmiiiitnilowtfuiia:
damunaenitunariuiilimelnwiennan fanssn FC2 dwiusniiiafiunacinmaimsmennan 19as
steering mennannyauiamisniaAniunnhnnedun aunedeuivaanlssmny uabilauaasings
lanqamitaiuanuamanuatiosan

EPG neurons dvdnjano heading: ilunnfanssndamuiiafiunaciiniuiiounudyansnisnan adg calcium imag-
ing #uflumsouianssnlssammanadlagoon wWnisswuiudananssn EPG e heading iisunbanssnin edge
tracking Myilaniitld 16 mynaass Naunaii 9 @

Wiladgugh EPG wndanaauilaaliminuans GtACR1 datiiuged anion itilaarguasdiion LED laneaaan n1ynaass
ngguiasninanuagnatraaiition; uasuudsrnulisuniuunasin genetic-control

e EPG gnaudauunil unasiunaaes 12 dnatwuuiiiamalanesniiunasii genetic-control 6 @) fiaaqiliidl
nouLIade heading reference fiannbiianysn EPG Auiluae edge tracking fifilszangmulwdonlanadou Tulinan
71471 EPG taufiuiiazauiaatiigaain’

FC2 neurons fianudiinsaneanlil danssusimmonindiiusninhvwmewimalayii wagglinwmen plume

4 = . . v v 3] ) < . . v ' =< 3] a 4
nowMILag7lu assay My imaging liunadii 6 @1 wagmsulSouniion silencing 1ﬁnqu 9 11 14 MMUNMIINATIEH
M7 silencing W1# edge tracking ugas
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The cards converge; they are not a directly observed neural chain.
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not shown: a full map, a universal strategy or the cellular storage site

Original diagram - The Clean Paper - CC BY 4.0
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