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Momueayus u yens: KanpliueBblii UMUKUHT — METOJ, TO3BOJISIIOLUN PETUCTPUPOBATH
KaJIBIIMEBYIO JUHAMHUKY B HEPBHBIX KIETKaX HE TOJIBKO B KyJIbTypax, HO H
HETMOCPEJCTBEHHO B MO3re 00beKTa HMccienoBaHus. [1oaydeHHbIE ¢ TIOMOIIBIO 3TOTO
METOJla PEe3yJbTaThl MOTYT OBITh WCIONB30BaHBl KAaK B W3YYCHUW BIUSHUS
OTpeIeNICHHBIX (PU3HOIOIMYSCKUX COCTOSIHUIM Ha pab0OTy HEPBHBIX KJIETOK, TaK U MPHU
aHaJIM3¢ MEXaHU3MOB B3aWMOJICHCTBUM OTIEIBHBIX KJICTOYHBIX aHCaMOJIeH MEXIy
coboit [1]. B aTOM mccrieqoBaHMM MBI W3y4Yalddl B3aUMOCBS3b MEXIY IMOBEICHUEM
JKHBOTHOTO ¥ CETEBOW KaJbIIMEBON aKTUBHOCTHIO HEPBHBIX KIETOK.

Memoovr u ancopummoei: HepBHBIE HUMIYIbCHl PETUCTPUPOBAIUCH C TOMOIIBIO
ycTaHOBJICHHOTO Ha TojoBe Muauckomna NVista HD. Mbliiib ¢ MUHHCKOTIOM TIOMEIIIaIN
B KOJIBIIEBOW TpEK, MPEIBAPUTEIHHO OUYHUINEHHBIA OT MOCTOPOHHHX 3amaxoB. Baomib
B3aUMHO TMEPIEHINKYISIPHBIX TUAMETPOB JIOPOKKH PACIIONIOKEHBI YETHIPpE METKH,
MO3BOJISAIONIUE XKUBOTHOMY JIEIaTh KaKUE-JIMOO BBIBOBI O CBOEM TEKYIIIEM TTOJI0KCHHUU.
B xaxnmplii MOMEHT BpeMEHHM B XOJi€ JKCIIEpUMEHTa Ha BUAECO (PUKCHPOBAIUCH
KOOPAMHATHI MOJIOKEHUS MBIH [2, 3]. MBI mpeaiaraeM ajaropuTM, MO3BOJISIOIIANA
BBIJICIISITH Tpadbl B3aMMOACHCTBUS HEPBHBIX KJIIETOK U aHAJIM3UPOBATh UX KAJIBIIUEBYIO
MIMHAMUKY B TeueHue BpemeHu. CHadana Oblla MpOBeIeHA pa3MeTKa MOBEJEHUYESCKUX
BUJIEO M BBIJICTICHBI CIIEIYIOIINE THITHI JesITETFHOCTH MBIIIN: CHIIUT HA MECTE, OCXKUT,
YMBIBAETCSI, CMOTPUT HAPYXKY WU BHYTPHh KOJBIIEBOTO TPEKa, CTOMKA HAPYXKY WU
BHYTPb KOJIBIIEBOTO Tpeka. JIjsi MOMEHTOB BpeMEHH, KOTI'Jla Hejlb3sl ObLIO OJHO3HAYHO
CKazaTh, YTO MPOUCXOIUT HA BUIEO, ObLIT BBEJICH KJIACC «HE OompeeneHoy. Jlanee Obimn
MOCTPOCHBI Ipadbl B3aUMOJICHCTBHSI KJIIETOK B TCUCHHE BPEMECHH C MapaMd aKTUBHBIX
kieTok. [To moctpoeHHOMY rpadyy ¥ Hapam B3auMOICHCTBUH KJICTOK 3a BCE BPEMsI BUICO
OBUTH TIONyYEeHBI TPYIIIBI U3 TPEX MOCIEAOBATENIEHO 3arOPAIOIINXCS KIETOK — TPOUKH
aKTHBHBIX HEUPOHOB. B paccMOTpeHNH y4acTBOBAIH TOJIBKO T€ TPOUKHU KIIETOK, BHYTPH
KOTOPBIX OBUIA TOJBKO JBE CBSI3M MEXIY KIETKAMH U CTPOTO€ OTCYTCTBHUE TPETHEH
(puc. 1), 4TO MO3BOJIET YCTAHOBUTH IPEITONIaraeMoe pacpocTpaHeHne curaana. s
TOTO YTOOBI BBIJICIIUTh B3aUMOCBSI3b MEXKIy ONMPE/ICIICHHBIM MATTEPHOM IOBEACHUS U
aKTUBHOCTBIO KJIETOK B TPOMKaX, ObLII MPUMEHEH KPUTEPUI XU-KBaIpaT C TOMPaBKON Ha
MHO)XECTBEHHBIC CpPaBHEHHUS HAa MHOXKECTBO TpoeK. JlJis JeMOHCTpanuyd 3HAYUMOCTH
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CBSI3M MEX/Ty KOMOMHAIUSAMY U3 TPEX KJICTOK U IMOBEJACHUEM MBIIIN ObLIa UCCIIeI0BaHA
pabora anroputma Ha rpadax, NOCTPOCHHBIX Ha PaHJOMHU3UPOBAHHOW MOCIIEN0Ba-
TEITLHOCTH KaIBITUEBBIX COOBITHIH [4].

