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Ha Aucceprarlrrrc llauonofi IO,ruu I4saHosH['t

(c-KBAjlllyfIJIEKCbI CyIIEP3HXAHCEPOB I{ IIPI4IPAHI,IIIHbIX ytIACTKOIB

XPOM,A,TIIH0I[IbIX AOMEHOB KAK PEfyJI-flTOPbI TPAHCKPIIIIIIIIII), upeAcraBJI,eHHyK)

Ha c)oHcKaHu:e y.reHofi crerreHu KaHArrAara 6nororuqecKlrx HayK rlo cflellqaJrbHocrll 1.5,3 -

Moleryrrpuan 6uo.lorur

lJ[uccepraqr{oHHaq pa6ora llasroeofi lOluu l{saHosHn nocBltqeHa fyaHuHoBbIM

KBaApyrrJreKcau (G4) reHoMa qeJroBeKa v vx yqaarr,rro B KoHrpone rpaHcKpt4tIIIlII4. @opuuponaHue

AaHHbrx HeKraccr,lqecKr{x crpyKryp IHK paccMarprrBaercq KaK oAIrH I{3 yponHeft olrl,IfeHerl4r{ecrofr

perynflr\nr4. Xo:r.rr nxla4 G4 e rvrogynsuuro gKcrrpecczu oHKoreHon Mo)KHo cqurarr AoKa3aHHbIMt, cBq3b

MexAy I43MeHeFnreM G4-npoQran.s u aKTI4BaWeft oHKofeHoB, a raK)Ke feHoB, accoul4I{poBaIIHbIX c

pe3r4cTel{THocrr,trc, K Teparrr4r4, trpoaHaJl}I3r4poBaHa HeAocraToquo. zcc,regoBaHl4t no 4annotf renre

aKTyaJrbH[,I B t{oHTeKcre coBeprueHcrBoBaHru crparerufi rtporrrBoonyxoleeofr Tepanl4ll BBIIAy

Bo3Mox(f{ocrr4 Turprferr4poBaHr4s feHoMHr,rx G4 ua:mrun MoneKynaMu - G4-tmraHAaMpI.

ly'cnexu [qcJreAHr.rx Jrer B Kaprr4poBaHnr4 caMlrx G4, ux KoMnJIeKcoe c 6erKaN{I4 I4 T.A. rro3BoJIHJII4

IO.A. OeqzHHnKoea Poccvficxofi



nporcHr4r6 rKaHeo;pelll4SIauuocrl G4-npo(frEneft e uopn're v IIaToJIofLrLr' a raKjre non) IlITb 6olee

nonHyro KapTr{Hy Ciip-uurepaKroMa. B pesynrrare craJlo oqeBI4AHO' qro cneKTp 3HaqI'IMbIX G4-vrurnesefi

He r4crleplblBaeTclt npoMOTopHbIMI4 cTpyKTypaMV. B gacTHoCTl4' C pA3BIITIaIM pe3I4CTeHTHOcTI{ X

^rrrrrra \x trrAvFeHrJr.re (e roM qucJleLI I4HrpoHHbIe v MexfeHHble (e roM qucJle

epbl, An.s Koropblx 6rtl upe4noxeH repMI4H "cynep

oMe rofo, B KaqecrBe MI'{rIeHefi Ha celoAHtLn]fl.Vit'

HbIe G4. a I4x KoMIlJIeKcbI c 6elHaluu, [ocKonbKy

BLflFIkte nLItaHAOll Ha TpaHcKpI,InIIktrc 3aBpICpIT He TOJIbKO OT CTaSI4nV3A\Vkl G4, HO TaK)Ke OT

KoHKypeHurau c 6e.{raMr4 3a G4. Bce 3rlr acrreKrbl yqreHbl B pa6ore IOnuu I4nauoruu, qro ollpeAen'f,er

coorBercrBl4e Allc0gprauurr coBpeMeHHoMy ypo o6lacru'

-B raqecrne o66eKros I4ccJIeAoBaHLLs IO aHbI HenpoMoropHble G4 v

r..rx Knacrepu. llo,crtpAHl4e o6Hapyxl{BaloTc.fl B cafir n{ropa CTCF Ha IpaHVIIax

xpoMaruHoBbrx ne.TeJrb r4 TorroJrorzqecKr4 accouvupoBaHHblx AoMeHoB (TA[on), a raK)Ke B qacrl4 SE'

