OT3bIB opuunaasuoro onnonenta
Ha JHCCEPTAUMIO HA COMCKAHME YueHoil cTenenn
KaH/IH1aTa DHOJOrHYeCKHX HayK Briomkona Bnagumupa Cepreesnua
Ha TeMy: «Bansinue Koreiuna Ha MPOCTPAHCTBEHHYIO AHHAMHKY HHTAKTHOIO
H NOBPEXICHHON0 XPOMATHHAY

o cneunaabHocTH 1.5.3. Mosekyanpuas 6nosorns

AKTYaIBHOCTE paGoThi

Pabota Beiomkora B.C. mocesimena HCCIICTOBAHHIO PO KOTI'€3HHOBOIO
KOMILICKCa B JMHAMHKEC XpOMaTHHA B KJICTKAX YeJORekd. Hanuas obnacrs
Oe3ycnoBHO fBNseTcA oaHON M3 HanGosee AKTHBHO pasBHBalommuxca obdaacreii
MOJIEKYiApHOH OHONOrMM B HacTosIce BpeMa. C TOro MOMEHTA. Kak ObLIO
MOKa3aHO, 9TO KONe3WHOBBIH KOMIUICKC CHOCOGEH HE TONBKO OCYILECTBISATE
KOTC3HIO CCCTPHHCKHX XpOMaTHI. HO M 0DeCneuuBaTh NaThHHE CTPY KTYPHEIE
B3aMMOJICHCTBHA B reHOMe, BIUSS Ha naTTepH IKCIPECCHH TEHOB, CTAO MOHATHO,
HTO JaHHBIH KOMILICKC ABIACTCA OJHHM M3 myTeil KoHTponA pabotsl reHoma. C
JTOTO MOMEHTA KOTE3MHOBBI KOMMIJIEKC CTal HONYAAPHON MHICHLIO IS
Hecaenosatencid. CTOMT OTMETHTB, 4TO JIVYIE BCero POJL  KOTE3HHOBOIO
KOMIJICKCA B (DOPMHMPOBAHMH  NPOCTPAHCTBEHHO CTPYKTYPHl  reHOMa
OXapaktephiobana Metonamu C-texnonornii (3C, Hi-C u 1.1.). OnHako, naumnie
MCTONBl NPAKTHYECKH HE JAlOT BO3MOXKHOCTH MCCICIOBATL ocobeHnocTell
CTPYKTYPEl  XpOMAaTHHA B OTHENLHBEIX KIETKAX. & OOLIYHO MpeJCTABASIOT
YCPCIHEHHYIO KapTHHY 10 KJACTOYHOW MOMYNSIHH. H, pasymeercs, C-Metoasl He
CIIOCODHBI MOKA3aTh AMHAMHKY H3MEHEHHS CTPYKTYPHI NF€HOMA HE TOABKO B MAJIOM
(MMITHCEKYHIHOM), HO H B CpeiHeM ruanasone (CeKyH/Ibl — MUHYTHI). B cBszu ¢
AGHHBIMH HE0CTATKAMH ABIACTCH OMEHE AKTYANBHEIM HCCTEI0BaHMe CTPYKTYPLI 1
AHHAMHKH  XpOMaTHHa MHKPOCKONHYECKHMH  METOIaMi. LInpokuii  cnektp
CYINECTBYIOMMX ~ H  pa3pabaThiBaeMBIX  NOJAXOAOB K MapKHPOBAHHIO

HHIHBHIY AILHLIX TOKYCOB B T€HOME XOPOIIO WILIOCTPHPYET BOCTpeOOBaHHOCTE

MOAODHEIX METOI0R HCCICAOBaAHHA.



B 310ii casu paGora Bromkosa B.C.. nmocsunenmas pazpaboTKe CHCTEME
AT MCCIIC/IOBAHNA THHAMUKH JIOKYCOB B KIETKAX 4eJOBCKA Ha (oHe Jeluielnu
CYOBEAMHULLI KOTe3MHA, ABASCTCA AKTYAIBHON H OyJier BocTpeboBana HAVYHEIM

COODIIECTROM.

