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AHHOTALIMA

AHanu3 cneumduYecKMX aKTUBALMIA HEMPOHOB OTHOCMTE/IbHO 3/1EMEHTOB BHELUHEN cpefbl, NOBeAEHWUS UM BHYTPEHHe-
F0 COCTOAHMA MUBOTHBIX HEBO3MOMEH 0e3 [eTanbHOro aHanM3a NoBeeHYECKUX aKTOB SKCTEPUMEHTANbHOMO HMBOTHO-
ro. B HacToAwee BpeMA OOCTUIHYTHI HEKOTOPbIE YCMEXM B aBTOMaTUYECKOM CErMeHTaLuW MOBEAEHMA MMBOTHBIX C UC-
MoNb30BaHNEM METOA0B MalUMHHOr0 06y4eHus [1-3] Ha 0CHOBe AaHHbIX 0 MECTOMOJIOKEHUM YacTeln Tena HUBOTHOro [3].
Mpy 3TOM Ha AaHHOM 3Tane Takue MeToAbl He MO3BONAIOT AOCTUYb HeNaeMoro YPoBHSA TOYHOCTU B CErMeHTaLMK nosege-
HUA, @ TaKKe COOTHECTM MOBEAEHYECKME aKTbl HMBOTHOMO C LieNeBbIMU U MOTMBALIMOHHLIMM acneKTaMu cpefbl. B cBA3m
C 3TUM aBTOpaMM bbiN pa3paboTaH KOMM/EKC NPOrpaMMHbIX CPEACTB A1A U3BJIEUYEHWS LUIMPOKOr0 CMEKTPa NoBeAeHYeCKMX
NepeMeHHbIX U3 BUAE03anucei NoBeAEHNUS HUBOTHLIX B IKCMIEPUMEHTANbHBLIX 06CTaHOBKaX M MaTeMaTUYecKoro aHanmsa
KOHTMHYYMa NOBeeHYECKNX aKTOB.

[lnAa nM3BNeYeHMA LIMPOKOrO CreKTpa NoBeAeHYECKMX NepeMeHHbIX HeobxoauMa OeTeKUMA OTAESbHbIX YacTen Tena Hu-
BOTHOr0. [1nA ToM 3agaum Hamu 6bin ucnonb3oBaH DeepLabCut — OTKPLITBIA TYNBOKC A/1A NOBEAEHYECKOr0 TPEKMHra
3KCMEPUMEHTANbHBIX HMBOTHbIX, OCHOBAHHLIM Ha MPUHLMNE TPaHChEpHOro oby4eHUsA C UCMONb30BAHUEM FNYHOKUX HeW-
POHHbIX ceTei. Hamm bbina otpabotaHa MeTOAMKa OMnpefeNieHUs MECTOMOMIOMEHNS YaCcTeN TeNla *UBOTHOIO B PasfINYHbIX
noBefeHYeCKMX cpefdax 1 chopMMpoBaH Habop YacTeln Tena HUBOTHOMO, YOOBMETBOPAIOLLMIA JBYM TPeO0BaHWAM: BbICOKas
YYBCTBUTENBHOCTb K MEJIKUM MOTOPHBIM [IBUMEHUAM HMBOTHOMO U BLICOKMIA MPOLIEHT TOYHOrO OmnpefesieHuA MecTomnoso-
¥eHWA vyacTu Tena. B cnyyvae cbEMKM KaMepoi CBepXY TaKoW Habop BKIOYAET KOHYMK HOCA, YLUM, OCHOBaHME XBOCTA, LIEHTP
Tena MbllLK, NepeaH1e U 3alHUe KOHEYHOCTM, NEBbIV U NpaBbli BOK TYNOBMLLA HUBOTHOFO.