Cororarusarlr4s Cih c CTCF 6rIrla assecrHa paHee. Bsrcoraq rpeAcraBneHHocrb G4 e qac'ri{ SE

HecKoJrbKI4x or{)/IoJIeBbIX KJreroqHbIX nvHlril u coJIoKaJII43aIIIrJI c MapKepoM SE'

6por'rogoueHcoAopl6aqr.rM 6enKoM BRD4 noKa3aHa lOntrefi I4saHosHofi BrIepBbIe. OcHosHofi @bro ee

pa6orbr craJro pac{purrae Bepo.r{rHbrx MexaHr{3MoB }qacru-s G4 uz SE u rpauau TAAoe B KoFIrpoJIe

reHHofi sKcllpeco]4l4. V.rer TA[oe Lr SE, Koropbre tBrtrorc.fl MaxopHbIMI4 Illrc-peryntropHblMl4

ppeKrHofo coorHeceHl4.f, u3MeHeHufi G4-npoQram c

pa6orrt.

g flasronofi lO.I4. 6ruo nora3aHo, r{ro rI4[I4qHbIe

G4 rpaHuq TA!,o$ a(pouuuu n cTCF r.r He ycryraror B sroM nrlaHe KoHceHcycHoMy AynneKcHoMy

Morr4By cBq3r,IBarni,rt, a raK)Ke ttoBr,rlralor Bepo.arHocrb y3HaBaHI'Iq KoHceHcycHEIX MorI{BoB Bo

Snanrapyrorq"* y{a"tKax 3a cqer cHr.rxeHrrr JroKarlbnofi Hyrleocoltrofi lJlorHocrlr Ir raKI{M o6pasou

cuoco6cleyror 6,ofee qerKofi AeMapKarlr4n TA[on. B ro xe BpeMt rI4[LIr{HbIe G4 us SE ztueror

yMepeHHoe cpo4o.fpo n BRD4, AocrarorrHoe Ans yAep>Ka:a:zfl, AaHHoro MapKepa SE e o6racr.sx Hl'Isxofi

HyKJreocoMnofi nnQlroaril 14 coxpaHeHn.fl BRD4-saeucl{MbIX KoHraKToB SE c npouoropaMl4 B rlpeAenax

TA[oe. llpunreutfeJrbHo, rrro no4o6Ho KoHrIeHcycHbIM cafirau cB.a3bIBaHI'L{ (aqert'uupoBaHHbIM

plpyror Qasonnfi ilepexoA B pacrBopax BRD4, qro

npu SE B KJIerKe. Bce sru pe3yilbrarbl rlonfleHbl

BAHOBHbI.

B 4raccepr:!.uuonnofi pa6ore raKx(e oxapaKrepl43oBaHbl I(oMnJIeKcbI G4-CTCF z G4-BRD4.

flepnne urrunorr.titut KoMnJreKcaM c KoHceHcycHr,IM AynJIeKcHbIM MorltBoM y3HaBaH:afl CTCF, r'e.

flpeAfionaraer c]BJ{Fr,rBaHrre ro 6opos4re G4. Broprte npI4HIIIrnIraJIbHo orJllrqaerct or KoMnJIeKcoB

BRD4 c KJraccprqelxurtlu (laprHepaMtr)) - aUerI4nI,IpoBaHHbIMIrt rlrcroHaMIz. Xor.s 3a n:alzMoAeficrslle

TarcKe orBeqalor 6potro4omeHsr, cafrr cBs3brBaHI,Iq cMeilIeH orHocpITeJIbHo KapMaHa y3HaBaHI4.s

arleTr4nI4poBaH rI4cToHoB, a KIIoqeBbIe KoHraKrbI (fopvlnpyrorc-fl c sHenHefi rerpa4ofi. Zs grux

MyIo crleAyer xapaKrep BnI,LflHut G4-lllra4os K Ha KoMIIJIeKcbI G4-CTCF u G4-pe3yJrbTaroB



BRD4. lfocrolrry rr4rrrrqHbre JrvfaHAbr HarIeJIeHbI Ha BHeilIHI'Ie rerpaAbl G4, gttt HI4x oxl4AaJlacb

