
OT3bIB oer.rqta;rr,Horo orIIIoI|eHTa
Ha (o) A[cceprarl[rc([) Ha cotrcKaHne y.teqofi crefle11r1

KaEArrAara otroJror[qecKnx HayK Ap6arcKoro Muxalina CnapraKoBnqa
HA TeMy: <(BbrqcHeHlte MexaHIt3MoB pa3BI{Tr{t feTeporeHHoro oTBeTa

Me3eHX[MHbrX CTpoMarbrrblx I(JleToIt Ha npot[uoporuvecrcne cTrlMyJlbr c
[cnoJIb3oBaHIteM a{antr3a TpaHclqttr[ToMa e{IIEtrrrgblx I&,reToIo)

uo creq[air6Hocrri 1.5,8 MareMar[.recKaq 6ltonorur, duolrHoopMartrKa

O6qar xapar$epucrurca pa6orr,r u anyaxr,Hocrh rrccJreAoBauu,

flpe4craunemraz K 3arrlure Ar-rccepraqrrr M.C. Ap6arcr<oro fioaBrrqeEa

aKrr?nEHofi [po6JreMe coBpeMeHsofi 6toloruu u,6zoueAnlrrHhr , Br,rrcrreHr{ro

MOJreKyJrrpELIx MexaE[3MOB reTeporeHrroro oTBeTa M€eHXXMHLIX CTpOMaJrbHbtX

ro'rero( (MCK) ua npoSn6porzvecKrre crnMyJrrn c upuMeHer reM rrepeAoBbrx

MeTOAOB arrrzulll3a TpaHc(pamoMa e'qIIIIrqHblx KJreToK. @u6po: opranor xnraerca

OAHoi r,I3 BeA)rqux [p[.rr?III cMepTrrocTtll Bo BceM Mr4)e, [pII 3ToM c)tqecTByrotq{e

TeparreBTrr.recKl{e lloAxoabr ocTalloTcr uanossserruaurrrua. TpaatrqIIoIIIIbre

rlpgAcraBlearxr o roM, qro Bce MCK B lpo$u6por{qecroM MrrKpooKp}Dr<eqlllr

e4nnoo6pa:no Azooepenqrlpyrorcr r uzoor.r6po6lacru, He odErcllrror
aapua6enraocra K;rnrrrfrecKrx lporBneurri {u6posa r pa3rrrsrfli B

30O9KIIIBIIocrlr repalreBTr{lrgaKlrx BMeruar€JrbcrB.

AxryanbHocrl nccJreaoBaulrrr orrpeAenrerct qecKorbKrMu Qarropawr.
Bo-neperrx, HecMorpr Ha rrHTeHcuBHoe fl3)rqeqze pofirz MCK a pereneparrzearx

npoqeacax u pa3Br.trrr 0H6po3a, Mexasr43M6t, onpeAelufiotqte qrp6y or4enrnr,rx

KJIeTOK B rrolryJlrqllu IIpn Bo3aercTBwr npoQt6porrvecrulx crrrMyJroB, ocTaroTc,

HeaocaaToqHo ri3JFIgInrLIMI:t. BO-BTOp6IX, [O'BIrAIII4e TeXrroJIODd AeKBerrritr oBaHI4rr

PIIK e4r.run*+rx KngToK (scRNA-seq) orKpbuo [prrurtfimir!]rbrro HoBEre

BO3MOXHOCTT' Alrrr r{3yqeHrrr KrreToIIHofi fgTeporeEEocTrr, KoTop6re ao r{acTorrqero

BpeMeHr.r Ile 6rr,rr.r s norEofi Mepe uprrMerrerrbr K aHalrr8y orsera MCK Ha

npo$a6porrz,recxoe MnKpooKp)orreHue. B-rpeuro<, u4errrz@lrraqrr

c)6[o[]rrrqufi MCK c pa:mlvumaz Slarxquonanrruuu aBofcrBat&{ Mo)Ker

uMeTb Bor(Hoe IIpaKTI:lqeaI(oe 3ltaqelj'/e IIJI' pa3pa6oTKn HOBETX rrOAxoAoB K

tepaur.rn $r6porzvecxra< sa6oresanzi ri flepconaJrr{3tlpoBarruoft MeAr_rqtn6r.