Peszynomamur: Takum 00pa3oM, ObUIM BBIJCICHBI CTATHCTHYECKU 3HAYMMEBIC TPOHKH
KJIETOK, AaCCOIMUPOBaHHBIE C TATTCPHAMU TIOBEJCHHS, W  BOCCTAHOBJICHBI
BOCITPOM3BOIMMBIC BpEMEHHBIC COOTHOIIEHUS B WX akTWBamuu (puc. 2). B rpade c
562 BepimrHaMu B TeueHUe |5-MUHYTHOTO BHeo ObUIO BbIieneHo 1.6 MITH Tpoek Juist
OPUTHHAIBLHOTO U 2.3 MIJIH TPOCK JIJIsl paHAOMU3MpoBaHHOTO rpadoB. Takoe OoibIiIoe
YUCII0 HAWJCHHBIX TPOCK CBSA3aHO C HU3KMM YHCIOM WX TOBTOPSHHUH 3a BpeMs
JKCHEpUMEHTa. B CB3M ¢ 3TUM OBUIO MPEIIOKEHO OTOOpaTh TONBKO TPOWKH,
Habmronaromuecs: He MeHee 5 pa3. Takol BEIOOp MOPOrOBOro 3Ha4YEHHs OOYCIIOBJICH
T€M, YTO B PaHJOMHU3UPOBAHHOM rpade OTCYTCTBYIOT CTATUCTHUYECKU 3HAYMMBIC
TPOMKH, aCCOIMMUPOBAHHBIC C ITOBEACHNUEM MBIIH U HabronaBmuecs oosee 4 pas. [1pu
3TOM B PEKOHCTPYHUPOBAHHOM Tpade Ha OCHOBE KaJbIIMEBOW aKTHBHOCTH HEWPOHOB
obut0 oOHapykeHo 2064 Tpoliku, HaOmogaBmuxcs Oomnee 4 pa3 (puc. 2), a craTh-
CTUYECKH 3HAYUMBIX U3 HUX — 433.

A

Puc. 1. A — koH}UTypanus HCKOMBIX TPOEK B3aMOJICHCTBYIOMNX KJIETOK. B — 00muii BHEIIHUHA
BUJI TPOWKM B3aUMOJEHCTBYIOIIMX KieToK. CTpenkaMu YyKa3aHa II0CIEIO0BATEIbHOCTD
AKTHBAIMK KJIETOK. JKenTo-3eseHble YIacTKH — KJIETKH B MPEAeiax TPOWKH, CHHHUE YYacTKH —
KJIETKH, HE yJacTBYIOIINE B PACCMOTPEHUH

CToAKa BHYTPb
CTollKa BO BHe * wx * X
CMOTPUT BHYTPb
CMOTPUT HapyXy
BeXuT

CnauT Ha MecTe -
YMbiBaeTCcH 1

He onpepeneHo 3

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
Bpems, muH

Puc. 2. BpeMsi ropeHusi TpOWKH B3aUMOJIEHCTBYIONIMX KJIETOK. TE€MHO-3€J€HBIM OTMEYEHBI
Mepuo/ibl aKTUBHOCTH TPOMKH KJIETOK, CBETJIO-3€JIEHBIM — MEPHOJbl «Iy4YlIero» Kiacca, BO
BpeMsi KOTOPOTO JOJbIlIe BCeX OBLIM aKTHBHBI KJIETKH B mpezenax Tpodku. HazBanwe 3TOTO
KJIacca BBIJIENIEHO KpacHbIM 1BeTOM. KpacHbIMM 3B€37J04KAMU OTMEYEHBl MOMEHTHI aKTUBHOCTH
TPONKU B Mpeiesiax JIy4IllIero Kjiacca, 3eJIeHbIMU KpeCTaMHU — MOMEHThI aKTUBHOCTH TPOUKHU B
rpezenax qpyrux KiaccoB
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Bwisoowvr: VccnenoBanue IMoOKas3ano, 4YTO CYIIECTBYIOT CTAaTHCTHYECKH 3HAYUMBbIC
aHCaMOJIH KJICTOK, aKTHBHBIC TOJBKO BO BPEMsI OMPEACICHHON AeATeIBHOCTH, IPUUEM
X COCTaB W YacTOTa aKTUBHOCTH OTJIMYAIHMCh OT TaKOBBIX B PaHOMHU3WPOBAHHOM
rpage. TO TOBOPUT O TOM, YTO €CTh 3aKOHOMEPHOCTh MEXJy MepeJayaMH CHIHala B
kieTkax. [TonydeHHbIe pe3ybTaThl MOXKHO HMCIOIh30BaTh B MPEACKa3aHUK MTATTCPHOB
MOBEJICHUS TI0 KAJILIIUEBOI TUHAMUKE HEPBHBIX KJIETOK W pa3padOTKe HEMHBA3HUBHBIX
HHTEPEHCOB MO3T-KOMITBIOTED.