HoBuina u npakTHYecKas 3HAYHMOCTD

B npeactapnennoit pabote Bnepemie 6BiTO MOKA3aHO, Kak MEeHACTCH
AHHaMHKa fokyca reva TMEM242 B xnerkax HCT116 (kapumHoMbl TONCTOR
KHIIKH) Ha (oHe OwbICTpoil Jenicunn cyOLEAHHHIB KOre3HHOBOIO KOMILIEKCA
RAD21 nyrem aykcun-3aBMcHMOil Jerpagaimy, IlpencraBnennsie pesyibTaTsl
obnanaior Ge3ycioBHOH Hay4yHOH HEHHOCTBIO ¢ TOYKH 3pCHHA pa3paboTKH M
anpodaiuy  IKCHEPHMEHTAILHONH MOMCIBHON CHCTEMBI JUTS  HCCICIOBaHMi
AHHAMHKH XpOMATHHA JIOKYCOB-MHIIICHEH B MHIUBUIYATBHBIX KIETKAX. ABTOpOM
OBUIH ~ NPUIOXKEHB!  3HAYHTENBRHBIE  YCHIAMA 08 CO3IaHMS CIIOMHOA,
MHOTOCOCTABHOH 3KCIIepUMenHTalbHoil Mojtenn. [Ipencrasusieres, yto yKa3aHHast
MOJENE MOMKET ObITh C YCITEXOM HCIO/B30BAHA B JajibHElileM s H3YHEeHHA
AMHAMHKH  pasiH4HbIX oOnactelil resmoma uenomeka wHa diode  jenewun
KOTE3MHOBOIr0 KoMIuiekca. B 4acTHOCTH, jJaHHAA MOAENh MOKeT NPe/ICTARIATE
MHTCPEC A4 TCCTHPOBAHUA MOTEHUMANBHBIX  JIEKAPCTBEHHBIX Ipenaparos,
HalIpaBiICHHBIX  HA OrPAHHYCHHE HIH CTHMYJAUHIO paboThl  KOre3sHHOBOIO
KOMILICKCA € LENBIO YIIPaBACHHA CTPYKTY POl XpOMAaTHHA KJIETKH.

B Ka4yeCTBe IIeHHOTO YKCIEPHMEH TATLHONO MaTEPHAJIA TAKIKE MOMKHO CYHTATH
CO3JAHHBIH aBTOPOM HAabOp reHETHUECKUX KOHCTPYKLMIT s BHEJIPEHHA AYKCHH-
3aBHCHMOTO ierpona B red Rad2 1, a Takke cueremsl BH3yannsauun CRISPR-Sirius.
JAdanubiii  Habop KOHCTPYKUMI  MOMET ObiTh [IPHMEHEH 118 CO3/IaHHA
IRCHCPUMCHTAILHRIX - MOJeneH, noaobHeIX co3ganHoll  aBTOpOM, B Py TrHux
KYJIbTHBHPYCMBIX KISTKax Yen0BeKa.

HoBushna paborel noareepiiena TyONUKAIMAME B MEXAYHAPOAHEIX

HayHBIX JKypHanax. B ony6nukosanseix paborax ABTOP 3aHMMaeT THIMPYIOLIHE



MO3UIME B CIHCKE aBTOPOB, 4YTO CBH/ICTCALCTBYET O ero Beayueid poau B

BBITIOJIHCHHH 1IPE/ICTABICHHRIX pabor.

