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HIEHTHONKALNS MOJIU®UKAIIAI N TO3NHA BE3 IPUMEHEHUS
BHCYJIb®UTA C PA3PEIIEHHEM 1O OJJHOI'O OCHOBAHMSI

HNEPEKPECTHASA CCBIJIKA HA POACTBEHHBIE 3ASABKH

[0001] Hacrosimas 3asiBka UCNPALIMBAET NPUOPUTET NPEABAPUTENBHBIX 3asBOK HA MATEHT
CIITA Ne 62/614798, nonanHoii 8 suBapst 2018 roga, 62/660523, nogannoit 20 ampens 2018
rozaa, u 62/771409, nogannoi 26 HosiOpst 2018 rona, kaxast U3 KOTOPBIX BKJIKOYEHA B JaHHBIN

JOKYMEHT NOCPEICTBOM CCBUIKU BO BCEH CBOEH MOJIHOTE.
OBJACTH TEXHUKH, K KOTOPOI OTHOCHUTCA N30EPETEHUE

[0002] B Hacrosimem M300peTEHMH MPEACTABIEHBI CIOCOOBI WAEGHTH(UKALMH B
MOCJIEIOBATEIbHOCTH HYKJIEMHOBOW KHUCJIOTBI MECTOMNOJIOKEHUM S-METUJIUTO3UHA, S-

T'HAPOKCUMETHIILUTO3MHA, S-KapOOKCHILIUTO3UHA W/ W S-()OPMIILIMTO3UHA.
YPOBEHb TEXHUKHN

[0003] S-Metunuurosun (SmC) u S-rugpoxcumerwauuto3ud (ShmC) sBisroTCs OBYMSI
OCHOBHBIMH 3THI€HETUYECKUMU METKaMH, OOHApPYKUBAEMBIMH B T€HOME MJICKOIIHUTAFOIIUX.
ShmC obpasyercs u3 SmC mnox mAelicTBHEM JIHMOKCUIeHa3 U3 cemeiicTBa (pepMeHTOB
TpaHcnokaiuu aecsath-ogquHHanuath (TET). Tet moskeT nononauTensHO okucyaTh ShmC o 5-
dopmunuurosuna (5fC) u S-xapbokcmwiuurosnna (ScaC), KOTOpPbI NMPUCYTCTBYET B T€HOME
MJIEKOTTUTAIOLINX CO 3HAYUTEIBHO MEHBIIEH MPEeICTaBICHHOCTRIO MO cpaBHEHUIO ¢ SmC u
S5hmC (8 ot 10 pa3 no 100 pa3 menbuiei, uem ShmC). SmC u ShmC coBmecTHO HrparoT
PELIAOIIYI0 POJIb B LIMPOKOM CIEKTPe OMOJOrMYECKUX MPOLECCOB OT PEryJSILUA Te€HOB JI0
HOPMaJIbHOTO Pa3BUTHs. bBbUIO yCTaHOBJEHO, YTO alOeppaHTHOE METUJIHPOBAHUE U
ruapokcumerumposanue JIHK acconmmpoBansl ¢ pa3snuuHbIMU 3a00JIEBAHUSIME U SIBJISIFOTCS
OOIIePUHATHIMY XapaKTePHbIMH MPU3HAKaMu paka. Takum obOpazom, onpenenenue SmC and
5hmC B nocnenosatensHocTH JIHK He TONMbKO BaKHO 1Jist YHIAMEHTAIBHBIX HCCIIETOBAHUH,
HO TaKXe MPENCTaBIsIeT IIEHHOCTb I KIMHUYECKHX MyTell NPUMEHEHHUs, B TOM YHUCIE

AUArHOCTUKU U TCpAIIUU.

[0004] SfC u ScaC sBnsiroTCSl ABYMSI KOHEUHBIMU OKHCJIEHHBIMH MPOU3BOIHBIMH SmC H

MOTYT MPEBPAINATbCS B HEMOAW(PHUIMPOBAHHBIM LUTO3WH Ton nekdcteueM TuMuH-JIHK-
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rmuko3unasbl (TDG) B myT 3KCUM3MOHHOW penapauuu ocHoBanmid. CrnenosarenbHo, STC u
5caC aBISIFOTCS IBYMSI BaKHBIMHU KJIFOUEBBIMU ITPOMEKYTOYHBIMH COCIMHEHUSIMU B IIPOLIECCe
AKTUBHOTO JIEMETHIIMPOBAHMS, KOTOPBII UTPaeT BAXKHYIO POJIb B SMOPHUOHAJIBHOM Pa3BUTHHL.
5C um ScaC oOHapyXHBalOTCA B 3TOM OKPYXXEHHH H MOTYT CIYXKUTb HHIUKATOPOM
npaktudyecku mnonHoro aemermnupoBaHus SmC. SfC um ScaC Takke MOryT BBITIOJHSTDH
JOTMOJTHUTENbHbIE (DYHKLNH, TAKHE KaK CBS3bIBaHUE CHelN(UUIECKHX OENKOB U BIIUSHHE Ha

ckopocTs u crienupuaHocTs aevicteus PHK-mommmepasser 11

[0005] SmC Taxke mpexncramisgeT coOOH MOCTTPaHCKPUMUMOHHYIO Monudpukauuro PHK,
KOTOpas Oblla UAEHTU(PUIIMPOBAHA KaK B CTAOUJIBHBIX, TAK U XapaKTEPU3YIOIIUXCS BBICOKON
npezacrasiaenHocteio TPHK u pPHK, a takke B MPHK. Kpome toro, SmC Obin BbIsiBIEH B
snRNA (manoii sinepuoit PHK), miRNA (mukpoPHK), IncRNA (niuHHONM HEKOOUpYrOLIEit
PHK) u eRNA (3uxancepnoii PHK). Tem He MeHee, mO-BUAMMOMY, CYLIECTBYIOT Pa3jIM4Us B
yactote BcTpeuaeMoct SmC B onpenenennbix Tunax PHK y pasnbix oprannsmos. Hampumep,
SmC, no-sugumomy, orcyrctyer B TPHK 1 MPHK Oakrepwuii, mpu 3ToM OH OblIT 0OHApY»KEH B

TPHK u MPHK sykapuor u apxei.

[0006] ShmC Ttaxke Obut BbisiBIeH B PHK. Hanpumep, Obuto oOHapyskeHo, uro MPHK
apo3oduasl u Meimu comepxkut ShmC. CooOmmanock, 4TO TO K€ CEMEHCTBO (hEPMEHTOB,
koropeie okucisitoT SmC B JIHK, karammsupyer obOpasoanue ShmC B obmeit PHK
MJIEKONUTAOINX. Y MyX B XOJl€ LIMPOKOr0 UCCAEAOBAHUS TPAHCKPUIITOMA C MPUMEHEHUEM
UMMYHOITPELUITUTALNH U cekBeHnpoBanus MeTrnupoBanHoii PHK (MeRIP-seq) ¢ anTutenamu
k ShmC BoisiBrIM npucyTcTBHe ShmC BO MHOTHX KOIUPYIOIIHX MocyienoBaTesbHOCTIX MPHK
C OCOOEHHO BBICOKUMH YPOBHSIMH B TOJIOBHOM Mo3re. Takske cooOIIanoch, 4TO aKTHBHAsS
TpaHCALMS accolmupoBaHa ¢ BbicOkuMH ypoHsMu ShmC B PHK, a mMyxu, y KOTOpBIX
orcyrcrByeT (epment TET, orBedaromuii 3a Hakoruienne ShmC B PHK, xapakrepusyrorcs

HapyIlleHHEeM Pa3BUTHUs TOJIOBHOIO MO3ra.

[0007] CymecTByrOmMM 30JOTBIM CTaHJAPTOM H HauOoNee IHUPOKO MPUMEHSIEMbBIM
crocoOOM  aHaiM3a METWIMpOBaHUs ©  ruapokcuMetmumpoBanus JIHK  sBnsercs
oucynbdurHoe cexkBeHupoBanue (BS) m mpowm3BomHBIE CIOCOOBI Ha €ro OCHOBE, TAaKHe Kak
oucynppuTHOE cekBeHHpoBaHHe ¢ wucrnonb3oBaHueM Tet (TAB-Seq) u okucnurtensHOe
oucynbdurHoe cexBenupopanue (0xBS). Bo Bcex 3Tmx cmocobax HCHOMB3YIOT 00paboTKy

6I/ICYJ'II:>(1)I/ITOM AJi IpEBpaLCHU HEMETHUIIMPOBAHHOTO LIUTO3MHA B ypalWJ, OCTAaBJIAA IPU
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stoM wuHTakTHbIMH SmC wwmm ShmC. TlocpencrBom [IP-ammmdpukammn JHK,
oOpaboTaHHOH OUCYIB(PUTOM, B KOTOPOH ypaLHJI IPOUYUTHIBAETCS] KAaK TUMHH, HH(POpPMALUS O
MOAU(UKAIMHM KaKAOTO LUTO3MHA MOKET OBITh IMOJIydeHa NPHU Pa3peIieHud A0 OJHOTrO
ocHoBaHus (rae npespaiieHue ¢ 3ameHo C Ha T mo3BOJIsIET ONpEeAeTNTh MECTONOIOKEHNE
HEMETWJIMPOBAHHOTO LUTO3MHA). OIHAKO CYWIECTBYIOT IO MEHbIIEH Mepe J1Ba OCHOBHBIX
HenocTtaTka Oucynb(UTHOrO CekBeHHpoBaHMs. Bo-mepBeix, oOpaboTka OucynbpuTOM
SIBJISIETCS] arpeCCUBHON XMMUUECKOH peakinel, B Xxone KoTopol paspyiaercs 6onee 90% JIHK
BCJICZICTBUE ACTTYPUHHU3ALMUA B HEOOXOIUMBIX KHCIOTHBIX M TEMIIEPATYPHBIX YCIOBHUSIX. JTO
pa3pylLIeHHe 3HAUUTEIbHO OrPAHUYUBAET €0 IPUMEHEHHE AJIsi 00pa31OB ¢ HU3KUM BBOAMMBIM
KOJIMYECTBOM, TaKUX KaK KJIMHUYEeCKHe o00paslpl, Coaepikalue LHUPKYJIUPYIOIIYIO
BHekseTounyto JIHK, u cekBeHMpOBaHUS OTHENBHBIX KIETOK. BO-BTOpBIX, OHCyiIb(pHUTHOE
CEeKBEHHPOBAHUE OCHOBBIBAETCSI HA TIOJIHOM TPEBPAIIEHHH HEMOIU(PHLNPOBAHHOTO IIUTO3HHA
B TUMHUH. HeMoanpuImpoBaHHbIH IUTO3HH COCTABISIET NMPUMEpHO 95% o0Imero HuTo3nHa B
reHoMe dyenoseka. [Ipu mnpeBpalieHUH OCHOBAHUH BO BCEX OTUX IOJOKEHUSX B THUMHH
3HAYUTENbHO CHIDKAETCS CJIOXKHOCTh IIOCJIEAOBATENIBHOCTH, YTO IPHBOAMT K HU3KOMY
KaueCcTBY CEKBEHMPOBAHMs, HU3KUM IIOKA3aTeNIsIM KapTUPOBAHUS, HEPABHOMEPHOMY OXBaTy
TeHOMa U YBEJMYEHHIO CTOMMOCTH CekBeHHpoBaHus. (CrnocoObl  OHCYJIBGUTHOTO
CEeKBEHHPOBAHUS TAKXKE YYBCTBUTEJIbHBI K JIO)KHOMY BbIsiBIeHHI0 SmC u ShmC Bcnencraue

HETIOJIHOT'O MPEBPALICHUA HGMOHH(bHHHpOBaHHOFO OUTO3MHA B TUMUH.

[0008] bucyibpurHOE CEKBEHHUPOBAHHME TAKXKE MPUMEHSJIOCh  JUIS  BbISIBJICHHS
metuiarposanus uutosnHa B PHK. B otnuume ot npyrux cnoco6oB Beisinenus: SmC B PHK,
TaKUX Kak UMMyHomnpeuunurauus merwiupoanHod PHK, OGucynbpuTHOE CeKBEHHMpPOBaHUE
PHK (RNA-BS-seq) o0nagaer mNpeuMyIIECTBOM, 3aKIIOYAOIIUMCS B BO3MOXHOCTH
onpeaeneHus: crenenu merunuposanus C B koHKpeTHOM mnonokeHud B PHK. RNA-BS-seq,
OITHAKO, CTpajaeT TeMH >K€ HENOCTaTKaMH, YTO OIHCAHbl BbIIIE M1 OHCYIb(YUTHOrO
cexkBeHuposanust JIHK. B uacTHOCTH, yCNOBHsSI peakLUd MOTYT BbI3bIBaTh CYIIECTBEHHOE

paspywenue PHK.

[0009] CymecrByer morpeOHOCTP B crmoco0e — aHamM3a  METHJIMPOBAHHUS |
ruapokcumeruimposanust JIHK, koropeiii mpexnctaBism Obl cOOOH MSTKYIO PEaKIHUio, C
NOMOIIBI0  KOTOPOH MOXXHO ObUIO OBl  TPOBOAWTH  KOJWYECTBEHHOE  BBISABIICHHE
moauduumuposanHoro uutosnHa (SmC u ShmC) npu paspermeHun 10 OTHOTO OCHOBaHUS 0e3

BO3/IEHCTBUSI HA HEMOIU(HUIIMPOBAHHBIA LUTO3WH. AHAJIOTUYHBIM 00pa3oM, CYIIECTBYET
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noTpeOHOCTh B croco0e aHaimm3a METHIHpOBaHMA U ruapokcumerunmposanuss PHK, B
KOTOpPpOM HCIIOJb30BAJIUCH OBl MSITKHE YCJIOBUSA PEAKIUU U MOKHO ObLIO OBI npoOBOAUTDH
KOJIMYECTBEHHOC BLIABJIICHUE MOI[I/I(I)I/IL[I/IpOBaHHOFO LHUTO3WHA MPU Pa3pCHICHUHU OO0 OAHOTO

OCHOBaHUs 0e3 BO3JeCTBUS HA HEMOAM(PUIMPOBAHHBIN LIUTO3HH.
KPATKOE OITMCAHUE U30BPETEHUA

[0010] B mHacrosmem H300peTEHHMH  MPENCTABJIEHBl  CIOCOOBI  WAEHTU(UKALIH
MECTOIIOJIOKEHUST OAHOTO MM Oojee M3 S-METWILNUTO3MHA, S-TUAPOKCUMETHIIIUTO3MHA, S5-
KapOOKCHJILIMTO3MHA W/Hiu S-(GOpMIIILIMTO3MHA B HYKJIEMHOBOH Kkuciore. B cnocofax,
ONMHUCAHHbIX B JIaHHOM JOKYMEHTE, TMPeNyCMOTPEH aHalIW3 METHJIUPOBaHUS U
rugpokcuMmerunuposanuss JIHK wnun PHK, Bxmrodarommii Msrkue peakuuy, ¢ MOMOILBIO
KOTOPBIX TPOBOMASAT KOJMYECTBEHHOE BBIABICHHE MOAMMUIMPOBAHHOTO IMTO3MHA C
paspeleHneM 10 OTHOTO OCHOBAHMs Oe3 BO3AEHCTBUS HA HEMOAU(PHLIMPOBAHHBIN LIUTO3UH. B
JaHHOM JOKYMEHTEe NpenacTaBiieH HOBbIi crnoco0 unentudpukammu SmC u ShmC nyrem
oObennHeHuss okucieHus ¢ nomombo TET M BOCCTaHOBNEHHS € TOMOIIBIO OOPaHOBBIX
NPOM3BOIAHBIX  (Hampumep, NHPUAMHOOpaHa U 2-nukosuHOOpaHa__ (mukonuH-BH3)),
Ha3bIBaeMbli B JaHHOM JokymeHTe TAPS (nmupuauHOOpaHOBOE CEKBEHHPOBAHUE C
ucnionp3oBanueM TET) (tabmuma 1). TAPS obecneduBaer BbisiBIieHHE MoAM(UKaLUi
HANpPSIMyK0 C BBICOKOW UYBCTBHTEJIBHOCTBIO M CHEIM(UYHOCTHIO 0O€3 BO3NEHCTBHUS Ha
HeMOAU(PULIMPOBAHHBIE LIMTO3MHOBBIE OCHOBAHHUS M MOJKET NMPUMEHSTHCS JJISI BBISBICHHUS
APYTrUX MOAU(PUKALMHA [IUTO3WHA. JTOT CHOCOO SIBIIIETCS HEPA3pyLIAOIIUM B 00ecreunBaeT
coxpaneane PHK u JIHK nmuaoit mo 10 1.0, Ilo cpaBHeHHIO ¢ OHCYJbQUTHBIM
cexkBenupoBanneM TAPS obecrneunBaer Ooyiee BBICOKHE MOKa3aTelld KapTHPOBaHUs, Ooyee
pPaBHOMEPHBIH OXBaT 1 00JIee HU3KYIO CTOMMOCTb CEKBEHUPOBAHUS, UTO MO3BOJISIET IPOBOAHUTH
OoJee BEICOKOKa4YeCTBEHHBIE, OoJiee TOTHbIE U O0JIee NeleBble aHATU3bl METHIIOMA. BapraHThI
3TOro cmocoda, B KOTOPbIX HE HCIOJNB3YEeTCA CTaausl OKHCICHHS, HPUMEHSIOT IS

uneatudukaryu STC w/mnu ScaC, kak OMUCAHO B JAHHOM JJOKYMEHTE.

[0011] B oxgHOM acrekTe B HACTOSIIEM U300PETEHUH MPENCTaBIIeH CrIOCO0 MIeHTU(UKALNN

S5-merununro3nna (SmC) B 1eNeBOI HYKJIEHHOBOH KHCIIOTE, BKJIFOYAOIIUIN CTaIHH:

a. nosydeHns: obpasia HyKJIEHHOBOH KHCIIOTBI, COAEPIKAIIEro LENEBYI0 HYKJICHHOBYIO

KUCJIOTY,
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b. MOIU(UKAIIMHA HYKJIEMHOBOHN KUCIIOTHI, BKITFOYAKOIIECH CTaIHH:

1. npoGaBneHus OJIOKUPYIOIIEH rpynmbl K S-ruapokcumeTiiuuTo3uny (ShmC) B oOpasie

HYKHGHHOBOﬁ KHUCJIOTHI,

ii. mpespamenus SmC B oOpa3iie HyKJIEHHOBOH KUCJIOTHI B S-kapOokcunuuto3uH (5caC)

w/nnu S-popmuniurosus (5fC) u

iii. mpespamenuss ScaC wwmnmu  SfC B murmppoypaumn (DHU) ¢ nmonmyuenuem
MOIU(ULIUPOBAHHOTO 00paslia HyKJIEHHOBOW KHUCIIOTBI, COIEpIKaLIero MOAH(PHUIPOBAHHYIO

LCJICBYIO HYKJIICUHOBYIO KHUCJIOTY, U

C. BBISIBJICHHsI  TIOCJIEOBATEIBHOCTH MOAM(DULIMPOBAHHONH LEJEBON  HYKJIEHHOBOI
KUCJIOTBI, TAe npeBpaieHue ¢ 3ameHoi nuro3uHa (C) Ha tumuH (T) B mocnenoBaTenbHOCTH
MOAU(ULMPOBAHHON LIE€JIeBOI HYKJIEUHOBOM KHUCJIOTHI IO CPABHEHHUIO C LIEJIEBOM HYKJIEMHOBOM

KUCJIOTOH MO3BOJIAET ONpPeAeUTh MecTonooxeHne SmC B 1iesieBoH HyKJI€MHOBOH KUCJIOTE.

[0012] B BapuanTtax ocyuiectBieHuss cnocobda wuneHtudukaumu SmC B LeneBOi
HYKJIEMHOBOM KHCJIOTE€ 3HAY€HUsl MPOLEHTHOro coaepskaHus T B KaJA0M MECTOMOJOKEHUU
MPEeBpAIleHUs] TO3BOJSIIOT  ONMPEAENUTh KOJWYECTBEHHbIH ypoBeHb SmC B KakKIOM
MECTOTIOJIOKEHUH B 1IEJIEBOM HYKJIEMHOBOM KHUCJIOTe. B BapwaHTax OCYLIECTBIICHUS
HYKJIEMHOBasi Kucjora npenctasiser codoit JJHK. B mpyrux BapuaHTax OCYIIECTBICHHS

HYKJIHHOBAsI KMCJIoTa npeacTasisier codboit PHK.

[0013] B ngpyrom acmekre B HACTOSIIEM U300pPETEHHWH TPEACTABJIEH  CHOCO0

unenTudukannu SmC i ShmC B 1eseBoi HyKJIEMHOBOH KUCIIOTE, BKIFOYAIOLTHI CTaIUN:

a. NOJIy4eHUs1 oOpasla HyKJIEHMHOBOW KHCJIOTBI, COAEPIKALIETrO LEIEBYI0 HYKJICHHOBYIO
KUCJIOTY;
b. MOAU(UKALMH HYKJIEHHOBOW KUCJIOTBI, BKIIFOYAIOIIEH CTaIUH:

i.  npespamenuss SmC u ShmC B 0Opasiie HyKJIEMHOBOI KUCJIOTHI B S-KapOOKCUIIITUTO3HH

(5¢caC) w/unu 5fC u
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ii. mpespamenus ScaC w/mmm SfC B DHU ¢ nonydyennem monudpuuupoBaHHOTO 0Opasma
HYKJICMHOBOM KHCJIOTBI, COJAEp’Kaliero MOAU(UIHUPOBAHHYIO LEJEBYH0 HYKIEHHOBYIO

KHCJIOTY, U

C. BBIBJICHHsI TIOCJIEJOBATENbHOCTH MOAM(DULIMPOBAHHONH LEJIEBOH  HYKJIEHHOBOM
KUCJIOTBI, TA€ npespameHue ¢ 3ameHoii nuro3uHa (C) Ha TumuH (T) B mociaenoBaTenbHOCTH
MOAN(UIMPOBAHHON LI€JI€BOI HYKJIEMHOBOM KHUCJIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBON
KHCJIOTOH NO3BOJIsIET onpeaenuTs Mectornonoxkernne SmC nudo ShmC B neneBoit HykJIeHHOBON

KHUCJIOTE.

[0014] B BapmanTax ocymectsienus crnocoda naentudpukanuu SmC wim ShmC 3HaueHus
NPOLEHTHOrO cofepkaHusd T B KaXIOM MECTONOJIOKEHUU TNPEBPAIIECHUs IO3BOJISIIOT
onpenenuth KonudecTBeHHbIH ypoBeHb SmC wiu ShmC B KaXIOM MECTOMOJOXKEHHU B
LEeJEeBOM HYKJIEMHOBOW KHCJIOTe. B BapuaHTax OCYLIECTBICHHUsS HYKJIEHHOBAs KHUCJIOTa
npexcrasisier codoit JIHK. B apyrux BapuaHTax OCYLIECTBICHHsSI HYKJIEHHOBAs KHCIIOTA

npencrasisier codoit PHK.

[0015] B nppyrom acmekTe B HACTOALIEM HW300pEeTEHHHM TMPEACTaBJEH CIOCo0
unentudukamu SmC u wupentupukanuu ShmC B meneBod HYKJICHHOBOW KHCIIOTE,

BKJTFOUAFOII U
a. unentudukauo SmC B 1eNeBON HYKJIEUHOBOM KUCIIOTE, BKIIOYAIOIIYIO CTaIHH:

1. momyueHHMs mepBOro obOpasla HYKIEHMHOBOH KHCJIOTBI, COJEPKAINero ILEeJIEeBYIO

HYKJICHHOBYIO KHUCJIOTY,
il. MonudpuUKaLUU HYKJIEHHOBOH KHCIOTHI B IEPBOM 00pasiie, BKIFOYAOIIEH CTaHu:

1. nmobaBnenus OJOKHMPYIOLIEH TPynmbl K S-rHApOKCUMeTHIIUTO3HHY (ShmC) B

nepBOM 00pasiie HYKJIEHHOBOUW KHCIIOTHI,

2. npespamierus SmC B mepBoM oOpasile HYKJIEHMHOBOU KUCIOTHI B ScaC w/mu

5fCn

3. npespamenus ScaC w/unmu SfC 8 DHU ¢ nony4yeHneM MonuUIMpOBAHHOTO

nepsoro obpasua JIHK, coxgepkariero MoaupuIupoOBaHHYIO LEJIEBYIO HYKJICHHOBYIO KHCIIOTY,
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iii. HeoOs3aTeNbHO AaMIUM(UKAIIMA YHCJIa KOMUH MONU(ULIMPOBAHHON  IIeJIeBOH

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI U

V.  BBIABIEHHS TIOCJIEAOBATENLHOCTH MOAWDUIIMPOBAHHON IEJIEBOM  HYKJIEHHOBOU
KUCJIOTHI, TAe mnpeBpaimeHue ¢ 3ameHoi nuro3uHa (C) Ha tumuH (T) B mocnenoBaTenbHOCTH
MOAU(UIMPOBAHHON LIEJIE€BOI HYKJIEMHOBOM KHUCIIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBON

KHUCJIOTOH MO3BOJISIET ONpeAennuTh MecTononoxenre SmC B 11eJ1€BOi HYKJIEMHOBON KUCJIOTE,

b. unentudukanmo SmC wim ShmC B 11e/1€BOH HYKJIIEMHOBOM KHUCJIOTE, BKIIFOYAIOIIYIO

cTaauun:

1. NOJy4€HHus1t BTOPOIro o6pa3ua HYKHGHHOBOﬁ KHUCJIOTBI, COACPIKALICrO LECJIICBYIO

HYKJIEHHOBYIO KUCJIOTY;

ii. mMomuduKanuy HYKJIEHMHOBOI KHCIOTHI BO BTOPOM 00pasiie, BKIIIOYAOLIeH CTaIuu:

1. mpepamenust SmC u ShmC Bo BTOpom 00pasiie HyKJIeHnHOBOH KUCIOTHI B ScaC
w/unu 5fC u
2. npespamienuss ScaC w/umu SfC B DHU ¢ nonydeHueM MonudUIMPOBAHHOTO

BTOpPOro 0o0pasla HYKJIEWHOBOH KHCIIOTBI, COIAEpIKAINero MOAM(HUIMPOBAHHYIO LENEBYIO

HYKJIEUHOBYIO KUCJIOTY;

ili. HeoOs3aTeNbHO AMIUTU(PUKALMK YHUCJIAa KOMUH MOOU(UIUPOBAHHOW  LIEJIEBOM

HYKHGHHOBOﬁ KHUCJIOTHI,

V.  BBIABICHHS TIOCJIEAOBATENLHOCTH MOAUGDUIIMPOBAHHON IEJIEBOH  HYKJIEHHOBOW
KUCJIOTBI U3 BTOpOro odpasima; rae npespatueHue ¢ 3amenoil nurosuHa (C) Ha tumuH (T) B
NIOCJIEIOBATEIbHOCTH MO UITIPOBAHHON LEJIEBON HYKJIEHHOBOH KHUCIIOTHI IO CPABHEHUIO C
LIeJIEBOH HYKJIEMHOBOH KHCJIOTOH MO3BOJISIET onpenenuTb Mectonoioxkenne SmC miudo ShmC

B LICJICBOU HYKJIEMHOBOW KHUCJIOTE; U

C. cpaBHeHUe pe3yibTaToB cramuii (a) u (b), rme mpeBpamenus ¢ 3amenoil C Ha T,
npucytrcTByromue Ha cragud (b), HO He Ha craguu (@), TO3BOJISIIOT ONPEAeNUTh

mecrononokenne ShmC B nieneBoii HyKJIEHHOBOH KHUCIIOTE.
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[0016] B BapmanTax ocymectsiaerus 1yt uneHTHGukannu SmC u nnerrudpukanuun ShmC
B II€JIEBOW HYKJIEMHOBOW KHCIIOTE Ha CTaauH (@) 3HaUeHHs MPOLEHTHOro coxep:kanus T B
KaXXJIOM MECTOIIOJIOKEHUH MPEBPAILEHHsI TIO3BOJSIIOT ONMPEIEUTh KOJIUIECTBEHHBIN YPOBEHD
SmC B neneBoii HyKJIEMHOBOH KUCIOTE; Ha ctaand (b) 3HaUeHNs MPOLIEHTHOTO conepanus T
B K2XK/IOM MECTOTIOJIOKEHUH IPEBPALIEHNS IO3BOJISIOT ONPEAETUTh KOJIUYECTBEHHBIN YPOBEHD
S5mC wmm ShmC B 1eneBoil HyKJIEHHOBOH KHUCJIOTE, M HA CTaauu (C) pa3iuyus B 3HAUEHHSX
NPOLIEHTHOTO CONEPKaHMsl, COOTBETCTBYIOIIME mpeBpaiieHusiM ¢ 3ameHod C Ha T,
unentuduurpoBanabiM Ha ctamuu (b), HO He Ha crangmu (a), MO3BOJSIIOT OMPENENIUTH
KONN4eCTBeHHbIN ypoBeHb ShmC B KaXXAOM MECTONOJIOXKEHHWH B LEJNEBOH HYKJIEMHOBOH
Kuciore. B BapuanTax ocylecTBieHHsI HyKJIEHHOBAs kucyora npenacrasiser codoit IHK. B

APYTHX BapUAHTaX OCYIIECTBJICHUs HYKJIEHMHOBAsK KUCIoTa npeacrasisier codoii PHK.

[0017] B BapmaHTax OCYIIECTBJEHHUS HACTOSINEr0 M300peTeHus OJOKUpYIOLIas TpyIima,
nobasisemass k ShmC B oOpasue HyKJIEHMHOBOH KHCIIOTBI, NpeAcTaBisieT coboil caxap. B
BApUAHTAX OCYIIECTBIIECHUS caxap MpeAcTaBsieT COOOI BCTPEUAIOLINICS B IPUPOJIE caxap WiIn
MOAMGUIIPOBAHHBIA caxap, HamnpuMep, IIOKO3y WM MOAH(UIMPOBAHHYIO TIOK03y. B
BAPUAHTAX OCYIIECTBJIEHHsI HACTOAIIErO M300peTeHHs OJIOKUPYIOIIYIO IPYIIy I00aBISIOT K
S5hmC nytem npuBeneHusi oOpasla HYKJIEHHOBOW KHUCIOTHI B KOHTAKT ¢ UDP, cBA3aHHBIM C
caxapowm, Hanpumep, UDP-rimoko30it uin UDP, cBs3aHHBIM ¢ MOTU(DUIIUPOBAHHOM TIIFOKO30H,
B MpPHUCYTCTBUU (PepMEHTa TIFOKO3WITpaHC(hepasbl, Hampumep, [-TIOKO3uATpaHchepasb
bakrepuodara T4 (BGT) u o-rmokosunrpanchepassl Oakrepuodpara T4 (aGT) m ux

MPOU3BOAHBIX U aHAJIOTOB.

[0018] B BapuaHTax OCYIIECTBJCHHS] HACTOSIIEr0 W300peTeHUs Kakaash W3 CTaJaud
npespamenuss SmC B oOpasue HykjenHoBoW kuciotel B ScaC w/wmm SfC wu craguum
npespauierus SmC u ShmC B obpasue HykinenHoBoH KuCaOTHI B ScaC w/mnmm SfC Brirovaer
npUBEACHNE 00pa3lia HyKJIEHHOBOH KHCIIOTHI B KOHTAKT C (PEPMEHTOM TPAHCIOKALIH J1ECATh-
omuaHannate (TET). B nomomHuTenpHbIX BapuaHTax ocymectsieHus ¢epmeHt TET
npenctasisier coooit onud um 6onee u3 TET1, TET2 u TET3 uenoseka; Tetl, Tet2 u Tet3
meitn; TET Naegleria (NgTET), Coprinopsis cinerea (CcTET) m X NpOW3BOAHBIX WJIH

aHasoro. B Bapuanrax ocymectsienus pepmeHT TET npencrasnsier codoit NgTET.

[0019] B njgpyrom acmekre B HACTOSIIEM HM300pETEHHWH TPEACTABJIEH  CHOCO0

unenTudukannu ScaC wim 5fC B neneBoil HyKJIEMHOBOW KUCIIOTE, BKIFOYAIOLINHA CTaIUH:
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a. nosyueHus: oOpasia HyKJIEHHOBOH KHCIIOTBI, COAEPIKAIIEro LENEBYI0 HYKJICHHOBYIO
KHUCIIOTY;,
b. npespamerus ScaC u 5fC 8 DHU ¢ monydenuem MomuduuupoBaHHOTO oOpasma

HYKJIGMHOBOW KHCJIOTBI, COIEp’Kalero MOAUMDHUIMPOBAHHYIO IIEJIEBYID HYKIEHHOBYIO

KUCJIOTY,

C. HEeOoOsI3aTeNbHO  aMIUTMHUKAIMM  YHUCTa KONMUH  MOIU(UIIMPOBAHHONW  LEJIEBOM

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI 1

d. BBISIBJICHUST TOCJIEIOBATEIIbHOCTH  MOAU(HUIIMPOBAHHON LIEJIEBOM  HYKJIEHMHOBOM
KUCJIOTBI, TA€ npespaineHue ¢ 3ameHoit nurosuHa (C) Ha TumuH (T) B mocienoBaTenbHOCTH
MOAM(PULIPOBAHHOM 11€JIEBOH HYKJIEHHOBOW KHCJIOTHI 0 CPABHEHUIO C LIEJIEBOH HYKJICHHOBON
KHCJIOTOW MO3BOJISIET onpeneuTs Mecromnoioxenue ScaC mbo 5fC B 1ieneBoit HyKJIEHHOBOH

KHCJIOTE.