ABTop o6oaEoBaauo rIpIrMeHIrJT coBpeMerrarle METoArr

6rzonr@opvalrvecxoro aE€lJIu3a 4aunrx scRNA-seq, BKttloqrlr aJrroprrrMbt

cHxxeErir pa3Mq)Hocrrr (PCA, IJMAPi Kracreprtarlut (Louvain algoritbm),

rrHTelpaqaa aaHqED(, aHa,.rr'sa TpaeKlopat pa3BuTtrt $reToK, RNA velocity, a

Tarxg rrgenTuQriKa.qnr4 peD[rrroprfi,x cerefi (SCENIC). Koururer<cuoe

ic[oJlE3oBellr'{e grljx [oAXoAoB rIo3BoIIIrrIo rloJlyqr{Tr, IroBbre Syngauenra"urue
3uaurrrr o MexaHrr3Mctx Sopuupooauu.a rereporeurroro orsera MCK Ha

npo$u6pornvecrze cruvylr,r.

Ilayvuaa rroau:ua u rrparcTrlqecrcafl 3uaquuocrr paborrr

Ha).qqar EoBrzgrra arrcaepraqrronrroro ncclreAoBaur{rr He BEr3brBagT

coMHerrrdi. Bneprue c [cnoJrE3oBaHI{eM MeroAoB oArrocneroqnoro

TpaHc(p[rlToMrrofo aErljlu3a rroKa3aEo, IIro [orlyJrrrrlrr McK 'renoBeKa npu

rynbr[BrrpoBarrm B ycnoBrinx lpo$r6poruuecxoro MriKpooxp),rremrt

AeMoHcrpr.rpyer rcTeporeHHhrfi orBer c Qopuvponaurzeu AncKperHbrx

cy6uor5araqri, pa3nlqarorquxct rlo 3KcrlpeccEr{ o-rJla"4(oMrJlueqEoro aKrElIa

(o-SMA) - ruroqeBoro vaprepa 4n$$epeurlr.rpoBKr.r vrzo$lr6po6aacroo.

Vcrauoureuo, qro roJrb(o qacr6 Klrero( xapaKreprtyercr BETooKLIM ypoBHeM

3l{cnpecarlt reHa ACTA2, B To BpeMrI KaK ocTELrrbELIe ruteTKn coxpaE roT EI|3K.ui

)?oB€r$ SKCITp9CCIIII 9TOrO IeIIa I' A9MOr{ATpIIp)4OT IIpI,IHrII?IIIIIaIr,HO IlIIOi

rpancxpanrovrui npo$l,ru.

Aeranhna,t xapaKTeptcrrrla c-SMA-nerausEoi cy6norqulqau erurz:ra

ee )'HrrKanLELI€ (b),'HKquonanLHlle oco6erlllocrll. no(a3aHo,,rro 3Ta

cy6nonyuqur xapaKTepu3yercr noB6rrrreHrroi 3Kc[peao[efr feHoB, aBt3aHHbrx c

gerpagaqr-refi BHe(Jreroquoro Marpl-rKca (r<arenclru K, Marpnrcrrbre

Merar:r!'ro[porerrrrz!36r MMP 1 n MMP3), .rro cBnA€TeJrr,crByer 06 rix

IIOTerrqrI6uILHbrx aHTlloli6poTr-rqecKlD( csoiicrsax. @1'nxqnouanrrrni ana.rrzs

BbITIBI4II o6oralleHlre flpoqeccaMr{ opriuru3aqu[ B[eKIeToqHoao Matpr4Kcar

peryJ'rrrrlllr-i anryIorerre3a, Mera6oJrrcMa JIIj[IiAoB u Az$(!€peurl[poBKlr rureroK B

ocTeorgEHoM It XOHApOTeIIHOM HanpaArerrbrx.



Ocobbl]i I-iIITepec [peAcraBJrrer nleHTr.rorKarlnr perynrropr{brx MoneKyJr,

rroreulluulnrrro BoBJreqeHEErx B $opMnpoBanue aHTx(bu6por[.recroro tfeHornna

MCK. BnepBlre rroKzl:rana azt}QepeEquanrnar srcrrpeocrr{ Arrnn:uoit

uerop.rpyolrlei PHK LINC0I705 s o-SMA-Herarugnofi cy6nonyrrqvn.

flpoeeaeanEri aeropolr 6zoutrrfopl.rar{.{ecx[i aua,ru3 BburBr{Jr} qro 3Ta aEPHK

B3arrMoAe[crBy€r c 6enKoM ZNF469, y.iacrB]'rouurM B ariHTe3e BonoKon

KoJrfiareua, z Moxer perynlrpoBarr 9Kcrrpecc{ro aeHoB, cBr3alru6rx c Qz6porov,
qep€3 B3anMoAeficrBlre c unrpoPHK. Kpoue roro, u4eutlr$lrqrlponan ua6op

uzr<poPHK (hsa-mir-10a-5p, hsa-mir-34a-5p, hsa-mir-27a-3p, hsa-mir-194-5p,

hsa-mir-1 8a-5p, hsa-mir-20a-5p, hsa-mir-45 1a, hsa-rnir-129-5p, hsa-mir-29a-3p,

hsa-mir-29b-3p, hsa-mir-29c-3p), [orerrqnaJrr,Ho yqacrB],roqrx B peryJuqrui

ItrOOepeHrlrrpoBKri I-I r[yurquonalruux csoicrg MCK.