CTpykTypa M ocHOBHOE cojepkanue paborsi

Jlmccepranms  conepxut ornaeneHue, BBecHMe. 0030p sUTEpaTypHI,
MATCPHAIILI W METOJIbL, pe3yibTaThl, OOCYkKICHHE pe3yILTATOB, 3AKITIOYEHHE,
CIIMCOK  JIMTEpaTypel W mnpuiaowenus. Jluccepraums mnpexcrasiena na 210
CTpaHuuax, umeer 63 pucynka u 3 tabauisl, PaGora MOCTPOEHA NOCAEI0BATENEHO
W J0THYHO. Bo «BBEICHHHY» aBTOP (POPMY JIMPYET AKTYAJILHOCTE TEMbI, CTABHT LE/b
1 38/141H MCCIICN0BAHKA, ONUCHIBAET TEOPETHYECKYIO M MPAKTHYECKYIO SHATHMOCTD
paboTel.  «OG30p JIHMTEpAaTYpBl» HANMCAH  JOCTATOMHO JetanbHo.  ABTOp
NPE/ICTABIAAET  (YHIAGMEHTANBHYIO  MHGOPMALHIO  OTHOCHTEILHO Deskos,
BOB/ICYCHHBIX B OpraHH3alMiO CTPYKTYphl XpoMmatuHa. B CHITY TOTO, YTO
NpeiCTaBieHHas padoTa UMEET GOLIIYI0 METOAMYECKYIO IEHHOCTD, MOKHO GELTO
Obl wacTe o630pa  AMTEPATYpPhl MOCBATHTEL  OMMCAHHIO HMEHHO  METOJ0B
MCCTICAOBANMA CTPYKTYPhl XPOMATHHA, NPHMEHEHHBIX B pabote. Hanpumep,
cobpath HHpopMaumio o Metoae CRISPR-Sirius u 00CyuTE ee netansHoO. Takke
DoJiee AETANLHO B IMTEPATY PHOM 0030pe MOMXKHO ObL10 OB 00CYAMTE HCTOYHUKH, B
KOTOPBIX OCYHIECTBAANACH AeiuielnA Rad2] n onuckiBanock ee pHSHHE Ha reHoM
H paboTy reHos.

Pazjien «matepuansl u MeToam» COMCPIKHT IETANBLHOE ONMMCAHHE METOJOB,
MTPUMCHCHHBIX aBTOpOM B padote. Onucanne 1aeT BOIMOKHOCTE BOCIPOH3BECTH
TPEACTaBICHHBIC MCTO/Ibl. CTOMT OTMETHTH, YTO MPHMEHEHHbIE ABTOPOM TTOAXO/IE]
MOTHOCTLIO COOTBETCTBYIOT COBPEMEHHOMY YPOBHIO PA3BUTHA MONEKYIAPHOI
OHOJIOTHA.

Paznen «pesypTaTey Hanucad nocae108aTensHo 1 ACTANBLHO. OH cofepmuT
HH(OPMAaIHIO HE TOIBKO 06 IKCHEPHMEHTAX, KOTOPHIE 3aBEpILHIHCEH YCIIEIHO, HO

TaKkKe M 00 JKCHepUMEHTAX, KOTOpHIE He MPHBEIH K [MOJYYEHHIO OKHIAEMLIX
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HAYYHBIX pe3yibTatoR. [Jlanuelfi pasnen nossojsieT oUeHMTD ODWIMPHEIH 00BEM
IKCHEPHMEHTaTBHOH paboThl, NpoOieNaHHOl aBTOPOM.

B pasnene «obeymaenuey dBTOP €Ule pa3 CYMMHPYET ONHCAHHBIC
PE3YJILTATEL M CTAPACTCH COOTHECTH MX € paHee ONmyOJMKOBAHHBIME AaHHBIMH O
BO3ACHCTBUM HCIICIHN KOIC3MHA Ha AHHAMHKY XpoMaTHHa. Takmke B gaHHOM
PA3ICc  aBTOpP YKa3blBAET Ha MEPCNEKTHBHBIC HANPABJICHHS IadbHEHIINX

HCCIEI0BaHHIH,

O%0cHOBAHHOCTL H 10CTOBEPHOCTL BLIBOAOB

OBOCHOBAHHOCTE C/IEIAHHBIX ABTOPOM BBIBOJIOB HE BEIZLIBAET COMHEHHI,
ABTOp HCTIONB30BaN HAalop CaMbIX COBPEMCHHBIX METONOB MOJIEKY IAPHO
OMOJIOrHH, BKJIIOYAA dYKCHH-3ABHCHMYK) JICTPajlaliii0  TapreTHoro Oeika u
METOZHKY BH3yalIH3alHH reHOMHBIX J10KycoB CRISPR-Sirius. Tpejcraenennbie
PE3YILTATHI MOJATBEPKACHLI HEODXOIUMBIM Habopom KOHTPOJILHBIX
IKCMEPUMEHTOB. DOPMYHPOBRKA BBIBOJOB JIOTHYHA M MOJHOCTRIO OCHOBAHA Ha
MMOJIYHEHHBIX SKCICPHMEHTAIBHBIX JaHHLIX,