[0020] B Bapmanrax ocymectBieHus: ciocoba uaenruduxanun ScaC wm SfC B nenesoit
HYKJIEHHOBOM KHCJIOTE 3HAYEHHs MPOLIEHTHOTO cofepykanusi T B KaKIOM MECTOMOJIOKEHHN
npeBpalleHns] TIO3BOJISIIOT ONMpeneIuTh KonndecTBeHHbIH ypoBeHb ScaC wnu SfC B kaxmom

MECTOIOJIOKEHNHU B LIEJIEBON HYKJIEMHOBOM KHUCJIOTE.

[0021] B npyrom acmekre B HACTOSIIEM M300pETEHHWH TPEACTABJIEH  CHOCO0

unenTudukannu ScaC B 11eN1eBOM HYKJICHHOBOW KHUCJIOTE, BKIIFOYAIOIIUI CTaIUH!

a. nosyueHus oOpasia HyKJIEUHOBOH KHCIIOTBI, COAEPIKAIIEro LEIEBYI0 HYKJICHHOBYIO
KHCIIOTY;,

b. nobasienust Ookupyrotei rpymmsl k SfC B 0Opasiie HyKJIeMHOBOM KUCIIOTHI,

C. npespameruss ScaC B DHU ¢ mnonydeHueM MoaudpuUIUpOBaHHOTO oOpasna

HYKJIEMHOBOW KHCJIOTBI, COJEpKalero MOIUMDUIMPOBAHHYIO IIEJIEBYKD HYKIEHHOBYIO

KUCJIOTY,

d. HEeOoOsI3aTeNbHO  aMIUTMUKALMA  YHUCIa KONMUH  MOIU(UIIMPOBAHHOW  LEJIEBOM

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI U
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e. OTpeAesieHus] TOCIeNOBATeIbHOCTH MOAN(DHUIIMPOBAHHOW IEJIEBOH HYKJIEHMHOBOM
KUCJIOTHI, TA€ npespameHue ¢ 3ameHoil nuro3uHa (C) Ha TumuH (T) B mociaenoBaTenbHOCTH
MOAN(UIMPOBAHHON LIETIEBOI HYKJIEMHOBOM KHCIIOTHI IO CPABHEHHUIO C LEJIEBOH HYKIJIEMHOBON

KHUCJIOTOMH MO3BOJISIET ONPEAeNnuTh MecTononoxxeHne ScaC B 11e1€BOI HyKJIEHHOBOM KHUCIIOTE.

[0022] B Bapmantax ocymecTBieHHs crnocoba wuneHTupukauuu ScaC B LeIeBOU
HYKJIEMHOBOM KHUCJIOTE€ 3HA4Y€HUsl MNPOLIEHTHOIO ConepkaHus T B Ka)KAOM MECTOMNOJIOKEHUH
MPEBPAILECHUs TIO3BOJIAIOT OMPENENUTh KOJIMYECTBEHHBbIM YpoBeHb 5caC B KaXaoOM
MECTOIOJOKEHUH B LEJIEBOM HYKJIEMHOBOW KHUCJIOTE. B  BapuaHTax OCYIIECTBJIECHUS
HYKJIEMHOBasi Kucjora mnpencrasisier codoit JJHK. B nmpyrux BapumaHTax OCyIIeCTBIEHUS

HYKJIEMHOBAasI KUCJIOTa npencTasisier codoit PHK.

[0023] B BapmaHTax OCYIIECTBJIEHHs]  HACTOSILEro  u3o0pereHuss  noOaBiieHUE
onokupytomeit rpynmnbl k SfC B oOpasue HyKJI€MHOBOW KHCJIOTHI BKJIIOYAET MPHUBEICHHE
HYKJICHHOBOM KHCJIOTBI B KOHTAKT C aJIbeTHI-PEAKTUBHBIM COEIUHEHHEM, B TOM YHUCIIE,
HaTpUMep, MPOM3BOMHBIMH THAPOKCHJIAMUHA (TakKUMH Kak  O-3THITHIPOKCUIIAMUH),

MPOU3BOAHBIMU I'APAa3WHA U IIPOU3BOAHBIMU T'MAPA3UIOB.

[0024] B npyrom acrekre B HACTOSIIEM U300pETEHHWH TPEACTABJIEH  CHOCO0

unentudukanmnu SfC B 1eneBoi HyKJIEHHOBOH KUCIIOTE, BKIFOYAIOIIUI CTaIHH!

a. NOJIy4eHus1 o0pasla HyKJIEHMHOBOW KHUCJIOTBI, COIAEPIKALIEr0 LEIEeBYI) HYKJICHHOBYIO
KUCJIOTY,

b. nobasjieHust OJokupyroIei rpymmsl K ScaC B 00pasiie HyKJIEMHOBOMN KUCIIOTHI,

C. npespauierus SfC 8 DHU ¢ nonyuennem MmoauduuupoBaHHOTO odpasia HyKJIEHHOBOM

KHCJIOTBI, COZIEPIKaINero MOAN(HLIUPOBAHHYIO LIEJIEBYIO HYKJIEHHOBYIO KUCIIOTY;

d. HEeOoOsI3aTeNbHO  aMIUTMHUKALMM  YHUCIa KONMUH  MOIU(UIIMPOBAHHOW  LEJIEBOM

HYKHGHHOBOﬁ KHUCJIOTHI,

e. BBISIBJICHHSI TOCJIEOBATENbHOCTH MOAM(DULIMPOBAHHONH LEJIEBOH  HYKJIEHHOBOM
KHUCJIOTHI, TAe mnpeBpainenue ¢ 3ameHoi nuro3uHa (C) Ha tumuH (T) B mocnenoBaTebHOCTH
MO UIMPOBAHHON LIETIEBOI HYKJIEHHOBOM KHUCIIOTHI IO CPABHEHHUIO C LEJIEBOH HYKJIEMHOBOH

KHCJIOTOH MO3BOJIIET ONpeaennTs Mectonoioxenne SfC B neneBol HyKJIEHHOBOH KHUCIIOTE.
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[0025] B Bapuantax ocyuiectBieHus crnocoba wupentudukammm SfC B uesneBoi
HYKJICMHOBOW KHMCJIOTE 3HAYEHHUsS] MPOIIEHTHOrO comepskaHusi T B KaKIOM MECTOIMOJOKEHUH
NpeBpallieHnuss TO3BOJIIOT  OMPENENIUTh KONMUYeCTBEeHHbIH ypoBeHb SfC B kakmom
MECTOMONIOKEHUH B 1EJICBOW HYKJEHHOBOW KHCJIOTe. B BapuaHTax OCYIIECTBJICHUS
HYKJIEMHOBAs1 KMCJIOTa (B 0Opasue u uenesas) npeacrasisier codoit JIHK. B npyrux Bapuanrax

OCYIIECTBJICHUs] HYKJIEMHOBAsI KUCJIOTA (B oOpasie u nesesas) npeacrasisiet codoit PHK.

[0026] B BapuaHTax ocyuiecTBIeHHs CTanus 1o0aBiIeHus OIokupyroiiei rpymmsl k ScaC B
oOpasue HyKJIEMHOBOM KHCJIOTBI BKJIIOYAET NMpHBENeHHE 00pas3la HYKJIEHHOBOH KHCIOTHI B
KOHTAKT C PEareHTOM JUIs AepUBATU3aLUU KapOOHOBBIX KHUCJIOT, B TOM 4HCIIE, Harpumep, 1-
stun-3-(3-mumerunamunonponui)kapoonuumuaom (EDC), u (ii)) amMuHHBIM (TaKuM Kak

3TI/I.]'IaMI/IH), rUAPaSUHOBBIM WUJIU TUAPOKCUIIAMHUHOBBIM COCAUHEHUEM.

[0027] B BapuaHTax OCYLIECTBJIEHHs HACTOSIIErO H300PETEHHs BbIIIEYKa3aHHbIE CIIOCOOBI
JOMNOJIHUTENBHO BKJIIOYAIOT CTaJUI0 aMIUTM(UKALMKU YHCIa KOMUH MOIU(HULIMPOBAHHON
LEJEeBOM HYKJIEMHOBOM KHCJIOTBI. B  BapuaHTax OCYLIECTBJIEHUS TaKyl CTaaUIO
aMITUpUKALMK ~ TPOBOISAT  Mepel  CTaAueld  BBIABICHUS NOCJIEIOBATENbHOCTH
MOU(PULIMPOBAHHOH 11€JIEBOM HYKJIEMHOBOW KHCJIOThI. CTaanio aMrinUKauKl YUCiIa KOMUH
B Cllydae, eclii MOIU(UIMPOBAHHAS LIEJeBas HYKJIEWHOBAs KHUCJIOTA TMPENCTaBIsET COOOM
JHK, MOXXHO OCYLIECTBIISITH MyTeM MPOBENCHHs MONIUMepasHoil nenHou peakiuu (ITLIP),
JIOCTPOMKH TpaiiMepa W/WiIM KJIOHHPOBaHUs. B ciydae, ecinn MomuduIMpoBaHHas LieJeBast
HYKJIEMHOBasi Kucjorta npencrasisier cobori PHK, cragwio amrumdukammu 4ucia KOmui
MOXKHO ocymecTBisiTh ¢ nomomeio RT-PCR ¢ ucnonb3oBanuem npatimepa onuro(dT) (s

MPHK), ciiyualinpIx mpaiiMepoB W/ HIN reHOCTIeU(UIHBIX TPAaHMEpOB.

[0028] B BapuanTax ocyinecTBiIeHUs HacTosimero u3odperenus odpaseu JIHK conmepskur
nukorpammoBble konndectsa JJHK. B BapranTax ocymiecTBieHHs HACTOSIIIErO H300pETeHUs
obpazeny JIHK conepskut ot mpubnusurensHo 1 nr go npubmusurensHo 900 nr JIHK, ot
npubmusutensHo 1 nr po npubdmmsurensro 500 nr AHK, or mpubmmsurensHo 1 mr mo
npubmuzutensHo 100 nr JIHK, ot npubnusurtensHo 1 nr no npudnusurensHo S0 nr JIHK, ot
npubmuzutensHo 1 no mpubmusurensHo 10 nr JHK, menee uem mpuOmusurensao 200 mr,
meHee yeM npudmmsutensHo 100 nr JIHK, menee yem npubnmsutensro S0 nr JIHK, menee uem
npubmm3utensao 20 nr JIHK u menee uem npudnusurensHo 5 nr JIHK. B apyrux Bapuantax

OCYIIECTBJICHUs] HacTosimero uszobperenust obpazeny JHK comep:kut HaHOTrpamMMOBBIE
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kommuectBa JIHK. B Bapumantax ocymecteieHus: Hactosmero uzobperenus oopazen JJHK
conepskuT oT nmpudnusurenbHo 1 no npubnusurensHo 500 ur JIHK, ot npubnusurensho 1 1o
npudmuzutensHo 200 vr AHK, ot npubmmsurensio 1 no npubmsurensao 100 mr JJHK, or
npubmusutensHo 1 go mpubmmsurensho 50 wr JIHK, or npubnusurensHo 1 Hr o
npubmuzutensHo 10 vr IHK, ot npubmumsurensho 1 Hr no npubnusurensHo 5 Hr JIHK, menee
yem npubnusurensHo 100 vr THK, menee yem mpuOmusurensHo 50 wr JIHK, menee uem
npubmuzutensHo 5 Hr JIHK wnn menee yem mpubmusurensHo 2 Hr JIHK. B BapmanTax
OCYLIECTBIIEHUs] Hactosimero u3zodperenuss obOpaszen JIHK comepkur LUPKYIUPYIOIIYIO
BHekserouHyro JIHK (cfDNA). B BapuaHTax OCYIIECTBIEHHs HACTOSINEro HM300peTeHUs

obpazen JIHK coneprxut Mmukporpammosnslie konudectsa JJHK.

[0029] B BapmaHTax OCYILIECTBICHHS HACTOSIIETO H300peTeHUs cTaaus npesparuenus ScaC
wumn 5fC B DHU Britowyaer mpuBeneHne oOpasiia HYKIEHHOBOW KHCJIOTBI B KOHTaKT C
BOCCTAHOBUTEJIEM, B TOM 4YHCJIe, HAmpuMmep, NUPUAMHOOPAHOM, 2-MUKOJIMHOOPAHOM
(mukonuH-BH3), OopaHOM, OOpOruapuaoM HaTpusi, LHUAHOOOPOTHIPHIOM HATPUS U
TPUALIETOKCUOOPOTHAPUIOM HATpUs. B MPEANOUTUTENPHOM BapHaHTE OCYIIECTBICHHS

BOCCTaHOBUTEJIb NIPEACTaBIsieT coOor nukoanH-BH3 w/unu nupuauHOOopaH.

[0030] B BapuaHTax OCYILIECTBJIEHHS HACTOSIIErO H300pETeHMsI CTaAusl OIpeneseHHs
MOCJIEIOBATEILHOCTH  MOIUMDULIIMPOBAHHON 1EJEBOW HYKJIEHMHOBON KHCJIOTbI BKJTOYAET
CEKBEHUPOBaHUE METOJIOM oOpbIBa LeTIH, MHUKPOMaTPHUYHBIN aHaJu3,

BBICOKOIIPOU3BOANTEIHOE CEKBEHUPOBAHHUE U aHAIH3 C TIOMOIIBIO (PePMEHTOB PECTPUKLIUH.
KPATKOE OITUCAHUE ' PAOUYECKUX MATEPHAJIOB

[0031] Dur. 1. CkpuHuHr OopaHocoaep:KAIIMX coeqUHeHHH. bopaHocoxpepkalue
COEIMHEHUs MOJBEpPralil CKpUHUHTY B oTHoweHuu npespatienust ScaC 8 DHU B 11-mepHom
OJIUTOHYKJIEOTH e («OJIUTOY») C 4aCTOTON MpeBpalleHus, OlleHnBaeMol nocpenctsom MALDI.
2-nukonuHOOpaH (MUKOJMHOOpaH), NUPUAUHOOpPaH U TPeT-OyTUIAMMHOOOpPAH MOTJIH
obecnieunBath mosHOEe mpeBpamenue ScaC B DHU, Torma kak »THJIEHAMAMHHOOOpPaH U
OUMETHJIAMUHOOOpaH JIaBajM 4acToTy mpeBpamenuss okoyno 30%. Ilpu ucnonb3oBaHuU
TUIUKJIOTeKCUIaMIUHOOOpaHa, MopdonuHobopaHa, 4-metunmopdonnaodbopaHa u
TPUMETHJIAMHHOOOPaHa OTCYTCTBOBAJIN H3MeEpsieMble MPOAYKTHI, TOAJAOIIHNECS BBISBICHHIO
(He BbEIBIEHO). /Jlpyrme BOCCTaHOBHUTENH, TakKue Kak OOpOTMApPUA HATPUA U

Tpu(aneToKCH)OOPOTHUAPH HATPUs, OBICTPO pasjarajuch B KHUCJIOH Cpene W MPUBOAMIH K
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HETIOJIHOMY TpeBpalieHuo. [{uanoboporuapun HaTpusi He MCIIOJIb30BAIH H3-32 BO3MOKHOTO
00pa3oBaHMs [IMAHUCTOIO BOIOPOJA B KUCIBIX ycioBusX. IInkonmuuOOpaH u nmupuanHOOpaH
ObutM BBIOpaHBI BBHAY OOECHEUYEHHs] UMHU TOJHOTO NMPEBPAIIEHUs, HU3KOW TOKCHYHOCTH U

BBICOKOI CTaOMJIBHOCTH.

[0032] @ur. 2A-B. Peakuus nukonunéopana ¢ JIHK-osuronykiaeorugamm. (A)
Onpenenenue xapaktepuctuk 1l-mepHoii mopensnoit  JIHK, cogmepxameii ScaC,
oOpaborannoii nukonuHOOpaHoM, mocpenctsoM MALDI. PacuerHast macca (macca/3apsin)
NOKa3aHa HaJl KaXIpIM rpadukoM, HabmogaeMas Macca rnmokasasa ciesa ot nuka. (B) Hacrora
npespamenuss dC U pasaMyYHBIX MPOM3BOAHBIX IMUTO3MHA ONPENENSUId KOJIUYECTBEHHO C
nomomibto  HPLC-MS/MS. JlanHble moOka3aHbl Kak CpelHee 3HaueHue + CTaHIapTHOE

OTKJIOHCHUEC IJIA TPEX HOBTOpHOCTeﬁ.

[0033] ®ur. 3A-B. Peakuusi nHKOJHMHOOPAHA C OTAEJbHBIM HYKJI€03HA0M. Pe3ynbTarsl
'H- u BC-SIMP coorsercTBoBamu ony6IMKOBAaHHOMY paHee COOOLIEHHIO O 2'-Ie30KCHU-5,6-
auruapoypuanne (1. Aparici-Espert et al., J. Org. Chem. 81, 4031-4038 (2016)). (A)
Juarpamma 'H-SIMP (MeOH-ds, 400 MI'11) npofyKTa peakiuy MHKOJTHHO0PaHa C OTe bHBIM
HykJeo3ugaoM. O ppm: 6,28 (t, 1H, J = 7 '), 4,30 (m, 1H), 3,81 (m, 1H), 3,63 (m, 2H), 3,46
(m, 2H), 2,65 (t, 2H, ] = 6 '), 2,20 (m, 1H), 2,03 (m, 1H). (B) Auarpamma “*C-sIMP (MeOH-
d4, 400 MI'11) mpoayKTa peakiuy MUKOJIUMHOOPaHa ¢ OTAENIbHBIM HyKjIeo3uaom. O ppm: 171,56
(CO), 153,54 (CO), 85,97 (CH), 83,86 (CH), 70,99 (CH), 61,92 (CH>), 36,04 (CH>), 35,46
(CH), 30,49 (CH>).

[0034] Dwur. 4A-B. [luarpamma, Ha KoTOpO# mokaszaHo (A) npespamenue ScaC 8 DHU non
neicTBreM OopaHa W MpennoyiaraeMblii MexaHusM peakiuu npespamenus ScaC 8 DHU nox
neiicteueM OopaHa; a takke (B) mpespamenune SfC B DHU mon pelictBuem OopaHa u

npeanonaraeMblii MexanusM peakuuu npespatuenus SfC 8 DHU non neficterem 6opaHa.

[0035] Dwur. SA-B. (A) /luarpamMma, Ha KOTOPOW MOKa3aHO, 4TO B xoxe crocoda TAPS
npoucxoaut mnpespamenue kak SmC, tak u ShmC B DHU, koTOpBI NpU peIUIHKALNH

BeIcTymnaeT kak TuMuH. (B) O630p cnioco6os TAPS, TAPSP u CAPS.

[0036] @ur. 6. Onpenenenue xapaktepucTuk MmoaeabHbIXx JIHK-onuronykneorunos,
cogepxamux SfC u ScaC, o0padoTraHHbIX nukoanHOopanom ¢ O6aoxkuposanuem SfC u

ScaC wiau 6e3 Hero, nocpeacreom MALDI. 5fC u 5caC npeBpamaroTcsi B TUTHAPOYPALIHAIT
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(DHU) non neiictBuem nukoinH-BH3. SfC OnokupoBanyu npon3BOAHBIMU THAPOKCHIIAMHHA,
takuMu kak O-stunrunpokcunamud (EtONH»), xoropbsie mpeoOpa3oBBIBAIIMCE B OKCHM H
NPEISITCTBOBAIM TIPEBPALIEHUI0 TMMON JAeHCTBHEM nHuKonuHOopaHa. ScaC  OmoxupoBaiu
STUJIAMMHOM MOCpencTBoM KoHbroruposaHus ¢ EDC u mpespalmanu B amui, KOTOpPBIH
OnokupyeT mpeBpaleHne Moj neiicTBueM nukonuHOopaHa. Pacuernsiit MS (macca/3apsin)

NOKa3aH HaJl KaXIbIM rpadukom, HaOmonaeMblii MS mokas3aH ciieBa OT ITHKa.

[0037] @ur. 7. Onpeaenenue xapaktepucTuk moaeabHbix IHK-onuronykneornaos,
cogepxkamux SmC u ShmC, oopaborannbix ¢ nomombw KRuQOs n nuxkosnHbopaHa c
osoxkupoBannem ShmC unn 6e3 Hero, nocpeactsom MALDI. ShmC moxxno 6nokupoBath
rmoko3oi ¢ momoupto BGT u mpespamars B 5gmC. SmC, 5ShmC u 5gmC He moryT
NpeBpaLIaThCs MO ACUCTBHEM MHUKOJuHOOpaHa. ShmC MOXKeT OKMCHIATHCS MON NeHCTBHEM
KRuOy4 no 5fC, a 3atem npespamiatbess B DHU non neiicteuem nukonuHOopaHa. PacyeTHbiii
MS (macca/3apsin) mokazaH Haj KaxabiM rpadukom, HaOmomaembiii MS mokasaH cieBa OT

IMMUKa.

[0038] Dur. 8A-B. Pacmensienne pepMeHTAMH PECTPUKLIHUM TMOKA3AJI0, YTO B X0Ae
TAPS moxker npoucxoauth 3¢ ¢dpextusnoe npespamenne SmC B T. (A) Mumoctpauus
aHamu3a pacuiervieHuss (epMeHTaMH pPECTPUKLMU JJISi  MONTBEPKACHUS U3MEHEHHUs
nocienoBatenbHocTH, oOycioBieHHoro TAPS. (B) Tectel paciieruieHus mox OeHCTBHEM
Taqal mist moareepskaenus: npespamnenus C-T, obycnosnennoii TAPS. TAPS nposonuiu B
otHoumeHuu monenvHoi JIHK pasmepom 222 n. o., umeromieii cat pecrpuxkuuu anst Taqol u
cozep:Kaliei 5 moMHOCThI0 MeTHMpoBaHHbIX caiToB CpG (SmC), u ee HEeMEeTUIIMPOBAHHOTO
koHTpoJst (C). AMmmduumpoBanHas nocpenacrsoM I[P monenshas [IHK pazmepom 222 1. o.
MOXeT paciieruiaTees noxa aerictsueM Taqal no pparmenTos pasmepom ~ 160 m. 0. u~ 60 1. 0.,
kak mnokazaHo ana SmC, C u C-TAPS. Ilocne mnposenenuss TAPS B orTHomeHuun
metmuposannoit JIHK mocnenosarensHocTs T(MC)GA npespamnaercs B TTGA u Gobiie He
pacIIeTUIAeTCs MyTEM paciueruieHust nox aeicresueM Taqal, kak moka3zaHo Ha noposkkax SmC-

TAPS.

[0039] Dwur. 9A-B. TAPS B orHomenun moaeabHoii IHK pazmepom 222 m. 0. u gDNA
mESC. (A) Pesynbratsl cekBeHupoBanusi o Canrepy ans monenbHou JIHK pasmepom 222
1. 0., cofiepKailell 5 MOJHOCTBIO METUIMPOBaHHBIX caiitoB CpG, U ee HEMETUINPOBAHHOIO

koHTpoJst 10 (SmC, C) u mocne TAPS (SmC-TAPS, C-TAPS). C nomompsto cniocoda TAPS
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tonpko SmC mpeBpamaercs B T. (B) KonmuecTBeHHas OLEHKAa OTHOCHTENBHBIX YPOBHEMH
monudukanmii B kKouTposbHOU gDNA mESC nocpenctsom HPLC-MS/MS nociie okucneHus
¢ nmomompio NETET1 m mocne BOCCTAaHOBIEHMS C MOMOINBI NMHKOIMHOOpaHa. JlaHHBbIE

MOKa3aHbl KaK CPECAHEE 3HAYCHHUE + CTAaHAAPTHOC OTKJIOHCHUEC IJIA TPEX HOBTOpHOCTefI.

[0040] Dur. 10A-D. TAPS He o0ycaaBiuBano cymecrseHHoro paspymenus JIHK no
cpaBHeHHIO ¢ Oucyab(purom. M3o00paxkeHus: arapo3Horo reys ¢ HemeruiaupoBaHHou JTHK
pasmepom 222 1. o., merunuposanHoii JIHK pasmepom 222 . 0. u gDNA mESC (A) no u (B)
nocie oxnaxnaeHuss Ha JensHoi Oane. Ilocnme TAPS He nHaOmopanock nopparouieecs
BoisiBieHuto paspymenne JIHK, u JIHK ocraBamace aByxienodedHod u Moryia OBITh
BU3yanu3upoBaHa 0e3 oxnaxneHus. [IpeBpaineHne nocpeacTBoM OUCyIb(uTa MPUBOAMIO K
paspyenuto, 1 JJHK craHOBMIIACh OHOIIETIOYEYHOH U MOTJIa OBITh BU3YaJIM3UPOBAHA TOJIBKO
niocjie oxnaxaeHus Ha nbay. (C) Uzobpaskenus araposnoro rejisi ¢ gDNA mESC ¢ paznuunoii
anuHOM (hparmMeHToB, oOpaboTanHOl ¢ momoinsto TAPS u Gucyneduta, 10 (JieBast TaHesb) U
niocJie (rpasasi manesb) oxjaxkaenus Ha ipay. JJHK nocie TAPS ocraBanach AByXLENOYEUHOM
U Morjia ObITh HampsMyl BH3yanusupoBaHa B rene. O6paborka OucynabpuToM BbI3BIBANIA
Oonbliee noBpekaeHue u pparmentanuio odpasuos, u JJHK cranoBuIach OAHOIETIOUEYHOH U
Moryia ObITh BHU3yaJM3HUPOBaHA TOJBKO TOCJIE OXJAKACHUS Ha Jbay. llpeBpaiieHue
nocpencrsoM TAPS Obuto nmonubiM utst Bcex gDNA He3aBUCHMO OT JJIMHBI ()ParMeHTOB, KakK
noka3aHo Ha ¢ur. 15. (D) Busyanusauus B arapo3nom rese moaenbaoii JIHK pasmepom 222
n.o. 1o u nocie TAPS (Tpu He3aBUCHMBIE MOBTOPHOCTH) HE TOKa3aja MOANAOIIEroCs

BBISIBJICHUIO PA3PYLICHUS MIOCJIE PEAKLIUH.

[0041] Dur. 11. CpaBHeHHe KPUBBIX aMILIH(PHKALINN U KPHUBBIX MUIABJIEHUS] MEXKIY
moaebHbiMH JIHK no u mocne TAPS. Ananus merogom qPCR mokaszan He3HaUYUTETbHOE
pasnuuure B KpuBbIX amimtudukanuu monenbHbix JJHK no u mocne TAPS. Kpusasi mnapneHus
metmupoanHoit JIHK (SmC) casuranace B CTOpOHY Oojiee HU3KOW TeMIEpaTypbl MOCTe
TAPS, uto yka3piBajio Ha BO3MOXHYI0 TpaHsuuuio C-T, nmpuBomsimyro K ymeHblleHuo Tm,

toraa kak mist HemetwinpoBanHoi JIHK (C) casur He Habmonamcs.

[0042] Dwur. 12. [Toanoe npespamenne C-T, unayuupyemas nociie TAPS, TAPSP u
CAPS, kak mnpoaeMOHCTPHPOBAHO ¢ TMNOMOIBLI0 cekBeHHpoBaHusi mno C3Hrepy.
Mogensayro  JAHK, coxepkamgyro  OAWHOYHBIE  METUJIMPOBAHHBIE W OAWMHOYHBIC

I'HIpPOKCUMETUINpoBaHHble caiiTel CpG, mojywany, Kak ONHCAHO B JAHHOM JOKYMEHTE.
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IIpespaienue nocpenctsoM TAPS BBINONHSIN B COOTBETCTBUU C IIPOTOKOJIOM OKUCIIEHUS C
nomomibto NgTET1 1 BoccTaHOBIIEHHST ¢ TIOMOIIBIO TUPUAUHOOPAaHA, KaK OMUCAHO B TAHHOM
nokymenrte. IIpeBpamenne nocpenctsoM TAPSP BBINONHAIN B COOTBETCTBUU C IMPOTOKOJIOM
onmokuposanuss ShmC, okucnenus ¢ momoubto NETET1 m BOCCTaHOBIEHHS ¢ TOMOIIBIO
mupuanHoopana. Ilpespamenne mnocpenctBom CAPS BBINONHSUIM B COOTBETCTBHU C
npotokosnioM okucieHuss ShmC u BoccTaHOBJIEHMs € MOMOINBI nupuauHOopaHa. Ilocne
npespameruss 1 Hr obpasua JIHK, monmeeprmerocss mpespamenuto, mnoasepranau I[ILIP-
amrndukamu ¢ nomoupio JIHK-nonumepassl Taq u o6pabaTeiBany st CEKBEHUPOBAHUS IO
Conrepy. B xone TAPS npoucxonuio npespamenue kak SmC, tak u ShmC B T. B xone TAPSP
npoucxoamwio u3dbuparenpbHoe npespamenne SmC, torma kak B xone CAPS mpoucxomuio
mbuparenpHoe mnpeBpamenne ShmC. Hu ommH u3 Tpex cmocoOoB He oOyciaBiuBal

npeBpaiieHne HeMOAN(DULIMPOBAHHOTO LIMTO3MHA U IPYTUX OCHOBAHUIA.

[0043] ®ur. 13A-B. (A) TAPS coBmectumo ¢ paznuunbivu JJHK- u PHK-nomumepazamu
U uHAyuupyer nonHyro TpaHsuuuio C-T, kak Moka3aHO € NMOMOIIBIO CEKBEHUPOBAHUS IO
Courepy. Mopenbhas J[IHK, copepxamast metunupoBanHblie caiitel CpG a1t moanMepasHoro
TEeCTa, U MOCIEA0BATEIbHOCTH NPaiiMepOB ONMCAHBI B JAaHHOM AoKyMeHTe. [locne o6paborku
nocpenctBoM TAPS 5SmC mnpespamancs 8 DHU. ITonmumepaza KAPA HiFi Uracil Plus,
nojumepasza Taq u sk3ononumepasza Vent Oyayt cuuteiBaTh DHU kak T u, cienoBaTenbHO,
uHAyurpoBaTh nojHy Tparsuiuio C-T mocne [TLP. B kauecTBe anbTepHATHBBI, JOCTPOUKY
npafiMepa BBITIOJHSUIA C MOMOIIBIO MpaiiMepa, MEUEHHOro OMOTHHOM, W TMOJUMEpas Jyis
u3orepMuyeckoi ammdukanuy, B ToM yncie pparmenta Knenosa, JIHK-nonmmumepasst Bst u
JHK-nomumepasbr  phi29. HosocuaresupoBannyto uenbs JHK orpensnm ¢ momornbro
Dynabeads MyOne C1 co cTpenTaBHIuHOM, a 3aTeM aMIuinduppoaiu ¢ nomorso 1P ¢
UCTIONIb30BaHUEM Tosiumepasbl Taq u obpabarbeiBanu s cekBeHupoBanust o Canrepy. PHK-
nojiumepasza T7 moxet 3¢ dexkruBao odxonute DHU u BCTaBsTh aieHWH HAMPOTHB CaiiTa
DHU, urto moxarsepxkmaercss ¢ momompbio RT-PCR u cexkBenupoBanust o Caurepy. (B)
Hexkotopsle npyrue KoMMepLHHaIn3upOBaHHbIE TOJUMepasbl He obecriednBain 3¢ HEKTUBHYIO
ammmupukamuo JIHK, conepxameit DHU. Ilocne obpabotku mocpenctsom TAPS SmC
npespamancss B DHU. ITonmumepaza KAPA HiFi Uracil Plus u momumepasa Taq Oyayr
cunteiBaTe DHU kak T u, cnepoBarenpHO, MHAyLupoBaTh nonnyioo tpaHsumuo C-T. Ilpu

HUCIOJIb30BAHUKU HEKOTOPBIX APYIUX KOMMEPLUATIU3HUPOBAHHBIX IMOJIMMEPA3, B TOM HYHUCIIC
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nojiumepassl KAPA HiFi, monumepassl Pfu, monumepassr Phusion u mommmepasst NEB QS,

HaOJIIOATNCh HU3KAs 4acToTa WK oTcyTcTBue Tpansunuii C-T (He moka3aHo).

[0044] Dur. 14. Ings DHU ne nemoncrpupyercsi IIIP-casur no cpasuenuro ¢ T u C.
MopnenvHas JIHK, conepskamas ogay momudukaunro DHU/U/T/C, Obita cuHTE3HpOBaHA C
coorercTByromnmu  JIHK-onuronykineorngamu, Kak OINHUCAHO B JAHHOM JOKYMEHTE.
KanmubpoBounbie kpuBble s kaxnod mopmenpHoi JIHK ¢ monudpukanumeit DHU/U/T/C
ctpounu Ha ocHoBaHuu peakuuii qPCR ana Beenennoit moxenbHoM JIHK B cepuiinbix
passenenusix 1:10 (ot 0,1 nr no 1 Hr, xaxnbii skcniepumenTt no qPCR npoBogunu B Tpex
NOBTOPHOCTSX ). HakJIOH TuHUM perpeccuu AJis 3aBUCUMOCTH MEXy BETMUHUHAMU Jlorapudma
KOHLIEHTpauuu (Hr) u cpenHuMu BenuduHamMu Ct pacCUMTBIBAIM C MOMOLIBIO (YHKIHMU
HAKJIOH B Excel. O¢¢extuBHocts I[P paccynThiBaiM € MOMOLIBIO CIIEAYIOLIETO
ypaBHeHust: % sddextuBHocTr = (10°(-1/Haknon)-1)*100%. Kospduuuent ammnudukamum
PacCUYMTHIBAIN C MOMOIIBIO cienyromero ypasHeHus:: Kosdduuuent ammmpuxanmun=10"(-
1/naknon). dpdexrusnocts TP nns monensHo# IHK ¢ momudukanmeis DHU, uinu T, wm C
ObLIa MPaKTHYECKH OMHAKOBOH, UTO MPOIEMOHCTpUpoBaio, uto DHU MoXkeT MpoYnThIBATHCS

Kak 0ObIYHOE OCHOBaHUE U He OyneT Bbi3biBaTh [1L[P-caBur.