Baxll6rM Aocr[xerueira pa6orrr aalaerca z4earr$r4(aqwr aKTlrBtrbrx

pefyJrorroB ri rpancKpri[qrionnbrx $arropoa u pasnrlvurrx cy6uorrytrrqzrx MCK c

r{arloJr*oBarrr4 eM aJrropnrr\la SCENIC. B anrn$u6pornvecr<oi cy6[onyrrqn[

BburBnerra aKT\4BrrocrB TpaHcKp[rrquoHHbrx @arropon TEAD3, ARIDsB, TBX15

L MSC, Korfipolxpfoqux npoqeccu 4uoQepenqnpoorz xneroK, orpnrlarenbHoi

peryJrrqnr oTB€Ta Ha BrreIIIIIlle cTlrMyJtBt u ouoctillTellltlecKl{x npoq€ccoB. Art
TO ARIDSB uo(a:,aHa peryJrJrrlnr [poqeccoB orpnlarenr,Eoii peryJrrqnr orBera

Ha BlrerlHue cruMylrrr n 6toczrreuqecrrrx npoqeccoB, qro Mor(gr o6t rcnrrE

Mexanlr:M QopMlrpooam.ra ycrolurzrocrr.r r npo$z6poravecrutM c[rEiLrIaM.

flpaKTnqear(a-{ 3Ea.ruMocrL pa6orbr orrpeAanrercr rraar(oJrLKlrMu acrreKTaM[.

Bo-neperx, lr,4enTnSzqlrpoeaurr naeru6pannue vaprepu (PDGFRo 4lr.r

q-SMA-HerarugEoii ay6rorryrrqrr ; LIMS2, CRIMI v CDLI2 N)t
o-SMA-rro3nrnBEoi cy6norryrrqtlrr), Koropr,r€ Mor]T 6um zc[onl3onauu gru

pa.r4eaeuur clduonya.rqui MCK uero,qoM KjrerorrHoro coprtrura. 3ro orKprrBaer

Bo3MoxHocrlr Anr [oJryrrenrrr o6oraqemrbtx [penaparoB MCK c aaAarrnrrMll

$yrrqr-ronanr,nr,rulr csoftcrsaMr.r AJr rreroqrroi Teparru. Bo-BTophr& npeAnoxeH

noAxoA gKanpecc-aHalrrlea Aarrrrhrx scRNA-seq 6norornvecrlrx o6pa.:qoe

naIIri€HToB Ant IIpo ro3npoBarr[rr QI(JrosHocTr K pa3BaTlilo Qtt6posa, .no voxer
J



HaiTI,r lpr-rMeHerrte B repcoHaJrrr3npoBaHqofi MeArdl[r{e, oco6eHrro B

3creryFrectcoi qeJrlocrHo-irrrleBofi xriplpfllr. B-rperrnx, BLrrBIIeIrHrre

peryjU{TopHbra ceTI{ rr cI' r,urLEEIe rryTu npeaaTaBJurroT co6oii noTeHu[ar6r$re

MrrureHrr AJI' QapMaKororu.recKoro Bo3AeicrBltt c qerbro Molyntqal
cooruouen {r rrpo- t4 anrurfu6porzvecrurx cy6uonya_rqr-ri MCK.

HoBrBHa lr flpa(T{qecKar 3uaqr-iMocrh pa6oru nogreepx4arorca

nolDtrerrieM [arerrra P@ N92766707 or 15.03.2022 r (CpeAcrBo Aiur JreqeHa,

Qr6posa rranei na ocHoBe KoMrroneHToB ceKperoMa Me3exx[MHbrx crpoMllJrrnrrx

xneror, cnoco6 norryueHbr ri uprrMeuenir cpeaarBo>.