[lanee Hamu 6bin pa3paboTaH KOMMIEKC NPOrPaMMHbIX CPeACTB M3BEYEHWUA U [eTaNbHON aHHOTaLMW MOBeAEHYECKMX
NepeMeHHbIX U3 JaHHbIX 0 KMHEMATWKE YacTel Tefla MBOTHOI0 B pPasfvYHbIX KOFHUTUBHBIX 3afadax. PaspaboTaHHan aB-
TOMaTM3MpPOBaHHas CUCTEMA COCTOMT M3 ABYX OCHOBHbIX CKPUNTOBbLIX Mogyfeit: CreatePreset u BehaviorAnalyzer. Mogynb
CreatePreset ocywiecTenseT B3aMMogencTBMe C MOJb30BaTe/NIEM, B XO[e KOTOPOro MPOMCXOAWUT BbibOp TWMa reoMeTpum
apeHbl U PacronoMeHWA B Hel 0ObEKTOB, YKa3aHMe HeobXoaMMbIX ANf aHanM3a BPEMEHHbIX M NPOCTPAHCTBEHHbIX Napa-
MeTpoB. Pe3ynbTaT paboTbl CKpMNTa COXpaHAeTCA B BUAE Mat-daiina, KOTOPbIN MOMKET ObiTb UCMONBb30BaH AJ1A aHanM3a
noBefeHWA BO BCEX BUOEO IKCMEPUMEHTA MPU YCOBUM MOCTOSHCTBA B3aMMHOI0 PacnofioyKeHUs apeHbl U BUEOKaMepbl,
a TaKKe AM3aiiHa aKcnepuMeHTa. Moaynb BehaviorAnalyzer ocyliectenaeT npeasaputenbHylo 06paboTKy BpeMeHHbIX pA-
[0B KOOPZMHAT YacTeu TeJla }MBOTHbIX, GOPMMPYET MacCUB JaHHBIX 0 KMHEMATMKe YacTel Tefla — KMHEMaTorpamMMy, Bbl-
AeNnAeT OUCKPeTHble NOBEeAEHYECKME aKTbl FUBOTHOIO M aHHOTUPYET ero noBefeHMe B COOTHOLLEHMM C MOTUBALMOHHBIMM
Y LeNeBbIMM acnekTaMu cpejpl.

C noMoLLblo MeTO[10B Ha OCHOBE B3aMMHOM MHMOPMaLMK HaMKM Obin NpoBeAEH aHanM3 cneumanmsaumi HevipoHos CA1 run-
nokamna npy 06cnefoBaHNM KUBOTHEIMU apeHbl C pa3HbIM YPOBHEM HOBM3HbI. B pesynbTate aHanu3a BbiSBMEHbI HEMPOHI,
CEJIEKTMBHbIE OTHOCUTENBHO ONpefenéHHbIX 3HAYEHWA HEMPEPbIBHBLIX KMHEMATUYECKMX NapaMeTpoB M03bl U TPAEKTOPUM K-
BOTHOr0, TAKMX KaK MeCTOMOJIOEHWE B NPOCTPAHCTBE apeHbl (KoopauHaThl X 1 Y), a TaKKe CKOpOCTM U yriia NoBopoTa roo-
Bbl (T.€. abCONIOTHOM OpMEHTALMM B NPOCTPAHCTBE apeHbl). BbiABNEHbI TaKKe HEMPOHbI, CNeLManM3nMpoBaHHble 0THOCUTESLHO
AVCKPETHbIX aKTOB MOBEAEHWS, @ UMEHHO: OCTAHOBKM, NOOEMHKKM, 3aMupaHne (PPU3MHI), CTOWKM M aKTbl B3aMMOOENCTBUSA
¢ 06beKTaMu. Kpome Toro, Obiv 06HapYKeHbI HEMPOHbI, CENEKTUBHO aKTUBMPYIOLLMECA OTHOCUTENLHO [0MOSHUTENBHOIO Ha-
bopa AMCKPETHbIX NMapaMeTpoB, NpeLCTaBNAIOLLMX COB0M KOMOMHALIMIO MECTOMONOMEHNA HUBOTHOTO B apEHE U CKOPOCTM.
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AO0MOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI NOATBEPHAAIOT COOTBETCTBIE CBOEM0 aBTOPCTBA MeHKyHapoaHbIM Kputepmam ICMJE (sce aBTo-
Pbl BHEC/IM CYLLIECTBEHHbIN BKMafl B Pa3paboTKy KoHLENLMK, NpoBeeHne UCCeaoBaHMA U NOAroTOBKY CTaTbi, MPOYM 1 0f06-
pUnK GUHANBHYIO BEPCUMIO Nepeq nybnmuKaumen).