[0045] ur. 15A-B. B xone TAPS npoucxoamno nosiHoe npespamenne SmC B T
He3aBucuMO OT AJuHbI pparmentos [{HK. (A) M300paskeHus B arapo3HOM Tejie B aHAJH3E
pacmeruienust ox aevicrsueM Taqol moareepsknanu nonHoe npespamenue SmC B T Bo Bcex
obpazuax He3aBucumo oT miauHbl (parmenToB JIHK. MopenbHyo MOCIenOBaTENbHOCTh
o 194 m. 0. w3 renoma ysmOnma monsepranu [I[P-ammupukanuu nocie TAPS u
pacmersuin pepmentom Taqal. Ilpoxykr ITILIP, ammummdunmpoBanHeiii u3 obOpasma, He
MOJBEPILIErocss  MPEeBPallleHUI0, MOI  pacCIleIUIITbhCs,  TOraa  Kak  MPOAYKTSI,
aMITuUIUPOBaHHbIE W3 00pasmoB, obOpaboranHbix mocpenctBom TAPS, ocrasammch
MHTAKTHBIMU, YTO TO3BOJSET MPEANONIOKUTh YTPaTy caiiTa peCcTPUKLUHU U, CIeNOBATENbHO,
nojHyro Tpamsunuio SmC-T. (B) Ilpouent mpespamenuss C-T oueHuBamm myTemM
KOJIMYECTBEHHOM OLIEHKH IOJIOC Telisd, U ObLJIO MOKa3aHo, 4To OH coctaBisieT 100% s Bcex

TecTHpyeMbIX JUHH Ppparmentos JTHK.

[0046] Dwur. 16. IIpeBpamenne 1 JIOKHOMOJI0KUTEJIbHBIE PE3YJbTATHI JJIS1 PA3JTHYHbBIX
ycaosuii TAPS. IIpu ucnonb3oBannu komOnHamu mTet] u nupuauHOOpaHa mocTUTANACh

HanOoJiee BBICOKAsi HacToTa mpeBpameHust MetuianposanHoro C (96,5%, paccunranHas s
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JHK namOpna ¢ nonHocThto MermiupoBaHHbIMEH CpG) u Hambonee HHM3Kas dYacTora
npespauierus HemoauduuuposanHoro C (0,23%, paccuntanHast 11 HeMOAU(PHULIMPOBAHHOTO
BHYTPEHHEIrO CTaHAapTra pasMepoM 2 T.0.) MO CpPaBHEHHIO C JPYIMMU YCJIOBUSIMH C
ucnionb3oBanneM NgTET1 wnmm nukonunHOopana. Hax crombuamm mnokasaHa wacrorta

npespatierus +/- SE ais Bcex TeCTUPYEeMbIX IUTO3UHOBBIX CANTOB.

[0047] ®ur. 17A-B. YacToTa npeBpameHusi B KOPOTKHX BHYTPEHHHX CTAHAAPTAX. (A)
120-mep-1 u (B) 120-mep-2, conepxamue SmC u ShmC. B caiitax SmC u ShmC B o0enx nemnsix
JOCTUTAJIOCh TIOYTH NOJIHOE NpeBpatieHue. Ilpusenens! pakTuueckye MNociaea0BaTeIbHOCTH CO

CTaTyCOM MOI[I/I(I)I/IKaI_II/II/I, IMMOKAa3aHHBIM BBEPXY U BHU3Y.

[0048] Dwur. 18A-E. YayuumeHHoe kauecTBo cekBeHUpoBaHusi TAPS no cpaBHeHH10 ¢
MOJTHOT¢eHOMHBIM OUCYIb(pUTHBIM cekBeHupoBaHueMm (WGBS). (A) Uacrora npeBpatneHus
SmC u ShmC B THK, o6paborannoii nocpenctsom TAPS. CrneBa: cuHTeTHYECKHE BHYTPEHHHUE
craipaptel  (CpN), METHIMPOBaHHbIE MM THUAPOKCUMETHIIMPOBAHHBIE B H3BECTHBIX
nojoxkenusix. (B) Yactora  JOXKHOMOJOXUTENbHBIX  pesynbratoB  TAPS  mns
HeMOAU(HULIMPOBAHHOTO BHYTPeHHEro craHaapra pasmepoM 2 T.o. (C) OOmee Bpems
nposenenust TAPS u WGBS npu o6padotke | MUILIHOHA CMOAETUPOBAHHBIX PUIOB HA OTHOM
sape ogHoro CPU Intel Xeon. (D) [ons Bcex CEeKBEHHUPOBAHHBIX Map pPUAOB (IMOCIe
oOpe3anus), kaptupoBaHHbIX Ha reHoM. (E) I[Toka3aTenu kauecTBa CEKBEHUPOBAHUS B pacyeTe
Ha OCHOBaHHWE Iy MEPBOrO M BTOPOTO PUAOB BO BCEX CEKBEHHPOBAHHBIX IMapax pPHIOB

cornacHo coodmmenusm lllumina BaseSpace. Beepxy: TAPS. Bamzy: WGBS.

[0049] Dur. 19A-B. TAPS o6ecneunBaj 0ojiee paBHOMEpPHbIi OXBAT U MeHbIee
KOJIMYeCTBO HEOXBAYEHHBIX MoJI0:keHni, yeM WGBS. CpasrHenue riiyOunsl oxsara 1o (A)
BceM ocHoBaHMsM 1 (B) caiitam CpG mexxny WGBS u TAPS, BbruncienHoe it 00enx Lemneil.
Hdnsa «TAPS (¢ ymeHblieHHEM pa3Mepa BBIOOPKH)» BBIOMpAH CIy4YaiHble PUIBl M3 BCEX
KapTupoBaHHBIX puIoB TAPS TakuMm 00pa3om, YTO MEOHAHHBI OXBAaT COOTBETCTBOBAJ
menuanHoMy oxBaTy WGBS. Ilonoxenust ¢ oxBarom Bbille 50X Moka3aHbl B MocienHel

CCKIIMH.

[00S0] <Dur. 20. PacnpeneneHue ypoBHeill Moau(HMKALUII MO BCeM XPOMOCOMAaM.
Cpennue ypoBHH Moaudukammii B OkHax pasmepoM 100 T. 0. BOOJB XPOMOCOM MBIIIIH,
B3BeLIeHHbIE 10 0xBaTy CpG U CriTa)KEHHBIE C ITOMOLIBIO T'ayCCOBCKOTO (PHIIBTPA B3BEIIEHHOTO

CKOJIB3SILLETO CPEAHErO ¢ pa3Mepom okHa 10.
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[0051] Dwur. 21A-E. CpaBHeHHEe MOJHOT¢éHOMHBIX H3MEpPEeHHII METHJIOMA MOCPEACTBOM
TAPS u WGBS. (A) Cpennsist rnyOnHa oxBata cekBeHHpoBaHus BO Bcex CpG-ocTpoBkax
MBIIIN (CrpynMmUpoOBaHHBIX B 20 OKOH) M (JIAHKHPYIOLINX OONACTSAX pa3MepoM 4 T. 1L O.
(crpynmupoBaHHbIX B 50 OKOH OJMHAKOBOTO pasMmepa). UtoObl ydecTh pasnudus B TyOuHe
CEeKBEHHPOBAHU, BCe KapTUpoBaHHbIE pyuabl TAPS Obuti mogBeprHyTH YMEHBLICHHIO pa3Mepa
BBIOOPKHM JUIsI COOTBETCTBUSI MEAMAHHOMY KOJIMYECTBY KapTUpoBaHHBIX punoB WGBS mo
Bcemy redHomy. (B) Cailitet Cp(G, oxBaThiBaeMble IO MEHbIIEH Mepe TpeMs pPHIAMH,
BbIsiBIIsIeMble ocpeacTBoM TAPS B otaensHoct, TAPS u WGBS cosmectHo nmu WGBS B
otaenpHOCTH. (C) Komuectso calitoB Cp(G, 0XBaThIBa€MBIX 10 MEHbIIEH Mepe TpeMsl pUuaaMu
U XapakTepusyoumxcs yposHeM moauduxauuii > 0,1, BbisiBasembix nocpeactsom TAPS B
ornensHocTH, TAPS 1 WGBS unmu WGBS B otmensnoctu. (D) Ilpumep pacnpeneneHus
ypoBHeit Moaudukaimii (B %) no xpomocomam it TAPS u WGBS. IIpusenena cpennsis nons
moaudunmuposanHbeix CpG B pacuere Ha OKHO pazmepom 100 T. 0. BIOJIb XpOMOCOMBI 4 MBILIIH,
CIJIAXKEHHOE € TIOMOINBID TayCCOBCKOTO (pMIIBTpa B3BEIIEHHOTO CKOJB3SIIIErO CPEIHEro C
pasmepom okna 10. (E) TeruioBasi kapTa, Ha KOTOPOU MPEACTaBICHO KOMu4ecTBO caiitoB CpG,
OXBaThIBaE€MbIX 0 MeHblIel Mepe Tpems punamu B TAPS u WGBS coBmecTHO, ¢ pa3OuBkoi
N0 YPOBHSIM MOAU(UKALMIA, U3MEPEHHBIM C MOMOIIBI KaXKaoro crmocoda. s yiyduieHus
KOHTpAcTa NnepBasi CeKLus, coaepskamas Hemoauduupoannbie CpG B 0boux criocobax, Obuia

HUCKJIFOUEHA U3 LBETOBOM LIKAIbI U 0003HAUEHA 3BE€3I0UYKOM.

[0052] Dwur. 22. YpoBHu moaudukanuii Bokpyr CpG-ocrposkos. [IpuBeneHsl cpennue
ypoBHu Mmoaudukammii B CpG-oCTpoBKax MbIIK (CrPYNIUPOBAaHHBIX B 20 OKOH) H
(bIaHKUPYIOMMX 00JIACTSIX pasMepoM 4 T. M. 0. (CrpyNIUPOBaHHBIX B 50 OKOH OIMHAKOBOI'O

pa3mepa). Cexunu ¢ OXBaTOM MEHee 3 PUIOB He MPUHUMAIHCh BO BHUMAHHUE,

[0053] Dur. 23A-B. TAPS neMOHCTpuUpyeT MEHBIIMA CHBUT 3aBHCHUMOCTH YPOBHS
moaudukammii or oxsara, ueM WGBS. Bce caiiter CpG ObUiH CrpynmmupoBaHbl B CEKLIUU B
COOTBETCTBHH C MX OXBaTOM, M B Kaxnou cexuuu 1t WGBS (A) u TAPS (B) nokasana
cpensss (KpyKKH) U MeOuaHHas (TpeyrosbHukW) BennmunHa momudukanmu. Caiiter CpG,
oxBaTeiBaeMmble Oojiee 4yem 100 pumamu, mMOKa3aHbl B moOcCienHed cexkuwmu. JIuHUSMU

npeacraBji€Ha JINHEHAs arrmpoKCUuMal s TOYCK JaHHbIX.

[0054] Dur. 24A-C. Bbubauorekn gDNA ¢ HH3KHM BBOAMMBIM KOJHYECTBOM H

pHekjaeToyHoN /{HK nnsi TAPS, mosiyyeHHble ¢ moMompbi0 HaA0OpOB 1Jis1 MOJIy4eHHSs
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oudanorek dsDNA u ssDNA.(A) bubnuorexku 1i1si CEeKBEHHPOBaHMA ObUIM YCIIELTHO
CKOHCTPYHpPOBaHbI ¢ Hcnonb3oBaHueM 10 1 Hr reHomuoi JIHK (gDNA) sMOpuoHambpHBIX
cTBOJIOBBIX KJiieToK MbIn (MESC) ¢ momorpro Habopos anst nonmyueHust oudnmorek dsDNA
NEBNext Ultra II umn nabopos KAPA HyperPlus. Habop mist monyuenust oubmuorexk ssDNA
Accel-NGS Methyl-Seq wucnonb3oBamu 1jisi  TOMOJHUTENBHOIO CHIDKEHUS KOJIHYECTBA

Beonumoii JIHK no (B) 0,01 ar gDNA mESC wnu (C) 1 #r BHekneTouno# JJHK.

[0055] Dur. 25A-B. bubanoreku gDNA ¢ HH3KHM BBOAMMBIM KOJHYECTBOM H
pHekJieTouHOH [ITHK nns TAPS, nmosydyeHHble ¢ mMOMOIIbI0 HAa0opa sl MOJIy4YeHHUS
oudnorex dsDNA KAPA HyperPlus. buGnuorexku 1t cekBeHUpOBaHUs OBLIM YCHEIIHO
CKOHCTPYHMPOBAHbI ¢ UCOIb30BaHueEM Bcero uiib 1 Hr (A) gDNA mESC u (B) BHekeTOUHON
JHK c¢ nomompio Habopa KAPA HyperPlus. Bueknerounas JIHK xapakrepusyercs
OTYETJIMBBIM paclpefeleHueM JIuH OKojo 160 m o. (B COOTBETCTBUM C pPa3MepoM
HYKJIEOCOMbI)  Onaromapsi  pacCINeIUIeHMIO  HyKJieasaMu  IUia3Mbl  KpoBu.  Ilocne
KOHCTPYUPOBaHUS OMOINOTEKH ee pasMep CTAaHOBUTCS paBHBIM ~ 300 1. 0., YTO COOTBETCTBYET

ot4eranBoi nosoce B (B).

[0056] ®ur. 26A-D. BbicokokauectBenHass TAPS nas BHeksaerounoin JHK. (A)
Yacrora mpespamenuss SmC B cfDNA, obpadortannoii mocpenctsom TAPS. (B) Yacrora
JIO’KHOTOJIOKUTENbHBIX pe3ynbTaToB B cfDNA, o6padorannoii nocpenctsom TAPS. (C) Hons
BCEX CEKBEHHPOBAHHBIX Map PUAOB, KOTOPbIe ObUIM YHUKAJIBHBIM 00pa3oM KapTHPOBAHBI Ha
reHoM. (D) Jlonst Bcex CEKBEHMPOBAHHBIX Map PUIOB, KOTOPbIe ObUIM YHUKAJBHBIM 0Opa3oM
KapTUpOBaHbl Ha reHoM, nocie ynaneHus: [TIP-npynmunuposanubsix pugnos. CHG u CHH

OTHOCSTCS K OKPY>KEHUIO, OTJMYHOMY OT OKpyskenusi CpG.

[0057] Dur. 27. C nomombio TAPS MO0KHO BBISIBJASTH IeHeTHYECKHE BAPHAHTHI.
Anamu3 merunuposanus (MOD, sepxauii psin) u SNP C-T (HroKHHIA psin) MOKa3an pa3IdndHbIe
NaTTEPHBbI pacIlpeneNeHus OCHOBaHUI B ucxonHou BepxHer nernn (OT)/mcxomHol HIDKHEH
e (OB) B neBom cronbne u B nersix, kommieMentapasix OT (CTOT) u OB (CTOB), B

NPaBOM CTOJIOLE.
HOJAPOBHOE OITUCAHUE U3OBPETEHUSA

[0058] B Hacrosimem u3oOpereHun mnpencrasieH crnocod BeuiBieHHss SmC u ShmC B

MOCJIEIOBATEIbHOCTH 0€3 MpUMEHeHUs OUCyIb(pUTa C pa3pelIeHHeM 10 OJJHOTO OCHOBAHWUS,
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KOTOPBIH B TaHHOM fokyMeHTe HasbiBaeTcss TAPS. TAPS Bkirouaer Msarkue pepMEHTaTHBHBIE
U XUMHYECKHE PEeaKIUH U MPsIMOrO M KojmdecTBeHHOro BbiiBieHus SmC u ShmC mpu
pas3pereHu 10 OAHOrO OCHOBaHMA 0€3 BO3ACHCTBHU HAa HeMOAM(DHIMPOBAHHBIN LUTO3HMH. B
HACTOSIIIEM M300peTeHnH Takke mnpenctaBieHbl cnocoOwl BbpiBieHHs STC u ScaC mpu
paspelieHuu 10 OIHOTO OCHOBaHMA O€3 BO3NEHCTBUS Ha HEMOAU(PHIMPOBAHHBIA ITUTO3HH.
Takum oOpasom, cmocoObl, NPENCTAaBICHHBIE B JAHHOM JOKYMEHTe, OOeCIedHBarOT
kaptupoBanne SmC, ShmC, 5fC u S5caC u npeomosneBarOT HENOCTATKH paHee H3BECTHBIX

CHOCO0OB, TAKUX Kak OMCYJIbUTHOE CEKBEHHPOBAHUE.

Taoaunma 1. Cpasuenue BS u cesazannbix cioco6os ¢ TAPS, TAPSB u CAPS B oTHOmeHNN

cexkBenuposanus SmC u ShmC

OcHosanue | BS TAB-Seq oxBS TAPS TAPSB CAPS
C T T T C C C
SmC C T C T T C
ShmC C C T T C T

[0059] Cnoco6bl ugenTudpuranun SmC

[0060] B oxHOM acriekTe B HACTOSIIIEM U300PETEHUH MPENCTABIIEH CIIOCO0 HAeHTU(UKALIN

5-merunuurosuna (SmC) B uenesoii JIHK, Bkimrovaromuii craauu:
a. nonyuenus: oopasua JJHK, conepskamero uenesyro JJHK;
b. monudukarmu JIHK, BKIFO4arOIIed CTaauu:

1. nobaBneHus: OJIOKUPYIOIIEH rpymmbl K S-ruapokcumeTiiuuTo3uny (ShmC) B obpasie
AHK;
ii. npespamenuss SmC B obpasue JAHK B S-xapOokcwnuurosun (ScaC) w/mmm S-

dopmunuurosus (5fC) u

iii. mpespamenust ScaC w/wmm 5fC 8 DHU ¢ nony4yernem MoauduIMpoBaHHOTO o0pasia

JHK, conep:kamero moauduimpoBanHyo ueiesyo JJHK;
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C. BBISIBJICHUS TIOCJIENOBATENIbHOCTH MonuduuuposanHoit uenesorr JIHK; rtme B
CpaBHHMBaeMOH TmocienoBareapHocTH Monupummposannoi uenesorr JIHK wumeer wmecro

npespamierue ¢ 3ameHon nuro3uHa (C) Ha TumuH (T).

[0061] B Bapumantax ocymectBieHusi criocoda upentupukammu SmC B wmenesoit JTHK
criocod obecreunBaeT KOJHMYECTBEHHYIO Mepy dYacToThl Moaudukauuu SmC B KaxkIoM
MECTOITOJIOKEHUH, B KOTOpoM Monudukaiws Obuta uneHTuduuposana B ueiesoi [JHK. B
BapMAHTaX OCYIIECTBJIEHUS 3HAYEHUs [MPOLEHTHOro cojepxkaHuss T B KaKIOM
MECTOIOJIOKEHUH TPAH3ULUU TO3BOJIIIOT OMNPENEIUTh KOJIUYECTBEHHbIH ypoBeHb SmC B

KaX7I0M MecTonoJioxkeHnu B uenesoi [JHK.

[0062] C uenbto unentuduxammu SmC B uenesoit JJHK 6e3 Bximoueruns ShmC ShmC B
oOpasue Onokupyercs: Tak, 4ToObl OH He moaBeprajics npespamenuto B ScaC w/unu SfC. B
cnocobax 1o  Hacrosmemy —u3obpereHmro  ShmC B obpasue JHK  genmaror
HEePEeaKLIMOHHOCIIOCOOHBIM JUIsl MOCJIEAYIOINX CTaguil MyTeM Ao00aBieHUs! ONOKHPYIOIeH
rpynnsl k ShmC. B ogHOM BapuaHTe OCYLIECTBJICHUs OJOKUPYIOIAs IPYIIa MPenCcTaBIsieT
coboii caxap, B TOM uucie MOAMGULMPOBAHHBINA caxap, HANpUMEpP, TIOKO3Y HIH O-
a3uAOTIIOK03y  (6-a3unmo-6-ne3okcu-D-rimoko3y).  Biokupyroomyr — caXxapHyr — Ipymmy
00aBISAOT K rHApOKCcUMeTUIbHOM rpyme ShmC nyrem npusenenust oopasua JJHK B koHTakT
¢ ypumnurgudpochar(UDP)-caxapom B MPUCYTCTBUM OOHOrO wWiu 0Oojiee (pepMeHTOB

TIIFOKO3UNITpaHcdepas.

[0063] B BapuaHTax OCYIIECTBJICHHS TJIOKO3MITpaHChepasa MpencTaBisier codoi [3-
rmokozuntpanchepasy  (BGT) Oakrepuodara T4, a-rmokosunrpanchepasy (aGT)
bakreprodara T4 u ux nponssogHsle U ananoru. BGT npencrassier cobol GepMeHT, KOTOPbIH
KaTAJIM3UPYET XUMHUUECKYI0 PEAKLIHIO, B KOTOPOH OeTa-D-TiIFoKO3MIbHBINA OCTATOK (TIIFOK03a)
nepeHocurcst oT UDP-rimroko3el HAa S-rUAPOKCUMETHIILIMTO3MHOBBIM OCTATOK B HYKJIEMHOBOU

KHUCJIOTE.

[0064] IIpu onpeneneHnH OJOKUPYIOIIEH MPYIIIBI KK, HAIPUMEP, TIIFOKO3bI OHA OTHOCUTCS
K TJIFOKO3HOMY (pparmeHTy (Hampumep, Oeta-D-TIFOKO3MIBHOMY OCTAaTKy), 100aBIIEMOMY K
S5hmC ¢ monydeHueM riroKo3WI-5-rTuAPOKCUMETIIILIMTO3HHA. bIokupyromas caxapHasi rpymmna
MOYKET MPENCTABIATE COOO0M JIF0OOH caxap MM MOIU(PUIIMPOBAHHBIN CaXxap, KOTOPBIN SBIISETCS
cyOcTpaToM (epMeHTa TIIIOKO3MITpaHcdepaspl U OIOKUPYET MOCIEAYIONee MPeBpaleHre

ShmC B ScaC w/mmm SfC. Craguro npespamenus SmC B oopasue IHK B ScaC n/umm 5£C 3arem
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OCYLIECTBISIFOT TOCPEACTBOM CIOCOOOB, TMpPEACTABIEHHBIX B ITaHHOM JIOKYMEHTE, Kak,
Harpumep, myrem okucieHus ¢ nomoubto ¢pepmenta TET. IIpespamenue ScaC w/mnu 5fC B
DHU Takske oCyImecTBISIOT MOCPEACTBOM CIIOCOOOB, MPENCTaBICHHBIX B JAHHOM JIOKYMEHTE,

KakK, HarpuMep, MyTeM OKHCIeHUs OOPaHOB.

[0065] Crnocob6 wunentupukaumu S-merwnuurosuHa (SmC) MOXKHO TPOBOAUTH B
otHomennn obpasua PHK nng  upeHTHQUKAIMM  MECTONMONOKEHUs W o0ecrnedeHus

xonuuecTBeHHON Mepbl SmC B nenesoit PHK.
[0066] Cnocoonl uagenTupukanuun SmC uau ShmC (coBMmecTHO)

[0067] B npyrom acmekTe B HACTOsALIEM HW300peTEHHHM TMPEACTaBJeH CIOCO0

unentudukanmnu SmC wiu ShmC B uenesoii JIHK, Brro4aromuii ctaauu:
a. nosy4enus obpasua JIHK, conpepsxainero uenesyro JIHK;
b. moaudukammu JJHK, Brrodaromeit cranuu:

i.  mpespamenus SmC u ShmC B obpasue JITHK B S-kapOokcunuurtosus (ScaC) w/unu 5£C

ii. npesparmuenus ScaC w/umu SfC 8 DHU ¢ nonydyeHnem MoaupuuupoOBaHHOTO 00pasia

JHK, conep:kamero moauduimpoBanHyo uesiesyo JJHK;

C. BBISIBJIEHUsI  TIOCJenoOBaTeNlbHOCTH — MonupuuupoBannoii  uenesoir  JIHK; rme
npespamenne ¢ 3ameHoi wmwurosuHa (C) Ha TumuH (T) B mOCIENOBAaTENBHOCTH
monuduuupoannoil nenesoit JIHK mo cpasrenuto ¢ uenesoit JIHK mo3BonsieT onpenenuth

mecrononokenne SmC nmudo ShmC B uenesoii JJTHK.

[0068] B Bapumanrax ocymectsieHus cnocoda uneHtupukanmu SmC umu ShmC B ueneBoi
JAHK cnioco6 obecnieunBaeT KOJUUECTBEHHYIO Mepy 4acToThl Moaupukauuid SmC umu ShmC
B K&XKJJOM MECTOIIOJIOKEHNH, B KOTOPOM MOAN(UKALNY ObLTH UACHTU(UIIMPOBAHBI B LIEJIEBOH
JJHK. B BapuaHTax OCYIIECTBJEHHUs 3HAYEHUs MPOLICHTHOIO COAEp:KaHWs T B KakIOM
MECTOIIOJIOKEHUH TPAH3ULUHN TO3BOJISIFOT OIPENENIUTh KOJIWYECTBEHHBIH ypoBeHb SmC nim

ShmC B kaxknoM MecTomnosokeHnu B LeaeBoit JIHK.
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[0069] [Hamnmbiii cmoco® wupentudpukammu SmC wmu ShmC mo3BoJsieT OnpenenuTb
mecrononokenne SmC u ShmC, HO He TO3BONSET NMPOBOAUTH PA3NTHUMS MEXKAY ABYMS
MonubukausiMi 1uTo3nHa. Bmecto storo kak SmC, tak u ShmC npespamarorcss B8 DHU.
IIpucyrcreue DHU MoxHO BBIIBIATH HampsMyro, uin moaudpunuposannyro JHK moxHO
NOABEPTaTh PEIUIMKALNHU TOCPEACTBOM U3BECTHBIX CrIoco00B, B koTopbix DHU npespamaercs

BT.

[0070] Cmnocob unentudukanuu SmC nmm ShmC MOXKHO MPOBOIUTH B OTHOIIEHUU 00pasia
PHK st upenTrdukaum MeCTOMOIOXKEH s U 00eCIieueHus1 KOJTn4eCTBeHHOH Mepbl SmC nun

5hmC B nenesoit PHK.
[0071] Cnocoosl uaenTupukanun SmC u naearupukanuu ShmC

[0072] B Hacrosimem wu300peTeHMH mpenctaBieH cnocod uaeHtudukanuun SmC U
unenrudukannuu ShmC B nenesoii IHK nyrem (i) npoenenus cnocoba nnentuduxanuu SmC
B nepBoMm oOpasue JAHK, ommcaHHOM B maHHOM nOoKyMmeHTe, u (ii) mpoBeneHHus: crocoda
unentudukanmnu SmC nmm ShmC Bo BTopom obpasue JIHK, onucaHHOM B TaHHOM JOKYMEHTE.
Onpenenenne mectononoxkenuss SmC obecneunBaercss mocpenacrsoM (i). Ilpu cpaBHEeHUU
pe3ynbTaTos (1) u (i1) Tpan3uimu ¢ 3ameHoi C Ha T, BbisiBiisiembie B (ii), HO He B (1), TO3BOJISIFOT
onpenenuts Mecrononokenne ShmC B nenesoii [IHK. B BapuaHTax oCyIeCTBIEHHs MEPBbIH
u BTopoi oopasusl JJHK nonydensr u3 ogHoro u Toro ke oopasua JJHK. Hanpumep, nepsbiii
U BTOPOW 00pasibl MOTYT MPEACTaBISTh COOOH OTHENbHbIE aTMKBOTHI, B3SAThIE M3 00pasIa,

coaepsxkaiero JIHK, nonnesxainyro aHaamnsy.

[0073] ITockombky SmC u ShmC (xoTopble He GokupoBaHbl) epen npespamenrnem 8 DHU
npespamarotcst B SfC u 5caC, nmobwie cymectsyromue SfC u ScaC B obpasue JIHK Oynyt
BbISBIIAThCS Kak SmC w/mnu ShmC. Onnako, ¢ yuerom kpaiine Huskux yposHeit SfC u ScaC B
renomHol JIHK B HOpMajbHBIX YCJIOBHSX, 3TO HACTO OyIeT NMpHUEMJIEMBbIM MPHU aHATH3E
MeTUINpOoBaHus U ruapokcuMetmupoBanus B odpasue JJHK. Curnaner SfC u ScaC moxHO
ycrpanath nyteM 3amuthl STC u ScaC ot mpespamenust B DHU, Hanpumep, mocpencTsom

KOHBOTUPOBAHUA C THAPOKCUIIAMHUHOM U CBA3bIBAHUSA C EDC cooTBeTCTBEHHO.

[0074] BrpuoeynomsHyTBIH CHOCOO TO3BOJSIET MASHTU(UIUPOBATH MECTOIOJOKEHHS |
3HaueHusi mnpoueHtHoro conepxkanuss ShmC B wmenesoit JIHK myrem cpaBHeHus

MECTOTOJIOKEHIUI W 3HAUY€HUM NPOLEHTHOro coaepkaHus SmC ¢ MeCTOMOJIOKEHUSIMA H
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3HaueHussMu npoueHtHoro conepxkanus SmC wmwmm ShmC (coBmectHo). B kauectse
aJbTEPHATHBBI, MeCTONOJIOKeHne u Jactoty moaudukamuii ShmC B uenesoit JTHK moskHO
U3MEPUTh HampsiMyro. Takum 0Opa3oM, B OIHOM acleKTe€ B HACTOALIEM H300pEeTEeHHH

npexncrasieH crocod unentudukaunu ShmC B nenesoit JIHK, Bimrouaromuii cragum:
a. nonyueHust oopasna JJHK, conepskamero nenesyro JJHK;
b.  momupuxammu JJHK, Bimrouaromeit cragum:
1. npespamenuss ShmC B o6pazue JJHK B 5fC u

ii. mpespamenus 5fC B DHU c mnonydenuem moauduuuposanHoro otpasua JIHK,

conepkatiero Mmoauduiuposanuyto nenesyro JJHK;

C. BBISIBJICHHsI  MOCJIEAOBAaTeNbHOCTH  MomuduuuposanHou uenesoit  JIHK; rme
npespamenne ¢ 3ameHor wnwurosuHa (C) Ha TEMuH (T) B mocienoBaTenbHOCTU
moaudunmuposanHoi menesoii JJTHK no cpasrenuro ¢ nenesoii JJHK mo3Bossier onpenenutsb

mecronojiokernne ShmC B uenesoii JIHK.

[0075] B Bapmantax ocyuiectBieHusi craausi npespaiieHuss ShmC B SfC Bxmouaer
okucnernne ShmC no 5fC nyrem nmpusenenus [IHK B KOHTakT, Hampumep, ¢ MeppyTEHATOM
kanus (KRuO4) (kak omucano B Science, 2012, 33, 934-937 u W0O2013017853, BKIIIOUEHHBIX
B naHHbIH nokymeHT nocpeactBoM ccbuiki) wim Cu(Il)/TEMPO (nepxnoparom meau(Il) u
2,2,6,6-terpamermnnunepunus-1-okcunom (TEMPO)) (kak omucano B Chem. Commun.,
2017, 53, 5756-5759 u WQO2017039002, BKIIOYEHHBIX B JAHHBINH JOKYMEHT MOCPEACTBOM
cceoutku). SfC B obpasue JJHK 3atem npespamaror 8 DHU nocpenctsom criocoO0B, pacKpbITHIX

B IAHHOM JIOKYMEHTE, HaIlpHUMep, yTeM PEaKkIiu ¢ OOpaHOM.

[0076] Crnocob unentudpukanun SmC u upentudpukanun ShmC MOXHO NPOBOAUTH B
otHomenun obOpasua PHK nns  upgeHTUQUKALMU  MECTOMOJOXKEHUsT U obecrnedeHus

xonndecTBeHHON Mepbl SmC u ShmC B nenesoit PHK.
[0077] Cnocobsl upenTudpurkanun ScaC nnu SfC

[0078] B omgHOM acrmekTe B HACTOSIIEM U300PETEHUH MPENCTABIIEH CIIOCO0 MIeHTU(UKALINN

5caC unu 5fC B nenesoii JIHK, BKJIFOYArOIUI CTAIUH:
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a. nonyueHust oopasua JJHK, conepskamero nenesyro JHK;
b. npespamenus ScaC w/mmm SfC 8 DHU ¢ nmonydennem MonupuuupoBaHHOTO oOpasma

JHK, conepkamero moaudummupoannyo ueiesyo JJHK;
C. HeoOs13aTeIbHO aMILTH(UKAIIIY YnCia Konui MoauduuuposanHoi uenesoi JIHK;

d. BBISIBJICHUSI ~ TIOCJienoBaTeNibHOCTH — Monupuuupoannodi uenesoir JIHK; rme
npespauieHne ¢ 3ameHod 1mrosuHa (C) Ha TumuH (T) B mOCIEenOBaTENbHOCTU
monuduuuposannoil nenesoit JIHK mo cpasrenuro ¢ uenesoit JIHK mo3BossieT onpenenutsb

mectononokerue ScaC nudo 5fC B nenesoit JIHK.