CreneHr ofocnosaHHocrn noJrox(eHtrii, BbtrloctlMbrx Ha 3aulfiry, Hayqr ,Ix

B6rBoAoB u peKoMeEAaqrn

Iloloxeuua, BbruocnMrre Ha 3alqlrry, B qeJroM xopouo o6ocHoBas6r

9r{c[epfiMelIT,!]I6rrr,rMl AaHHbtMl-t '1 p$ynbTaIaMI-I 6noZEsOpVarnrecxoro

aHallll3a. ABTOp [pIrMeHEIr COBpeMeHHLte U aAeKAaTHEre nOCTaBJTeHHEIM 3a,qarraM

MeroAr,r uacJreAoBal{[t. I4cnoJrb3oBar e rexnoJrorllll 10x Genomios qax

rIoForoBKI{ 6u6n[ore( r.l Blraoroqpol43BoArTerbuofo ceKBeEzpoBaHI,Irr Ea

urar$opuax HiSeq1500 r.r NovaSeq 6000 o6ecrreqllao rroJr]Aenne aaxrihrx

BLrcoKclrp KaqecrBa c Aocraro-ruoi ury6uuoi upoureHuii (20000 npo-rrenni ua

K;Ierrgr B rrepBoM uoBrope). flpllMerleuae [afnraftEa Cell Ranger gnr nepnuuuoi

o6pa6orxz AaEHbrx, (aprnpoBauur ua peSepeucHErfi reEoM (GRCh3S) Ir

TpaHcKpn[ToM (Ensembl 93), a rarxe @lrarrpaq{u Marpur] 3Kcnpeoclu,

cooTBeTcTByeT CoBpeMerrrrbtM aTaHAapTaM B o6[acTr.t oaHoKreToquoi

TpaHcKprlrrToMliKn.

Oco6o cneAyer orMerurb r<oMrr:reKcurli [oAXoA l{ rurr4poBaurzto ueroK,

npeAroxellll6ri aBTopoM. B pa6ore [ocneAoBarejrbHo np[MeHeHEr rpu MgToAa:

aBToMaTrr.rec(oe TIrr lpoBarrltg c I{cIIoJIE3oBaurerra narera singleR a pesepeucnrx

6a-: 4am+rx (HPCA r,r Blueprint), TrrnrpoBtrHue rro crreq]i$uqecftrM MapKcpaM c

vclonL3oBarr[eM 6a: aauulx ParglaoDB lr CelMarkel rl Tr,rn[poBarr[e no

6nonoruqecrurv npoqecceu c arraJrri3oM o6orarqeEn rerroB TepMauaMri Gene
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Ontology. TaKoil Mnoro5rpoBrreBbri rroAxoA no3Bolrrltr npeoAoJrerl ofparfiqeHrrr

orAenrHEIX M€ToAoB L norr5,"or, 6onee [onr{Jto Kaprltuy rureroqnoft

reTepofeHHo aTri.

I{cnorb3oBa&re verogoe RNA velocity rl ananrra rpaemoprrit paswrrut

(Slingshot, PAGA) &rr uccneAoBaEqr AEHaMI'r(It grssepeHquporM MCK

rBJIteTCr MeTOAOJTOT[qeCKIi OqpaBAaEHlru u 4o6aonaer BaxHoe BpeM€qEoc

ISMepeEIIe K CTaT[trec(xM 4allr*na scRNA-seq. Bnsyanasaqtr TpaeKropufi

pasar{Tr.rr y6egaren6Eo ,qeMoHcrplipyer [ocJreAoBareilbHocrb KJIeroqIrbD(

coctornzii n ualpauenza glr@Qepeuqrzpoerur.

3aMeqaH1|q r 4nccepraqtonxoi pa6ore

Blrecre c reM, cJleAyer orMernrr rreKoroprle acnerTEl, Tpe6yroqna

ao[oJlHaTeJrbrroro o6c]DI(I0Ilur r[[ ]noqHeH[t:

1. Io4nzcu r< pzcynKaM coaepxar He Bcrc zuQopr'raqzro. Har4rrluep,

- ptrc. 23 coAepxrrr rpa$lrKu Arrr 4 6u6:auorer MCK, a s rroArrr{cu AaHa

pacuuQporxa roru<o 4"ra 4r1x;

- pric.24 co,qepxrlr 8 rpa$uron, pacuru{poaxa AaHa roJt6r<o Anr 4. Ta(xe

Eellorurruo, ,qrt Kaxoro llg 2 narrrenros upzae4enr,r erlr rpaQarz.

- p\rc. 25 cogepxur 4 rpaQaxa. He[oHrrHo, KarqiM o6parqalr n 6r-r6rnzorexau

oHr{ cooTBeTcTByroT.

2. B guccepraquu B pa3aerre "Marepna,ru r.I Mero.qbr" He ) <a3arro, cKoJrLr(o a

raxn 6ll6nnorex MCK 6LL[o cAeralro. B reKcre, crp. 737, uwrrrcauo.

B pesy,tamame cekreHupolaHus 6omo notyteno 32 QaiLaa, dtn xacrcdoeo o6pas4a

no 8 @a toe.