KoHKypeHqraq c IllU)4 sa G4 Lr orcyrcrBr4e KoHKypeHIIIrI4 c CTCF. flolyueuuue lOluefi LIsaHosHofi

pe3yn6rarbl iepxAaror AaHHoe npeAnonoxeHr{e. Tarurrl o6pasotr,t, Ha6mo4aeltrre e$Qerrrt

JII,I|AH,IOB MOXHCI Hr4T6 ycr.rneHr{eM r4HCy nflr\prkr r.r HapyrxeHraeu pa6ors G4-6oramx SE. 3ror

B6rBoA yK Ha qe:recoo6pa3Hocrb rcou6unupoBa:H:/lfl. G4-rzrauAoe c uwru6uropaMlr

nnfl [peAoTBpauleHl4.fl anolralgrofi aKTI4BaIII4I4 TpaHcKpI4IIqI4I'I B OII]XOneBbIx

4arr Honnfi cTLIMyn IIoI4cKy eft$errrauHblx crparefuft npzlteHuaus G4-tturaHAoB Ir

KnaccuqecKI,IX SE

KJIETKAX. qTO

onpeAeJlter I! 3HAIIN pa6oru.

Ar4ccepraIII4H rpaAI4III4OHHa. BeoAHHfi pa3Aen coAepxur OoOCHOBaHI4e

aKryaJrbHocrkt rclMbr u rpamuft o6sop trccJreAoBaHuit zapy6exHblx KoJIJIeKTI{BoB, rlocny)Kl'IBllrux

rrpeArrocbrnKaMr,r K pa6ore lOluu L1BauonHbr, pacrua$ponKy KrIorIeBbIX IIoHtrI'Iit, Qopn'rynrapoBKy uenu

u sanaq. O6:op Jtutepatypu BKJrroqaer nBa pa:4era. B [epBoM o6o6rqesu I43BecrHbIe BKJIaAbI

Tp aHcKp Irttq nn; o6tncueH a npel{MyqecrReHHaf

IlHbIe acneKTbl, Hanp,xMylo cBfl3aHHble c reuofi

q (|a3 e o6racr.qx cronlenufi G4-IHIVPHK u

H BBITAy sHaqlrMocrl4 (pasoerx [epexoAoB Anq

(fyuxquoHrapo"utru! SE u runore3br o roM, qro G4 e SE croco6crny'ror Sasoeslu [epexoAaM.

frasa "Pe3flr,rarrr u o6cyN4eHue" coAeplrfl4r rppl pa3Aena. B nepnoM rlpeAcraBJleHbr AaHHbIe

rro B3ar4MoAeficrerirc G4 c 6enroM-r,rHcynrropoM I4 MapKepoM rpaHI{II TA,{oe - CTCF; [oKa3aHo

BrrkrsH1e G4-nurar]4oB Ha pacrpeAeJreuue CTCF orHocureJlbno G4 B reHoMe' B paurax 
^lrcKyccLrvr

o6cyxgaerc.f, ABir rfiexaHrasua G4-gasucuNaoro tlplrBneqeHrrfl CTCF: Halp.flMyto vlrv 3a cqer cHI4xeHI4t

nyrleocotruofi r{iloruocru. flponepre u:oru6upoBaHl4q c6opru rI{croHoBbIX oKraMepoB Ha

(planxupyrorUux C]4 yqacrKax ,{HK nocn.ailIeH Bropofi pa:4el rrIaBbI. l{uru6uponaHI{e roKa3aHo KaK

Anr HeMoAr{rIr4poB,4HHbrX fr4CrOHOB, raK 14 Anr aTIeTLIJILIpOBaHH6IX, qro IIOArIepKI4Baer [apaAoKcanF'HocTb

cyqecrBoBanzr G{-6orarux SE, o6orarqeHunx a(fSrannblM K auerl{nvpoBaHHblM rl4croHaMIa BRD4. B

rper6eM pa3Aere rfraBbr oro HaxoAr{r o6r.gcHenue. llpune4eH cpaBHl4TelrHrrft aHaJII{3 nsarluo4eficrBrttt

BRD4 c aqela:rr{poBaHHbrM frrcroHaMr4 vt G4. lloKasauo cyulecrBoBaHl4e AB)D( TI{rIoB SE: (1)

cno6o4nnx or Ci[, c BRD4 Ha arlerr.rnupoBaHHrlx HyKJIeocoMax, rr (2) G4-6orarblx, c HI'rsKofi

HyKJreocoMuofi rrnlrnocrrro u BRD4 na G4. llepnue rIoreHIII4aJIbHo rIyBcrBI4TeJIbHbI K MI4MerIrKaM

fr{croHor}, Bropbre ]- r ronrypapyrcqlrM c BRD4 G4-marasAavr.