[0079]  Haunbni cnocod wunentudukammu SfC wmmm ScaC  mo3BONSET OMpPEnenuTh
mectonoaoxenue SfC umun ScaC, HO He O3BOJISIET MPOBOAUTD PA3IIUYUMS MEXKIY STUMH JABYMsI
mMoaudukamsMu nuto3nHa. Bmecto atoro kak 5fC, Tak u ScaC mpespamratorcs 8 DHU, uto

BBISIBJISTIOT MIOCPEACTBOM CIIOCOOOB, OMMCAHHBIX B TAHHOM JIOKYMEHTE.
[0080] Crnocoobl naenTudgukanun ScaC

[0081] B npyrom acrekre B HACTOSIIEM U300pETEHHWH TPEACTABIEH  CHOCO0

unentudukarmu ScaC B nenesoii JJHK, Bkirodaromuii craauu:

a. nonyuenus: oopasua JJHK, conepskamero nenesyro JIHK;
b. nobasyenust Ojokupyrotei rpymmsl kK STC B obpasue JTHK;
C. npespamenuss ScaC B DHU ¢ monydennem mopuduiuposanHoro obpasma JIHK,

conepkamiero Mmoauduiuposannyto nenesyr JJHK;
d. HeoO0s3aTeIbHO aMITTH(UKAIIMY Yncia Konui Moauduuuposantoi uenesoit JIHK u

e. ompeneNieHus] MocienoBareNbHOCTH  MonuduuupoanHoit uenesou  JIHK; rme
npespamenne ¢ 3ameHoi mwuroduHa (C) Ha TEmuH (T) B TWOCIENOBAaTENBHOCTH
monuduuuposannoil nenesoit JIHK mo cpasrenuro ¢ uenesoit JIHK mo3BosnsieT onpenenuts

mectonojyiokerne ScaC B uenesoit JJTHK.

[0082] B Bapumanrtax ocymecTBieHus criocoba maeHrudukamuu ScaC B menesoit JIHK

crioco0 obecreunBaeT KOJMYECTBEHHYIO Mepy d4acToTel Mopupukammu ScaC B KaxaoM
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MECTOIOJIOKEHHH, B KOTOpoM Monudukaims Obuta uneHTuduuposana B ueiesoi [JHK. B
BapMAHTAaX OCYIIECTBJIEHUS 3HAYEHUs MPOLEHTHOrO comepxkaHuss T B KaKIOM
MECTOIOJIO)KEHUH TPAH3UIMH TO3BOJISTIOT OMPEAENIUTh KOJIMYECTBEHHBIH ypoBeHb ScaC B

KaXJIoM MecTonoJioxkeHuu B tenesoit [IHK.

[0083] B stom cniocobe Onokupyrot SfC (1 SmC u ShmC ne nmpespamratorcs B DHU), uto
no3zpojsier upeHtudunuposare ScaC B menesoit JIHK. B Bapmantax ocymuecTBieHus
HacTosimero mu3obOpereHust nobasieHue Onokupyromeit rpymmbl kK SfC B obpasue JAHK
BKJtouaet npuseneHne JJHK B KOHTakT ¢ anbaerua-peakTHBHBIM COSTUHEHUEM, B TOM YHCIIE,
HaTnpuMep, MPOU3BOAHBIMU T'UAPOKCUIIAMIHA, MPOU3BOAHBIMHU T'HIPa3WHA U MPOU3BOAHBIMU
runapasuaos. [Ipon3BoAHbIE THAPOKCHIAMHHA BKIIOUAIOT TUAPOKCHUIIAMUH, THIPOXJIOPUL
I'HAPOKCUIIAMHUHA, KUCIBIH CyibdaT rugpokcuwnammonus; ¢ocdar rugpoxcunamuna; O-
METIJITHIPOKCHUIIAMUH; O-rekCHITrHIpOKCHIIAMUH, O-neHTHIruIPOKCHIIAMUH,; O-
OeH3MATUAPOKCHIAMUH W, B 4acTHocTH, O-stmirugpokcunamud (EtONH2), O-
ANKUJIUPOBAHHBIN Wi O-apUIUpOBaHHBIN THAPOKCHIIAMHUH, X (POPMBI KHCJIOTHI HJIH COJIH.
IIpoussonHble  ruApasuHa  BKIOYAOT  N-ankuiaruapasuH, — N-apuiruapasuH,  N-
Oensunruapasud, N,N-guankuiaruapasud, N,N-muapuirunpasus, N,N-auOeH3uIruapasvH,
N,N-ankunoensunruapasu, N, N-apunOenswiruapasud ©  N-N-aakuiapuirdapasvH.
IIpou3BOMHBIE THAPA3HIOB BKIKYAOT -TONYOJICYIbGoHmwIrHApasun, N-aumwiruapasun, N, N-
ATKWIALWITUPA3U, N,N-OeH3unauaruapasu, N,N-apunauuiruapasun, N-
cyabdponmnruapasun, N, N-ankuncynborunruapasua, N,N-OeH3UICyIbQOHUITHAPA3U U

N,N-apuncyibh OHUITHAPASH].

[0084] Crnocob unentudukammu ScaC MOKHO MPOBOAUTD B OTHOIIeHHH obpasua PHK mis
uneHTU()UKAIIMN MECTOIOJIOKEHUSI U obecreueHrsi KonmdecTBeHHo Mephl ScaC B 1ieneBoi

PHK.
[0085] Cnocoonl unenTudurkanun SfC

[0086] B npyrom acmekre B HACTOSIIEM H300pETEHHWH TPEACTABJIEH  CHOCO0

uneatudukaru SfC B uenesoit JIHK, Brirouaromuii craauu:
a. nonyuenust oopasna JJHK, conepskamero nenesyro JJHK;

b. nobasyenust Ojokupyrotei rpymmsl k ScaC B obpaszue JJHK;
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C. npespameruss SfC 8 DHU ¢ monyuenuem wmomuduuupoannoro ooOpasua JIHK,

conepkamiero Mmoauduiuposanuyto nenesyr JJHK;
d. HeoOs3aTeIbHO aMILTH(UKAIIMY YKCiIa Konui MoauduuuposanHon uenesoi JIHK;

e. BBISIBJICHUSI  TIOCTienoBaTeNibHOCTH — Monupuuupoannod  uenesoir  JIHK; rme
npespamenne ¢ 3ameHoi wmwuroduHa (C) Ha TEMmuH (T) B mOCIEnOBaTENBHOCTU
monuduuuposannoil nenesoit JIHK mo cpasrenuro ¢ uenesoit JIHK mo3BossieT onpenenutsb

mecromnonokenue SfC B uenesoit JJTHK.

[0087] B BapuanTax ocymectsieHusi criocoda uaentudukamuu SfC B nenmesoit JTHK
ciocod obecneynBaeT KOJMUYECTBEHHYIO Mepy uactoTel Moxudukammu SfC B kakaom
MECTOMNOJIOKEHUH, B KOTOpoM Moaudukaims Obuia uneHtudunmuposana B nenesoi JJHK. B
BAPUAHTAX OCYINECTBJIEHHMs 3HAUEHHMs IMPOLEHTHOro copepkanus T B KaKAOM
MECTOMNOJIOKEHUH TPAH3MLUU MO3BOJSIIOT ONPENeNUTh KOJNUYeCTBEeHHbIH ypoBeHb SfC B

KaKJI0M MECTOIOJIokeHnH B 1iesieBoit [IHK.

[0088]  JlobGaBnenue OGmokupyroeii rpymmsl k ScaC B o6pasue JJHK MOXKHO OCYLIeCTBISTh
nyteM (i) mpusenenus: obpasua JJHK B KOHTaKT CO CBSI3bIBAIOIIUM CPEICTBOM, HAIPUMED,
peareHToM ISl AepUBATHU3alMK  KapOOHOBBIX  KHCJIOT, TAaKHM Kak [POU3BOJIHBIC
KapOoauumMunoB, Hampumep, |-3Tun-3-(3-gumerwiamunonponun)kapbonuumun (EDC) nmm
N,N'-nurukiorekcunkapooguumun (DCC), u (ii) npusenenus: oopasua JJHK B koHTakT ¢
AMHHHBIM, THAPA3UHOBBIM WJIM THIPOKCHUJIAMHUHOBBIM coennHeHueMm. Tak, Hampumep, ScaC
MOKHO OJIOKHMpOBaTh mocpeacTsoM obpabotku obdpasma JJHK ¢ momomsto EDC, a 3arem
OeH3uIaMuHa, STHJIAMHHA WM APYroro aMHHa ¢ 00Opa3oBaHHEM aMHIa, KOTOPbIH OJOKUpyeT
npespauierne ScaC 8 DHU non nefictBuem, Hanpumep, nukonuH-BH3. CriocoOrs! cBsi3bIBaHUS
¢ ScaC, karammsupyemoro EDC, onucans B W0O2014165770 v BKIFOUEHBI B JAHHBIN JOKYMEHT

NMOCPEACTBOM CCBLIKH.

[0089] Cmnocob unentudukauuu SfC MokHO mMpoBoaUTH B OTHOMEHHH odpasua PHK mns
uneHTU()UKAIIMI MECTOTIONIOKEHUsT U obecrnieueHus: konnuecTBeHHoW Mepbl SfC B 1eneBoi

PHK.
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[0090] OOpa3en HyKJIeHHOBOI KHCJIOThI/IleJIeBasi HYKJIeHHOBAS KHCJIOTA

[0091] B HactosimeM HM300peTEHMM  MPENCTABIEHBl  CHOCOOBI  KOJHUYECTBEHHOM
UEHTU(QUKAIIMA MECTONOJOXKEHNUSI ONHOro WiIM Oonee W3  S-METWUJILMTO3MHA, S-
TUAPOKCUMETUIILIUTO3MHA, S-KapOOKCHILMTO3WHA W/HIN S-pOPMIUIUTO3WHA B ILEJIEBOH
HYKJIEMHOBOM KHCJIOT€ C paspelleHHeM [0 OJHOrO0 OCHOBaHUS 0€3 BO3JEHCTBHUA Ha
HeMOAU(ULIMPOBaHHBII LUTO3MH. B BapuaHTax OCYILIECTBIEHHs LeleBas HYKJIEHHOBAs
kuciaora mpencrasiusier codoit JIHK. B apyrux BapmaHTax OCYLIECTBJICHHS LieJeBast
HyKJIeMHOBast kucyora mnpencrasisier codoit PHK. Ananormuno, obpaszer HyKJIEHHOBOH
KUCJIOTBI, KOTOPBIN COAEPIKUT LIEJIEBYI0 HYKJIEHHOBYIO KHCIIOTY, MOXKET MPEACTABIATh COOON

obpazen JIHK unmu obpazers PHK.

[0092] lleneBas HyKJEMHOBAsI KUCIOTA MOXKET MPEACTABIISTH COOOM TI0OYI0 HYKJIEHHOBYIO
KUCIIOTY, uMeronyo moaudukanuu murosusa (T. e. SmC, ShmC, 5fC w/umn ScaC). Llenesas
HYKJIEMHOBAsI KUCJIOTA MOXKET TPENCTABISITE COOOH OHY MOJIEKYJy HYKJIEHHOBOH KHCIIOTHI B
o0pasiie nim MOXKeT MPEACTaBIATh COOOH BCIO MOMYJISILIUIO MOJIEKYJI HYKJIE€HMHOBOH KHUCIIOTHI B
oOpasue (mn ee moIMHOXkKecTBO). LleneBast HyKJIeHMHOBAs KUCJIOTa MOXKET MPECTABISATh COOOM
HATHUBHYIO HYKJIEMHOBYIO KHUCJIOTY U3 UCTOYHHKA (HATPUMeEp, KJIETOK, 0Opa3LOB TKAHU H T. 11.)
WIM  MOXET ObITb MPEeaBapuUTEIbHO  TMpeBpamieHa B (GopMmy, TOTOBYHO IS
BBICOKOIIPOU3BOAMTEILHOTO CEKBEHUPOBAHUS, HAPUMEP, MyTeM (pparMeHTaluH, penapariu
" JJUTUPOBAHUA C aganTepaMu OJid CCKBECHHUPOBAHUA. Taxum 06pa30M, LEJICBBIC HYKJICUHOBBIC
KHCJIOTBI MOTYT COACPKAaTb MHOXECTBO HOCHCHOBaTeHbHOCTeﬁ HyKJIeHHOBOfI KHUCJIOTBI, TakK
qTOo CHOCO6I:;I, OMUCAHHBIE B JAHHOM JOKYMCHTC, MOXHO IPUMECHATb IJId CO3daHUA
OUOMMOTEKH TMOCJENOBATEIbHOCTE LIENEBbIX HYKJIEHHOBBIX KHCJIOT, KOTOPbIE MOXHO
aHAJM3MPOBATh MO OTAEJNBHOCTH (HAampuMep, MyTeM ONpeeNieHHs MOCIeI0BATeIbHOCTH
OTAENbHBIX IIEJIEBBIX MOJIEKYJ) HJIM B rpynmne (Hampumep, € TMOMOIIBI CIIOCOOOB

BBICOKOIMPOU3ZBOAUTECIIBHOI'O CEKBEHUPOBAHUA UJIM CEKBEHUPOBAHNSA HOBOI'O HOKOJ’IGHI/Iﬂ).

[0093] OoOpasen HyKJIEHHOBOW KHCJIOTHI MOKET OBITh TMOJYYeH U3 OpPraHU3Ma U3 IapCTB
HpoOsiaku (bakrepun), ITpocretimue, I'pudsl, Pactenus u )KusotHeie. OOpa3iibl HyKJIEMHOBOH
KHCJIOTBI MOTYT OBITh IMOJTYYEHBI OT MALUEHTA WIH CYObeKTa, U3 00pa3ia OKpyKaKIeH Cpepl
WIN U3 OpPTraHu3Ma, NPEACTaBIIIOIEro HWHTepec. B BapmaHTax ocCylecTBieHHs oOpasen
HYKJIEMHOBOM KUCJIOTBI 3KCTPAarupyroT WM MOJYYalOT U3 KJIETKU WU COBOKYITHOCTH KIIETOK,

OMOIOrNYeCKO XUAKOCTH, 00pa3La TKaHH, OPraHa i OPTaHeIUIbL.
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[0094] Oopazen PHK/uenesas PHK

[0095] B HactosiiueM HM300peTEeHMHM  MPENCTABIEHBl  CHOCOOBI  KOJUYECTBEHHOM
UEHTU(QUKAIIMA MECTONOJOXKEHNUSI ONHOro WiIM Oonee W3  S-METWUJILMTO3MHA, S-
THIPOKCHMETUIIIIUTO3MHA, S-KapOOKCWILUTO3WHA W/wiH S-popmuiiurosuna B 1enesoii PHK
C pa3peleHreM 10 OJHOTO OCHOBaHUs 0e3 BO3AeHCTBUS Ha HeMOAN(ULIMPOBAHHBIN [IUTO3HH.
B Bapuantax ocymecrsiaenuss PHK mnpencraBnser coboii omny wmmm Oonee u3 MPHK
(marpuunoii PHK), TPHK (tpancrnoptroii PHK), pPHK (pubocomaneroii PHK), snRNA
(manoii snepHoii PHK), miRNA (muxpoPHK), IncRNA (nnunno#t Hexomupyromeit PHK) u
eRNA (snxancepnoii PHK). Ilenesas PHK mosxer npencrasisite coboit ogay monekyiny PHK
B 00pasie 1M MOXKeT NMPeACTaBIsATh OO0 BCro momyssiimio Mosekys PHK B oOpasue (nnu ee
nopgMHOXecTBO). Takum oOpasom, weneBass PHK Moxer comepkaTb MHOXXECTBO
nocienosarenbHocteli PHK, Tak 9TO cmocoObl, OnucaHHbIE B JAHHOM JOKYMEHTE, MOKHO
NPUMEHSTb JIsI CO3AaHus OMOnnoTekn nocnenosarenbHocTel nenesbix PHK, koTopbie MOXHO
aHAJIM3UPOBATh IO OTHAEJNBHOCTH (HAaNpHMep, NyTeM OINpeleNeHHs IOCIeNOBATeIbHOCTH
OTAENbHBIX IIEJIEBBIX MOJIEKYJ) WM B rpynmne (Hampumep, € MOMOINBI CIIOCOOOB

BBICOKOIIPOU3BOANTEILHOTO CEKBEHUPOBAHHS UM CEKBEHUPOBAHUSI HOBOTO TIOKOJICHHST).
[0096] Oopazeun JIHK/uenesas JTHK

[0097] B cmocobax MmO  HACTOSIEMY  H300PETEHUID  HUCIOJB3YIOTCS — MSATKHE
(bepMEHTATUBHBIE M XMMUYECKHE PEAKIUH, KOTOpPbIe MO3BOJSIOT M30€kKaTh CYLIECTBEHHOTO
pa3pyLIeHuUs], ACCOLMUPOBAHHOTO C TAKUMU CrIOcobaMu, Kak OUCyb(PUTHOE CEKBEHUPOBAHMUE.
Taxum 006pa3om, crocoObI MO HACTOSALIEMY U300PETEHUIO TPUMEHUMBI TIPU aHAJIN3e 00pa3LoB
C HU3KUM BBOJMMBIM KOJIMYECTBOM, KaK, Hanpumep, uupkyiaupyromei sHekinerounoi JIHK, u

IpHu aHATHU3E OTACIIbHBIX KIIETOK.

[0098] B BapumanTax ocyiecTBieHUs Hacrosimero u3odperenus odpaseu JIHK conmepsxur
nukorpammoBble konndectsa JJHK. B BapranTax ocyiecTBieHHs HACTOSIILIEro H300peTeHUs
obpazeny IHK conepsxut ot mpubnusurensHo 1 nr go npubmusurensHo 900 nr JIHK, ot
npubmusutensHo 1 nr no npubmmsurensro 500 nr AHK, or mpubmmsurensHo 1 mr mo
npubmuzutensHo 100 nr JHK, ot npubnusurtensHo 1 nr o npudnusurensHo S0 nr JIHK, ot
npubmusutensHo 1 no mpubmusurensHo 10 nr JHK, menee uem mpuOmusurensao 200 mr,
meHee yeM npudmmsutensHo 100 nr JIHK, menee yem npubnmsutensro SO nr JIHK, menee uem

npubmm3utensHo 20 nr JIHK u menee uem npubnusurensHo 5 nr JIHK. B apyrux Bapuantax
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OCYILIECTBIIEHUs] HacTosimmero wu3zoOperenuss oOpazen JIHK comepkutr HaHOTrpamMMOBBIE
rkommmuectBa JIHK. O6pazeu JIHK st mpuMeneHus B criocobax mo HacTosIeMy H300peTeHHIO
MOJKET MPEACTABIIATh CO00M IF0O0e Kom4yecTBo, B ToM uncie JIHK u3 oTnenpHON KISTKH Wn
coBokynHble oOpasubl JIHK. B BapmanTax ocCymecTBieHHs CHOCOObI MO HACTOSIIEMY
M300pEeTEeHNI0 MOJXKHO TMpoBOIUTH B oTHomeHnn obpasua JIHK, conepxamero ot
npubmusutensHo 1 po npubmusurensHo 500 wr JHK, or npubmusurensho 1 gmo
npubmuzutensHo 200 vr AHK, ot npubmmsurensio 1 no npudmusurensuo 100 mr JJHK, or
npubmusurensio 1 go mnpubnmsurensHo S50 wr JAHK, or npubnusurensno 1 go
npubmuzutensHo 10 vr JIHK, ot npubmusurensro 2 no npubnusurensHo 5 Hr JIHK, menee
yem npubsusurenpHo 100 ur JIHK, menee uem mpubnusurensao 50 ur IHK, menee 5 Hr u
menee 2 Hr JIHK. B BapuaHTax ocyiuecTBieHMsi HacTosimero u3odpereHus obpaszer; JJHK

COZIEePKUT MUKpOrpaMMoBble konnuecTsa JJHK.

[0099] O6pazen JHK, ucnonb3yembiii B crnocobax, OMUCAHHBIX B JAHHOM JOKYMEHTE,
MOKeT OBbIThb MOJyueH U3 JIIOOOro MCTOYHHMKA, B TOM YHCJE, HApUMep, U3 OHOJOrHYECKOU
JKUIKOCTH, OOpaslia TKaHW, OpraHa, OpraHeUIbl WM OTHENbHBbIX KJIETOK. B BapumaHTax
ocymecteienust oopazen JJHK nmpencrasnsier coboii mupkynupyroomy BHekeTounyr JJHK
(Buekserounyro JIHK unu cfDNA), koropas npeacrasinsier codoit JIHK, oOHapykuBaemMyro B
KPOBH M OTCYTCTBYIOINYIO B KieTke. CfDNA MoskeT ObITh BbiIeNE€Ha U3 KPOBU HIIH TLIA3MbI
KPOBH C TIOMOIIBIO CIOCOOOB, M3BECTHBIX M3 YpOBHsI TexHUKU. [lysi BbiaeneHus cfDNA
IOCTYMHBI KOMMeEpYecKre HaOOpbl, B TOM HYHCIE, HAmpumep, HAOOp Ui BbIICNICHUS
LIPKYJUPYIOIINUX HYKJIeUHOBBIX KuCIOT (Qiagen). O6pazen [ITHK moxeT ObITh mojy4deH B
pe3ysibTare MpOBEAEHHs] CTaguk OOOramieHus, B TOM 4ucCjie Oe3 OrpaHHYCHUS
UMMYHOIIPELUITUTALIMA € TIOMOIIBKO  QHTUTEN, WMMYyHOIPEUUITUTALIMH  XPOMATHHA,
oboralieHusi ¢ HCIOJb30BAaHHEM pacuUieryieHus: (epMEeHTaMU PEeCTPUKLUK, OOOraIleHusi C

HUCIIOJBb30BAHUEM r1/16p1/1):[1/13au1/n/1 Ui O6OFaH_IeHI/I$I C UCITIOJIB30BAHUEM XHUMUYIECCKOIrO MCUCHHA.

[0100] Ilenesast JIHK mosker npencrapnsts codoii modyro JIHK, nmeromyro mogudukanmu
rro3uHa (T. €. SmC, ShmC, 5fC w/umu ScaC), B Tom uncne 6e3 orpanndenus pparmentsl JJHK
niu reHoMuyto JIHK, ounineHHyro U3 TkaHel, OpraHoB, kJeTok u opranest. Llenesas /IHK
MOXET MPEACTaBISTh coOoi oaHy Monekyny JIHK B oOpasie nuim MoKeT npeacTaBisiTb COOOH
Bcro monyJisiuto Mojiekyn JIHK B obpasue (mmm ee mogmHoxkectBo). Llenesass JJTHK mosker
npeacTaBisiTh codoit HatuBHy JJHK U3 ucrouHuka uian ObITh MpeaBapUTEIbHO MpeBpalleHa

B (I)OpMy, FOTOBYKO MJI1 BBICOKOINPOU3ZBOAUTCIIBHOIO CCKBCHHPOBAHUS, HAIPpUMEDP, MYyTEM
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@parMeHTaLu/m, penapaLu/H/I u J'II/IFI/IpOBaHI/IH C aI[al'[TepaMI/I JJIA CeKBeHI/IpOBaHI/IH. TaKI/IM
obpaszom, nenesas JJHK moker comepxkath MHOKeCTBO TocnenoBarenpHocTel JIHK, Tak 4ro
CHOCO6I:;I, OIMUCAHHBIC B JAHHOM I[OKYMGHTG, MOJXHO HpI/IMeHHTb JJId CO30aHUA 6I/I6J'II/IOT6KI/I
nocaeaosarenpbHocTel LeneBblx JIHK, xoTOpple MOXHO aHAIM3UpPOBATh MO OTAEJIBHOCTH
(Haan/IMep, HYTGM onpe):[eneHI/I;[ IMOCJaCea0BATCIIBHOCTU OTACJIBHBIX LICJICBBIX MO.]'IeKy.]'I) NJIN B
rpyrre (HarmpuMep, ¢ TOMOIIBIO CITOCOOOB BBICOKOMPOU3BOIUTEILHOTO CEKBEHUPOBAHUS FITH

CEeKBEHHPOBAHUS HOBOT'O MOKOJICHHUS).
[0101] IIpespamenue SmC u ShmC B ScaC n/nan SfC

[0102] BapuaHTbl OCYIIECTBICHHs HACTOSINEro M300peTeHus, Takue kak crocod TAPS,
OMUCAHHBIN B JAHHOM JOKyMeHTe, BKIOYarT craamo mnpespameHus SmC u ShmC (wu
toapko SmC, ecimu ShmC Onokuposan) B ScaC w/mmm 5fC. B BapmaHTax OCyIIeCTBIEHHS
HACTOsIIero M300peTeHust dTa craaus BKIo4aeT npuseneHue obpasua JJHK wmmm PHK B
KOHTAaKT ¢ (¢epMeHTOM TpaHcnokauu necstb-onuHHanuatb (TET). ®epmentst TET
IPENCTABISIIOT COOOI CeMENCTBO (PepMEHTOB, KOTOpPbIE KATAJIM3HPYIOT MEPEHOC MOJIEKYJIbI
KUCIOpona Ha MeTwibHyto rpynmy NS5 B 5SmC, 4ro mpuBogWT K OOpasoOBaHUIO S-
ruapokcumeruauutosnna (ShmC). TET nononnurensHo karammsupyet okucienue ShmC o
5fC u oxucnenne 5fC ¢ obpazoBanuem ScaC (cm. pur. SA). @epmentsl TET, npumeHumbie B
crocobax 1Mo HacTosieMy u300peTeHuto, BKitouaroT oauH wiu 6onee u3 TET1, TET2 u TET3
yenoseka, Tetl, Tet2 u Tet3 mbiun; TET Naegleria (NgTET); Coprinopsis cinerea (CcTET) u
UX TPOM3BOJHBIX WJIM aHAJOroB. B BapuanTax ocymectsinenus ¢pepmeHT TET npencrasuser
coboit NgTET. B mpyrux Bapuantax ocyumectienuss pepment TET mpencrasisier coboi

TET1 uenoseka (hTETT1).
[0103] IIpespamenue ScaC u/uau SfC 8 DHU

[0104] CmocoObl Mo HacTOsIIEMY H300PETEHHIO BKJIFOYAIOT CTaauto npespamenus ScaC
wwm SfC B oOpasue HykiemHoBod kucinotel B DHU. B BapmaHTax oOCyIIeCTBICHHUS
HACTOSIIIIEr0 M300peTeHns1 3Ta craaus BKIrodaeT npuseneHue oOpasua JIHK wmm PHK B
KOHTAKT C BOCCTAHOBHUTEJIEM, B TOM YHCJIE, HAIPUMeEpP, OOPaHOBBIM BOCCTAHOBUTENEM, TAKUM
Kak nupuauHOOpaH, 2-nukonuHOopaH (mmkonmH-BH3), Oopan, Ooporuapup HaTpws,
IMaHOOOPOTHAPU HATPHSI W TpHALETOKCHOOporuapua HaTpus. B mpeamodruTensHOM
BApPWAHTE OCYIIECTBJICHUSI BOCCTAHOBUTENIb MPEACTaBIsieT CcOOOW MUpUAUHOOpPAH W/ WIH

nukonuH-BHs3.
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[0105] Amnauduxanuss yucjia Konud MoAu(UUIHPOBAHHON ILe/1eBOil HYKJIEHHOBOI

KHCJI0ThbI

[0106] CmocoObl o HacTosIIEMy H300PETEHHIO MOTYT HEeOOS3aTeNIbHO BKIIFOYATH CTAIUIO
amruukamy (YBEJUUEHUs) YUCIa KOMUH MOAM(DHUIMPOBAHHOW LENEBOH HYKJIEHHOBOU
KHCJIOTBI IOCPEACTBOM CIIOCOOOB, U3BECTHBIX M3 YPOBH: TexHUKU. Ecian monudunupoBanHas
LeieBass HyKJeMHoOBas kuciora mnpexnctasmsser codoit JIHK, To umcno kommii MOXKHO
yBEJIUYUTb, Hampumep, ¢ nomousto IIIP, kinoHupoBaHus U IOCTPOMKHM mpaimepa. Uucio
konuit orgenbHbIX wneneBbix JIHK wmoxHO ammmuduiuposate ¢ momoureio [P ¢
UCTIONIb30BAHUEM  MpaiiMepoB,  CNEeUU(PUUHBIX IO  OTHOLIEHWIO K  KOHKPETHOH
nociaepoBatenbHocTy HeneBoil JIHK. B kauecTBe anbTepHAaTUBBI, MHOXKECTBO Pa3IMYHBIX
MOAM(ULIPOBAHHBIX MOcienoBaTenabHocTell nenesbix JJHK MojkHO aMIuinguuupoBars myrem
kinoHuposanuss B JIHK-BekTop ¢ mNOMOWIBIO CTaHAApTHBIX MeTOAMK. B BapuaHTax
OCYLIECTBJICHUST HACTOSIIETO HM300pETeHHs] YHUCIO KOMHH MHOXECTBA  PAa3JIMYHbIX
Moan(UIMPOBAaHHBIX nocnenosarenbrocTedl nenesoit JIHK yBennuuBaroT ¢ momouisto I[P
s co3maHusi OMONMMOTEKM Ui CEeKBEHMPOBAHHUS HOBOTO TIOKOJICHHS, TJ€, HAIMpPUMED,
nByxuenoueuHas aganrepuas [JHK Opina npeasaputensHo nmuruposana ¢ oopasuom JHK (vnm
¢ monudunupoBanHbiM obpasiom JIHK), u ITLP npoBomsT ¢ UCMONb30BAHUEM IMPaiiMEpPOB,

KOMIjIeMeHTapHbIX agantepHoi JIHK.

[0107] BbisiBJeHHE NMoCJ1eA0BATEJIbHOCTH MoAu(UIIHPOBAHHOMU neJeBoi

HYKJIEHHOBOH KHCJIOTBI

[0108] B BapmaHTax OCyIIeCTBIEHUS HACTOSIIETO H300pPETeHUs CIIOCO0 BKITFOYAET CTAIHUIO
BBISIBJICHHSI TIOCJIEIOBATENIbHOCTH MOAMGULMPOBAHHON LEJNIEBOH HYKJIEHHOBOW KHCJIOTBL
Momudumposannas uenesas JJHK nimu PHK comepskxur DHU B monokeHusx, B KOTOPbIX B
Hemouduumposannoit uenesoit JJHK win PHK mpucyrcrByror onun win 6onee u3 SmC,
5hmC, 5fC u ScaC. DHU BoicTynaet kak T B ciocobax perutnkanuu u cekBeHuposanus JJHK.
Taxum oO6pa3zom, MOTU(PUKALIUN [IATO3NHA MOYKHO BBISIBISITH C IIOMOLIBIO JIFOOOTO MPSIMOTO UJTH
KOCBEHHOr0  crmoco0a, HM3BECTHOTO U3  YPOBHS  TEXHUKH, KOTOPBIA  TO3BOJSET
uneHTuuurpoBaTh Tpa3unmio ¢ 3ameHo C Ha T. Takue cnocoObl BKIFOYAIOT CIIOCOOBI
CEKBEHHPOBaHUsl, Takhe Kak cekBeHupoBaHue o CoHrepy, MHUKPOMATPUUHBIN aHaIU3 U
CHOoCOOBI CEKBEHUPOBAHUSI HOBOTO MoOKoJieHns. Tpansunuio ¢ 3amenoit C Ha T Takke MOXKHO

BBIABJIATH MNOCPEACTBOM aHaJIM3a C TTOMOIIBIO (I)epMeHTOB PECTPUKLHUU, TAC ITPU TPAH3ULUU C



WO 2019/136413 PCT/US2019/012627
34

zamenorn C mHa T YAQIACTCA WKW BBOAUTCA MOCICAOBATCIIBHOCTh pPaCllO3HABAHUSA

SHJIOHYKJIEa30M PECTPUKLUU.
[0109] Habopsi

[0110] B Hacrosmem u300peTeHUH IOMOJHHUTEIBHO MPEACTaBIeHbl HAOOpBI AJis
unentudukannu SmC u ShmC B uenesoit JIHK. Takue HaOopsl comepikaT peareHThl AJs
unentTudukanmnu SmC u ShmC nocpencTBoM crnocoOOB, ONMUCAHHBIX B JAHHOM JTOKYMEHTE.
Habops! MoryT Takske comepskaTh peareHTsl A uaeHtudukanun ScaC u ans uaeHTupuKanum
5fC nocpencTBom criocoOOB, ONMCAHHBIX B JAHHOM JOKyMeHTe. B BapraHTax OCyIecTBICHHUS
HaOop Biutouaer ¢epmeHT TET, OOpaHOBBINI BOCCTAHOBUTENb, a TAKXKE HHCTPYKLUHU IO
npoBeAeHUI0 crocoba. B monosnHuTensHbIX BapuaHTax ocymectBieHus ¢epmeHt TET
npencrasisier codoii TET1, u GopaHOBBII BOCCTAHOBUTENb BBIOPAH M3 OJHOTO WK Oonee u3
IPYNIbI, cOCTOsImed u3 mnupuanHOOpaHa, 2-mukojuHOOpaHa (mukonuH-BH3), Oopana,
Ooporunpuna HaTpus, LMAHOOOPOTMAPHUAA HATPHUSI U TpHaLeTOKcuOoporuapuzaa Hatpusi. B
JONOJHUTEIBHOM BapuanTe ocyiectsienus pepment TET1 npencrasisier coboii NgTet] nnm
Tetl mbimy, a OOpaHOBBI BOCCTAHOBUTENb MPEACTABIsIET COOOW MuUpUAUHOOpaH W/WIH

nukosuH-BH3.

[0111] B BapuaHTax OCyLIECTBJIEHHsS HAOOpP JOMOJHHUTENHO COINEPIKUT OJIOKUPYIOLIYIO
rpynny it ShmC u ¢pepmeHT rmoko3mwiTpanchepasy. B npyrux BapraHTax OCyIIeCTBICHHUS
onokupyromas rpynna s ShmC npencrasisier coboit ypunuaaudocdar(UDP)-caxap, roe
caxap TpenacTaBisieT COOOH TJIFOKO3y WM TNPOWU3BOAHOE TIJIFOKO3BL, a (epMeHT
rroko3unTpancdepasa npeacrapisier codoit B-rmokosunrpancdepasy (BGT) Gakrepuodara

T4, o-rmroxosuntpancdepasy (aGT) bakreprodara T4 1 uX NPOU3BOAHBIC U AHAJIOTH.