B 4r.rccetrnaqr-ru ue 5masaEo, KaKHe Kon(perHo o6pasqu. Eulo 6u rronsrnee:

- AarE Kax,qoMy o6pa:qy ugearu$rrxamp;



- rrprBecTrr cBoarry-ro Ta6raqy, B Koropoi orricaTE o6pa3erl ycJroBn

KyIIETIrBrrpOBarlu, IloJt)4r9rrrr6le Il3 r{elo 6u6jlroTeKlr, rloBTopbr Lr

pe3yJr6TaTbl A9KB9H4pOBaEU'.

3. B auccepraquu rre yKa3arro, 6rtuu ,ru s6rroxeo6t pe3)aLTarhr ceKBeuupoBaHrur

a r<aryro-m6o us lrexgy'napoAnbrx 6a3 Aa.rrrrr,rx.

4. E6r"ro 66r rroJre3rro npeAcrnBnrL Bce gTarrlr 6rzorm$opuarurecr<oro aHeullsa B

BtIIe eaEEIIOt CXeMEl.

5. Bocnpov:rogzlzocrb p€3yJrr,TaroB, B6rao 66r rrorTe3uo [peAcraBrrTr

npore4ennrui 6rz olrn$opuaruvecxr-rir anuta3 B BxA€ crleHaprreB Ea oAHoM n3

co3AaEn6rx Anr groro a:uroa (CWL, WDL nrz Nextflow) tr cosgarr git
peflo3uropuii, orKyla uoxso 6uno 6rr cKaqarr, 3rn crleHapr_r\4.

6. crp. 146

B pennomame rnacmepu3a4uu wemok o6paz4a MCR, Kyn;mulupyaublx s

npofiu6pomuuecxt* ycaoetux nonyveuo 6 rcaacmepoe (puc. 27)

B 4zccepraqau ne yr<a3aHo, (ar<oi o6pa3eq (rl: r<axoro naqv eura, u3 Ka(oro

rloBTopa, fi3 xaroii 6n6lnoreru) [cuo]Il3oBarc{. 3ro xe gaueqanue Kacaarcr, Lr

Ap1,rtx, no4o6nrrx plrcyuxor.

Taxxe uer rnQopuaq[u, EacKolrrro Bocqpoli3roAtrrc, Taroe par6ueuue na
(nacrepBr B Ap)Tr-rx o6pa3uax.

7. crp. 148

Cpedrrce zuaaeuue u KpamHocmb u3Jt4eHeHut lpoeHA gKcnpeccuu eeHa ACTA2 6

xnacmepax 2 u4 e cpeduau euwe 6otee, qe s 7 prc.

He yrasarro, orHocrireJlbrro qero BBrrue ypoBerrL 3Kcrrpeccr4r{ reHa reEa

ACTA2 B Eracrep.x 2 u 4. B ra6llrqe 6 A/,rr (nacrepoB 2 w 4 npuleger



avg_log2FC ornocrrreJrrno Bcex KlreroK o6pa3rla u oH cocraBrrr 0.78, rorga

2 0.78=t.7|.

8. IIpu onrcaur-ru guS$epeuqzalruo g(cnpeccupForqaxcr rerroB aBrop

ucrroJrrryer rroporoBbre :navealra avg_log2Fc (0.6, 0.4 a taxe 0.25 AJrr pa3rsrx

&lacrepoB). Xenarelrno no4po6no o6ocnooaG eu6op 3Trrx noporoBbrx

3ga.reH[t rI Be3Ae yKa36IBaTb He ToIrbKo KpaTHocTL u3MerreE[', rlo I,

cKoppeKrr-rpoBarrrrbre p-suaveuvr (padj ).

9. crp.152

Ha pucTare auduo, tmo e o6paap eatdatammca dee cy6nonynaquu no kntuueloJtry

uapxepy nuoQudpo6tacmoe - aSMA. Ha zpaQuxe MCK c abrcokutr4 yposlert

oKcnpeccuu ze s ACTA2 npeuuyt4ecmeevn pacnoraaqpmct e I rcnacmepe. B 0, 2

u 3 rctacmepax cocpedomotu,tucu MCK c nusxtw ypoqteM oKcnpeccuu aeHa

ACTA2 (Ta6t. 11).

Ha voii aarrrg, rz corJracno ra6nlqe 11 verro augelrerca 2 Krracrcp, B KoropoM

srcnpeccu-r reaa ACTA2 c)drlecrBeEo cHuxella.

Xotr xnacrepu 6llru rrqqelenu, Aa.Jree He noclreAoBalo KaKoro-To auaura3a 3Trx

KllaaTapoB.

