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MoMCK KOrHUTUBHDIX cneuuvanauiallm HeMpoHoB it

C Ucnonb3oBaHMeM B3auMHOW UHGOpMaLUU
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WNHCTUTYT nepcneKTUBHBIX UCCNEA0BaHUI Mo3ra MOCKOBCKOr0 rocyjapcTBEHHOr0 yH1BepcuTeTa MMeHn M.B. JloMoHocoBa, MockBa,
Poccwiickan Qepepauma

AHHOTALMA

OcobeHHbIN MHTEPEC ANA aHanu3a KOFHUTUBHBIX CMeLUanu3aumin HeMpoHOB NpeLCcTaBNAET UX COOTHECEHME C NEPEMEH-
HbIMU BHELLHEW cpefbl ¥ NOBEAEHUEM HMBOTHOT0. Cpean BO3MOMKHbIX Mep TaKoi B3aMMOCBA3M 0COOEHHO BblAENAETCA
B3amMMHaA MHpopMauma (mutual information, MI), Tak Kak OHa YyBCTBUTENIbHA K UX CMHXPOHW3aLMKM, NO3BONAET OXa-
PaKTepM30BaTb HENIMHENHbIE B3aMMOCBA3M Me Oy UCCIeayeMbIMU NMePeMEHHbIMU U KONIMYECTBEHHO 0XapaKkTepu30BaTh
He TO/bKO 3HaUMMOCTb CBA3W, HO U e€ cuny. OHaKo CylecTBeHHaA TPYAHOCTb 3aK/I0YaeTCA B MPAKTUYECKMX CNOXHO-
cTAX pacyéta Ml ana peanbHbIx JaHHbIX. B gaHHOM paboTe HaMM ObINM aganTUpOBaHbI COBPeMeHHble MeTofbl pacyéta Ml
ANA NOCNeAYIOLLEro aHanM3a B3auMOCBA3W MeIY CUIHANOM KanbLMeBon GayopecLeHUMn U NoBeLeHYECKUMU Nepe-
MeHHbIMU. Mcrionb3oBaHHble MeTogbl bbinv 06beAMHEHbI B MporpaMMHbIA NakeT nofa HassaHueM INTENS (INformation-
Theoretic Evaluation of Neuronal Specializations), koTopblit CNoNb30Bany AN NOMCKa KOFHUTUBHO CrieLMann3npoBaH-
HbIX HEMPOHOB B XOf€ aHanu3a [AaHHbIX KamnbLMEBOW aKTUBHOCTM rMMMoKamna npu o6cnefoBaHUM HUBOTHBIMU apeHbl
C pa3HbIM YPOBHEM HOBU3HbI.

CyLLiecTBYIOT MHOTOYMCIIEHHbIE METOAbl aHanM3a B3aMMOCBA3WM MeXOy CMalkaMy HeMpoHa U MoBeEeHYECKUMMU nepe-
MeHHbIMU. HeKoTopble U3 HUX 0CHOBaHbl Ha UHPOpMaLMOHHO-TeopeTMyeckoM noaxoge [1]. OgHaKko 0cobeHHbIN MHTepec
NpencTaBnAeT M3BneYeHMe MHGOPMaLMM 0 CBA3M KanbLmeBoro GayopecLieHTHOro CMrHana ¢ NoBefeHWEM, TaK Kak 3ToT
CUrHan [aéT BaHyl0 AOMNONHUTENbHYI0 MHPOPMAaLMIO 0 MOANOPOroBbIX aKTUBALMAX HeMpoHa. B HacToALe paboTe npu-
MEHAETCA METO[ BbIYMCNEHWUSA B3aMMHOM MHOPMaLIMK, OCHOBAHHBIM Ha 3HTponMM rayccoBor Konynbl GCMI [2]. MeTog
OCHOBaH Ha TOM (aKTe, 4T B3aUMHaA MHHOPMaLMA Meay OBYMA Cly4YalHbIMU BENIMYMHAMU 3aBUCUT He OT UX YaCTHbIX
pacrpefeneHnit, Ho TONbKO OT BUAA Kony/bl (MHOrOMEPHOM0 pacrpefeneHns, Y KOTOpPOro Kaxoe YacTHOe pacrpeaeneHue
PaBHOMEPHO).

[ns Toro 4To6bl OLEHUTL 3HAUMMOCTb PacCUUTaHHOM MHPOPMALMOHHON CBA3W MEXAY KabLMEBLIM CUrHANIOM U NoBefeH-
YecKoW nepemMeHHoM, UCTWHHaA MI cpaBHMBanach C €€ 3HaYeHWAMM, PacCUMTaHHBIMU Ha COBUHYTbIX OTHOCUTENTbHO ApYr
Apyra no BpeMeHu curHanax. bbin Take paspaboTaH MeTof OLEHKM BennUMHbl 3 deKTa CBA3W: B3aUMHaA MHdOpMaLmA
Mexay GnyopecLeHTHbIM CUTHANOM U MoBefeHWEM bbinia HOPMUMPOBaHA Ha 3apaHee pPacCcYMTaHHOE 3HaYeHWe IHTPONUK
KaOoM U3 3TUX CNyYalHbIX BEMIMUMH.

BarKHO, 4TO OnMCaHHbIV Bhbille Noaxof paboTaeT Kak AnsA HenpepbIBHbIX BENIUYMUH (K MPUMEpY, KaNbLMEBbIA CUMHaN U CKO-
POCTb KMBOTHOTO), TaK M [N1A Nap HeNpepbIBHOM U AUCKPETHOM NepeMeHHBbIX (KanbLMeBbIN CUrHAN U Hanuuue/oTcyTcTBMe
rPYMUHra).