[0112] B BapuaHTax OCyIIeCTBIIEHUST HAaOOp JOMOJHUTENBHO COAEPIKUT OKHUCIIUTENb,
BbIOpanHbIl n3 neppyreHara kanust (KRuO4) w/umu Cu(Il)/ TEMPO (niepxnopara menu(Il) u
2,2,6,6-terpamermnnunepunns- 1 -okcuna (TEMPO)).

[0113] B BapmanTtax ocyiecTBieHHs HAOOp CONEPIKUT peareHTs! st Ookuposanus STC B
oOpasue HYKJIEMHOBOH KHCJIOTHL. B BapmaHTax OCyIIECTBIEHHsI HA0Op COAEPIKHUT aJbAeTHA-
pPEaKTUBHOE COEOMHEHHME, B TOM WYHCJEe, HAampuMep, NPOU3BOAHBIE THUAPOKCUIAMHHA,

MPOU3BOAHBIC TUAPA3UHA U TPOU3BOJHBIC THAPA3HUIOB, OINMCAHHBIE B JTAHHOM JOKYMCHTC. B
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BapHWAaHTaX OCYIIECTBIICHHUs] HAOOP COMEPKUT peareHThl aisi OokupoBanus ScaC, onmucaHHbIE

B IaHHOM JOKYMCHTE.

[0114] B BapumaHTax OCyIIECTBJICHUS HAOOP COMEPKUT peareHTs! Uit Bbinenenus JJHK nmm
PHK. B BapuaHTax oOCylIeCTBIE€HUs HaOOp comepkuT peareHThl i BbigeneHus JJHK c
HU3KHUM BBOJIUMBIM KOJIMYECTBOM M3 oOpasua, Harnpumep, cfDNA u3 kpoBH, Mia3mMbl KPOBU

UK CbIBOPOTKH KPOBH.

NMPUMEPHI

[0115] Cnocobbl

[0116]  Ioayuenue mooenvnou /[THK

[0117] JTHK-onuronykjeoruan! ajsi TecroB merogom MALDI u HPLC-MS/MS. JIHK-
omuronykieoruns! («omuro») ¢ C, SmC u ShmC Opum npuoOperensr y Integrated DNA
Technologies (IDT). Bce mocnenoBaTensHOCTH U MOAU(UKALIMNA MOXKHO HaiTh Ha ¢ur. 6 u 7.
JHK-nykneoruas! ¢ SfC cuHTe3MpOBaN ¢ MOMOLIBIO0 criocoba npucoennHeHnst C-«xBOCTa»:
JHK-omuronykneorunbl  S'-GTCGACCGGATC-3" u  5-TTGGATCCGGTCGACTT-3’
oTXKHraiu M 3areM uHKyOmposanmu ¢ S-¢popmun-2'-dCTP (TriLink Biotech) u ¢gparmentom
Knenosa ¢ 3—5'-ax30nykieasHoi aktuBHOCTHIO (New England Biolabs) B NEBuffer 2 B
tedyenue 2 4. npu 37°C. TIpoayKT OuMIIAIH ¢ MOMOIIBIO KOJIOHOK Bio-Spin ¢ renem P-6 (Bio-

Rad).

[0118] JHK-omuronykneotuasl ¢ ScaC CHHTE3UpPOBAA C MPUMEHEHHUEM CHUCTEMBbI IS
CHHTE3a HYKJIEMHOBBIX KUCIOT Expedite 8900 co cranmaptabMu pochopamuauramu (Sigma)
u  5S-kapookcu-dC-CE-pochopamunurom (Glen Research). Tlocnemyromee ynaneHue
3aIUTHBIX TPYII W OYHCTKY OCYINeCTBIsUTM ¢ momoinbio kaptpumkeidn Glen-Pak (Glen
Research) B cooTBeTcTBUM € MHCTPYKLUSIMH MPOU3BOAUTENS. XaPAKTEPUCTUKUA OYUIIEHHBIX
OJINTOHYKJICOTHOB TOJYyYaJd C IOMOIIBI0 OHOCHEKTpOMETpUYecKord pabodel CTaHINH
Voyager-DE st MALDI-TOF (BpemsimponieTHOH MaTpUYHO-aKTHBHPOBAHHOW JIa3€pHOU

necopOLMI/ MOHU3ALINH ).

[0119] Mopeabnas IHK pasmepom 222 mn. 0. A5 TecTa npeBpamenus. /s nonyuenus
monenbpHou JIHK pasmepom 222 m. o., conepxkamei mste caiitoB CpG, JIHK Gakrepuodara

assmbna (Thermo Fisher) mopsepranu IMIP-ammmudukanmu ¢ momometo JIHK-nommmepasb
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Taq (New England Biolabs) u ounimanu ¢ momomsto rpanyn AMPure XP (Beckman Coulter).
ITocnenosarenbHOCTH npanMepoB SIBJISIFOTCS CIEAYIOLIUMHU: FW-5'-
CCTGATGAAACAAGCATGTC-3’, RV-5-CAUTACTCACUTCCCCACUT-3". OcHoBanune
ypauun B oOparHod nenu mnpoxykra [P ynamsum ¢ momompio ¢depmenta USER (New
England Biolabs). 3atem 100 ur oummennoro mpoxykra IILP mermmupoBamu B 20 MK
pactBopa, comepxkamero 1x NEBuffer 2, 0,64 MM S-anenosmimernonnna u 20 ex. CpG-
metunrpancdepasel M. Sssl (New England Biolabs), B Teuenue 2 4. mpu 37°C ¢ nocnenyromei
20-MuHYTHOW TemioBoil MHakTuUBauuen mpu 65°C. MerummpoBanHyo MozenbHyro JIHK

pasmepoM 222 1. 0. ouuInaiyu ¢ nomousro rpanysn AMPure XP.

[0120] Mopeabnas JAHK pans Banupauuu TAPS, TAPSp u CAPS ¢ nomoubio
cekpenuposanus no Caurepy. [IHK-onuronykineorun pasmepom 34 1. 0., COnepsKalifi OquH
caitt SmC u onuH caiit ShmC, omxuranu ¢ npyrumu JIHK-onmuronykneorunamu B Oydepe ms
omxkura, coxepxkamem 5 MM Tpuc-Cl (pH 7,5), 5 MM MgCl, u 50 mM NaCl, a 3arem
JUTUPOBAJIM B peakLMOHHOHN cMecH, copepxkauiei 400 ex. nurassl T4 (NEB), npu 25°C B

tedenue 1 4. u ounmanu ¢ nomombo 1,8X rpanyn AMPure XP.

JHK HocaenosarenbHocTh (5'-3')
34m 0.cmCuhmC | CCCGA"CGCATGATCTGTACTTGATCGACMCGTGCAAC

YHuBepcanbHbII AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTA
apantep TruSeq CACGACGCTCTTCCGATCT

Apnanrep TruSeq | /SPhos/GATCGGAAGAGCACACGTCTGAACTCCAGTCACG
(MHIEKCHasT CCAATATCTCGTATGCCGTCTTCTGCTTG
NIOCJIEIOBATENbHOCTD

6)

Ypaumnconepxkamuii | TCTTCCGAUCGTTGCACGGUCGATCAAGUACAGATCAT
JIMHKEP GCGUCGGGAGAUCGGAAG

[0121] VYpaumwnconepxkamuii nuHKep ynamsmm ¢ nomouieo pepmenta USER mocne
peakLuu JUTMPOBAHUs, B pe3yJbTaTe 4ero IMOoJydald KOHEUHYIO IOCIe0BaTENbHOCTh

npoxnykra (5°-37):

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGA
TCTCCCGA™CGCATGATCTGTACTTGATCGAC"™CGTGCAACGATCGGAAGAGCAC
ACGTCTGAACTCCAGTCACGCCAATATCTCGTATGCCGTCTTCTGCTTG. IIP-



WO 2019/136413 PCT/US2019/012627
37

npaiimepsl Uit amrumdukamuun - monenpHoW  JIHK  mpencraemsmu  coboit:  PS: 5'-

AATGATACGGCGACCACCGAG-3"uP7: 5'-CAAGCAGAAGACGGCATACGAG-3".

[0122] Mopeabnas JIHK aisi moimMepa3sHoro recrta u cekpeHupoBanusi no CiHrepy.
Mogeneayro JJHK nns monmmepasHoro tecta u cekBeHUpoBaHUs 1o CaHrepy mojydanau ¢
MOMOIIBIO TOTO K€ Crocoba IUTUPOBAHUS, KOTOPBIN MPUBENIEH BhIIIE, 332 UCKIIOYEHHEM TOTO,

4yTO Ucnosip3oBanu apyrue JJHK-onuronykneoruast:

JHK ITocnenoBarenbHOCTB (5'-3")

34m 0.cmC AGCAGTCT"CGATCAGCTG™CTACTGTA™CGTAGCAT
VYHUBepcanbHbIN AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTA
apgantep TruSeq CACGACGCTCTTCCGATCT

Ananrep TruSeq | /5Phos/GATCGGAAGAGCACACGTCTGAACTCCAGTCACG
(uHAEKCHAs CCAATATCTCGTATGCCGTCTTCTGCTTG

MOCJIEIOBATENLHOCTBD 0)

Beraska 1 40 m.o. | /SPhos/AGGTGCGCTAAGTTCTAGATCGCCAACTGGTTGT
GGCCTT

Bceraska 2 60 _m. o. /5SPhos/CTATAGCCGGCTTGCTCTCTCTGCCTCTAGCAGCT
GCTCCCTATAGTGAGTCGTATTAAC

40 _n. o.-nmuHKep-1 ATCTAGAACTTAGCGCACCTAGATCGGAAGAGCGTCGT
GT

80 _m. 0.-nuHKep: AGAGAGCAAGCCGGCTATAGATGCTACGTACAGTAGCA
GCTGATCAAGACTGCTAAGGCCACAACCAGTTGGCG

42 n. o.-nmuHKEp-2: AGACGTGTGCTCTTCCGATCGTTAATACGACTCACTATA
GGG

[0123] Koneunas mocnenoBatebHOCT, mponaykta (5°-3") mpencraBnsiia  coOO¥:
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGA
TCTAGGTGCGCTAAGTTCTAGATCGCCAACTGGTTGTGGCCTTAGCAGTCT™CGAT
CAGCTG™CTACTGTA™CGTAGCATCTATAGCCGGCTTGCTCTCTCTGCCTCTAGCA
GCTGCTCCCTATAGTGAGTCGTATTAACGATCGGAAGAGCACACGTCTGAACTCC
AGTCACGCCAATATCTCGTATGCCGTCTTCTGCTTG. [I1P-npatimepsl TUTSt
ammmndukanmm moaensHoi JIHK npencrasnstor coboii npaiimepst PS u P7, npencrasieHHbIe
BbIime. [locnenoBaTelbHOCTh TpaiiMepa sl JOCTPOWKH mpaiiMepa, Me4eHHass OUOTHHOM,
npezacTasisieT coboit OMOTHH, CBsI3aHHBIH ¢ 5'-KoHLIOM npatimepa P7. TTLP-npaiimeps! mst RT-
PCR mocne Tpanckpumuuu nopn naeiictBuem PHK-nommmepaser T7 mpencraBimsuin coOoit

npaiiMep P5 u RT: 5'-TGCTAGAGGCAGAGAGAGCAAG-3".
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[0124] Mopeabnas JAHK nas tecra IIIP-casura. Monensuytro JIHK nns tecra TILIP-
CIBUTA MOJyYaJId ¢ TIOMOIIBIO TOTO K€ CTIOoco0a JIMTUPOBAHUS, KOTOPBINA MPUBEICH BhIIIE, 32

UCKJIFOYEHHEM TOTO, YTO UCNOab30Bau Apyrue JIHK-onuronykiaeoTuab:

JAHK HocaenoBareabHocTh (5'-3')

17m0.¢c X AGCAGTCTXGATCAGCT (X =DHU, win U, wiu T, unu C)
17 1. 0. 6e3 | GCTACTGTACGTAGCAT

MO UKATTHIA

YHUuBepCaIbHbIHI AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTA
apantep TruSeq CACGACGCTCTTCCGATCT

Ananrep TruSeq | /5Phos/GATCGGAAGAGCACACGTCTGAACTCCAGTCACG
(MHIEeKcHas CCAATATCTCGTATGCCGTCTTCTGCTTG

NIOCJIEIOBATENIBHOCTD 6)

BeraBka 1 40 m. o. /5Phos/ AGGTGCGCTAAGTTCTAGATCGCCAACTGGTTGT
GGCCTT

Bcraska 2 60 _m. o. /5Phos/CTATAGCCGGCTTGCTCTCTCTGCCTCTAGCAGCT
GCTCCCTATAGTGAGTCGTATTAAC

40 m. o.-muHKep-1 ATCTAGAACTTAGCGCACCTAGATCGGAAGAGCGTCGT
GT
80 1. 0.-IMHKEp: AGAGAGCAAGCCGGCTATAGATGCTACGTACAGTAGCA
GCTGATCAAGACTGCTAAGGCCACAACCAGTTGGCG
42 1. o.-muHKep-2: AGACGTGTGCTCTTCCGATCGTTAATACGACTCACTATA
GGG
[0125] KoneuHnas MOCJIEIOBATEILHOCTD MIPOAYKTA (5"-3"):

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGA
TCTAGGTGCGCTAAGTTCTAGATCGCCAACTGGTTGTGGCCTTAGCAGTCTXGAT
CAGCTGCTACTGTACGTAGCATCTATAGCCGGCTTGCTCTCTCTGCCTCTAGCAGC
TGCTCCCTATAGTGAGTCGTATTAACGATCGGAAGAGCACACGTCTGAACTCCAG
TCACGCCAATATCTCGTATGCCGTCTTCTGCTTG, roe X =DHU, wnu U, wm T, unu C.
ILP-npaiimeps! auist ammuingukanuu moaenbHoi JIHK npencrasnstoT coboit npatimepst PS u

P7, npencrasieHHbIE BBILIE.
[0126]  Honyuenue memuuposannoir cenomuoii /IHK 6axmepuogpaza 1améoa

[0127] 1 mkr HemerwnupoBanHoi JIHK 6akrepuodara nsmbaa (Promega) MmeTunuposaiu B
50 MK peakuMoHHOM cMecH, copepskamieit 0,64 MM SAM wu 0,8 en./mkn ¢pepmenta M. Sssl B
oydepe, He comep:xamem Mg”" (10 MM tpuc-Cl, pH 8,0, 50 MM NaCl u 10 MM EDTA) B

tedeHue 2 yaco npu 37°C. 3arem nobasmsum 0,5 mxn pepmenta M.Sssl u 1 mxn SAM, u
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PEaKIMOHHYID CMeCh HWHKYOMpPOBaJM B TEYEHHE JOMOJHUTENbHbIX 2 dYacoB mpu 37°C.
Metunmuposannyro JIHK 3atem ounmmanu wa 1X rpanynax Ampure XP. [{ns obecnieueHust
MIOJTHOT'O METHIIMPOBAHUS BCIO MpoLieaypy nosTopsiin B Oydepe NEB 2. 3arem merunupoBanme
JHK BanuaupoBanu MmOCpencTBOM aHaiu3a paciieruieHuss nox aeiictsueM Hpall. 50 Hr
MeTUIMpoBaHHOU U HeMetunuposanHou JIHK pacwmenisanu B 10 MK peakLiMOHHOM cMecH C 2
en. pepmenta Hpall (NEB) B Oydepe CutSmart (NEB) B Teuenue 1 4. mpu 37°C. IIpoaykTsl
pacIierieHust MPOoroHsiu B 1% arapo3HOM rejie BMECTE C HEpaCILEIUIEHHONW KOHTPOJIbHOMN
JHK nsmbna. Hemetunuposannyro JJHK msamOpa pacumiersiii mociie aHanusa, TOrna Kak
metmuposanHas JIHK nsiMOma ocraBanmach WMHTAKTHOWM, YTO TOATBEPXKAAIO IOJIHOE U
ycnemwHoe wMetmmposanne CpG. Ilocnenosarensnocts JIHK nssMOma MOXHO HaliTH B

GenBank n EMBL non Homepom noctyna J02459.

[0128]  Ilonyuenue nemoouuuuposannvix KOHMPONbHBIX GHYMPEHHUX CHMAHOAPMOE

paszmepom 2 m. o.

[0129] KonTponbHBIE BHYTPEHHHE CTAaHAAPTHI pasMepoM 2 T. 0. (2 T. 0.-1, 2, 3) moxsepranu
[MP-ammmndukamu w3 twiasmuasl  pNIC28-Bsa4 (Addgene, Ne mo kar. 26103) B
peakuoHHol cmecu, copepxkameit 1 wr JHK-marpuner, 0,5 mMxM npalimepos, 1 en.
BeicokoTouHoM JIHK-momumepasbr Phusion (Thermo Fisher). ITocnenosarensuoctu ITLP-

npaiMepoB MePEeYHCIeHbI B TAOIUIE 2.

Tabéauua 2. Ilocnenosarensroctu [1L[P-npaliMepoB a1 BHYTPEHHUX CTAHAAPTOB

Ha3sanue npaiimepa IlocaenosatenbHocth (5'-3')
2 1. 0.-3_npsiMoit CACAGATGTCTGCCTGTTCA
2 1. 0.-3_oOpatHbIii AGGGTGGTGAATGTGAAACC

[0130] IIpomykr IILP oummanu Ha komoHKe Zymo-Spin. HemomuduumposanHas

KOHTPOJIbHAS TTOCJIEAOBATEIFHOCTD pa3mepoM 2 T. 0. (5'-3"):

CACAGATGTCTGCCTGTTCATCCGCGTCCAGCTCGTTGAGTTTCTCCAGAAGCGTT
AATGTCTGGCTTCTGATAAAGCGGGCCATGTTAAGGGCGGTTTTTTCCTGTTTGGT
CACTGATGCCTCCGTGTAAGGGGGATTTCTGTTCATGGGGGTAATGATACCGATG
AAACGAGAGAGGATGCTCACGATACGGGTTACTGATGATGAACATGCCCGGTTA
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CTGGAACGTTGTGAGGGTAAACAACTGGCGGTATGGATGCGGCGGGACCAGAGA
AAAATCACTCAGGGTCAATGCCAGCGCTTCGTTAATACAGATGTAGGTGTTCCAC
AGGGTAGCCAGCAGCATCCTGCGATGCAGATCCGGAACATAATGGTGCAGGGCG
CTGACTTCCGCGTTTCCAGACTTTACGAAACACGGAAACCGAAGACCATTCATGT
TGTTGCTCAGGTCGCAGACGTTTTGCAGCAGCAGTCGCTTCACGTTCGCTCGCGTA
TCGGTGATTCATTCTGCTAACCAGTAAGGCAACCCCGCCAGCCTAGCCGGGTCCT
CAACGACAGGAGCACGATCATGCGCACCCGTGGGGCCGCCATGCCGGCGATAAT
GGCCTGCTTCTCGCCGAAACGTTTGGTGGCGGGACCAGTGACGAAGGCTTGAGCG
AGGGCGTGCAAGATTCCGAATACCGCAAGCGACAGGCCGATCATCGTCGCGCTC
CAGCGAAAGCGGTCCTCGCCGAAAATGACCCAGAGCGCTGCCGGCACCTGTCCT
ACGAGTTGCATGATAAAGAAGACAGTCATAAGTGCGGCGACGATAGTCATGCCC
CGCGCCCACCGGAAGGAGCTGACTGGGTTGAAGGCTCTCAAGGGCATCGGTCGA
GATCCCGGTGCCTAATGAGTGAGCTAACTTACATTAATTGCGTTGCGCTCACTGC
CCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAG
TGAGACGGGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGC
AAGCGGTCCACGCTGGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTA
ACGGCGGGATATAACATGAGCTGTCTTCGGTATCGTCGTATCCCACTACCGAGAT
ATCCGCACCAACGCGCAGCCCGGACTCGGTAATGGCGCGCATTGCGCCCAGCGCC
ATCTGATCGTTGGCAACCAGCATCGCAGTGGGAACGATGCCCTCATTCAGCATTT
GCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTTCCCGTTCCGCTATC
GGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGCAGACGCG
CCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGC
GACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTG
TTGATGGGTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAG
GCAGCTTCCACAGCAATGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCC
CACTGACGCGTTGCGCGAGAAGATTGTGCACCGCCGCTTTACAGGCTTCGACGCC
GCTTCGTTCTACCATCGACACCACCACGCTGGCACCCAGTTGATCGGCGCGAGAT
TTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGGGCCAGACTGGAGGTGGCA
ACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCACGCGGTTGGGAA
TGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAGAAACG
TGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACT
CTGCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCT
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[0131]  HHoayuenue 120-mepHbix KOHMPOLLHBIX 6HYMPEHHUX CHIAHOAPMOE

[0132]  120-mepHblE KOHTPOJIBHBIE BHYTPEHHHME CTAHAAPTHI MOJY4Yaau MyTeM JOCTPOUKH

npaiimepa. ITocaenoBaTeIbHOCTH OJMTOHYKJIEOTHIOB U MPaiiMepsl epevrclieHbl B Ta0HIIe 3.

Tab6anua 3. [locnenosarenpHoctu JJHK-0nuronykaeotuaos u npaiiMmepsl, HCIOIb3yEeMbIE ISl

nostydeHusi 120-MepHBIX KOHTPOJIbHBIX BHYTPEHHUX CTaHAAPTOB

KonTtponbHbiit IIpaiimep s
. ITocnenoBaTenbHOCT MATPULIBL -

BHYTpeHHI/II/I (5 ,_3 ,) }:[OCTpOI/IKI/I

CTaHAapT (5'-3")
ATACTCATCATTAAACTTCGCCCTTACC
TACCACTTCGTGTATGTAGATAGGTAGT ATACTCATCATTAA

120-mep-1 ATACAATTGATATCGAAATGAGTACGTA ACTTCGCCCTTACC
GATAGTAGAAAGTAAGATGGAGGTGAG TACCACTTCG
AGTGAGAGT
GCGGCGTGATACTGGTCCCGAGShmCCT
GAAGTTAGGCC5hmCGGGATGACTGASh g?gfgg&‘f TCATT

120-mep-2 mCAGTCTTCCGAGACCGACGACACAGG TAATACGACTCACT
TCTCCCTATAGTGAGTCGTATTATGGCG ATAGG
AGAGAATGAATCTCCATC

Bxparue, B cnyudae ¢ BHyTpeHHUM cTaHaapToM 120-mep-1 3 MkM oMroHyKiIeoTuaa OTKUranu
¢ 10 MxM mnpaiimepa B Oydepe nist orxura, cogepxamem S MM tpuc-Cl (pH 7,5), S MM MgCl»
u 50 MM NaCl. B cnyuae ¢ BHyTpeHHUM cTaHaaptoM 120-mep-2 5 MKM OJIMTOHYKJIEOTHIA
omkuranu ¢ 7,5 mxM mnpaiimepa. JlocTpoiiky mpaiimepa mposoawiu B Oydepe NEB 2 ¢
ucnionbzoBanneM 0,4 MM dNTP (120-mep-1: dATP/dGTP/dTTP/dhmCTP, 120-mep-2:
dATP/dGTP/dTTP/dCTP) u 5 en. nomumepassl pparmenta Knenosa (New England Biolabs) B
teyenue | gaca mpu 37°C. Ilocne npoBeaeHUs peakiii KOHTPOJbHbIE BHYTPEHHUE CTAHAAPTHI
OUMINAIM Ha KojoHKax Zymo-Spin (Zymo Research). 3atrem 120-mepHBIE KOHTpPOJBHBIE
BHYTPEHHME CTAHAAPThl METUJIMPOBAIH B 50 MKJI peakIUOHHON cMecH, coaepkamieit 0,64 MM
SAM u 0,8 en./mxa pepmenta M.Sssl B Oydepe NEB 2 B reuenne 2 yacos npu 37°C 1 ouninaiu
C TOMOIIBI0 KOJOHOK Zymo-Spin. Bce ucmnonb3yemble MOCIENOBATENBHOCTH BHYTPEHHUX

CTaHIApPTOB MOKHO 3arpy3uTs ¢ https://figshare.com/s/80c3ab713¢261262494b.

[0133] IlonydyeHue CHHTETHYECKOr0 BHYTPEHHEro CTAHAAPTA C HMCHOJb30BAHHEM

NSmCNN u NShmCNN
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[0134] CunreTuueckuii ONUrOHYKJIEOTHA C TmociaenoBaredpHOCTIMU NSMCNN  u
NShmCNN nonyyanu ¢ momoripio crocoba omkura U poctpoiiku. IlocnenoBaTenbHOCTH

OJIUTOHYKJICOTUIOB MEPEYUCIICHBI B Ta0IHILIe 4 HIDKE.

Tabauna 4.

Onuronykneorun | IlocnenoBarenbHOCTh MaTpHUIibl (5'-3")
GAAGATGCAGAAGACAGGAAGGATGAAACACTCAGGCG

NSmCNN CACGCTGGCATN™CNNGACAAACCACAAGAACAGGCTAG
TGAGAATGAAGGGA
CCAACTCTGAAACCCACCAACGCCAACATCCACCACACA

N5ShmCNN ACCCAAGATN'MCNNGACCATCTTACAAACATATCCCTTC
ATTCTCACTAGCC

[0135] Bkparue, 10 MkM onuronykieotunoB ¢ NSmCNN u NShmCNN (IDT) omkuranu
BMecTe B Oydepe anst omxura, conepxamem S MM tpuc-Cl (pH 7,5), S MM MgClz u 50 MM
NaCl. Hocrtpoiiky npoogunun B Oydepe NEB 2 ¢ wucnonb3oBanuem 0,4 MM dNTP
(dATP/dGTP/dTTP/dCTP) u 5 en. nonumepassl pparmenta Knenosa (NEB) B Teuenue 1 qaca
npu 37°C. Ilocne npoBeneHUsl peakMy KOHTPOJIbHBIM BHYTPEHHHH CTaHIAPT OUMIIAIA Ha

kosoHke Zymo-Spin (Zymo Research). Cuntetnyeckuii BHyTpeHHM cTanaapt ¢ NSmCNN u

N5hmCNN (5°-3°):

GAAGATGCAGAAGACAGGAAGGATGAAACACTCAGGCGCACGCTGGCATNmMCN
NGACAAACCACAAGAACAGGCTAGTGAGAATGAAGGGATATGTTTGTAAGATGG
TCNNGNATCTTGGGTTGTGTGGTGGATGTTGGCGTTGGTGGGTTTCAGAGTTGG.

Kommniemenrapuas uens (5°-37):

CCAACTCTGAAACCCACCAACGCCAACATCCACCACACAACCCAAGATNhmCNN
GACCATCTTACAAACATATCCCTTCATTCTCACTAGCCTGTTCTTGTGGTTTGTCN
NGNATGCCAGCGTGCGCCTGAGTGTTTCATCCTTCCTGTCTTCTGCATCTTC.

[0136] Pacmenyienue IHK u ananu3z meronom HPLC-MS/MS

[0137]  O6pasuer JIHK pacmemnsiin ¢ momornsko 2 en. Hykieassl P1 (Sigma-Aldrich) u 10
HM  wuHruburopa ne3aMHHA3 3PUTPO-9-aMHUHO-PB-rekcmi-o-meTwi-9H-nypun-9-3Tanona
(Sigma-Aldrich). ITocne nakyOupoBanus B TedeHrne Houu npu 37°C oOpasiibl JOTIOJHUTETBHO

oOpabateiBasii ¢ momormbo 6 en. menouHou (ocdaraser (Sigma-Aldrich) u 0,5 en.
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dochomurctepassl I (Sigma-Aldrich) B Teuenne 3 gacos npu 37°C. PactBop pacimerieHHOH
JHK ¢unbTpoBanu ¢ momompro LeHTpudy)HbIX ¢GuibTpoB Amicon Ultra, 0,5 mi, 10 K

(Merck Millipore), nnst ynanenust OenkoB u noasepranu aHanusy merogom HPLC-MS/MS.

[0138] Amnamus merogom HPLC-MS/MS ocymmectiisiiu ¢ momotnsio cucteMer 1290 Infinity
LC (Agilent), coenmuHeHHOIl C TPOWHBIM KBAAPYIOJBHBIM Macc-CrieKTpomMerpoM 6495B
(Agilent). Mcnionb3oBanu xononky ZORBAX Eclipse Plus C18 (2,1 x 150 mm, 1,8 muxpoHa,
Agilent). Temnepatypy KOJOHKH noanepkuBaiu Ha yposHe 40°C, u cucrema pacTBOpHUTENIEH
npencTasisia codbol Boay, cogeprxkamyro 10 MM anerata ammonusi (pH 6,0, pactBopurens A),
u cMmechb Bona-auetoHutpus (60/40, 00./00., pactBopurens B) mpu ckopoctu moroka 0,4
mi/mMuH. I'panuent Obu1 cnepyromum: 0-5 mun — O pactBoputens B; 5-8 mun — 0—5,63%
pactoputenss B; 8-9 mun — 5,63% pacrBopurens B; 9-16 mun — 5,63—13,66%
pacteoputenss B; 16-17 mun — 13,66—100% pacteopurens B; 17-21 mun — 100%
pactoputens B, 21-243 mun — 100—0% pactBopurens B; 24,3-25 mun — 0%
pactBoputenss B. Jlns KOJWYECTBEHHON OLIGHKHM WCIONb30BAIN AUHAMUYECKUN PEXUM
MOHHUTOpPUHIa MHOXXecTBeHHbIX peakiuii (AMRM) B MS. IlapameTpel, 3aBUCHMBbIE OT
UCTOYHHUKA, ObLIM ClenyroImuMu: Temneparypa rasa 230°C, pacxon raza 14 j1/mMuH, naBieHue
raza-pacnbuiurenss 40 QyHTOB Ha KB. IIOWM, Temmepatypa 3ammurHoro rasa 400°C, pacxon
3amuTHOrO rasa 11 yi/munH, HampspkeHue Ha kamwuisipe 1500 B B pexume ompeneneHwus
TNIOJIOXKHUTEIBHBIX MOHOB, HampsbkeHue Ha ¢opcyHke 0 B, RF-HampspkeHHe mpu BBICOKOM
nasynennn 110 B u RF-nanpsokenue npu Huskom aasnennu 80 B, oba B pexxume onpeneneHus
NOJIOXKHUTEIBHBIX HOHOB. Hampsokenne Ha (¢parmentope cocrasisio 380 B mnsa Bcex
COEAMHEHUH, Tora Kak APYrue rnapaMeTpbl, 3aBUCUMbIE OT COSNUHEHHs, ObUTH TAKHMMHU, KaK

000011eH0 B TadNUILE 5.

Ta6auna 5. [Tapamerper HPLC-MS/MS, 3aBucHMBIE OT COEOUHEHHS, UCTOJIb3yeMbIe IJIsI
KOJIMYECTBEHHOMN OLleHKH Hykieo3unoB. RT: Bpems ynepxkusanusi, CE: sHeprus coyaapeHuti;
CAE: mnHanpsikeHne yckopeHus siuelku. Bce HykiIeo3uzabl aHaIM3UPOBAJIM B peXUME

BBIAIBJICHHA ITOJIOKHUTEJIBHBIX NOHOB.