ABTOpefiepaT MOMHOCTBIO OTPAKAET Coacpaanne Juccepraitmu. B Hem
MPEACTABICHEL BCA HeoDXomMMan nHQOPMALHA O LETH, 3a1a9ax, AKTYAILHOCTH H
TEOPETHHECKOH M MpaKTHYECKOH 3HATHMOCTH. [lOMOKEHMS. BHIHOCHMEIC Ha

3aUUTY, OTBEYAIOT NOCTARIEHHBIM 3a/1auyam.
Jameuanun

OcHoBHbIe 3aMeuanns Kk padore:

L. Jlas BU3yanu3aluu TONOKEHHS FeHOMHOrO /lokyca B paboTe HCnomssyercs
cuctema CRISPR-Sirius. Onnako, B MCXOTHOM OMHCAHIUH JAHHOMN CHCTEMEL. KaK
H B IpYruxX padorax, HCHoae3ymoumx AGHHYIO CHCTEMY. NpUMEHAETCSH
ABYXUBETHBIH TOIX0/1 K MEYCHHIO JIOKYCOB (Ha ocHose PP7/PCP u MS2/MCP
OelkoB 1 wnmiaek). Meuenne OAHOBPEMEHHO JIBYX JOKYCOR JIaeT BO3MOKHOCTS

HCCICN0BATE HE TO/ILKO HHAHBHIYILHYIO, HO B3AHMHY IO JUHAMHKY JIOKYCOB B
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reHome. [logemy B CO31aHHOH 3KCHEPUMEHTANBHON CcHCTEMe OBLT BRIOpaH

TONBKO OJMH THIT MCYCHHUH"

O0acTe MCCAENORAHNA BAMAHKMA deriendn Rad21 wa CTPYKIYPY XpoMaTHHa
ABACTCA OUCHDL «ropsauMity. CymecTeyer MHOro myGiukaimii, B KOTopbix Gblin
NPOBCACHBI HCCACAOBAHMUA, OUCHE OIIM3KHE M0 IKCNEPUMEHTANTBHOMY naaHy. B
JaHHOW JHCCePTalliK HE XBATAET COBCEM TOYHOIO KOHTEKCTA /IS MOHHMaHUs
MECTa [POBCACHHOIO MCCICIOBAHUA B CYINECTBYIOMEH muteparype. Bulio Gk
YMECTHO COOTHECTH MOJYYCHHBIC JAaHHBIC ¢ JaHHBIMH JPYTHX WUCTOUHHKOB O
pauaHun aervieniu Rad2l na aumamuky xpomatuna B auamp HCT116 u
BEUIC/UTE COBHAAIOLINE W PA3THYAIOLINECS MOMEHTHI (HANPUMED, MCTIONb3YS
ncrounukn  10.1038/s41467-022-29343-z;  10.1038/s41588-025-02406-9:
10.1126/sciadv.adp0855 u npyrue).

. TaK Kak 3KkcnepHMeHTaIbHAS MOIEIbHAS CHCTEMa OCTATOUHO CI0kKHAS ¢ Ghia
MOJy4eHa 4BTOPOM B HECKOIBKO 3TAnoB, B pasiene «MaTepHalbl U METOIbI»
Obia Owl ymecTHa o0mas cxema [pOBEICHHBIX IKCnepumMenTor. B
HCCICIOBAHHH  HEOHOKPATHO MPOBOJKIACE CeNEKUMs KIeTOK Ha (hoHe
nobapieHns aHTHOMOTUKOB M HE COBCEM MOHATHO, B KAKOH NMOC/ e 10BaTelEHOCTH
W Ha KakuX aHTHOMOTHKAX MPOBOAWIACE celekimd. Takike He Ha BCeX HTanax
Obito  ykasano, Kak npooamics oT0Op KIETOK I11pH TPAHCAYKLMKH  De3
HCTIONB30BaHHA aHTHOHOTHKOB (HanpuMep, npu uHTerpaunu MCP-GFP u PP7-

GFP Genkos). Obmas cxema, wiumocTpupyomas npoBeieHHbIe padoThl HOMOTJIA

Obl JTy4ie pasobpaThest B JaHHBIX.