Qunancuposanue: VicciaenoBanue BHIMOTHEHO TpH (GuHaHCOBOM momuepxkke «lleHTpa
¢dotoHnkny, ¢uHaHCHpyeMOro MUHHUCTEPCTBOM HAyKH W BBICHICTO 00pa30BaHUS
Poccuiickoit ®epepannu (koutpakt Ne 075-15-2022-293).
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Motivation and Aim: Calcium imaging is a method that allows recording calcium
dynamics in neural cells not only in cultures, but also directly in the brain of the object
of study. The results obtained using this method can be used both in the study of the
influence of certain physiological states on the work of neural cells, and in the analysis
of the mechanisms of interactions of individual cell ensembles with each other [1]. In
this study, we examined the relationship between animal behavior and the network
calcium activity of nerve cells.

Methods and Algorithms: Neural impulses were recorded using an NVista HD head-
mounted miniscope. The mouse with the miniscope was placed in aring track, previously
cleaned of foreign odors. Four marks are placed along the mutually perpendicular
diameters of the track, allowing the animal to draw conclusions about its current position.
At each time point during the experiment, the coordinates of the mouse position were
recorded in the video [2, 3]. We propose an algorithm that allows us to isolate graphs of
the interaction of neural cells and analyze their calcium dynamics over time. First,
behavioral videos were labeled and the following types of mouse activity were
distinguished: sitting, running, grooming, looking outside or inside the ring track,
standing on the outside or inside edge of the ring track. For times when it was impossible
to say certainly what was going on in the video, the label “undefined” was introduced.
Next, graphs of the interaction of cells over time with pairs of active cells were
constructed. According to the constructed graph and pairs of cell interactions, groups of
sequentially igniting cells (triples of active neurons) were obtained. Only those triples of
cells were considered, within which there were only two connections between cells and
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a strict absence of a third (Fig. 1), which allows to establish the supposed signal
propagation. In order to isolate the relationship between a certain pattern of behavior and
the activity of cells in triples, the chi-square test was applied, adjusted for multiple
comparisons for multiple triples. To demonstrate the significance of the relationship
between combinations of triples cells and mouse behavior, the work of the algorithm on
graphs based on a randomized sequence of calcium events was studied [4].

Results: Thus, statistically significant triples of cells associated with behavior patterns
were identified, and reproducible temporal relations in their activation were restored
(Fig. 2). In a graph with 562 vertices during a 15-minute video, 1.6 million triples were
identified for the original and 2.3 million triples for the randomized graphs. Such a large
amount of found triples is associated with a low number of their repetitions during the
experiment. In this regard, it was suggested to select only triples observed at least
5 times. This choice of threshold value is due to the fact that there are no statistically
significant triples associated with mouse behavior and observed more than 4 times in the
randomized graph. At the same time, 2064 triples were found in the reconstructed graph
based on the calcium activity of neurons, which were observed more than 4 times, and
433 of them were statistically significant.

A B

Fig. 1. A — Configuration of the desired triples of interacting cells. B — General appearance of the
triple of interacting cells. The arrows indicate the cell activation sequence. Yellow-green areas
signify cells within the three, while blue areas are cells not taken into consideration
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Fig. 2. Activity time of the interacting cells triples. Dark green marked the periods of activity of

the three cells, light green marked periods of the “best” label, during which the cells within the

three were active for the longest time. The name of this label is highlighted in red. Red asterisks

mark the moments of activity of the three within the best label, green crosses mark the moments

of activity of the three within other labels
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Conclusion: The study showed that there are statistically significant ensembles of cells
that are active only during a certain activity, and their composition and frequency of
activity differed from those in the randomized graph. This suggests that there is a pattern
between signal transmissions in cells. The results obtained can be used in the prediction
of behavior patterns by the calcium dynamics of nerve cells and the development of non-
invasive brain-computer interfaces.

Funding: The study is supported by the “Center of Photonics” funded by the Ministry of
Science and Higher Education of the Russian Federation (contract No. 075-15-2022-
293).
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