B srcneprfMeHTaJrbHoit qacrv orrrrcaHbr Bce I4cnoJIb3oBaHHbIe n pa6ore MeroAbI. I'Ix na6op

orruqaerc.f, pa:r1oo6pa:ueu v BKJrroqaer MeroAsI IroJIHoreHoMHoro KaprI{poBaHI'Ltr cafiroe

no3r{rlr4oHr.rpoBar{yrfl 6erxos (unrnayuonpequnl,ITalll4s xpoMarl4Ha B coqeraHtr4 c ceKBeHl4ponauueu);

a1arfir3 rennoft sxrjnpeccnu MeroAoM o6paruofi rpaHcKpI4[qI,II4 c rrocJle4yrorqefi KoJlr{qecrBeuuofi III{P;

MeroAbr oueHKr4 ofrfterrueuocrr4 KoMrrlercoo6pa:oBaHu.f, Ir crpyl(TypHblx I4ccJle4onauufr KoMIrJIeKcoB

(cueprpocnolux (pyroBoro At4xpor43Ma, flMP-cnexrpocronux), a raK)Ke l4ccneAoBaHrafi npoqecca

pa3AeneHu_fl (bas n o6pa:qax cuecefi BRD4 c G4 t lrv KoHTponbHbIMI4 aIIerI{nnpoBaHHbIMI4

HyKjreocoMaMr.r lrl,u.rnpocronua). Mero4u tBLqIoTcfl coBpeMeHHbIMI'I kI HaAe)KHbIMI'I. Vx err6op



MeHTOB I43JIOXeHbI AOCTaTOTIHO noApo6Ho' B

plranoB At4 CCepraIIupI.

H6I BEIBOAbI I4 rIOAqepKHyra HayqHo-IIpaKrI4rIeCKafl

3Haqr.rMocrb pe3ynqraroB. He BbI36IBaer coMHeHI4it - oIJu noAKpenneHbl

Aocraroqrrbru o6:sglrlorrr gKcrrepr,rMeHTaJrbHofo MareplzaJla. Marepllal AI4ccepraIII4Iz rrporrren anpo6aquro

Ha oreqecrBeHHbrx z :apy6exurrx xonSepeHrlr4rx, no HeMy oly6luronatto 4 crarbl4 B peIIeH3I4pyeMbIX

x(ypHirnax.

B xo4e arr[nusa Ar4cceprarlr4onnofi pa6orn IO.L{. llasronofi cfopMyrll4poBaHbl cneAyroUlle

3AMEI{AHI,I.{:

1. Vrnepx4erize o rou, .{ro G4 (yAep}rfldBaror BRD4> B orcyrcrBlre aIIerI,InI4poBaHHbIX fucToHoB'

xorr r.r fl,ollKpenneHo AaHHbtMu SPR r4 MnKpocKorrvtvt, rpe6yer AonoJlHl4relrsofi nponepru in

cellulo. Il yclonraxx KnerKr4 BRD4 Molxer ssaulloAeftcrBoBarr, c MHo)Kecrnou napr:u€pon

(nrlroual l{ediator r{ Apyrze KoMtroHeHrEI rpaHcKpLI[qI{oFIHofo ailrrapaTa), qro Moxer I}II{.srb

Ha r.rHTeplperarlun ponra G4 KaK ocHoBHoro (qKopx>. XelareJlr,Ho 6r,Ilo 6rr [poBecrH

KoHrponbHbJe 3KcrrepuMeHrbr c Aeneqlrefr, utu ltyraqueft G4-N,lorzeoe n SE u oqeHl'Irb

rrocneAcrBl 4s lls, peKpyrl{poBauz-fl BRD4 in situ'

2. llpu auallase Brrurfllor4fl. G4-lurau4on Ha gKcrlpeccvlo reHoB orcyrcrByer KoHTponb 3a