WUcTouHuk ¢puHaHcupoBaHuA. IccrienoBaHMe BbIMOMHEHO NPy GMHAHCOBOM NOAAEPHKKE MEHANCUMMIMHAPHOM Hay4YHO-06-
pa30BaTe/bHOM LLUKOSIEI MOCKOBCKOr0 yH1BepcuTeTa «Mo3r, KOTHUTUBHBIE CUCTEMBI, MCKYCCTBEHHBIN MHTENIEKT» U HEKOMMEp-
4ecKoro ¢poHOa pasBUTUA HaYKKM 1 0bpa3oBaHms «MHTENNEKT.

KoH¢nUKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBIME ABHBIX M MOTEHUMAMbHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
NNKAaLMEN HACTOALLLEA CTaTbW.
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ABSTRACT

A thorough analysis of animal behavior is essential for examining the relationship between specific neuron activations
with the elements of the external environment, behavior, or internal state. Machine learning techniques have made some
advancements in automatic segmentation of animal behavior based on data concerning the location of animal body parts
[1-3]. At present, these methods cannot achieve the level of segmentation accuracy desired or make correlations between
an animal’s behavioral acts and key environmental factors. To address this issue, the authors have created a software
package that can extract a variety of behavioral variables from video recordings of animals in experimental settings,
enabling mathematical analysis of a behavioral act continuum.

The identification of specific aspects of an animal’s anatomy is crucial for extracting a vast array of behavioral variables.
In order to accomplish this task, our team employed DeepLabCut, an accessible toolkit for tracking experimental animal
behavior that operates on the principle of transfer learning through deep neural networks. We have devised a technique to
ascertain the positions of animal body parts in diverse behavioral situations, resulting in a body parts collection meeting
two criteria: offering superior responsiveness to small motor movements of the animal and delivering a high percentage
of correct body part locations. In scenarios employing camera shooting from above, such a collection encompasses the nose,
ears, tail base, body center, forelimbs, hind limbs, and both flanks of the animal’s body.

Next, we created software tools to extract and annotate behavioral variables from data on animal kinematics in various
cognitive tasks. Our automated system comprises two main scripting modules: CreatePreset and BehaviorAnalyzer. The
CreatePreset module interacts with users to select the type of arena geometry, object location, and necessary temporal
and spatial parameters for analysis. The script’s result saves as a mat-file for analyzing the behavior of all experiment
videos, assuming a constant relative position of the arena and the video camera alongside the experiment's design. The
BehaviorAnalyzer module conducts initial processing on time series data consisting of coordinates of an animal’s body
parts. This results in the formation of a kinematogram, which details the kinematics of the body parts. The module then
isolates individual behavioral acts of the animal and annotates its behavior based on motivational and environmental
factors.

Using mutual information-based methods, we analyzed the specialization of hippocampal CA1 neurons in animals as they
explored arenas with varying degrees of novelty. Through the analysis, we have identified neurons that exhibit selectivity in
relation to specific continuous kinematic parameters governing the posture and trajectory of the animal. These parameters
include the animal’s location in the arena space (X and Y coordinates), as well as the speed and angle of rotation of the
animal's head (i.e. absolute orientation in the arena). Neurons specialized in discrete acts of behavior were identified,
including rests, locomotions, freezing, rears, and acts of interaction with objects. Furthermore, a selective activation
of neurons was found with regard to an additional set of distinct parameters, which combine the animal’s location in
the arena and its speed.
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