Hon- JenbTa

Hon-mponykr RT CE CAE
CoenuHeHne mNpeIIECTBEHHUK RT
(vacca/3aps) (macca/3apsn) (MuH.) (vrts) V) V)
dA+H 252 136 13,78 2 10 4
dT+H 243 127 11,07 2 10 4
dT+Na 265 149 11,07 2 10 4
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dG+H 268 152 9,64 2 10 4
dC+H 228 112 3,71 1,5 10 4
dC+Na 250 134 3,71 1,5 10 4
mdC+H 242 126 9,05 1,5 10 4
mdC+Na 264 148 9,05 1,5 10 4
hmdC+H 258 142 4,34 2 12 4
hmdC+Na 280 164 4,34 2 12 4
fdC+H 256 140 10,69 2 8 4
fdC+Na 278 162 10,69 2 8 4
cadC+H 272 156 1,75 3 12 4
cadC+Na 294 178 1,75 3 12 4
DHU+H 231 115 3,45 3 10 4
DHU+Na 253 137 3,45 3 10 4

[0139]  Oxcmpeccus u ouucmra NgTETI1

[0140] IInasmupma pRSET-A, konupyromast His-meuennsiii 6enok NgTET1 (GG739552.1),
Obuta paspaborana u npuobpereHa B Invitrogen. benok sxcnipeccupoanu B Oakrepusix L. coli
BL21 (DE3) u ounmany, Kak onucaHo paHee, ¢ Hekotopeimu Moaudukanmsmu (J. E. Pais et
al., Biochemical characterization of a Naegleria TET-like oxygenase and its application in
single molecule sequencing of S-methylcytosine. Proc. Natl. Acad. Sci. U.S.A. 112, 4316-4321
(2015), BKIIFOYEHHASI B JAHHBIN JOKYMEHT MOCPEACTBOM CCBUIKH). Bkpatue, s skcnpeccuu
Oenka OakTepuH M3 CYTOYHOH MeJNKOMAacIITaOHOW KyJbTYypbl BhIpalIuBaiu B cpene LB mpu
37°C u 200 o6./muH. 1o Tex mop, moka OD600 we mocturana 0,7—0,8. 3aTrem KynbTypsl
OXJIAXKIATH 10 KOMHATHOW TEMIepaTypbl, M SKCIPECCUI0 LEJeBOro Oejika MHAYLUPOBAIU C
nomomeio 0,2 MM m3onpomnui-f-d-1-tuoranakronupanosuna (IPTG). Knetku Bbiaep:kuBaiu
B TeueHue nonoyHuTebHbIX 18 yacoB mpu 18°C u 180 006./mMuH. 3atem kyieTku codupanu u
pecycnennupoBanu B Oydepe, conepxamem 20 MM HEPES (pH 7,5), 500 MM NaCl, 1 MM
DTT, 20 mM umunasosna, 1 Mkr/mn neiinentuHa, 1 mxr/mi nencrariaHa A u 1 MM PMSF.
KieTku paspyimanu ¢ TOMOIIBE TOMOT€HHU3aTOpa BICOKOTo AaBienust EmulsiFlex-CS, u nuzar
OCBETJISIIN TyTeM LeHTpudyruposanust B tedenne | gaca npu 30000xg u 4°C. CobpanHyO
HAJIOCAIOYHYIO KUAKOCTh 3arpyskaimu Ha cmojibl Ni-NTA, u 6enok NgTET1 smrouposanu
oydepom, conepxkamum 20 MM HEPES (pH 7,5), 500 MM umunazona, 2 M NaCl, 1 MM DTT.
Cobpannbie ppakuuu 3arem ounmanu Ha HilLoad 16/60 Sdx 75 (20 MM HEPES, pH 7,5, 2 M
NaCl, 1 MM DTT). ®@paxkuuu, congepxammue NgTET1, 3arem coOupainu, moasepraiu 3aMeHe
Oydepa Ha Oydep, comepxammii 20 MM HEPES (pH 7,0), 10 MM NaCl, 1 mM DTT, u

3arpykanu B kosionky HiTrap HP SP. UucTeiii 0esok 31I0UpOBaIM COJNICBBIM TPAJUEHTOM,
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cobupanu u noaseprain 3ameHe Oydepa Ha koHeuHbI Oydep, conepxamuii 20 MM Tpuc-Cl
(pH 8,0), 150 MM NaCl u 1 MM DTT. 3arem Oenok koHumeHTpupoBaiu 10 130 MM,

cMmennBany ¢ raunepuHoM (30% 00./00.), n anukBoThI XpaHuu npu -80°C.
[0141] Oxcmpeccus u ouucmxka mTETICD

[0142] Karanmutnueckuii tomeH mTET1CD (NM_001253857.2, 4371-6392) ¢ N-KOHLIEBOH
Flag-metkoii knonuposanu B pcDNA3-Flag mexxny caiitamu pectpukiun ainst Kpnl u BamHI.
Jns skenpeccun Oenka 1 Mr ria3Muzbl BBOAMIIM IyTeM TPaHC(EKIUH B | J1 KyJIbTyphl KJIETOK
Expi293F (Gibco) npu nnotHocTu 1 % 10° KJ1€TOK/MJI, M KJIE€TKM BbIPAIUBAJH B TeueHue 48 u.
npu 37°C, 170 06./mMun. u 5% CO;. 3aTtem kjeTku coOuUpaiu MyTeM LEeHTPUPYTHPOBAHUS,
pecycnienaupoBainu B Oydepe mis ausuca, copepskamem S0 MM tpuc-Cl, pH = 7,5, 500 MM
NaCl, 1X xokreiinb uHruouTOpoB npoteas cOmplete (Sigma), 1 MM PMSF, 1% Triton X-100,
U MHKyOMpoBanu Ha ypay B TeueHne 20 muH. KieTouHbll IU3aT 3aTeM OCBETISUIN MyTEM
neHTpudyruposanus B Tedenne 30 muH. mpu 30000 x g u 4°C. CobpaHHYI0 HaIOCATOYHYIO
xuakocTh ounmmanu Ha adpdurHoMm rene ANTI-FLAG M2 (Sigma), m uucteiii 6enok
smouposaiu Oydepom, cogepxramum 20 MM HEPES, pH = 8,0, 150 MM NaCl, 0,1 mr/ma 3X
nenruaa Flag (Sigma), 1X kokreins nHruOutopos mporea3 cOmplete (Sigma), 1 MM PMSF.
CobpaHHble (ppakiyy KOHLIEHTPUPOBAIU U MOABEpPraiu 3ameHe Oydepa Ha KoHeUHbIH Oydep,
conepxaummii 20 MM HEPES, pH = 8,0, 150 MM NaCl u 1 MM DTT. KoHueHTprpOBaHHbIH
Oenok cMemuBajy ¢ riuiepuHoM (30% 006./00.), 3aMopakUBaJIU B SKUIKOM a30Te, U AJIUKBOTHI
xpanwn npu -80°C. AkTuBHOCTH M KadecTBO pekomOuHantHOoro mTET1CD nposepsum ¢
MOMOIIBIO Macc-criekTpoMeTpudeckoro asHainnsa MALDI Ha ocHoBanuu sToro ananusa
pexomOuHaHTHBIE MTET1CD siBnsieTcst MOJIHOCTBIO aKTHBHBIM M CIIOCOOEH KaTaJM3UpOBaTh
okucienne SmC no ScaC. Jlroboe 3HaUUTENBHOE pacIlelIeHHe TECTHPYEMOIr'o MOAEIBbHOIO
OJIMTOHYKJICOTHIA BBIABISUIM mocpenctsoM MALDI, 4to monTBep:kaaio TO, 4TO OeJoK He

COJZIEPIKUT HYKJIeas.
[0143]  Oxucienue ¢ nomougvro TET

[0144] Oxwucnenne ¢ mnomombi NgTET1. [ns okucnennss wmopenpHbix JIHK-
OJIMTOHYKJIEOTUAOB pasMmepoM 222 m. o. ¢ nomowpro Tet 100 ur JIHK pasmepom 222 m. o.
uHKyOnpoBanu B 20 MKJI pacTtBopa, copepskamero S0 MM Oydepa MOPS (pH 6,9), 100 MM
cynbdara xenesa(ll)-ammonusi, 1 MM a-kerormyrapata, 2 MM ackOopOUHOBO#M KUCTOTHL, 1 MM

mutuorpenrona (DTT), 50 MM NaCl u 5 MmxkM NgTET B Teuenne 1 4. mpu 37°C. ITocne 3Toro
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K peakuuoHHoU cmecu noOaensin 0,4 en. mporemnasel K (New England Biolabs) u
uHKyOnposanu B TedeHue 30 muH. npu 37°C. IIpoaykr ouuimain Ha KOJOHKE Zymo-Spin

(Zymo Research) B cooTBETCTBUM C MHCTPYKIMSIMH ITPOU3BOIUTEIS.

[0145] [lna oxucnenus renomHou JIHK ¢ momombro NgTET1 500 vr remomuon /JIHK
uHKyOHnpoBanu B 50 Mk pactBopa, coxepxkamero S0 MM Oydepa MOPS (pH 6,9), 100 MM
cynbdara xxenesa(ll)-ammonusi, 1 MM a-kerormyrapata, 2 MM ackOopOMHOBOM KUCIOTHL, 1 MM
autuorpenrona, S0 MM NaCl u 5 MmkM NgTET1 B teuenne 1 vaca npu 37°C. Ilocne 3Toro k
peakunoHHOM cmecu nodasisiu 4 en. nporennassl K (New England Biolabs) n nuakyOuposanu
B TeueHue 30 muH. pu 37°C. IIponykt ounimanu Ha 1,8X rpanynax Ampure B COOTBETCTBUU

C UHCTPYKIUAMU IMPOU3BOAUTEIIA.

[0146] Oxucaenne c nomompbo mTET1. 100 ur renomuoii JIHK nnkyouposanu B 50 Mk
peakioHHOH cMmecH, conepxkameii 50 MM Oydepa HEPES (pH 8,0), 100 MxM cynbdara
xeneza(ll)-ammonusa, 1 MM a-kerormyrapata, 2 MM ackopOMHOBOH kuciaoTe, 1 MM
autuorpenrona, 100 MM NaCl, 1,2 MM ATP u 4 mxkM mTETICD B teuenne 80 MuH. mipu
37°C. Tlocne storo k peakunoHHoi cmecu nodasmsuu 0,8 en. mporennassl K (New England
Biolabs) u uakybuposaiu B Teuenue 1 yaca mpu S0°C. IIpoaykT ouMiaig Ha KOJOHKe Bio-
Spin ¢ renem P-30 (Bio-Rad) u Ha 1,8X rpanymax Ampure XP B COOTBETCTBHH C

WHCTPYKLMUSAMH POU3BOAUTEIIS.
[0147]  Boccmanosiienue ¢ nomouivio 60panos

[0148] BoccraHoBiaeHue ¢ momomblw muKoAUH-BH:. 25 mMxn 5 M a-nukonuHOOpaHa
(mukomuu-BH3, Sigma-Aldrich) 8 MeOH u S mxa 3 M pacrBopa auerara Hatpus (pH 5,2,
Thermo Fisher) no6asnsmu x 20 Mk o6pasua JJHK u urky6uposami npu 60°C B Teuenue 1 .
IIpoaykT ouninany Ha KOJOHKE Zymo-Spin (Zymo Research) B COOTBETCTBHH C HHCTPYKLUSIMH
npou3BOIUTENS Ut 222 1. 0. WK Ha KosioHkax Micro Bio-Spin 6 (Bio-Rad) B coorBercTBUE C

HHCTPYKLIUAMU MPOU3BOAUTEIA OJI OJIMTOHYKJICOTUAOB.

[0149] B xauectBe amprepHatuBbl, 100 mr 2-nukonuHOOpaHa (mmKoMMHOOpaH, Sigma-
Aldrich) pacteopsin B 187 mxin DMSO ¢ nony4yernem okono 3,26 M pacteopa. Jlist kaknoin
peakuuu 25 MKJ pacTBopa nukonnHOOpaHa u S Mxs 3 M pactBopa anerara Hatpust (pH 5,2,
Thermo Fisher) noGasmstmu k 20 mxn obpasua JIHK u nakyOupoBany B TeueHHe 3 4acoB NMpH

70°C. IIpoaykT ouninany Ha KosioHke Zymo-Spin aist reromHoi JIHK mmm Ha kononkax Micro
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Bio-Spin 6 (Bio-Rad) nmns JIHK-onMroHykieoTHIOB B COOTBETCTBHH C HHCTPYKLUSMH

MPOU3BOAUTECIIA.

[0150] BoccraHoBjeHHe ¢ MOMOLbIO MUpuAnHOOpaHa. 50-100 ur okucnennoi JIHK B 35
MKJI BOABI BOCCTaHaBJIMBaIU B 50 MKJI peakLMOHHON cMmecH, coaepskameit 600 MM pacTtBop
anerarta Hatpus (pH = 4,3) u 1 M nupunuaOopana, B Teuenue 16 yacos npu 37°C u npu 850

00./muH. B Eppendorf ThermoMixer. IIponyxT ouniany Ha KoJoHKe Zymo-Spin.

[0151] Peakuusi mukognHOOpaHa ¢ OTAEJbHBIM HykJeo3uaom. 500 mkn 3,26 M 2-
nukoauHOOopana (mukonnHOopaH, Sigma-Aldrich) 8 MeOH u 500 mxn 3 M pacrBopa arerara
Hatpusi (pH 5,2, Thermo Fisher) no6asmsimu x 10 Mr HaTpueBoit conu 2'-1€30KCUIIUTHIUH-S-
kapOoHoBo#i kucioTel (Berry & Associates). CMech mepememnBaiy B TedeHue 1 daca mpu
60°C. Ilponyxr ounmanu ¢ nomombo HPLC ¢ monmydeHneM 4uCTOro COeNUHEHHs B BUJE
Oenoii menbl. CooTHolneHue Macca/zapsa [M + Nal+, onpeneneHHoe ¢ moOMOLIbIO MS
Boicokoro paspewmenust (Q-TOF): pacuerHoe 3Hauenwe mnsi CoHisN»OsNa: 253,0800;

HaiineHHoe 3HadeHue: 253,0789.
[0152]  Baoxuposanue ShmC

[0153] Baokuposanue ShmC nposoaunu B 20 MKJI pacTBopa, coaepskamiero S0 MM Oydepa
HEPES (pH 8), 25 MM MgCl,, 200 mxM ypumuanudochormokossl (UDP-Glc, New England
Biolabs) u 10 en. BGT (Thermo Fisher), a Taxoke 10 MmkM JIHK-onuronykneorunos ¢ ShmC, B
teyenne 1 4. mpu 37°C. Ilpoaykr oummanu Ha konoHkax Micro Bio-Spin 6 (Bio-Rad) B

COOTBETCTBHH C UHCTPYKLIUSIMU MTPOU3BOAHTEIIS.
[0154]  Baokuposanue 5fC

[0155] bBaokuposanue SfC mposommmu B 100 MM Gydepa MES (pH 5,0), 10 MM O-
stunruapokcunamuna (Sigma-Aldrich) u 10 mxM JIHK-onuronykneotnnos ¢ SfC B TeueHue
2 yacoB mpu 37°C. Ilpoaykr oummanu Ha KosoHkax Micro Bio-Spin 6 (Bio-Rad) B

COOTBETCTBUU C UHCTPYKLUSMHU NPOU3BOIUTEIIS.
[0156]  Baoxuposanue 5caC

[0157] bnokupoBanue ScaC mposomgmmu B 75 MM Oydepa MES (pH 5,0), 20 MM N-
rugpokcucykiuanmuga  (NHS,  Sigma-Aldrich), 20 MM ruppoxiopuma  1-(3-
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auMeTiaMuHomnponin)-3-3tunkapbonuumuna (EDC, Fluorochem) u 10 mxM  JTHK-
omuronykineotnnos ¢ ScaC mpu 37°C B Teuenne 0,5 4. 3atem Oydep 3amensnu Ha 100 MM
docdara natpust (pH 7,5), 150 MM NaCl ¢ ucnionbp3zoBanuem kojioHok Micro Bio-Spin 6 (Bio-
Rad) B cooTBercTBUU ¢ MHCTpYKUMsiMH npon3BoauTesisi. K onuronykiaeorunam nodassuu 10
MM stunamuna (Sigma-Aldrich) u unkyOuposanu B Teuenune | uaca mpu 37°C. Ilpomykr
ouMIand Ha KojJoHkax Micro Bio-Spin 6 (Bio-Rad) B cOOTBETCTBHMM € WHCTPYKUHSIMU

MPOU3BOIAUTEIIS.
[0158]  Oxucaenue ShmC

[0159] 46 mxn [JHK-onmuronykieotunos ¢ ShmC nogsepranu neHaTypaluu ¢ MOMOLIBIO 2,5
mks1 1 M NaOH B Teuenne 30 mun. npu 37°C B nHKyOaTOpe-BCTPSIXUBATEINE, 3aTEM OKHCIISIIN
¢ nomoupio 1,5 Mk pacrBopa, conepxaiero 50 MM NaOH u 15 MM neppyrenarta xanus
(KRuO4, Sigma-Aldrich) B Teuenue 1 yaca Ha npay. IIpoaykt ounimanu Ha KonoHKax Micro

Bio-Spin 6 B COOTBETCTBUU C MHCTPYKLIHUSMH ITPOU3BOIUTEIS.

[0160] Bamuoauyus npespamienus nocpeocmeom TAPS ¢ nomowpro ananusza c

ucnonvzogeanuem Taqal

[0161] IIpeBpamenne SmC mnocie TAPS tectupoBamu mnyrem [IP-ammndukanum
1eJIeBOM 00sacTu, kotopasi coaepkut cant pecrpukuun 1 Taqol (TCGA), u mocnenyromero
pacmerienuss ¢ nomowpro Taqol. Hampumep, mnpespamenne SmC B cOOCTBEHHBIX
oubmmorekax st TAPS MOXXHO TeCTHpOBaTh C UCIOJIb30BAHUEM aMIUIUKOHA pasMepom 194
I. 0., COZIEpIKAINero OAWH calT pectpukumu s Taqol, xoropwiid ammuduUUpOBaH U3
KOHTpOJbHOTO BHyTpeHHero craHnapra JIHK msmOna ¢ mermmupoBanabiMu CpG. Ilpoaykr
I[P, ammmnduurpoBaHHBIA M3 aMIUIMKOHA pa3MepoM 194 m. o., pacmerusuin GepmeHTOM
pectpukuuu Taqal, m mpoaykT pacierieHusi nposepsuin B 2% arapo3Hom reje. [Ipoaykr
[P, ammmudunuposanHelii n3 koHTposbHOW JIHK, He monseprimeiics mpeBpalleHHro,
pacmerusy ¢ momotnbio Taqal, 1 oH neMoHCTpupoOBa ABE MOJOCH B renie. CalT pecTpUKIun
B oOpasie, MmoaBepriieMcs npespameHuto nocpenctsom TAPS, yTpaumBaercss BCIEICTBHE
tpamsuiuu C-T, mosTomMy amruiukoH pasmepoM 194 m. o. Oyaer OCTaBaTbCsl WHTAKTHBIM.
OOumii ypoBeHb NMPEBPAIIEHHsT MOYKHO OLICHMBATh HA OCHOBAHWHW KOJIMYECTBEHHOH OIIEHKU
MIOJIOC B rejie, COOTBETCTBYIOIIMX PACLIEIUIEHHOMY U HEPAaCILIEIUIEHHOMY MPOAYKTAM, U AJIs

yCIIEMIHbIX 00pa3uoB, moasepHyThIX TAPS, oH nomkeH npesbimars 95%.
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[0162] Bkparue, obpazen JHK, mnoxseprimmiics mnpespameHuro, mnoasepramu [I1P-
ammmpukampn ¢ nomombto  JIHK-nomumepaser Taq (New England Biolabs) ¢
cooreercTByromnMH npaiimepami. Ilponyxt I[P nakyOuposanu ¢ 4 equHnnaMu gepmenra
pecrpukuuu Taqoal (New England Biolabs) B 1X 6ydepe CutSmart (New England Biolabs) B

teyerne 30 muH. ipu 65°C U MPOBEPSITH ¢ MOMOLIBIO 3j1ekTpodopesa B 2% arapo3HOM rejie.
[0163] Koauuecmeennas norumepasnan yennan peaxyus (§PCR)

[0164]  Jlns cpaBHEHUS KPUBBIX aMIUTN(UKALIUN U KPUBBIX IUTABJIEHUS MEKAY MOJETIbHBIMU
JHK no u nocne TAPS (¢ur. 11) 1 ur obpasua JJHK nobasnsinm k 19 MK Mactep-MHUKca ISt
[P, conepxarmero 1 x mactep-mukc LightCycler 480 st BbICOKOpa3pelarouero miaBieHus
(Roche Diagnostics Corporation), 250 €M npaiimepoB FW-CCTGATGAAACAAGCATGTC
uRV-CATTACTCACTTCCCCACTT u 3 MM MgSOy4. Tnst [TLP-aMruindpukanuy Ha4yaIpHy0
CTaJUIO AeHaTypauuu npopoawiu B Tedenne 10 mun. npu 95°C ¢ nocnenyromumu 40 nukiaMu
AeHaTypauuu B TedeHue 5 ¢ npu 95°C, omkura B TedeHHE 5 € NIpPU HHIUBUAYAIBHO
HACTPOCHHOMN TeMIepaType OTKUra u yuiauHeHus B Teuenne S5 ¢ npu 72°C. Koneunas cragus
Braovanga 1 muH. mpu 95°C, 1 mun. npu 70°C u mocTpoeHHWe KpHUBOH IUIaBieHHs (miar
npupamenus 0,02°C, ynep:kuBaHHe B TeUEHHE 5 ¢ mepen KakabiM cOOpoM naHHbIX) oT 65°C

1o 95°C.

[0165] Jnsa npyrux anamu3oB PCR mpoBommnm mytem nobaBieHusi HEOOXOAMMOTO
konmmuectBa obpasua JIHK k 19 mxn mactep-mukca ans [TL[P, congepkaiero 1 X Mactep-MHKC
Fast SYBR Green (Thermo Fisher), 200 M mpsimoro u obpatHoro npaiimepos. s TTLP-
aMIUTUHUKALIIA HAYAJIbHYO CTAJHMIO0 JE€HATypauuu nposoxwin B TeueHue 20 ¢ mpu 95°C ¢
nocaenyrommmMu 40 LUKIaMH AeHaTypauuu B TedeHue 3 ¢ mpu 95°C, oTkura u yIIMHEHUS B

tedenue 20 ¢ npu 60°C.

[0166] Bamuoauyus ypoeua memunuposanuns C"CGG ¢ mPHK mESC c¢ nomouipio
ananuza memooom Hpall-qPCR

[0167] 1 mxr gDNA mESC unkyouposanu ¢ 50 eqununamu Hpall (NEB, 50 enuawmy/mn)
u 1X Oydpepom CutSmart B 50 MK peakiuoHHOH cMecHu B TeueHue 16 sacos mpu 37°C. B
koHTpOoNbHOH peakuuu Hpall He mobGaenmsmm. K peaknumonHod cmecn nobaBimsum 1 MK
nporenHassl K wu wHKyOmpoBamu npu 40°C B TeweHume 30 MHHYT € mMocienyromei

uHakTHBauueil nporenHasel K B Teuenne 10 munyt npu 95°C. Benmuuny Ct mist oOpasia,



WO 2019/136413 PCT/US2019/012627
S0

pacieruienHoro ¢ mnomoimbio Hpall, win koHTposdpHOro obpasua U3Mepsuld ¢ MOMOIIBIO
aHam3a merogoM PCR, kak yka3aHO BbIIIE, C COOTBETCTBYIOIIMME HAOOpaMu paiiMepoB JIJis

koHKpeTHbIX nonoxkernit CCGG (mepeunciens! B Tabmuie 9).
[0168]  Cexgenuposanue no Crnzepy

[0169] IIpoaykr IILP ounmanu ¢ mOMOIIBIO 5k30HYKJEa3bl | u menounoit ¢ocdarassl
kpesetkn (New England Biolabs) mmm Ha xononke Zymo-Spin u oOpaOarbiBanu s

cekBeHupoBaHus no CaHrepy.
[0170]  Tecm noepestcoenusn /THK na ¢ppazmenmax paziuyunoii oiunst

[0171] K renomuoii [THK mESC nobGasnsnau BHyTpenHuii ctanmapt B Bume 0,5% JIHK
aamMbna ¢ meruiaupoBaHHbIMH CpG, U ee OCTaBmsIM  He(pParMEHTHPOBAHHOW WIH
obpabaTbIBasN yIIbTPa3BYKOM ¢ momoinsto npudopa Covaris M220 u otOupanu o pasmepy B
auanasone oT 500 no 1 1. 0. mmu ot 1 T. 0. 70 3 T. 0. Ha rpanynax Ampure XP. 200 ur JTHK
ogHokpaTHO okucysi ¢ nomoupio MTETICD u BoccTaHaBiuBanu ¢ MOMOLIBIO KOMILIEKCA
NUPUAMH-00paH, KaK ONHCAHO BBIIIE, WJIM [pEBpallaidi C IOMOINbI Habopa aus
oucynbdurHoro mnpeBpamnenuss EpiTect (Qiagen) B COOTBETCTBUHM C  IPOTOKOJIOM
npomsBogutensi. 10 ur JIHK no u mocne TAPS u 6ucynbpuTHOrO npeBpaeHust MporoHsuiy B
1% araposnom rene. i1 BU3yaJu3alyuu rejib ¢ 00pa3amu, MOABEPTIIUMECS OUCYTbOUTHOMY
NpEeBpaLIeHNI0, OXJakaanu B TeueHne 10 muH. Ha nensHoi Oane. IlpeBpamenne SmC B
obpaszuax, noxseprimuxcs TAPS, TecTupoBanmu C MOMOLIBI aHANM3a PACUIETUIEHUS TOJ

nericrBueM Taqol, kak onucaHo BBILIE.
[0172]  Kyasmusuposanue mESC u evioenenue zenomnoit /JHK

[0173] ESC mbimu (mESC) E14 kynbTUBHpPOBaIN Ha TUIAHIIETAX, MOKPBITHIX JKEJIATHHOM,
B cpene Mrna B monudukanuu dyiasdekko (DMEM) (Invitrogen) ¢ nodasnernem 15% FBS
(Gibco), 2 MM L-rnyramuna (Gibco), 1% Hezamenumbix amuHOKHCTOT (Gibco), 1% cmecu
nernnuue/ cTpenraBuand (Gibeo), 0,1 MM B-mepkanrostanona (Sigma), 1000 exuuuy/MI
LIF (Millipore), 1 mxkM PD0325901 (Stemgent) u 3 mxM CHIR99021 (Stemgent). KynbTypsr

nonaepxuBanu npu 37°C u 5% CO» u nepeceBayiu Kaxxabie 2 THS.
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[0174]  Jna Beimenenus reHomHon JIHK knetkn cobupanu mytem neHTpuyrupoBaHHs B
teueHue 5 muH. npu 1000 x g u komuaTHOU Temneparype. JIHK sxctparuposanu ¢ moMoLbo

Habopa Quick-DNA Plus (Zymo Research) B cooTBeTCTBHHU C TPOTOKOJIOM NMPOU3BOIAUTEIIS.
[0175]  Iloayuenue gDNA mESC ons TAPS u WGBS

[0176] s momHOreHOMHOTO OHCyNbhuTHOTO cekBeHupoBanus (WGBS) k gDNA mESC
nobasysuiu BHyTpeHHUN ctraHaapt B Bune 0,5% nemerwnuposanHoi JIHK msamOpa. s
noigHoreHoMHoro TAPS k gDNA mESC noGasnsnu BHyTpeHHuii cranmapt B Bume 0,5%
metunrposanHoit JIHK msimOna u 0,025% nHemonuuimpoBaHHbIN KOHTPOJIbHBIN BHYTPEHHUN
crannapt pasmepoM 2 1. 0. O6pasusr JJHK dparmentuposanu ¢ momoureio npudopa Covaris
M220 u orbupanu o pasmepy B nuanasone 200-400 . o. Ha rpanynax Ampure XP. K JIHK
st TAPS nononauTensHO n00aBisin BHYTpeHHUI craHaapt B Buae 0,25% KOHTPOJBHBIX
onmuronykineoTaoB ¢ NSmCNN u NShmCNN nocnie otdopa mo pa3mepy ¢ MOMOLIBIO TPaHyJT
Ampure XP.

[0177]  Hoanozenomnoe bucytvpumnoe cexeenuposanue

[0178] Jlnsa monHoreHoMHOro OucyabpuTHOro cekBeHupoBanusi (WGBS) ucnonb3oBanu
200 sr ¢parmentupoannoit gDNA mESC ¢ nobaBneHueM BHYTPEHHErO CTaHIApTa B BUIE
0,5% wnemerwnuposanHoii JIHK Oakrepuodara nsmOna. Peakuuio penapanuu KOHIIOB U
NPUCOCOMHEHUST A-«XBOCTa» W JIMTHUPOBaHWE MeETHIHpPOBaHHBIX anantepoB (NextFlex)
noarotasauBaiy ¢ nomoinbio Habopa KAPA HyperPlus (Kapa Biosystems) B COOTBETCTBUY C
npoTtokoyioMm npousBonutessa. 3arem JIHK moneepramu OucynbGUTHOMY MpEeBpAINEHHIO C
nomMomeo Habopa s oucynspuTHOro npespamenuss EpiTect (Qiagen) B cooTBeTcTBUU C
nporokosioM lllumina. Koneunyro 6ubnanoreky aMrmunduuupoBaiyd ¢ IOMOLIBIO MOJMMEPa3bl
KAPA HiFi Uracil Plus (Kapa Biosystems) B TeueHue 6 HUKJIOB U ouninany Ha 1X rpanynax
Ampure. bubnnorexy st WGBS-cexBeHIpOBaHUS MOABEPTAIN CEKBEHUPOBAHHIO CITAPEHHBIX
KOHLIOB C pa3MepoMm (pparmentoB 80 m. o. Ha cekBenatope NextSeq 500 (Illumina) c
HCTIONIb30BaHMUEM HaOopa Ul BBICOKOMPOM3BOAUTENBPHOTO cekBeHupoBaHus NextSeq ¢ 15%

oubmorekoit PhiX B kadecTBe KOHTPOJIBHOTO BHYTPEHHETO CTAHIAPTA.

[0179] Hoanozenomnoe TAPS
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[0180] Jlna momunoreHomHoro TAPS mcnons3oBamu 100 Hr ¢parmenTupoBaHHOi gDNA
mESC ¢ nobaBneHHbIME K Hell BHyTpeHHUM cTaHaapToM B Buze 0,5% merunuposanHoi JIHK
asamOna u 0,025% neMonupUIMPOBAHHBIM KOHTPOJIbHBIM BHYTPEHHUM CTAaHIAPTOM Pa3MepPOM
2 T. 0. Peakuuro penapauiuy KOHIIOB U IPUCOEANHEHMsI A-«XBOCTa» U JINTUPOBAHUE aJaliTEpPOB
T MyJIbTHTUIEKCHOTO cekBeHupoBanus [llumina moarorasnueanu ¢ momombsio Habopa KAPA
HyperPlus B coorBercTBUM ¢ mpoTOKOJNIOM mpousBoaurens. Jluruposanuyro JJHK neakmei
okucisu ¢ nomoinbio MTET1CD, a 3areM BoccTaHaBIMBAIM C IIOMOLIBIO MTUPUAMHOOPAHA B
COOTBETCTBHM C IPOTOKOJAMH, ONUCAaHHbIMH Bblme. Koneunyro Oubnmoreky s
CeKkBeHHpoBaHus amrutuduuposaiu ¢ nomombo nonumepassl KAPA HiFi Uracil Plus B
Te4yeHue S5 LUKJIOB U ouninaiu Ha 1X rpanynax Ampure. bubnuoreky s NOJIHOr€HOMHOTO
TAPS noxBepraiym cCeKBEHUPOBAHHIO CIIAPEHHBIX KOHLIOB ¢ pasmMepoM (parmenTtos 80 m. 0. Ha
cekeHaTope NextSeq 500 (Illumina) ¢ wucmomp30BaHWEM OXHOrO Habopa Uit
BBICOKOIIPON3BOAUTENBHOrO cekBeHnpoBanusi NextSeq ¢ 1% Oubnmnorekoit PhiX B xauecTse

KOHTPOJIBHOTO BHYTPEHHETO CTaH/apTa.

[0181] Ilonnozenomnoe TAPS Onsa 06pa3syoe ¢ HUSKUM 66OOUMBIM KOIUYECHIBOM C

UCHOb306anUEM HAOOPOG 071 nojtydenusn oubiuomex dsDNA

[0182] gDNA mESC, nony4yeHHyr0, Kak OMHCAHO BbIIE JUIsI MOJHOreHOMHOro TAPS,
UCTIONb30BAJIH 1J1s1 TOJTHOTeHOMHOTro TAPS 1tst 00pa3ioB ¢ HU3KUM BBOAMMBIM KOJIMYECTBOM.
Bkparue, o6pasipl, conepskamue 100 Hr, 10 Hr u 1 ar gDNA mESC, onHOKpaTHO OKHCIISUIHU C
nomotbto NgTET1 B cooTBETCTBUM € POTOKOJIOM, ONKMCAHHBIM BbIlIe. Peaknuo penapanuu
KOHLIOB M TPHCOENUHEHHs A-«XBOCTa» M JIUTHMPOBAHUE IMPOBOAMJIM C MOMOINBI Habopa
NEBNext Ultra II (New England Biolabs) mniu KAPA HyperPlus B coorsercTBuu €
nporokosioMm npomsBomurerst. 3atem JIHK moasepramm peakuuu ¢ MUKOIMHOOPAHOM, Kak
OMUCaHo BhIlIe. BubmMoTeky, moaBepruIrecs NPeBpaLIeHUI0, aMILTH(UMPOBATH C TIOMOLIBIO

nojiumepasbl KAPA HiFi Uracil Plus u ounmanu Ha 1X rpanyinax Ampure.

[0183] oanozenomnoe TAPS Ons o6pa3zyoé ¢ HUBKUM BBOOUMBIM KOIUHECHIBOM C

UCRO/Ib306AHUEM HADOPA O0i1s nojiydenus oudiuomex ssDNA

[0184] gDNA mESC, nonydeHHyro, Kak OMNHMCAHO BbIlE JJIsi MOJHOreHOMHOro TAPS,
UCTIONIb30BAJIH 1J1s1 ToSTHOreHOMHOTro TAPS 1utst 00pa3ioB ¢ HU3KUM BBOAMMBIM KOJIMYECTBOM.
Bkparue, obpasupl, conepxkamue 100 wvr, 10 wmr, 1 ur, 100 or u 10 or gDNA mESC,

ONHOKpaTHO okuciasimu ¢ nomouptd NgTET] u  BOCCTaHaBnuBaiuM C  MOMOLIBIO
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NUKOMMHOOpaHa, KaK OMMCAHO BbIille. BUOIMOTEKM Il CEKBEHHUPOBAHUS TMONYYATH C
ucnojp3oBannemM Hadopa s monydyenus oubmmorexk JIHK Accel-NGS Methyl-Seq (Swift
Biosciences) B COOTBETCTBUM € MPOTOKOJIOM mpousBoauTess. KoHeuHele OnOIMOTEKH
ammumudunuposamu ¢ nomoinbto nonuMepassl KAPA HiFi Uracil Plus B Teuenue 6 nukios
(100 nr), 9 muksos (10 =r), 13 mukmnos (1 ur), 16 nuknos (100 nr) u 21 nukna (10 nr) u

ountaiau Ha 0,85X rpanynax Ampure.