. Merpagauus Rad21 npu nomomm ayKcHH-3aBHCHMOIO JeTpoHA ABRIAETCH
XOpOILIMM HHCTPYMEHTOM /Ui OBIcTpoit nenaeuun. Oanako, BolgelicTaie Ha
KICTKY B TCUEHHE 6 4acoB /Ui JCTPATALMH HEe JAeT BOIMOKHOCTE MOMHOCTLIO
HCKMIOYHTE HAJIMYMA KOCBCHHBIX 3G ]erToB. OIHAM M3 HCTOUHHKOB KOCBEHHBIX
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IPPEKTOR ABAACTCH HIMEHEHHE TPAHCKPHITIHE FeHOB, BELIO 11 paHee onucano,

Kak ObicTpas nemsienus Rad2] Bamser Ha Tpanckpunmimio renos? Kak Bui

OLCHHUBACTE 3TO BIUSHUE HA BALIH PE3Y/ILTATHI?

Munopubie 3ameyanus:

I. B Ttekcre HeoanokpaTHO BCTpEYACTCH, 4YTO JHHAMHKA XpoMaTHHa Oblna
HCCIIE/I0BaHa Ha mMansix Macwitadax spemenun. Ckopee, ucc/ieI0BaH|e BeIOCH Ha
CPCAHMX  BpeMCHHBIX Macwitabax. Tax. Hanpumep, MinFLUX noseonser

MCCIICL0BATE JTHHAMUKY B MHILTHCEKY HIHOM JlHanasoHe
(10.1101/2025.05.10.653248).

2. B pazzene «MaTepHaiibl H METO/R» HE XBATAET CXEMEI HHTEIPAlMK JerpoHa B

FeHOM (BKIOHaroweli B cebs noansiii ren Rad21).

3. Jlna cpasuenua heKTHBHOCTH CHCTEM JETeKITHH JOKYCOB npH nomoiu PP7 u
MS2 mimunex 66110 661 XOPOIUIO JAOHOIHUTE AUCCEPTAINIO MaTepHalaMi 00 vpoBHe
acenpeccud MCP-GFP u PCP-GFP 6enkos, a Takke YPOBHAX IKCIPECCHH IIMHIIEK
gRNA-PP7, gRNA-MS2. Takke xopouro 661,10 661 npeicrasuTs HH(popMamio 0b
IQPEKTHBHOCTH TPAHCIYKUMH KOHCTPY KITHAMH, HECY UMM IUMUIBKH, Brina am
JaMeteHa pasiuia B skenpeccun denkos PP7 u MS2 B apyrux paGotax (B TEX e

HIIH JAPYTHX KaeTkax)?

4. Jlns Toro, yTobE NPOROHTE KOAHMCCTBCHHY IO OLEHKY 110 BECTEPH-GIOTHHIY B
pucynke 38 B HeoOXoiumo HanwyMe XOTS GBI HECKOMBKHMX TOYEk pa3BeieHHs
CHTHAJIA Ha TOM ¢ camom Onote (cpaBHEHHE ¢ IPYIHM B10TOM He NpUMEHAETCH ),

K coxanenmto. curnan ua BECTEPH-0JIOTE MOMKET YMEHLIIATHCA HeaHHelHo (410

BHJIHO Ha Pucynxke 39),

3. B Xome wccremoBaHus YpPOBHA  CBS3LIBAHUS Rad2l ¢ xpomarunowm,
peacraBieHnoro va Pucyuke 43, He nonsTHa Geita HCTOJIL30BaHA HCXOIHAas
(hpakums xpomatiua (input) npm obpaboTke curiana. Tak kax o6wmmno, B xXoje

