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Abstract

TRECEMAA EVSERBIEF, BiRKY), DEFELFTRERELS, ZWMR, MHR. BFH,
MEE, TLT-HRESETROVERATRCZEORAN 21z, BRANTRER, ABELEOR
EEFEO—DOTHD, TO "R, ZREITIOPEROBE LT ND RS RFAMEEY. ¥
BETHANOERBIPILENBEFHORLREL T, EOXSICELTVEZDOAEVS BB,
BRECBVTEMAELTHICBENLELEETH D, 5L "IREORE) . REPHRELR
EfMOHBREGERY, BREALDTZLETZZREY, BREAOERO & ZIEH> TV S RNO SR
AFEELEV, ERNZBOLEEYE. BSZRYE<AHOERLSZHRZREERE. BS
DRECEBOBERERE TS EILKI>T, HEORBELEALHE B TRESEY, TOE
KT, R TEBENSER THRIEVWRD,
AMRICHEVTRE, BEFRENTVACHL TEATESHLVITHRRRZBEL ., KEBR
FERENZDBECOVTHASHILTAH L ZENE L THRZT2 1, SEOHRRHABICH L
TR, BEEFREDYOABTREZEMBL., BALLBGFRENVAZHESESRET, X
FHOBZFERORBERANICT, REROFTRDIRTA IR (KREBELEE ) DERETSC
ENTRERRIBEBEL -, ChETIC, BEZPOLELEBBEREF TN IRTAVAD
FEERAVWTRAIVVERNICEES LOWHEEREICLY, BYORKBORIAZELE
BRECRHILTVWD, o, THEEZHNZEREY. BHEECIDFI]EEN L LESGHE
MICLPEAT A XOERZNN, HERNEETFIEREEEZ, RROBENBZITHINO
FREEMEET BRI L 2T, BAZESHEBEANZALL DV THARZ OO BHREH K
T2YRT7A—LEZBEL, TORRICOVTR, KERERPERELHICFLRRET O I,
Time perception is a subjective experience observed across many species. Animals need to create
the subjective sense of time based on the integration of multiple sensory-motor information of self
and perceivable objective events in the external world. Although many researchers have tried to
understand the psychological and neurobiological mechanisms of the subjective experience of
physical time, theories of time perception have been controversial, contradictory, and confusing.
Here we designed a novel experimental setup that combined behavioral, neurobiological, and
computational approaches in investigating interval timing. Head-fixed mice were trained on a fixed-
time schedule Pavlovian conditioning task. We administered sucrose solution every 10s. No
external conditioned stimulus was presented throughout the experiment. Mice could learn to
anticipate the timing of the scheduled reward delivery. We found that the pattern of anticipatory
licking is significantly modulated by motivational state. In addition, we also used a peak procedure
task, in which regular trials are mixed with probe trials with non-rewarded long intervals, to assess
the internal representation of the expected time of reward delivery. Mice showed a peak response
around the trained 10s after the previous reward delivery. To investigate the neurobiological
substrates for the timing behavior, we used an integrative approach that combined
immunohistochemistry, pharmacology, physiology, chemogenetics, and optogenetics. This novel
multi-disciplinary approach paves a way forward to study the neural mechanism of time perception.
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1. HIREBRFROBE

TR &AM IEVSEER K, EREY DEZELT TR EWMR. DSER. E2E HNEE. ZLT—RSFTRODLERA
TRLIEDEMN ST B TREL. AERLOREERED—D2THH, TOIHHEIZRBTILOEHOBELENSGLS4U
RAEEEN . METHOIMDER B SR REHOHBREL T, EOLSITELTVDDMNEVSEER L, BRICENTHIRAL
LTRICBFENFFTTH D, OLEIFHEORH L. RRELPHEELCEMOMTREEIELY ., BRELTELEY LZREAC, B

DEBRDAEEO>TNSRDEMAFELEN EFEED-EWIE, BoZBYSNBORANSZITIMHIREFRE. BEC DR
REEHDFEREMRE T S &L T KREIDRBHELEAHSLLTIILLLEN, EDEKT, E#Fa‘ilﬂiiﬁﬂ’]&%%ﬁj’(ﬁ)étb\z
60
AHRICEVTE BEFREIVRAICHLTCEARRGHLWVMTHRBREREEEL. KREBRAERSNSBEISOVTHL,
IS HILEEMELTHRRET o, SEIOMRHMICE LTI BEEFRESYOLRABFTREZERL. BALILEGFRETIVR
ERESEDHLT, XEMOBEFEROERERNIZT, ZREWMDA TR T IO R (RBIEF) DEEBREITIEA TTREL BRI
EBEL-. CNETIC BREPLELEBERREA TR TAIRADFEEZANVTIIIV T BRWICBES JUIIHISE 5
EIZRY . BYORFOBHERILSE A ELITHYILTND, T, THRBLZMLEE L. BAEE LS F REEMNL-EIRE
MICKDEBHA A XDEEZHE R, S ERMCET VRRGELZ . RROEZHLTINMOFEEMESE S LITLOT, B
MZEIESBHEAND=XLITDOVTIHARS=ODHHRMEMLB TSV I+ —LEBEL, TORRITDONTIF, KERELEMELH
FRRERETOI,

2. MERRAEEOPME FEHR)

Time perception is a subjective experience observed across many species. Animals need to create the subjective sense of time based
on the integration of multiple sensory—motor information of self and perceivable objective events in the external world. Although many
researchers have tried to understand the psychological and neurobiological mechanisms of the subjective experience of physical time,
theories of time perception have been controversial, contradictory, and confusing. Here we designed a novel experimental setup that
combined behavioral, neurobiological, and computational approaches in investigating interval timing. Head—fixed mice were trained on a
fixed—time schedule Pavlovian conditioning task. We administered sucrose solution every 10s. No external conditioned stimulus was
presented throughout the experiment. Mice could learn to anticipate the timing of the scheduled reward delivery. We found that the
pattern of anticipatory licking is significantly modulated by motivational state. In addition, we also used a peak procedure task, in
which regular trials are mixed with probe trials with non—rewarded long intervals, to assess the internal representation of the expected
time of reward delivery. Mice showed a peak response around the trained 10s after the previous reward delivery. To investigate the
neurobiological substrates for the timing behavior, we used an integrative approach that combined immunohistochemistry,
pharmacology, physiology, chemogenetics, and optogenetics. This novel multi—disciplinary approach paves a way forward to study the
neural mechanism of time perception.
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