[0185] B mpyrux skcnepumentax gDNA mESC, nonyueHHyr0, Kak ONHCAHO BBIIIE JJIs
nojHorenomHoro TAPS, ncnonb3oBanu ayis nonHoreHoMHoro TAPS st 00pasios ¢ HU3KUM
BBOJIMMBIM KoJTH4uecTBOM. Bkpatue, oOpasiel, conepxkatiue 100 vr, 10 ar u 1 ar gDNA mESC,
HCTIONIb30BAJIM ISl PEAKIMH perapalii KOHLIOB U PUCOEANHEHUsS] A-«XBOCTa» U JIMTUPOBAJIU
C ajanTepaMu JJIsi MYJBTUIUIEKCHOTO cekBeHnpoBanus Illumina ¢ momomero Habopa KAPA
HyperPlus B cOOTBETCTBUHU C MPOTOKOJIOM Mpou3BoauTessi. JIuruposaHnHsle 0Opasipl 3aTeM
ogHokpaTHO okucisuin ¢ nomombio MTETICD, a 3arem BoccTaHaBIMBAJIU C MOMOILBIO
NUPUAMHOOpPaHA B COOTBETCTBHM C IPOTOKOJAMH, ONHMCAHHBIMU Bble. bubnmoreky,
MOABEPIIINECsS TpeBpaleHnto, aMmiuuduuupoBamu ¢ nomouso nonumepassi KAPA HiFi
Uracil Plus B Teuenue 5 uukios (100 #r), 8 muksios (10 Hr) u 13 umkiios (1 Hr) U OYUIIATH HA

1X rpanynax Ampure XP.
[0186] TAPS ons éneknemounou /[HK

[0187] OoOpasubl BHekneTouHou JIHK nns TAPS monyuanmu u3z 10 Hr u 1 Hr obpasuoB
BHekserouHort JIHK. Bxparue, obpasusr ogHokpaTHO Ookucimsuii ¢ nomompio NgTET1 u
BOCCTAHABIIMBAJIA C TOMOINBI MUKOJMHOOpaHA, KaK OMNHMCAHO BbIe. bubmuoreku s
CEeKBEHHPOBAHMSI TMOJyYaJid C HCIONb30BaHHEM Habopa st mojydeHus oubmmuorexk JIHK
Accel-NGS Methyl-Seq (Swift Biosciences) B COOTBETCTBUH ¢ MIPOTOKOJIOM MPOU3BOIUTEIIS.
Koneunsie 6ubnunorexn amrmundunuposanu ¢ momoinsto nomumepassl KAPA HiFi Uracil Plus

B TeueHne 9 ukios (10 Hr) u 13 mukos (1 #r) u ounmanu Ha 0,85X rpanynax Ampure.

[0188] B nmpyrux skcnepumentax obpasisl BHekseTouHol JIHK nist TAPS nonyyanm u3 10
Hr 1 | Hr obpasuos BHekseTouHol JIHK, kak ommcano Beime ans noigHoreHomHoro TAPS.
Bkparue, obpasisr BHekaeTouHoM JIHK ucrmonb3oBanu st peakuuu penapanud KOHIOB U
NPUCOCOMHEHUS] A-«XBOCTa» M JIMTHPOBAIM C aganTepaMH sl  MYJbTHILUIEKCHOTO
cekBeHupoBanus Illumina ¢ mnomomero Habopa KAPA HyperPlus B coorBerctBum ¢

NPOTOKOJIOM TpousBoguTeNs. JlurupoBaHHble 00pasmbl 3aTe€M OJHOKPATHO OKHCISUIH C
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nomompto MTETICD, a 3aremM BOCCTaHaBIMBA M C TOMOIIBKO NUPUAMHOOpPaHa B
COOTBETCTBHHM C TMPOTOKOJAMH, OIMCAHHBIMU Bble. bubnmorexn, moasepruinecs
npeBpalieHuto, aMmriuuduuposann ¢ momomeio nomuMepasbl KAPA HiFi Uracil Plus B

tedeHue 7 1mkioB (10 Hr) u 13 nuxios (1 Hr) u ounmanu Ha 1X rparynax Ampure XP.
[0189] Oépabomra oannsix WGBS

[0190] Puxpel co cmapenHbiMu koHmamu 3arpykamu B ¢opmatre FASTQ w3 Illumina
BaseSpace u 3aTem oOpesanu B Xxone KOHTpoJs kadectsa ¢ nomouibio Trim Galore! v0.4.4
(https://www bioinformatics.babraham.ac.uk/projects/trim_galore/). Ilapsl punoB, B KOTOPBIX
IO MeHbIueil Mepe onuH pua ObLT Kopode 35 1. 0. mocie obpesanus, ynansui. OOpe3aHHbIe
pPUABI KAPTHPOBAJIN HA TEHOM, B KOTOPOM ObLITM OObeIMHEHbI BepCHsi mm9 reHoMa MbIIIH, ¢ar
asm6Oaa u PhiX (nmocnenosarensHocTh U3 lllumina iGENOMES), ¢ ucnons3oBanuem Bismark
v0.19 ¢ ucnons3oBanuem napamerpa --no_overlap (F. Krueger, S. R. Andrews, Bismark: a
flexible aligner and methylation caller for Bisulfite-Seq applications. Bioinformatics 27, 1571-
1572 (2011), BxitOUYEHHAss B AAHHBIA JOKYMEHT IOCPEICTBOM CChUIKH). Puibtp «Tpu C»
UCTIONb30BAIM Uil YAAJIEHHUs PHIOB C YPE3MEPHO BBICOKUMH TIOKA3aTENSIMU YaCTOThI
orcyrcTBust  mpeBpameHusi. I[TI[P-nmyOnukatel  pacno3HaBaiu ¢ momompio  Picard
MarkDuplicates v1.119 (http://broadinstitute.github.io/picard/). OOnacTH, 0 KOTOPBIX
HU3BECTHO, YTO OHHU CKJIOHHBI K HAJIUYIHIO apTe(baKTOB KapTUPOBAaHUA, 3arpykajin
(https://sites.google.com/site/anshulkundaje/projects/blacklists) u HCKJTFOY AU u3
nanpHermero ananmusa (E. P. Consortium, An integrated encyclopedia of DNA elements in the
human genome. Nature 489, 57-74 (2012), BKIItOYEHHAs] B JAHHBIH JOKYMEHT MOCPEICTBOM

CCBUIKH).
[0191]  IlIpeosapumensvnan obpabomka oannvix TAPS

[0192] Puasl co cmapeHHbIMU KOHIamu 3arpyxanmu u3 Illumina BaseSpace u 3arem
oOpe3ann B Xxonme KOHTpoJisi kadecTBa ¢ momombto Trim Galore! v0.4.4. Ilapsl punos, B
KOTOPBIX IO MEHbLIEH Mepe OnWH pux ObUT Kopode 35 m. 0. mociie oO0pe3aHusi, yIOasulq.
OOpe3aHHble puUABl KapTHPOBAJIM HA T€HOM, B KOTOPOM ObutM  OOBEIMHEHBI
MOCJIEIOBATEIbHOCTH BHYTPEHHUX CTaHAAPTOB, (ar sissmMOaa u Bepcus mm9 reHomMa MBbILIH, C
ucnonpzoBanueM BWA-MEM v.0.7.15 (H. Li, R. Durbin, Fast and accurate short read
alignment with Burrows-Wheeler transform. Bioinformatics 25, 1754-1760 (2009),

BKJIFOUEHHAs] B JAHHBIH JOKYMEHT MOCPEICTBOM CCBUIKH) C TApaMeTPaMH MO YMOIYAHHIO.
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Obnacty, 0 KOTOPBIX M3BECTHO, YTO OHH CKJIOHHBI K HAJIWYMIO apTe(paKkTOB KapTHPOBAHMS,
sarpyxamu (https://sites.google.com/site/anshulkundaje/projects/blacklists) u uckmouanu u3

nanpHeimero ananmusa (E. P. Consortium, Nature 489, 57-74 (2012)).
[0193]  Bwiasrenue ocnosanuil, noosepeuiuxcs npeepamjenuio é xooe TAPS

[0194] BreipoBHeHHBIC puAbl pa3gessuii Ha ucxoaHyk BepxHiO (OT) m uCXomHyO
HiokHIOID (OB) e ¢ mMOMOLIBIO CHeUaNbHO paspaboranHoro ckpunra python3 (MF-
filter.py). 3arem ynansnu IILP-nybnukate!r ¢ nomouieto Picard MarkDuplicates nHa OT u OB
no otaenpbHocTH. IlepekpbiBarolyecss CErMEHThl B Mapax pPHAOB YAASUIM C IOMOLIBIO
clipOverlap B BamUTil (https://github.com/statgen/bamUtil) u3 kaprTuposanubix pugos B OT u
OB nocne ynanenusi 1yOiaMKaTOB MO OTAENBHOCTH. Moau(pUIMPOBAHHBIE OCHOBAHUSI 3aTE€M
BBISIBJISUTA C TOMOLIBIO samtools mpileup u crenuansHO pa3pabotaHHOro ckpunra python3

(MF-caller MOD .py).
[0195] Ananus kauecmea cexeenuposanus 011 TAPS u WGBS

[0196] CraTtucTuueckue nmoka3aTeu KauyecTBa AT KaKI0r0 THUIIA HYKJIEOTHIOB U3BJICKATH
u3 ucxonubix ¢aiioB FASTQ, 3arpyskennsix u3 Illumina BaseSpace, ¢ momoripio ckpumnta

python3 (MF-phredder.py).
[0197]  Ananusz oxeama ons TAPS u WGBS

[0198]  Daiinbl ¢ maHHBIME OO0 OXBaTe IeHOMA Ui KaKIOrO OCHOBAHUSI CO3[aBald C
nomotibio Bedtools v2.25 genomecov (A. R. Quinlan, I. M. Hall, BEDTools: a flexible suite
of utilities for comparing genomic features. Bioinformatics 26, 841-842 (2010), BkiroueHHast B
JAaHHBIA OKYMEHT MOCPENCTBOM CChUTKH). [t CpaBHEHUS! OTHOCHTENBHBIX PaCHpeaesieHHH
oxBata Mexay TAPS u WGBS u3 punos TAPS orOupanu nmoaBeIOOPKY OO TOCTHXKEHHUS
MeIMaHHOTO OXBaTa, cooTBeTCTBYIOmEero WGBS, ¢ nenons3oBanneM napamerpa -s B samtools
view. B amanmmsax cpaBHenuss oxsata B WGBS u TAPS B monsbiOopke HCHOIB30BAIH

clipOverlap ans bam-¢atinos, monyuennsix kak B TAPS, tak u 8 WGBS.
[0199] Awnanuz moouduxayuit yumosuna, uzmepenusix ¢ nomouipio TAPS u WGBS

[0200] Jlonro MOAU(UIIMPOBAHHBIX PUAOB HAa OCHOBAHHME PACCUYHUTHIBAIH W3 BBIXOIHBIX

nanHbIx Bismark u BbxonmHbeix manabix MF-caller MOD .py coorBercTBeHHO. Haxoxnenue
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nepeceyeHnii MpOoBOMWIN C ToMmollpio Bedtools intersect, a craTUCTHYeCKHE aHATU3bI U
¢urypsi co3naBanu B R u Matlab. O6nactu renoma Busyanusuposaiu ¢ nomoisio IGV v2.4.6
(J. T. Robinson et al., Integrative genomics viewer. Nat. Biotechnol. 29, 24-26 (2011),
BKJIFOYCHHAs] B JAHHBINA JOKYMEHT MOCPEACTBOM CChUIKH). JlJisi mpencraBineHus: Ha rpaduke
oxBata u ypoBHeil moanpukauuii Bokpyr CGI Bce koopaunater CGI gt mmO 3arpyxanu u3
reHomHoro Opaysepa UCSC, rpynnupoanu B 20 OKOH U yBeTHYUBaIU A0 50 OKOH pa3MepoM
80 m. 0. ¢ obeux CTOPOH (HO TEX IMOp, NMOKA OHM HE AOCTHTalX TOJOBUHBI PACCTOSIHHUS 1O
cnenytomero CGI). Cpennue ypoau monudukanuii (B8 CpG) u oxBaT (BO BCEX OCHOBaHUSIX
s 00enx Liernel) B KaXKIOH CeKIUU BBIYUCISIIN ¢ nomolnbio Bedtools map. 3Hauenust s

KaXXJIOM CEeKIIMU CHOBA YCPEIHSIM U 3aTeM HaHOCHIJIM Ha rpaduk B Matlab.
[0201] Mooeruposanue epemenu 0opabomrku OaHHbLX

[0202] IlomyueHue CHUHTETHYECKHX PUAOB IPU CEKBEHUPOBAHMM CIIAPEHHBIX KOHIIOB
mMozenupoBanu ¢ nomomibio ART42 Ha ocHOBe reHoma (ara jgaMOaa (¢ mapamerpamu -p -ss
NS50 --errfree --minQ 15 -k 0 -nf 0 -1 75 -¢ 1000000 -m 240 -s O - ir O -ir2 O -dr O -dr2 O -sam
-rs 10). 50% Bcex monokenuii CpG 3aTeM oTMeYaan Kak MOAUGMULIUPOBAHHBIE, U MOJNyYain
nse Oubnmuoreku, anst TAPS (¢ mpeBparueHneM Moau(UIMPOBAHHBIX OCHOBAHUI) JHOO IS
WGBS (¢ mnpeBpaineHneM HeMOIU(DHUIMPOBAHHBIX OCHOBAaHMIA), C HCIOJIB30BAHHEM
crienuasbHO pa3paboraHHOro ckpunra python3. Punbl 3aTrem oOpabaThiBaiu B COOTBETCTBUU C
KOHBeepoM 00pabOTKHM JAaHHBIX, UCTIOJNB3YEMbIM Uil KaKIOTO M3 CHOCOOOB B JOKYMEHTE.
Bpewmst 06paboTku uM3Mepsuii C MOMOINBIO KoMmaHAbel time Linux. Bce cranum ananmsa

MPOBOAMIIN B OHOMOTOYHOM peskume Ha ogHoM CPU Intel Xeon ¢ o6vemom mamsitu 250 I'B.

[0203] Pe3yabTathl U 00CYKIAEHHE

[0204] Bruto oOHapyxkeHO, yTo MukoJUH-BH3 MoskeT obecredunBaTh Jierkoe mpeBpalieHmne
5C u 5caC B DHU mnocpencTBOM paHee HEHM3BECTHOW pEAKLIUU BOCCTAHOBHUTEIHLHOTO
nexapOokcunupoBanus/nesamuaupoBanus (¢ur. 4). C nomorbto MALDI Ob110 MOKa3aHo, YTO
peaxIus SIBJISIETCS] KOJIMYECTBEHHOM KaK B CJTydae ¢ OTAEIbHBIM HYKJICO3UAOM, TaK U B ClTy4dae

¢ onuronykyeorunamu (¢ur. 2-3 u 6-7).

[0205] 11-mepubnit JIHK-onmuronykneorun, coaepxkamiuii ScaC, uCmonb30Bajal B KAYECTBE
MOACIN IJid CKPUHUHIa XUMHUYCCKUX BELICCTB, KOTOPBIC MOIYT p€arupoBaThb C 5caC, qTO

OTCJIKUBAIN C TIOMOLIBI0 MAaCC-CIIEKTPOMETPUH C MAaTPUYHO-aKTHBUPOBAHHOMN JIa3e€pHOU
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necopouuneii/nonmnsanueii (MALDI). beuto oOHapyskeHO, 4TO HEKOTOPBIe DOpaHOCOIEPKALIIE
coequHeHus: 3(pPeKkTUBHO pearupyroT ¢ osuronykieorupamu ¢ ScaC, YTO TPUBOAWT K
CHIDKEeHUIO MoJiekyJisipHor Maccel Ha 41 [la (pur. 1 u 2). ITupuaunbopan u ero mpou3BOAHOE
2-nukonuHOOpaH (MUKOIMHOOpaH) OBUT OTOOpAHBI JJIsl AOTMOJHHUTEIHHOTO HCCIIEIOBAHUS,
MOCKOJIbKY OHHU SIBJISTIOTCS KOMMEPUYECKH IOCTYIMHBIMU M JKOJIOTMUECKH Oe30macHbIMU

BOCCTAHOBUTCJIAAMMU.

[0206] Peakuuro ¢ oTAenbHBIM Hykjiaeo3uaoM ScaC mOBTOPWUIIM, U TMOATBEPAWIH, UTO
nUpUAUHOOpPaH M TUKOIMHOOpaH oOecmeunBaroT mnpeBpameHue S5caC B IUTHAPOYpPALIAI
(DHU) (¢ur. 3, 4B). HurepecHo, 4yTO mnupuauHOOpaH M NHUKOIMHOOpaH, Kak ObLIO
oOHapyxeHo, Takxke obecneunBaror npespawmenne SfC B DHU mocpencTtBom kaxyrierocs
MEXaHH3Ma BOCCTAHOBHUTEJBLHOIO AekapOokcunupoBaHus/nesamunupoBanus (¢ur. 4C u 6).
ITonpoOHbIit MexaHn3M 00eHX peakiui ele MPeaCTOUT onpenenuTs. KonnuecTBeHHbII aHan3
peakuuu 6opanos ¢ JIHK-onuronykneorunamu nocpenctsom HPLC-MS/MS noareep:knaer,
4yro nukojauHOopaH obecnieunBaer npespamenne ScaC u 5fC B DHU c¢ s¢ddextuBHOCTBIO,
cocTaBisioLIei 0kosio 98%, u He 00J1amaeT aKTUBHOCTBIO B OTHOLIEHUH HEMETHUJIMPOBAHHOTO

muro3uHa, SmC win ShmC (¢ur. 2B).

[0207] Byayuu npousBoaHbiM ypawmiia, DHU moxer pacnosHaBatbest kak [IHK-, Tak u
PHK-nonumepasamu kak TUMuH. ClienoBaTeabHO, BOCCTAHOBJIEHHE C TOMOLIbIO OOpaHOB
MOYKHO MPUMEHSTh 1J1s1 HHAYKIuK Tpansuuuil kak ScaC-T, tak u SfC-T u MOXXHO PUMEHSITH
s cekBenupoBanust SfC u ScaC ¢ paspemeHneM 10 OTHOTO OCHOBAaHMS, KOTOPOE aBTOPBI
HACTOSIIIETO N300pEeTEeHUsT Ha3BaIl MUPUAMHOOPAHOBBIM CekBeHupoBaHueM («PSy») (Tabnmua
6). Boccranosnenue SfC u 5caC no T ¢ momourpto OOpaHOB MOXKHO OJIOKHPOBATh MyTEM
koHbrorupoBanus ¢ ruapokcmiamuHoM (C. X. Song et al., Genome-wide profiling of 5-
formylcytosine reveals its roles in epigenetic priming. Cell 153, 678-691 (2013), BximroueHHast
B JAHHBII JOKYMEHT mocpenctBoM ccbuiku) u ces3biBaHust ¢ EDC (X. Lu et al.,, Chemical
modification-assisted bisulfite sequencing (CAB-Seq) for 5-carboxylcytosine detection in
DNA. J. Am. Chem. Soc. 135, 9315-9317 (2013), BxiroueHHast B IaHHBIA JTOKYMEHT
MOCPENCTBOM CCBUIKH) COOTBETCTBEHHO ((ur. 6). Takoe OIOKUpPOBaHME TTO3BOJISIET TPUMEHSITh

PS nnsa cneundununoro cexksenuposanust STC nmm ScaC (tabnuua 6).
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Taoauna 6. CpaBaenne BS u cesi3anHbIX crtocoboB ¢ PS B oTHOmeHnn ceksernpoBanus SfC

u 5caC

OcuoBanun |B  fCAB- caCAB fC- |P PS ¢ PS c
e S Seq/redBS -Seq CE (S OnokupoBaHue OJIOKHpOBaHHE
-Seq T m SfC M ScaC

C T T T C C C C

SmC c C C C C C C

ShmC c C C C C C C

SIC T C T T T C T

ScaC T T C C T T C

[0208] Kpome Toro, pepmentsl TET moskHO npumensts st okucnenus SmC u ShmC no
5caC, a 3arem 5caC MOXKHO MOABEpPraTh BOCCTAHOBJIEHHIO C MOMOIIBIO OOpaHOB B criocode,
KOTOpPBIH B JaHHOM JIOKYMEHTE HAa3bIBAeTCs NHPUIUHOOPAHOBBIM CEKBEHHPOBAHUEM C
ucnionb3oBanneM TET («TAPS») (¢ur. 5A-B, tabmuna 1). TAPS MoxxeT MHAyLHPOBATH
tparsuuuio C-T B orHomennn SmC u ShmC u, cnenoBaTeNbHO, MOXKET MPUMEHSTbCS IS

BoisiBiieHHst SMC u ShmC ¢ pa3pemerreM 10 OTHOrO OCHOBAHUSI.

[0209] Kpowme toro, B-rmokozuntpanchepasza (BGT) mosker obecneunBath Meyerne ShmC
TJIFOKO30M M TEM CaMbIM 3aIIUIIaTh ero oT okuciaenus nox nevictsueM TET (M. Yu et al., Base-
resolution analysis of 5-hydroxymethylcytosine in the mammalian genome. Cell 149, 1368-
1380 (2012)) u BoOccTaHOBIEHUsI MOA AeiicTBHeM OopaHoB (¢ur. 7), 4To obecrneunBaeT
u30upaTenbHOe CeKBEHUpOBaHUE TOJIbKO SmC B cocode, Ha3pIBa€MOM B JAHHOM JJOKYMEHTE
TAPSB (¢ur. SB, tabnuna 1). 3atem caiitel ShmC moryt ObITh pacmudpoBaHbl MyTeM
BbiunTanus usmepernii TAPSP u3 usmepennii TAPS. B kauecTBe alibTepHATHBBI, TIEPPYTEHAT
kanusi (KRuQO4), peareHT, paHee HCIHOJb30BABLIMICS B OKUCIUTEIBHOM OUCYJIbOUTHOM
cexBeHuposanuu (0xBS) (M. J. Booth et al., Quantitative Sequencing of 5-Methylcytosine and
5-Hydroxymethylcytosine at Single-Base Resolution. Science 336, 934-937 (2012)), MoxHO
ucnonb3oBath Ayt 3aMeHbl TET B kadecTBe XUMHUYECKOTO OKHCIHUTENS MUl CIIELU(HUIHOTO
okucienus ShmC nmo SfC (¢pur. 7). DTOT moaxoxd, Ha3bIBaeMbli B JAHHOM JOKYMEHTE
«MUPUAUHOOPAHOBBIM CEKBEHHPOBAHHEM C HCIOJNBb30BAHUEM XHUMHYECKHX BEIIECTBY
(«CAPS»), MOXHO IPUMEHSATH TS cnierpuyaaoro ceksenupoBanust ShmC (¢ur. 5B, Tabnuua
1). CnenoBatenvHo, TAPS u cBsi3aHHBIE C HUM CIIOCOOBI MOTYT B MPHHLUIE MPEIOCTABIATH
NOJIHBINT KOMIUIEKC CPEICTB JJIsl CEKBEHHPOBAHUS BCEX HYETHIPEX SIUTCHETHUECKUX

moaudukanmii nurosuHa (¢ur. SB, Tabnauua 1, Tabnuua 6).
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[0210] ITpumenenue TAPS B otrmenpHOCTH Takke oOOeCneuMBaeT  BBISIBICHHE
cymectByromux SfC u ScaC B renome. OgHaxo, ¢ yueToM kpaitne Hu3kux yposHer STC u ScaC
B reHomuoi JIHK B HOpManpHBIX yClOBUsX, 3TO Oynmer mnpuemnembiM. Ecnu mpu
OTIPENIENIEHHBIX YCIIOBUAX JKEIATeNbHO MOJHOCTBI0 HCKounTh curHanel SfC u ScaC, sto
TaKke MOXeT ObITh Jerko pocturiyro mnyrtem 3amurbl SfC u ScaC  mocpenctBom
KOHBIOTUPOBAHUS ¢ TUAPOKCUIAMUHOM U cBsA3biBaHUsI ¢ EDC cOOTBETCTBEHHO, 3a CUET 4ero

oOecrieunBaeTcs mpenoTBpatnenue npespamenus 8 DHU.

[0211] DOddexruBnocte TAPS onenuBanm mnpu CpaBHEHUH C  OHCYJIb(QUTHBIM
CEeKBEHHPOBAHHEM, KOTOpOE€ SIBJSIETCS CYLIECTBYIOIIMM CTaHJAPTOM U HauOojiee LIHPOKO
npumeHsieMbIM criocobom st kaptupoBanus SmC u ShmC ¢ paspemeHneM 10 OJHOTO
ocHoBanus. Ucnonb3oBanmu TET-nopoOnyro okcurenasy Naegleria (NGTET1) u Tetl mbimn
(mTetl), mockonbky oM 00a MoryT obecneunsath 3¢pextuBHoe okucaenne SmC no ScaC in
vitro. Ina noarsepxxaenust Tpamzuuuu SmC-T TAPS npuMeHsnu B OTHOLIEHUH MOJENbHON
JHK, conepaineii mOMHOCTBIO MeTHiIupoBaHHbIe caiitbl CpG, U ObLIO MOKa3aHO, YTO OH
moxer obecneunBath d(p¢dexkTuBHoe npeppaiieHue SmC B T, kak MpoOAEMOHCTPUPOBAHO C
MOMOLIBIO  paciueruieHus: ¢pepmenTamu pectpukuuu (¢ur. 8A-B) u cexBeHUpOBaHHS O
Conrepy (¢pur. 9A). TAPSP u CAPS Takke BaMIUPOBAIN C TIOMOIIBIO CEKBEHUPOBAHUS 110

Conrepy (¢ur. 12).

[0212] TAPS raxke npumeHssiu B otHomeHnunn reHomHou JIHK (gDNA) wu3
SMOPHOHANBHBIX CTBOJIOBBIX KiIeTOK Mbimm (MESC). KonuuecTBeHHass OIlEHKa METOIOM
HPLC-MS/MS mnokazana, 4to, kak u oxkupanock, SmC cocrasisier 98,5% wmomudukanmii
muro3uHa B gDNA mESC; ocramprast ux wacte cocrout m3 ShmC (1,5%) u cnenoBbix
xonmdectB STC u ScaC nmpu orcyrcreuu DHU (¢ur. 9B). ITocne okucnenus ¢ nomombio TET
npubm3uTensHo 96% Momudukanmii nuTo3uHa oKuCIsIIHCh 10 ScaC, a 3% OKUCISITUCH 110
5fC (¢ur. 9B). Ilocrne BOCCTAaHOBJIEHUS ¢ MOMOIIBKD OopaHOB Oonee 99% monudukamii
ro3nHa npespamanuck B DHU (¢ur. 9B). OTu pe3ynbpTaThl AEMOHCTPHPYIOT, YTO Kak
okucnerne ¢ nomoupd TET, Tak M BOCCTaHOBJIEHHE C MOMOLIBIO OOpaHOB 3PPEKTHBHO

paboTaroT nmpuMeHuTeNbHO K reHomHou JIHK.

[0213] Kak okucnenne ¢ nomombo TET, Tak 1 BOCCTaHOBJIEHHE C MOMOIIBIO OOpaHOB
SIBJIIIOTCST MSITKUMU  peakiusiMu 6e3 3ametrHoro paspymenuss JHK mo cpaBHeHuro ¢

oucynbdurom (pur. 10A-D) u, Takum 00pa3om, 00eCIIeUnBaIOT BHICOKYIO CTENIEHb H3BJICUEHUS
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JHK. J[lpyroe mnpumeyarenpbHOE TMPEHMYIIECTBO IO CPAaBHEHHIO C OHCYJIb(QHUTHBIM
CEeKBEHHPOBAHNEM 3aKkirouaercs B TOM, uTo TAPS sBisercss Hepa3pylIArOIIMM U MOXKET
obecnieunBath coxpanenne JIHK nmunoi no 10 1. 0. (¢pur. 10C). bonee toro, JIHK octaercs
neyxuenouednon mocie TAPS (¢ur. 10A-C), u npespamenne He 3aBucut oT unHbl JTHK

(pur. 15A-B).

[0214] Kpowme Toro, mockonbky DHU 651130k kK MPpUPOAHOMY OCHOBAHHIO, OH COBMECTUM C
pasmuunbiMu JIHK-nonumepazamu u JIHK- nnu PHK-nonumepasamu 11t ©30T€pMUYECKON

ammudukaimu (¢ur. 13A-B) u He nemoHcTpupyeT cnsur no cpasHenuto ¢ T/C B xone ITLP

(pur. 14).

[0215] TIlomHOreHOMHOE CEKBEHMpOBaHHE MPOBOAMIN Ha AByX obOpasuax gDNA mESC,
OJIMH M3 KOTOPBIX IOJBEPrajy INpeBpalleHuto ¢ ucnoib3oBaHueM TAPS, a ngpyroit — ¢
UCTIOJIb30BAHHEM CTAHIAPTHOTO MOJIHOT€HOMHOTO OucynsdurHoro cekernponanus (WGBS)

JUIs1 CPaBHEHUSI.

[0216] Jns ouenku tounoctu TAPS noGamnsiv BHYTpEHHHE CTaHOAPTHI PA3TUYHOMN
JUTUHBI, KOTOPbIE OBbLIH MOJHOCTBIO HEMOAU(PUITUPOBAHHBIMU JTHOO METHITMPOBAHHBIMU 1N VItro
¢ nomombto CpG-mermnrpanchepaser (M.Sssl) mmu GpC-meruntpancdepassr (M.CviPI) (¢
HCIIOJIb30BAHHEM BBILIEYKa3aHHBIX CIMOCOO0B). B ciydae ¢ KOpPOTKUMM BHYTPEHHHUMH
cranmapramu (120-mep-1 u 120-mep-2), conepsxkamumu SmC u ShmC, Habmoga70Ch MOYTH
TNIOJTHOE MpeBpalieHue st 00enx Monudukanyii B o0eux menei kak B okpyxernu CpG, Tak u

B OKPYKEHHH, OTIIMYHOM OT okpyxkenusi CpG (¢ur. 17A-B).

[0217]  Hnsa TAPS ucnonszoBanu 100 ar gDNA mno cpaBrenuro ¢ 200 ur gDNA nns WGBS.
Jns ouenku touHoctd TAPS aBTopsl HacTosmero n3odpeTeHus: 100aBISUTH TPU Pa3TMIHBIX
TUTIA KOHTPOJIbHBIX BHYTpeHHUX ctaHnaptoB. JIHK nsamOna, rae Bce CpG ObuM NMOJHOCTBEO
METUJIMPOBAHHBIMH, UCIIOJIb30BAJIH JJISl OLIEHKH YaCTOTHI JIOXKHOOTPHUIATEIBHBIX PE3yJIbTATOB
(wactotel orcyTcTBHA mpeBpatienus SmC); HeMoau(PpUUUPOBAHHBIA AMIUIMKOH Pa3sMepoM 2
T. 0. MCTIOJIb30BAJH JUIsI OLEHKH YaCTOThbI JIOKHOIIOJIOKUTENBHBIX PE3yJIbTATOB (YaCTOTBHI
npeBpatieHnss HeMoaupuIupoBaHHOro C); CHHTETUYECKHE OJIMTOHYKJICOTH/IHbIE BHYTPEHHHE
CTaHIAPTHI, CONIEpKAIlUE KAaK METHUJIMPOBAHHBIA, TaK W THAPOKCUMETHIUpoBaHHBIA C,
okpykeHHbIH J0OBIM aApyruM ocHoBaHHEM (NSMCNN um NShmCNN cooTBETCTBEHHO),
UCTIONIb30BAJIH [T cpaBHEeHUs 4acTOThI peBpamerns SmC u ShmC B pa3nuuHbIX OKPY KEHUSIX

nocienosarenbHocTd.  Ilpm  umcnonb3oBaHum komOuHaimu mTetl u  nupuamHOOpana
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JocTuranach HauOoJsiee Bricokasi yactota npespamenust SmC (96,5% u 97,3% nns nsambaa u
CHHTETHYECKUX BHYTPEHHHMX CTaHJAPTOB COOTBETCTBEHHO) M HamOOJiee HHU3Kas 4acToTa
npespauienuss HemoxupuuuposanHoro C (0,23%) (¢ur. 18A-B um ¢ur. 16). Yacrora
JIO)KHOOTPULIATENIbHBIX PE3YJIbTATOB, cocTaBysiomas ot 2,7% no 3,5%, npu yacrore
JIO’KHOTOJIOKUTENBHBIX PE3YJbTATOB, cocTapysomieii nuib 0,23%, sSBAsSeTCS CpaBHUMOH C
OucCyb(UTHBIM CEKBEHIPOBAHHUEM: HEIaBHEE MCCIIEOBAHNE TIOKA3aJI0, YTO 9 KOMMEPUYECKHX
HaOOPOB [Tt OUCYIB(UTHOTO CEKBEHUPOBAHUS XapAKTEPU3OBAIHCH CPEAHIMH ITOKA3aTeIISIMU
YaCTOThI JIO)KHOOTPULIATENBHBIX M JIOKHOIOJOXKHUTEIBHBIX PE3YJIbTATOB, COCTABJSIOLUIMMU
1,7% wn 0,6% cootsercTBeHHo (Holmes, E E. et al. Performance evaluation of kits for bisulfite-
conversion of DNA from tissues, cell lines, FFPE tissues, aspirates, lavages, effusions, plasma,
serum, and urine. PLoS One 9, €93933 (2014)). Ucnonb3oBaHUe CHHTETUUECKUX BHYTPEHHHUX
CTaH/IaPTOB MO3BOJISIET MPEANONOKHUTh, 4TO TAPS paboTtaer XOpolo NpUMEHHUTENBHO KaK K
S5mC, Tak u k ShmC, a Taxke uro TAPS nuinp He3HAUUTENIBHO XyX€ (YHKLHOHHPYET B
OKpY>KeHHH, OTIIMYHOM OT okpyskeHust CpG. Hacrora npespaenus anst ShmC Ha 8,2% Huxke,
yeM 111 SmC, a 4acTtoTa NpeBpalleHus B OKPYXKEHUHU, OTIMYHOM OT okpyxeHus CpG, Ha

11,4% nuxe, yem B okpyxeHun CpG (dur. 18A).