10. I4mep[peraqnr RNA velocity. np aralllr3e rpa@rros RNA velocity glx

vaprepoe r'azo$n6po6racToB (puc. 32) aBrop oTMeqae! qTo 3Kcnpecc r reEa

TAGLN <Haqar rroAEeprarbcr llerpaaa\ tt>r.3Ta unTepnperarr[r rpe6yer 6onee

ocropoxEoi Soplryu.rpoor<u, Tar< KaK RNA velocity nora-:uraer cooruor[eHne

clrJrafcfipoBaHHhD( lt EecnnaficnpoBaHHbrx $opu PHK o uoueuT ceKBellnpoBalrur,

a He rre[ocpeacrBeHHo rrpoqecc aefpaaaqnu.

11. B p$yJGTarax sacro cnoxno TIoIUITE, ruIacrep KaKorc o6peBqa [Meercr BBrlAy.

Tar<xe ne yrca:aao, K (aKoMy narg-rgrrry orrroarircr o6paseq. Errno 6rr noregno

xar(-To npoFyr\repoBaTl o6pa:qr,r z egrmoo6paluo cculatrcr na mo<.
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12, B ,.ucceprarlwfi He )rKa3auor EacKorlr(o Bocqpou3BoArrct pe3yn6TarEr

(nacreprr:laAl-ru An-s 2 uaqzeuros, lrocr<onEKy qplrBoAtrcr ronLro x;lacrep[3arlurl

aJrf, oraearHrlx o6pa3uog.

hecMoTpr Ha oTMeqeHrrbre 3iMeqaHlit, creAyeT flo,qsepK$rrb, yTo oHt4

HOC'T qacTHbri XapaKrep 14 rre )4\faJlrroT o6rqei rlrcoxof rraj^Irroft qeErrocTrr

pa6016r.

,{ocroaepnocrr pely.rrrator

,{ocroaepno crr, IIoryqeIlrr6rx pe3,xr6TaToB o6ecneqriBaeTct

ucnotrE3oBarflreM coBpeMerrELrx r-t BtL]ILII[poBarrHIix MeToaoB tlccJreaoBarr[rr,

AOCTaTOiTEETM O66eMOM SKCUep[MerrTaJrbrrOrO MaTeprrajla (or 4 go 10 rucrv
KJIeroK Ha o6pa3er| 6oree 2000 rc,reror [poaHarq3vpoBaHo B KaxIoM

s<cnepnaenre), Bocqpor{tBoallMocTEro ocrroBuElx pesynbTaToB rra Marepueue qT

pa3Hhrx aoHopoB. npuMcHcHteM aIeKBaTHbtX Me.loaoB c l al ucTl4qecKol,I

o6pa6orKu AaFHhrx 11 coorBercrBlieM noryqeErrHx p%ynETaroB coBpeMeHrrbtM

npeAcra&rreurrrM o 64onor u MCK n Mexanusuax pasrurr.rr Qu6po:a.

flplrueuenrze riecKorrbKrD( He3aB[cuM6Ix rroaxoAoB K TluttlpoBaulrlo rcreroK

u qeHTrO[KarI& Alr$$epeuqnarbuo grrcrrpeccnp5aol[t xcr reuoB, a rar(xe

ncrroJllsoBaulle pa3Jrl{qHErx alrropr{TMoB EM aualru3a rpaeKTopnfi pa3Brrrltt

(Slingshot, PAGA) noBlruaer HaAexnocrb rroryrenqr,rx pe3)crr,TaroB.

Otlopu,reuue gncceprarluu u aBTopeQepara

A[cceprarlqr o$opM"'rerla B coorBercrBnrr c rpe6oBaqurMr_r,

IrpeaLtBJU{eMbrMII K pa6oTaM Tar@ro poaa. CTpyrcfwa Ar4ccepTarllrl{ Jrolljqrra I:I

Bro'rrolraer BBeAeHrre, o63op nnreparrphr (r.nrrepecnufi, Eo zsrzllHe 6oftIllofi 116

crpanq), onrzcauue MaTep{zLIroB 14 MgToAoB, lt3lroxea[e pe3yJIbTaToB rr I{x
ooclxgerlre, 3arcroqgErie, BLIBoALI rl cr[IlcoK Jllrrgpar)apbr. Terct ganlrcan



Ip'IMOTHEIM HayqEbIM t3bIKOM, rI3Jroxelllle MaTep[rlna [Oere.IIOBaTerr,Ho€ I{

JIOfliFIHOe.

Cnzcor nzrepar5pu AocraroqHo rloJrorr t{ Blcrroilaer Kax KJlacc[qecKrre, Tz!I<

rI coBpeMerrrrEre pa6or6t rlo TeMe r4cc[eloBaEIlrr, rrro cBrrneTeJrEcrByeT o xopoueM

3rr,tH n aBTopoM cocTorr irr rrpo6jleMbl.

Cogepxanae aoropeQepara coorocrcrryer coAepxanriro Arrccetr]Tarl[{.