B xope aHanusa 3anucaHHbIX KanbLyeBbIX cUrHanoB 3oHbl CA1 runnokamna 6binv BbleNeHbl Kak crneuvanu3aumm Heu-
POHOB OTHOCMTEJNIbHO BHELUHEN Cpefbl — HEMpOHbI MecTa, TaK M CreuMann3aummn 0THOCUTENIbHO NMOBELEHYECKUX aKTOB
YKMBOTHOTO — HEMPOHbI, CNeLMGUYECKM aKTUBUPYIOLLMECA NPY NOBEXKKaX, CTOMKaX, 3aMUPaHUM 1 T.4. bbinn 06HapyHeHb
HEMPOHbI, CENEKTUBHO aKTMBUPYIOLLMECS OTHOCUTENBLHO AOMOSHUATENBHOMO Habopa OMCKPETHbIX NapameTpoB, MpencTaB-
NAOLWLMX cob60 KOMOMHALMIO MECTOMOMOMEHMA HUBOTHOMO B apeHe (B LIEHTPE, Y CTeH, B Yrnax) M CKOPOCTU HUBOTHOMO
(noKo#, MeaneHHoe U beicTpoe nepeMelleHne). CyMMapHo 3a Bce 4 ceccum aKcnepuMeHTa bbina BoiiBneHa 781 cneumanu-
3aumA B 472 HeipoHax, NPV 3TOM OJHM U Te e HEMPOHbI MOTJIN UMETb HECKOJbKO crneluanv3auuin. 0nHaKo 60bLWMHCTBO
(55%) HeMpoHOB MMENW eMHCTBEHHYIO CreLManM3aLmio.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTopbl N0ATBEP<AAI0T COOTBETCTBME CBOEM0 aBTOPCTBa MexayHapoaHsIM kputepuaM ICMJE (Bce aBTo-
Pbl BHEC/W CYLLIECTBEHHbIN BKMaf B pa3paboTKy KoHLienLmMm, NpoBefeHue UCCef0BaHMA U MOAroTOBKY CTaTbii, MPOYM 1 0406-
pUAK GUHaNBHYI0 BEpCUMIo Nepef nybnunKaumen).

WUctounuk duHancupoBanus. /iccnenosaHve BLINOMHEHO Mpy GMHAHCOBOM Noaaeprke Hekommepyeckoro ®oHaa pa3suTuA
HayKu 1 0bpa3oBaHWA «/HTeNneKT.

KoHdnuKT uHTepecoB. ABTOpLI AeKNApUPYIOT OTCYTCTBME ABHBIX M MOTEHLMAMbHBIX KOHIMKTOB MHTEPECOB, CBA3AHHbIX C My6-
JIMKaLWel HaCTOALLIe CTaTbu.
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Searching for cognitive specializations of neurons
using mutual information framework

N.A. Pospelov*, V.P. Sotskov, V.V. Plusnin, 0.S. Rogozhnikova, K.A. Toropova, 0.1. Ivashkina,
K.V. Anokhin

Institute for Advanced Brain Studies, Lomonosov Moscow State University, Moscow, Russian Federation

ABSTRACT

Of particular interest for researching the cognitive specializations of neurons is their correlation with environmental
variables and animal behavior. Mutual information (MI) is a preferable method for measuring such correlations, as it allows
for the assessment of non-linear relationships between variables, detects synchronization, and provides both significance
and strength quantification. However, calculating Ml for real data is significantly challenging. In this study, we used updated
MI calculation techniques to analyze the connection between calcium fluorescence signaling and behavioral variables. Our
approach encompasses novel strategies which we compiled into a software program known as INTENS (Information-
Theoretic Evaluation of Neuronal Specializations), and it enabled to identify specialized neurons in mice hippocampal calcium
activity data while they explored the arena with varying levels of novelty.

Numerous methods exist for analyzing the relationship between neuron spikes and behavioral variables, including
information-theoretical approaches [1]. Extracting information about the relationship between calcium fluorescent signals
and behavior is of particular interest due to the signal’s ability to provide crucial information about subthreshold activations
of the neuron. In this study, we use the GCMI Gaussian copula entropy method to calculate mutual information [2]. This method
relies on the fact that mutual information between two random variables is independent of their marginal distributions and
only depends on the type of copula used (a multidimensional distribution where each marginal distribution is uniform).

The actual Ml was compared to its corresponding values computed on the time-shifted signals for assessing the statistical
significance of the computed information association between the calcium signal and the behavioral variable. Additionally, we
devised a technique for gauging the strength of the coupling effect. This involved normalizing the mutual information between
the fluorescence signal and the behavior with the entropy value of both variables, previously calculated as random variables.
Importantly, the approach outlined earlier is effective for analyzing continuous variables such as calcium signal and animal
speed, as well as pairs of continuous and discrete variables such as calcium signal and the presence or absence of grooming.
The analysis of calcium signals recorded from the CA1 region of the hippocampus revealed neuronal specializations related
to the animal’s external environment, such as place cells, and specializations related to its behavioral activities, including
neurons activated during running, rearing, and freezing. Some neurons selectively activated in response to discrete
parameters included the animal’s location within the arena (center, walls, and corners) and its speed (rest, slow, and fast).
A total of 781 specializations were detected across 472 neurons throughout all four sessions of the experiment. Notably,
a single neuron could have several specializations. However, more than half (55%) of the neurons were found to have only
one specialization.
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