Bo3Molc{.br{,1u ueqe:renurrau sQ(fer<raMr{ nufaHAon. B pa6ore I4cnonrcylorct raK}Ie JII'IIaHAbI, KaK

PDS, Phe:nfC: u SOP1812, Koropbre cqurarorc.s orHocrzrenbHo cerreKTI4BHbIMLI r< G4. OAnaro

r43BecrHo, '4To ADK9 ((ceJreKrr4BHrre> G4-lufaHAbI Mofyr cBq3blBarbcs c PHK-G4, uurn6upoBatb

Torror{3oMepa3br r,r Bbr3brBarb perrnr4Karr{Buufi crpecc. Eruu na ucKrloqeHbl HecneuuQuvecrue

e$Qerru, taxue KaK aKrr.rBarln.fl orBera Ha noBpe)KAeHIre AHK, Koropbre caMI4 no ce6e Moryr

Bruqrb H.A noKarrr{3arlr4ro CTCF, HyKneocoMHyIo AI4HaMLIKy kr sKcnpeccl4ro renoe?

Penorr,ren4ylrcl o6cy4rlm aJrbrepHarr{BHhle MexaHI43MbI sa6lrcAaeltofi perynf,III4I'I pr, ro

Bo3Moi1Hr)q'[u, t4crroJrb3oBarb feHeruqecKue (a ne roJrbKo xI4MI,IqecKve) noAxoAn K MoAyn.sIII4I4

G4-crpyr:rlp.

3. Xors s n,rlpo4ax rrpeAnafaercq KoNa6raHr,rpoBaHHoe IIpI4MeHeHI{e G4-mrauAoB I{ uurz6uropor

BRD4 (uagpunaep, JQ1) KaK nepcneKrr4BHar nporr{BoolyxoneBa.s crparen4lo, B AHccepraIIIlH

orcyrcrByrgr AaHHbre o coBMecrHol,l 4eficreur4 orLtx afeHroB. Lluru6uropsl BET-6elKoB yxe

rroKa3aJrr4 $rpauuueuuyro orpQerruBHocrb B KJrr4HrrKe r43-3a KoMrleHcaropHblx MexaHI'I3MoB pI

roKcr4qHocrTr.r. He ycyry6ur rv 4o6aueuue G4-rurauAa npo(punr roKcl{r{Hocrl4 raHoft

rovr6usauriu?

4. Taxxe Frt o6cyN4aerc.a noreHrlr4aJrrHa{ roKc}rqHoorr ycl4reHu.{ CTCF-saeucIrMbIX

uucylxrop!+rx rpaHr4rl: qpe3MepHoe (yKperJreHrre) TA[-rpauuq Moxer Hapyrrarb

Hopnralrnfrc peryn.f,rlr4ro feHoB, B roM qrrcJre oilyxoneBblx cy[peccopon. 3ror acrleKr Ba]I(eH

Ars oueH xll 6e:olacuocru G4-rapretrofi repanv rl.

5. I,lcclegoailtrr4e cBq3brBaHus G4 c CTCF (u aualoruqHo c BRD4) MorJIo 6rrrs upoeeAeHo

noJrHee. Hfnpunaep, orleHr.rBanacb Ju.r crroco6uocrr G4 eblrecuqrb KoHceHcycur'Ifi Ayunercnrrfi



F-4Ynnenc?

fr xaparrep LI He npen'f,rcrByror Ao[ycKy pa6oru r

[rzcceprau{r flauonofi IO.I4. npeAcraBnqer Co6ofi sanepruduHoe HayrlHoe I4ccJIeAoBaHI4e'

yrBepxAeHHofo HoBrreHr4eM rrpaBl{renbcrea Poccuftcrofi @e4ep a\wuNs842 or 24'09'2013 r' (pea'

or 16.10.2024) c abnoJrHeHr4eM or 01.01.2025, aeE aBrop [laerosa IO.Z. saclpl{I4Baer rpl4cyx{AeHvq

14 KafIIi[{AaTa 6uororu.recKr,rx HayK rro cllelll4anbHocrra 1.5.3 - MoneKynflpHafl

Or:rrs o6c H r.{ yTBepxAeH Ha saceTail:flhr ceMuHapa oTAeJIa Qynrquout'tpoBaHu.fl }KIIBbIX

cr4creM 25 cesrs6 2025 r.
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