TAKOTO aHamMs3a HCNoNb3yeTes 06CYET YPOBHS CHIHANA B OTOGPAHHAIX MHKax, TO
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HCHOIL30BAHHE MHNYTA ABAACTCH BaKHBIM (MO3BOMAET OO/IEE KAYECTREHHO
oTobparh peanbHble nukKM Oesika B caiitax cBA3biBaHMA). BepoaTHo, umeHHO ¢
METOIOM 0TOOpA NIHKOB CRAIAHO OTHOCHTCIALHO cnafoe CHUMKEHHe CHIHANA
CBA3LIBAHKA B oOpasue, 00paboTaHHOM ayKCHHOM, HA VCPEULHCHHBIX rpadukax.
beuio Ou MHTEpeCHO yCablnaTh KOMMEHTapHii dBTOPa OTHOCHTEJIBHO TOIr0, Kak
COOTHOCHATCA pe3yasTaThl AeTeKIHH Rad2l ¢ AerpoHoM M B KIeTKax AMKOro THNa
Metodamu Becrepu-onotmuar u ChIP-Seq. Ilo nanHeiM, npeacrasieHHsiM Ha
Pucynke 43A Bugmo, uyto curaan Rad2l B cMABHEIX caliTax [IPAKTHYECKH He
OTIMHACTCA B KICTKAX C JETPOHOM OT KIETOK AMKoro Tuna. B To Bpems, kak
OTHOCHTEJILHO BecTepH OJIOTTHHIA aBTOP NONAraeT, YTo aHTHTENa HE CIOCODHE]
CBA3RIBATE Oenok ¢ jaerponoM addextusno. He Moxer mi 6biTh, YTO pe3yabsTar,
HabmoaeMblil B BeCTepH-00TTHHIE CBA3aH BCE-TAKH HE C NATeHHEM apPUHHOCTH
AHTHTEN K OEIIKY € JIerpoHoM, a Jierpajiaiueli Matepuana B nusare kietox C9 wiu
0CODEHHOCTAMA jleTeKnMKH anThTenamu Kk Rad2l umenno JICHATY PHPOBAHHOTO

MaTepHaia Ha ectepH-6noTe?

6. Hacto B noAnmucax K pucyHKam OTCYTCTBYHOT YKa3aHHUA Ha To, Kakas KJIeToYHas
IHHHA MCIOJIB30BANACE TIpH aHanuse (Hanpumep, B Pucynke 48 He noHsTHO nns
JHHHH JHKOTO Thna uin ans auHuu CY nokaszan npodwns ceaseiBanus Rad?1 ¢

HHK). Taksxe ne Bo BeeX noanucsx ykasano BpeMsA 00pabOTKH ay KCHHOM,

Bsmecre ¢ Tem, ykasanmble 3amcuaHus He YMAIMIOT  3HAYHMOCTH
AHCCEPTALIHOHHOTO  HCchenosanus.  Jluccepranms  orpeuaer TpeDOBAHHAM,
YCTaHOBICHHBIM ~ MOCKORCKMM  rOCYapCTBEHHBIM YHHBEDCHTETOM  MMEHH
M.B.JlomonocoBa k paGoram mnogoGuoro poga. CozaepwaHmue auccepraiuu
COOTBETCTBYCT  CHCUMAILHOCTH  1.5.3. Monexyisipras  Guosorus (mo
OHONOTMYECKHM HAyKaMm), a Takke KPUTCpHAM, OnpejencHHbiM . 2.1-2.5
[omoxkenns o npuCyKaeHUH yueHBIX cTeneneli B MOCKOBCKOM rocy 1apeTBeHHOM
ynupepeutere  umcHd  M.B.JlomoHocoBa.  JlHCCEPTALMOHHOE —MCCIIe/I0BAHMHE

oopmitero cornacto tpebosanuam [Tonokenns o CoBeTe o 3alMTe THCCepTalMii
?



Ha COMCKaHHE YYEHOH CTENeHH KaHIMAaTa HayK, HA COMCKAHWE YHEeHON CTeneu
AOKTOpa  Hayk MOCKOBCKOTO — roCyJapCTBEHHOTO — YHHBEPCHTETA  HMEHH
M.B.Jlomonocosa.

Taxum obpasom, couckarenn Briomkos Baagumnp Cepreesud 3aciyxupaer
NPHCYHIEHHA  YYCHOH  CTENeHH KaHIM1aTa OMOMOTHYECKMX HayK 110

criennanbHocTH 1.5.3. Monekyaspuan duonorus.
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