Coottercrrne guccepralrun nacrtopry c[eqrra!'rElrocrtl

^{rccepraqnonua-a 
pa6om M.C. Ap6arcr<oro rroJrriocrbro coorBe.r.olByer

[aonopTy HayqHofi cneqrzalruocrlr 1.5.8 MmeMaTl_rqectas 6aoaorrl.
6lroun$opuarma (6uo,rorzvecxr-re uayrn). Pa6ora [ocBrrrreua rrpzMeueHaro

coBpeMeuHhrx uero4or 6uoan$opMarrr.rec(oto auuru3a NE riccJrelorraxr4,

Qyu4auenralr,nrx 6Nororuqecrrx npoqeccoB - gr-r$Qepeuquporxu a

Qyurol[oHr.rpoBaHlrr Me3errxr]IMHrix crpoManEnblx rcrreror.

B pa6ore acuonraoBaE uupoKllfi cIIeKrp 6zouuoopnarr.recrurx MeroAoB x
amopr4rMoB: MeroAbr cnuxenr.trr pa3Mepnocrr{ ganurx (pCA, t_SNE, UMAP),

aJlroprrrMbr KJracreprtarlfifi (Louvain algorithm, SLM), uero4u rrrrrerpaq[[

AaHu6D( (canonical correlation analysis), anarusa gr-rS$epempalluofi srcnpeccar_r

relroB, nocrpoeHwr rpa€Kropsfr pa3Brrrr-rrr rsreror( (Slingshot, pAGA), anarnca

Tpar{cKplrnruronHoi AriuaMrlxn (RNA velocity), z4earvSzxaqr.rz peryJrlrupxr,rx

cerefi (SCENIC), a rar{xe MeroALr Qynnqzona.rraoro o6oraqeuu.e (Gene

Ontology, KEGG, Reactome).

Pa6ora Buocrrr c)ruIecmeunrrii nrulag B pa3Brrr[e MeroaoB aHtura3a aaHHbrx

oAHOKJTeTOqHOTO CeKBeHrrpOBaHI{JI PHK, B SaCTHOCTT], [peAnoxeH KoMII]IeKCHbri

IIOAXOA K Tllr[lpoBarllllo (rreToK, correTaroqrdi ttBToMaT[.recK[e MeTonBI. alrl?ull43

cnequ$t'recxlu vapxepor n oqerugr 6roroutrecKrx qpoueccoB.

Pe3ynbrar6r pa6orr,r raaeror Baxuoe 3uaqeHue aJr! rroHuMariurr

MoJIeK),trtpHEIX Mexaursuoe pa:auear rlu6posa u uoryn 6lrrE rlcrroJrr3oBaubr AIu
pa:pa6mrcu norrrx no.e(oAoB K repararl $z6pornuecxnx sa6oleoauzfi.



3aKlto'renue

Ilpegcraeireuaar A[cceprarluoHrralr pa6ora M.C, Ap6arcr<oro renrerc.r

3aBepl[eErrbrM FayIHbIM t4ccJreAoBaEneM, B KoTOpOM C nC[OnHOBaH[eM

coBpeMerrrrErx MeToaoB oAHoroeTosHoti TpaHcKp[[ToMr,lKll fi
6aorcrSoplarz.recroro aulurz3a peueua aKTyanLxarr rra1 rulul 3araqa - BrrrIaHgHbI

MexarIrI3MEr pa3BllTrrrr reTeporeruoro oTBeTa Me3eH)([{MHEIX cTpoMaIEIiLtX XJ1eTOK

Ha IIpo0lt6porn.recKv e crr-rMyn6r.

Ocuornr,re nayvurre pe3y,'rbrarbr pa6orr,r:

B[epBbre [oKa3aEo cyulecrBoBaHrre Ar{cKperHhrx ay6norryn{qri MCK,

pa3nrlqaroqrzxcr rro cfloco6nocrn aurf @epeaqaponarrc_a a woSu6po6:racru npz

rry.:rErr4 Br{poBaurfz B EpoQrl6porllqecxoM Mr-tKpoorp)xeHrrr.

OxapaKreprroBaH rparicrpaflroMrrbrii npo$r,rr q-SMA-HerarrrBnoii

cy6norrynngrz MCK, B6urBJreH6r e€ 0)E(q[onanr,Hr,re oco6euuocru, ceroanuue c

AerpaAallner BqeKleToqHoro MaTpll(ca, pgrynrqiei aHl[orerre3a Lr

uvra6oluvecxr-rx npoqeCcoo.

I4,4eHrr6IrIII-IpoeaHH peryrr.rroprrhre MoJrerqr6r (anPHK LINC01705,

MtKpoPHK, Tpauc\pnn+rourrrte $arropu), rrorerrgrrlJrEHo BoBreqeHHLre B

Qopurpoaanrze arrruQn6poruvecroro $euorr4rra MCK.

ycraHoBneHr,r MeM6paHHr,re MapKepu cy6nonyuquri MCK, xoropue voryr
6utl lrcnolrgoganrr ,4r'rrr rix pa3AqreHrur MeroroM Mreroquoro copruura.

npeAroxeH [oAxo.4 r( lpofno3lrpoBaHrro cluorrHocrn K pa3Burzlo $a6po:a
Ha ocnoBe gKcnp€cc-aHan[3a AaHHLrx scRNA-seq.

Pa6ora arnonnena rra B6rcoKoM rra) rHoM rr MgToAIrqecKoM )TroBHe,

pe3yJrbTaTLI AocroBeprrbr ll r,tMeror KaK Q1'nAauerrra,rrnoe, TaK rr flprrruraAHoe

snaveuze.,{rccepTaq[Jl ooopMileHa B cooTBeTcTBt4lt c tpe6otaurzxur.r,

[pearrBrreMblMl,r r pa6orau rarcoro po4a.

,{uccepraqa* orBeqaer rpe6oBaurirM, ycrarroBllelrurrM MocKoBcKuM

rocyAapcrBerrH6rM yH[BepcrzreroM rMeHrr M.B. Jlououocoga K pa6oraM
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noAo6Eoro poAa. CoAepxarne A[ccepra4 r cooTBercrByeT crrequarGnocrl-r 1.5.8

MareMmr-isecrar 6uonorut, 6uoun$opuarzra (no 6zonoruvec<uv nayxau), a

TaKXe nprnepl,IJlM, orrpeaeneHHbrM rrn. 2.1-2.5 llonoxeHlrs o nprrc) xleHl:lll

yreHbIX crellelleft B MocKoBcKoM roc)aapcrBeEHoM )rrl]Belrcnrere ,rMeEtr M.B.

JloMonocosa. .,{zccelnaqaonnoe rcclr€AoBarue o$opv,reno comacHo

Tpe6oBaHfirM Iloroxequr o coBere no 3arrurTe AncaepTaq[fi Ha coucKaHl-Ie

y.reHofi creneHl-t ld:aE4fiAa"ra EayK, lla coricKarrre yqellofi crerrerrr4 Aorqopa Ha)'(

Mocr<oacroro roq4apcrBeEEoro ygl-IBepc\lrera nMeIIl' M.B. JloMorrocoBa.

TaxlrM o6pa3oM, concKarelr6 Ap6arcrod Mzxar.ur Cnalnar<orrn

3ac,T)DK[BaeT Rprrc]rrqerrr-rr ytellofi crelreEll KaHA\4Aara 6[orort4'recK[x HayK IIo

c[eqr{aJl6rrocrrr 1.5.8 Marevarzqecnar 6uonorr-r.r, 6nozuoopvarura.

Ocbtttmarrrrr,rfi onnonern:

,{orrop 6rzonorr.rvecrurx nayr,
Hay.ruuii plxoaogrzrelr,,
HafipaBIeur4e (BbrrrIIcJIIiTerIr,Htul 6noJlorurr),
Hayrurri qcu, p reueru(rr r.t rrayK o )Kr:rsrrr.r,

Hayrro-rexuoaoruvecKrii )aruBepcur€T <Cupryc>

Ko,rnaxoa <Deaop AraroJrLeBt,q

20.02.2026

^oHTaKTEhre 
AaHr{6Ie:

ren.: +7 (9 13)943 1694, e-mail: kolpakovfa@talaatiuspeh.ru
Cneqlra.:rr,uocrr,, no roropoi o$uqzanr,nrrM ormoHeHToM
3alqlltrleHa AI-iccepTaq[.Jr :

1.5,8 Ma::er,.rarzqecxar 6fionorllr, 6 otu$opuarzra

AApec Mecra pa6orr,r:

354340, KpacHoqapcrnft rpafi, Qe4eparrnaa reppzropu.r <<Cupryc), yrr.
Oralrnniicr<ufi npocneKr, A. 1,

AgtonorlEar HexoMMeprrecKan o6pa3oBarerbrr€u opranu3arlnr BLraluero
o6pa3oBaE ir (HayqHo-TexEoJror[qecK[i ynr.roepclrrer <Cup[yc), Hay.{HbIi
IIeHTp reHeTIIKrr U EayK O )Kll3Hri, HaqpaBJler re <Bblqucr[TelbHar 6fioroflI'>
Ter.; +7(913)943 1694; e-mail: kolpakovfa@talantiuspeh.ru
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