[0218] JIna nanabix WGBS TpebOyercs crnenmanbHOe MpOrpaMMmHOe oOecrevyeHue Ha
CTaausiX KaK BBIPABHUBAHUs, TaK W pacrno3HaBaHus moaupukauuii. B ominyme ot 3Toro, B
KOHBeliepe 00pabOTKM JaHHBIX AaBTOPOB HACTOSILETO HM300pETEeHHs] HCIOJIb3YeTCs
CTaHIApPTHBIA FeHOMHBIH BbIpaBHUBATEb (bwa), a ocie Hero — CrenraIbHO pa3paboTaHHbINH
WHCTPYMEHT JUIsl PACTIO3HABAHUSI MOIU(UKALNHA, KOTOPBIH aBTOPBI HACTOSIIIIETO H300pETeHHUS
Ha3Bau «asTair». [Tpu o6pabotke cmopenupoBanubx punoB WGBS u TAPS (mony4yeHHBIX
U3 ONHOHM W TOH ke MONYMETHJIMPOBAHHOW mocienoBarebHOoCTH-UCTOUHNKA) TAPS/asTair

pabotan 6osee yem B 3 pasa Obictpee, yem WGBS/Bismark (¢pur. 18C).

[0219] Bcraencrsue npeBpaleHus MPAKTHYECKH BCErO LIMTO3MHA B THMUH OUOJIMOTEKH JJISI
WGBS umeroT kpaline nCKkaskeHHbIH HYKJIE€OTUAHBIN COCTaB, YTO MOXKET OTPHULIATENIbHO BIUATH
Ha cekBeHupoBanue Illumina. Takum oOpasom, pumet WGBS mnponemoncTpupoamu
CYIIECTBEHHO OoJjiee HU3KME IIOKA3aTelM KadeCTBa CEKBEHHPOBAHMs B Iapax OCHOBAHMI
MTO3WH/TyaHuH mo cpaBHeHHI0 ¢ TAPS (¢ur. 18E). UToObl KOMIEHCHPOBATH CIBUT
HYKJICOTHTHOTO cocTaBa, B Onbmuorexn anst WGBS o0bprdHO 100ABISFOT MO MEHbLIEH Mepe
10-20% JAHK PhiX (koHTposMpHYIO OMbNnoTeky co cOataHCHPOBAHHBIM COCTABOM OCHOBAHUIA)

(cm., nanpumep, nomHOreHOMHOE OucynbpuTHOE cexBeHnpoanue lllumina B cucremax HiSeq
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3000/HiSeq 4000). CoOTBETCTBEHHO, aBTOPbI HACTOSIIEr0 M300pPETeHUs OTOJHSIIN
oubmoreky mist WGBS ¢ momompio 15% PhiX. Ot1o B kOMOWHAaIMM CO CHUKEHHBIM
cozep:kaHneM HMH(GOpPMALMM B PUAAX, MOABEPTIINXCS MPEBPALICHHIO mocpenctsoM BS, u
paspymernem JIHK B pesynbraTe 00paboTku OucyibhUTOM MPUBOAMIIO K 3HAYUTENILHO OoJiee
HU3KHUM Moka3atessiM kaptuposanus 1t WGBS o cpasuennto ¢ TAPS (¢ur. 18D u Tabnuna

7).

Tabauua 7. CtaTucTuyeckue MOKa3aTeNld KadyecTBa KAPTUPOBAHUS U CEKBEHUPOBAHUS IS

WGBS u TAPS

KosanuecTBeHHbIH OKa3aTeb WGBS TAPS
OO1mee konu4ecTBO HEOOPAOOTAHHBIX PUIOB 376062375 455548210
OOpe3aHHble pUIbI 367860813 453028186
Kapruposannsie punbl (mm9+BHyTpeHHue ctanaaptbitPhiX) 251940139 451077132
Puns! nocne ynanenus [1LP-nyOGnukaros 232303596 398127851
ITokaszarenn KapTUPOBaHUs (kapTUpOBaHHbIE

punbl/oOpe3aHHbIe PUAbI) 68,49% 99,57%
ITokaszarenp YHHKaJIbHOTO KapTUPOBAHUS (YHUKAJIbHBIE PHIBI

[MAPQ > 0 nns TAPS]/oOpe3anHblie publ) 68,49% 88,08%

IToka3aTenp YHHKAJIbHOTO KAapTHPOBAHUS TMOCHE YIAJICHUS
[IP-ny6nukaToB (YHUKaIbHBIE pUabl ocie ynaneHus [TLP-
ayomukatoB [MAPQ > 0 nnst TAPS]/o0pe3annble pumsi) 63,15% 81,31%

[0220] CnenoBaresnbHO, TPU OAHO U TOM K€ CTOMMOCTH CEKBEHUPOBAHMS (32 OJUH IPOTOH
BBICOKOIIPOU3BOAMTENLHOTO cekBeHHpoBaHus NextSeq) cpennsisi rmyouna TAPS mpesblimana
cpenuroro ryouny WGBS (21x u 13,1% coorBercTBeHHO; Tabnuua 8). Kpome Toro, TAPS
NPUBOIMJIO K MEHBIIIEMY KOJIMUECTBY HEOXBAUEHHBIX O0JIACTEH U B LIEJIOM IEMOHCTPHPOBAJIO
Oosiee paBHOMEPHOE paclpeneeHne OXBaTa Jake MOCIe YMEHbIIEHUsS pa3Mepa BIOOPKH 110
TOW e TIyOMHBI CekBeHHpoBaHus, 4yTo U B WGBS (MexkBapTuimpHbId pasmax: 9 u 11

COOTBETCTBEHHO, ur. 19A u tabnuna 8).

Tabéanua 8. Cratuctudeckue nokasarenu oxsara ains TAPS, WGBS u TAPS ¢ ymenbliennem
pa3Mepa BbIOOPKH Uil TOCTHKEHUSI IPIMEPHO TaKOTO JKe cpenHero oxsara, kak B WGBS. B

AAaHHOM CJ1y4da€ OXBAaT BbIYUCIIAIN OJIA obenx LIeHefI BO BCEX ITOJIOKCHUAX B TCHOMCE.

KonuuyecrBeHHbIH TAPS ¢ ymenbmienuem TAPS 0e3 ywmeHblIeHusi
NnoKa3aTeJib WGBS pa3Mepa BbIOOpKH pasMepa BbIOOPKH

Cpennee 3nauenue 13,078 12,411 21,001
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Hucniepcust 1988,242 482,242 1371,912
Menuana 13 13 22
qtl25 7 8 15
qtl75 18 17 28
iqr 11 9 13
Maxkcumym 116084 37329 63526

Hampumep, CpG-ocrpoBku (CGI), B 4acTHOCTH, B IeJIOM OBUTH JIy4llle OXBa4YeHbI IPU
ucnonp3oBanuu TAPS naxke ¢ yueTom pasznuumii B riiyOuHe cekBeHupoBanus mexxny WGBS u
TAPS (¢ur. 21A), Ttorma kak o00a OHH TPONEMOHCTPUPOBAIU HKBHUBAJIEHTHOE
nemerunuposanue BHyTpu CGI (dpur. 22). Kpome toro, WGBS mnpompemoHCcTpHpOBaio
HE3HAUUTENIbHBIH CIABUT B CTOPOHY NOHM)XEHHBIX ypoBHeH moaupuxaumii B caiitax CpG ¢
BBICOKUM OxBaToM (¢ur. 23A), Torna kak pe3yJbTaThl aBTOPOB HACTOSILIETO HW300pETeHHUS
HO3BOJISIFOT IPEANOIOKUTh, uTO TAPS nemoHcTpupyeT oueHb HeOONbIIOH CIBUT 3aBUCUMOCTH
ypoBHsI Moaudukammii ot oxsara (¢ur. 23B). Itu pesynbraThl AeMOHCTPUPYIOT, uTO TAPS
obecrieuynBall 3HAUNTENbHOE YJIyYLIEHHEe KaueCTBa CEKBEHUPOBaHUs 1o cpaBHeHHI0 ¢ WGBS

npH 3G PEKTUBHOM ABYKPATHOM CHMXKEHUU CTOUMOCTH CEKBEHHPOBAHUSL.

[0221] Bounee Bbicokmii U Oosiee paBHOMEPHBINM OXBAT reHOMA MPH UCTojb3oBaHuu TAPS
npUBONMI K OoubiieMy KojimuecTBy caiitoB CpG, OXBaThIBA€MbIX IO MEHBLICH Mepe Tpems
punamu. B ciiydae ¢ TAPS Ha 5ToM ypoBHe Obutu oxBaueHbl 88,3% u3 Bcex 43205316 caiiTo
CpG B reHOMe MbILITH IO CpaBHEHHIO ¢ ik 77,5% B ciydae ¢ WGBS (¢ur. 21B u pur. 19B).
TAPS u WGBS npuBoauiu K BBICOKOKOPPENHPOBAHHBIM U3MEPEHHBIM IOKA3aTeNsiM
METUJIMPOBAHUS B PA3JIMYHBIX 00acTsix XpomocoM (ur. 21D u ¢ur. 20). B pacuyere Ha oguH
HYKJIEOTH B 00oux criocodax 32755271 nonoxkennit CpG ObUTH OXBAa4EHBI IO MEHbBILEH Mepe
Tpemsi pugamu (dur. 21B). B sTux caiitax aBTOpPbI HACTOSIIETO HM300PETEHHs OMPEIeITHIIH
«momu¢puumpoanusle CpG» kak Bce mnonoxkeHuss CpG ¢ ypoBHeM MonudpuKauuii,
cocTaBisiromM 1o Mesblieit mepe 10% (L. Wen ef al., Whole-genome analysis of 5-
hydroxymethylcytosine and S-methylcytosine at base resolution in the human brain. Genome
Biology 15, R49 (2014)). Ilpu ucnonp3oBaHuu 3TOro mnoporosoro 3HaueHus 95,8% CpG
NPOJIEMOHCTPUPOBAIM COCTOSIHUS Moaupukauuy, copmamaromue mexny TAPS u WGBS.
98,5% Bcex CpG, koropble ObLTH OXBa4deHbI MO MEHBIIEH Mepe TpeMsl puAaMd H ObUIH
oOHapyxkeHbl kak wmoaudumupoBanHeie B WGBS, Obuth TOBTOPHO pacro3HaHBI Kak
mMoaudunmupoBaHHble mocpenctsoM TAPS, 4To yka3bIBaeT Ha XOpOIIEe COOTBETCTBHE MEKAY
WGBS u TAPS (¢ur. 21C). Ilpu cpaBHeHun ypoHel momudukanuu as kaxagoro CpG,

OXBA4YEHHOI'O 1O MeHblIelH mepe Tpems punamu kak B WGBS, Ttak u B TAPS, naOmonanach
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xopotast koppemsiuus mexxny TAPS 1 WGBS (xoadpunment xoppemsinuu [Tupcona r = 0,63,
p < 2e-16, ¢ur. 21E). Caenyer ormeruts, 4to ¢ nomoiuso TAPS 6buto npeHTHGUINPOBAHO
MOAMHOXKECTBO BBICOKOMOAU(HUIIMPOBAHHBIX nojoxkeHnid CpG, KOTOpble OBUTH MPOMYIIEHbI
npu ucnonb3oBaHun WGBS (¢ur. 21E, HwkHMIA mpaBblii yros). ABTOpPbI HACTOSIIETO
M300peTeHNs] JONOJHUTENbHO BanuaupoBaiu 7 u3 3THX CpG ¢ MOMOIIBIO OPTOrOHAJIBHOTO
PECTPUKIIMOHHOTO pacIlieruieHuss U aHanusza MeropgoM I[P B peanpHOM BpeMeHH U
NOATBEPAMIIH, 4YTO BCE OHU  SIBJISIOTCS u/unu

MMOJIHOCTBIO METUJIINPOBAHHBIMU

TUAPOKCUMETUIIMPOBAHHBIMU (Tabnuma 9).

Ta6auua 9. Cpasrenue yposaeit merunuposanust CmCGG B gDNA mESC, konuuecTBeHHO
oueHeHHbIX ¢ nomowpo TAPS, WGBS u ananusza meronom Hpall-qPCR. OxBat u ypoBeHb
mermnuposanus ("C%) B TAPS u WGBS Bbruuncnsnu niis kaxaon uenu. Bennunna Ct aost
obpasua, pacmeruienHoro ¢ nomoursto Hpall (Ctuparr), wnu konTposbHoro oopasua (Ctcul) B
aHamuze wmerogoMm Hpall-gPCR  npexacrasisina coOoii  cpemHee 3HAa4YeHHE [T TPeX
noBTopHOcTeil. mC% paccuuThIBaETCsI C TOMOIIBIO cenyromero ypasaenus: "C% =2 " (Ctcul

-Ctupar)*100%.

TTonoxenu
e C"CGG

TAPS WGBS Anamus merogom Hpall-qPCR

IIpsamoii u

obparHbrii
npaimepsi (5'-3")

OXB2 | mco, | Oxpar | ™C% | Ctupan | Ctowm | ™C%

135868201

GCTGCAGATTGG
AGCCAAAG

TTGATGGTGATG
GTGGAGCC

17 100% | 11 0% 29,628 | 29,642 | 101,0%

31339449

TCAGTGCTCATG
GACTCATACT
ATACCCTGGGAG

CAAAGTTGTTG

15 100% | 10 0% 22,162 | 22,111 | 96,5%

CCCACTAGACAT

chr4:
128271030

12

100%

10

0%

31,304

31,279

98,3%

GCTCTGCC
CAAAATGTTGCT
TGCCTTCCG

chrl:
58635199

11

100%

0%

22,008

22,026

101,3%

TCCCTGAGCCCT
GATCTAGT

AATACTGGCTGA
CCGGTTCT

chrl4:
36331351

11

100%

14

0%

21,228

21,053

88,6%

ACACCACAGCA
GAAGAGAGC
TAGGATTGTTGC

ACAGGCCA
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GCTGAGCTGTAT
chrl19: o o 0 CCTTGAGGT
42893499 11 100% | 18 0% 22,515 | 22,558 | 103,0% ACACGTGGGTAT
TCCACAGC
GTGGATCTTCAG
chr3: 0 o 0 TGGTGGCA
113611193 10 100% | S 0% 22,439 | 22,545 | 107,6% ATGCTCCCTCAT
CCTTTGCA
Caitm CCGG ¢ ompuyamestbHviM pPe3yiLbmMamom
AGCCTCTGAACT
chrl9: 0 0 o TGACTGCC
9043049 25 0% 17 0% | 27,11 21,409 | 1,9% GCCTGGAACTCC
TGACAGTC
Caiim CCGG ¢ nonoscumestbHbIlM pPe3yibmamom
GGTCCTTGATC
chrls: 0 0 o, | CACCCAGAC
39335961 16 100% | 4 100% | 22,163 | 22,248 | 106,1% ACATGGTIGCTG
GTCTAACCG

B coBOKYMHOCTH 3TH pe3yJbTaThl YKa3bIBalOT HA TO, UTO TAPS MoxeT HampsMylo 3aMEeHUTh

WGBS u paktuyecku obecrieunBaeT nojyueHue 0oee mojHOro MPENCTaBICHUS O METHIIOME,

yem WGBS.

[0222] Haxkonen, TAPS TectupoBanu ¢ JIHK ¢ HU3KUM BBOJUMBIM KOJMYECTBOM, U OBLIO
nokaszaHo, 4ro TAPS paboraer Bcero mumb ¢ 1 Hr gDNA u B HEKOTOpBIX ciy4asix a0 10 mor
gDNA, npubnmkasce K ypoBHIO OTAeNbHBIX KieTok. TAPS Takcke addexTuBHO padortaer ¢
uupkyaupyomeit BHeknerouHo JIHK B kxonuyectBe no 1 Hr. OTu  pesyibrarhbl
nemoHcTpupyroT noreHuuan TAPS B orHomennn JIHK ¢ Hu3kum BBOAMMBIM KOJHYECTBOM U

KIMHWYEeCKHUX nytei npumeHenus (pur. 24A-C, ¢ur. 25A-B).

[0223] TAPS TectupoBann Ha Tpex oOpasmax wupkyJupyromeil BHeknerounoi JIHK
(cfDNA) or omHOro 370pOBOro CyOBEKTa, ONHOTO CyOBEeKTa ¢ NHINeBoAOM bapperra
(curmpomMomM bapperTa) U ogHOro CyOBEKTa ¢ PaKOM MOKENYTOYHOM KeJie3bl, OT KOTOPBIX
nojyyanu 1-2 mu mnasmel kpoBu. CrenoBanu craHaapTHoOMy npotokony TAPS, u xaxabii
oOpazen; cekBeHupoBaiu 10 ~ 10-kpatHoro oxsata. AHanmus pesynbratoB TAPS cfDNA
nokasai, yto TAPS o0ecneunBan Takoe e BHICOKOKAaUeCTBEHHOE CEKBEHUPOBAHNE METHIIOMA

cfDNA ¢ HU3KHM BBOIMBIM KOJIMYECTBOM, KaK U MPU HCIIOJIb30BAHIH COBOKYITHOW M€ HOMHOM
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JHK, B ToM umucne BbICOKyK yactoTy mnpespamenuss SmC (pur. 26A), HU3KYIO HacCTOTY
JIOKHOMOJIOXKHUTENBHBIX PE3YJIbTATOB (MPEBpaIleHre HEMOIU(PUILIPOBAHHOTO LINTO3MHA, (UT.
26B), Bbicokuii nokaszarenb kapTuposanus (pur. 26C) u HU3KY0O 4acTory nosiBienus [1L[P-
nyOnukaToB (ur. 26D). DT pe3ynbTaThl AEeMOHCTPHPYIOT MOITHOCTh TAPS npu nuarHocTuke

3a00jieBaHuii Ha ocHoBaHUU CIDNA.

[0224] C nomomsto TAPS Takke moxHO nuddepeHIupoBaTE METHIUPOBAHHE OT
reHernyeckux BapuantoB C-T wnn onHOHyKJI€OTHAHBIX monuMopdusmos (SNP) u, takum
00pa3oM, MOXKHO BBIABJISITh FeHeTHuecKue BapuanTsl. Metumposanus u SNP C-T nmpusozst
K pa3nu4HbiM kapTuHaMm B TAPS: merunmupoBaHue npuBoauT K noiydeHuto punos T/G B
ucxonHoi BepxHed HuTH (OT)/mcxonmnoit HmwkHeidl nemu (OB) u pumam A/C B wnermsx,
xomrieMeHTapHbix OT (CTOT) u OB (CTOB), Torna kak SNP C-T npuBozsT K NOJTy4EHUIO
punos T/A B OT/OB u (CTOB/CTOT) (¢ur. 27). 3TO ZONOIHUTENBHO MOBBIIIAET NOJIE3HOCTD
TAPS nnsa nonydenust ”HGOPMALIMK KaK O METHIIMPOBAHUH, TaK U O TeHETUYECKUX BapUAHTAX,
a CleloBaTeNbHO, U MyTallUsAX, B OJHOM JKCIIEPUMEHTE U INPOroHe CEKBEHHPOBAHUs. JTa
BO3MOKHOCTB criocoba TAPS, packpbITOro B JaHHOM JOKYMEHTE, 00eCIeunBaeT HHTErPALIUIO
I€HOMHOT'O aHajJH3a C SMHUTCHETHYECKHM aHAJIN30M U CYIIECTBEHHOE CHIJKEHHE CTOMMOCTH
CEeKBEHHPOBAHUSI 3a CYET YCTPAHEHUs HEOOXOAMMOCTH B TPOBEICHUU CTAHIAPTHOTO

MOJTHOTeHOMHOTO cekBeHupoBanust (WGS).

[0225] Taxum oOpa3om, aBTOPBI HACTOSIIETO U300pEeTeHUs pa3paboTaiu CEpUI0 CrocodOB
CEeKBEHHPOBAHUS, SIBJIOIUXCS MNpou3BOAHbIMH PS, 0e3 mnpumenenus: Oucynbdpura ¢
paspelieHneM A0 OAHOTO OCHOBAHMS ISl SMUTEHETHMYECKHX MOAM(UKALMN LWUTO3MHA U
NPOIEMOHCTPUPOBAIH TOJe3HOCTh TAPS 1i1si cekBeHMpOBaHMs BCero MeTwioma. biaromapsi
UCTIOJIb30BAHUIO MSTKHX (DEPMEHTATUBHBIX U XUMUYECKHX PEAKLUHN IS IPSIMOTO BBISIBJICHUS
SmC u ShmC npu pasperneHur 10 OXHOTO OCHOBAHHS C BBICOKOH HUYBCTBUTENBHOCTBIO U
cneunpUIHOCTBI0 0e3 BO3NEHCTBUSI Ha HEMOAM(DULIMPOBAHHBIE LUTO3WHOBBIE OCHOBAHUS
TAPS npeBocxoaut OUCYIb(pUTHOE CEKBEHHPOBaHHUE, 0OecreurnBasi BbICOKOKAYECTBEHHBIA U
Ooyee TMOJHBIA aHAIN3 METHJIOMA TPU TOJOBUHHOH CTOMMOCTH CEKBEHHPOBAHMA. TaKkuM
obpazom, TAPS moxer 3amMeHHTh OHCYNBb(UTHOE CEKBEHHPOBAHME B KaueCTBE HOBOTO
CTaHJapTa B aHAJIU3€ METWILMTO3UHA U ruapokcuMeruiunrosuHa B JIHK. Bmecto BBeneHus
00BEMHON MOIU(UKAIIMHM LIUTO3WHOBBIX OCHOBAaHUH B crocobe cekseHupoBanusi STC Oe3
npuMeHeHus1 Oucynbdura, 0 KOTopoM HemasHO coodmanock (B. Xia et al., Bisulfite-free, base-

resolution analysis of S-formylcytosine at the genome scale. Nat. Methods 12, 1047-1050
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(2015); C. Zhu et al., Single-Cell 5-Formylcytosine Landscapes of Mammalian Early Embryos
and ESCs at Single-Base Resolution. Cell Stem Cell 20, 720-731 (2017)), B xome TAPS
MPOUCXOANT TpeBpalneHne MoaudummposanHoro nurosuHa B DHU — moutu npupomHoe
OCHOBAHHUE, KOTOPOE MOXET «CUYUTHIBATHCS» Kak T TpPaguIMOHHBIMU TMOJMMEPa3aMu U
SIBJIIETCS. TIOTEHIMAJbHO COBMeCTHMbIM C cekBeHupoBanuem JIHK ©Oes IIL[P. TAPS
COBMECTUMO C pPSIOM IOCIEAYIOUINX AaHAJIU30B, B TOM 4YHCJIEe 0e3 OrpaHuyYeHus
nupocekBennposanreM, [II[[P, 4yBCTBUTENBHOH K METHIIMPOBAHUIO, PECTPUKIIUOHHBIM
paciuierieHueM, Macc-cnektpomerpueii ¢ MALDI, MukpomaTpu4HbIM —aHaJu30M U
MOJTHOTeHOMHBIM cekBeHupoBaHueM. [lockompky TAPS moxer oOecneunBaTh COXpaHEHHE
anmunaHoN JIHK, »3ToT cmoco06 Mosker ObITh 4Ype3BbIYAMHO TMOJE3HBIM B KOMOWHAIMHM C
TEXHOJIOTUSIMH CEKBEHUPOBAHUS NJIMHHBIX puaoB, TakuMu kak SMRT-cexkBenupoBanue u
HAHOTIOPOBOE CEKBEHHPOBAHME, I HCCIIEAOBAHUS OIPENENICHHBIX TPYAHOKAPTHPYEMbIX
obnacreii. Takke BO3MOKHO O0beIHUHUTH CIIoco0bl ocaxkneHust ¢ TAPS, uToObl eme OosbIie
CHM3UTb CTOMMOCTb CEKBEHHPOBAaHUSI U N00ABUTh MH(POPMALIMIO C pa3peiieHreM 10 OIHOTO
OocHOBaHMs Ha ad(uHHBIE KapThl C HU3KMM paspelieHneM. B naHHOM JOKyMeHTe ObLIo
npojaeMoHcTpupoBaHo, uto TAPS mosker Hampsmyro 3amenuts WGBS B noBcenHeBHOM
UCTIOJIb30BAHUH C YMEHBIIIEHHEM TIPU 3TOM CTOMMOCTH, CJIOKHOCTU U BpEMEHH, HEOOX OJTUMBIX
Ui aHaiu3a. JTO MOXKET TpHUBECTH K Oojiee IIMPOKOMY BHEAPEHUIO STHI€HETHUYECKHUX

AHAJIU30B B HAYUHBIC UCCICAOBAHUA U KIIMHUYCCKYIO THUATHOCTUKY.
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dopmyJia uzodpereHust

I. Crnoco6 nnentudukanuu S-merniuuro3uda (SmC) B 1eneBoi HyKJIEMHOBOW KHCIIOTE,

BKJIFOUAOIINI CTAqUU;

a. NoJIy4eHus: oOpasna HyKJIEHMHOBOW KHCIOTBI, COIAEPIKALIETr0 LENEBYI0 HYKJIEHHOBYIO
KUCJIOTY;,
b. MoAU(UKAIMU HYKJIEMHOBOW KHUCIIOTBI, BKJIFOYAIOINEH CTaaHH:

1. npoOaBneHus OIOKUpyrOIeH rpynmbl K S-ruapokcumeTiiuuto3uny (ShmC) B oOpasie

JAHK;

ii. mpespauenust SmC B 0Opasue HyKJIEHHOBOI KUCIOTHI B S-kapOokcunuurosuH (ScaC)

w/unu S-popmunuurtosut (SfC) n

iii. npespamenuss ScaC w/wnmu S5fC B murugpoypaumn (DHU) ¢ nonyueHuem
Moau(UIHPOBaHHOTO OOpa3la HYKJIEHHOBOM KHUCIOTBI, COAEpIKaIlero MOoAUu(GUIHPOBAHHYIO

LIEJIEBYI0 HYKJIEMHOBYIO KUCJIOTY; U

C. BBISIBJICHUsI TIOCJIEIOBATEIbHOCTH MOIU(PULIMPOBAHHON LIEJIEBOM  HYKJIEHMHOBOM

KHCJIOTHI,

rae mnpeBpameHne ¢ 3ameHoil nutosuHa (C) Ha TEMmmH (T) B mOCIEIOBAaTENBHOCTH
MOAU(UIMPOBAHHON LIETEBOI HYKJIEUHOBOM KHUCJIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBOU

KHUCJIOTOH MO3BOJISIET ONpeAenuTh MecTononoxenne SmC B 1ieieBOM HyKJIEMHOBOH KHUCJIIOTE.

2. Crmoco6 mo m. 1, rme 3HaueHWs MPOLEHTHOro coiepkaHus T B KakIoM
MECTOIOJIOXKEHUN TPAaH3ULUMU TO3BOJIAIOT OMNpPENEIUTh KOJWYeCTBEHHbINH ypoBeHb SmC B

Ka)KIOM MECTOMOJIOKEHUH B LIEJIEBOM HYKJIEMHOBOW KUCJIOTE.

3. Crnoco6 wunentupukanmun SmC wmm ShmC B neneBoil HYKJIEHMHOBOH KHCIOTE,

BKJIFOUAOIIMNI CTAqUU;

a. nosyueHns: obpasia HyKJIEWHOBOH KHCIIOTBI, COAEPIKAIIEro LENIEBYI0 HYKJICHHOBYIO

KUCJIOTY,

b. MO UKAIIMH HYKJIEMHOBOHM KUCJIOTHI, BKITFOYAKOIIESH CTaIHH:
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1. mpespamenusi SmC u ShmC B oOpasie HyKJIEHHOBOM KUCIIOTHI B S-KapOOKCHIILIUTO3UH

(5¢caC) w/unu 5fC u

ii. mpespamenust S5caC w/umu  S5fC B gurmmpoypaumn (DHU) ¢ nmonydenunem
MOIU(ULIUPOBAHHOTO 00paslia HyKJIEHHOBOW KHUCIIOTBHI, CONEpIKaIero MOAH(PHUIPOBAHHYIO

LEJICBYO HYKJIICMHOBYIO KHUCJIOTY, U

C. BBISIBJICHUST TIOCJIEIOBATEIbHOCTH  MOAU(UIIMPOBAHHON LIEJIEBOM  HYKJIEHMHOBOU

KHUCJIOTBI,

rae mnpespameHue ¢ 3ameHoi nurtosmHa (C) Ha TummH (T) B mocnenoBaTenbHOCTH
MOAN(UIMPOBAHHON LI€JI€BOI HYKJIEMHOBOM KHUCJIOTHI IO CPABHEHHUIO C LIENIEBOH HYKJIEMHOBON
KUCJIOTOW MO3BOJIAET onpeenuth Mectonoiokenne SmC mu6o ShmC B neneBoi HyKJIEHHOBOH

KHCJIOTE.

4. Cnoco6 mo m. 3, rme 3HA4YeHHs NPOLEHTHOrO cozepaHusi 1T B KakKAOM
MECTOIOJIOKEHIH TPAH3ULIUU MO3BOJISIIOT ONPENeUTh KOJMYeCTBEHHbIH ypoBeHb SmC 1160

S5hmC B ka}I0M MECTOMOJIOKEHUH B 1IEJIEBO HYKJIEUHOBOM KHUCIIOTE.

5. Crnoco6 unentuduxaumu SmC u unentuduxaumu ShmC B meneBod HYKJIEHHOBOM

KHCJIOTE, BKJIFOYAFOIIHH:

a. uneHTudukanmo  S-merwiuuroduHa (SmC) B LeneBOl HYKJICHMHOBOW KHCJIOTE,

BKJIOYAaOIYHO CTaANU!

1. momy4deHuss mepBOro oOpas3la HYKJIEWHOBOH KHCJIOTBI, COAEPKAIEro LEJNEBYIO

HYKJICHHOBYIO KHUCJIOTY,
il. MomuduKaMK HYKJIEHHOBOW KUCJIOTHI B TIEPBOM 00pasiie, BKIFOYAOLIESH CTaIuu:

1. nmobaBnenus OJIOKHMpPYIOLIEH Tpynmbl K S-rHApokcuMeTuanuTo3uHy (ShmC) B

nepBOM 00pa3iie HYKJIEHHOBOUW KHCIIOTHI,

2. npespamieruss SmC B mepBoM oOpasile HYKJIEHMHOBOUW KUCIOTHI B ScaC w/mnu

5fCn
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3. mpespamenuss ScaC wwmmm S5fC B gurmppoypammn (DHU) ¢ monyuenuem
MOANGULMPOBAHHOTO  IepBOro  obpasna  HYKIEMHOBOW  KHCJIOTBL,  COJEPKAaIIero

MOAN(PUIMPOBAHHYIO LIENIEBYIO HYKJIEUHOBYIO KHUCIIOTY;,

iii. HeoOs3aTeNbHO AaMIUM(UKAIMA YHUCJIa KOMUH MOIU(ULIMPOBAHHON IIeJIeBOH

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI 1

1V. BBISIBJIGHUS TIOCJIENOBATEIHHOCTH MOAU(PUIIMPOBAHHOW IEJeBOH HYKJIEHHOBOU
KUCJIOTBI, TAe npeBpaieHue ¢ 3ameHoi nuro3uHa (C) Ha tumuH (T) B mocnenoBaTenbHOCTH
MOAU(UIMPOBAHHON LI€JIeBOI HYKJIEMHOBOM KHUCIIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBON

KHCJIOTOM MO3BOJISIET OIpeacINTb MECTOIOJIOKEHUE SmC B neneBoi HYKHGHHOBOﬁ KHCJIOTC,

b. unentudukauno SmC wiu ShmC B 1eneBol HYKJIEUHOBOH KHUCJIOTE, BKIFOYAOLIYIO

CTaauu:

1. mojyudeHMss BTOPOro oOpasla HyKJIEHHOBOH KHCIOTBI, COAEPIKAINEro LEJeBYIO

HYKJIEMHOBYIO KUCJIOTY,
il. MomuduKaMu HyKJIEHHOBOW KUCJIOTHI BO BTOPOM 00pasiie, BKIFOYAOLIECH CTaIuu:

1. npespamenus SmC u ShmC B0 BTOpoM 0Opasiie HyKJIEHHOBOH KUCIOTHI B ScaC

w/vnu 5fC u

2. mnpepamenus ScaC w/wim S5fC B muruppoypaumn (DHU) ¢ monyderuem
MOANGUIMPOBAHHOTO  BTOpPOro  oOpasla  HYKJIEHHOBOW  KHCJIOTBI,  COJEp Kallero

MOJTU(ULIUPOBAHHYIO 1EJIEBYIO HYKJIEMHOBYIO KUCJIOTY,

ili. HeoOs3aTeNbHO AaMIUMUKAIIMA YHUCJIa KOMUH MONU(GUIMPOBAHHON  IIeJIeBOM

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI 1

V. BBISIBJICHHSI IIOCJIENOBATENbHOCTH MOIU(HUIMPOBAHHOW IEJIEBOW  HYKJICHHOBOH
KHCJIOTBI U3 BTOpOro odpasima; rae mnpespamuenue ¢ 3amenoil nurosuHa (C) Ha TumuH (T) B
NIOCJIEIOBATEIbHOCTH MO UITIPOBAHHON ENIEBON HYKJIEHHOBOH KHUCIIOTHI IO CPABHEHUIO C
LIeJIEBOH HYKJIEMHOBOH KHCJIOTOH MO3BOJISIET onpenenuTh Mectonoioxkenne SmC miudo ShmC

B LICJICBOU HYKJIEMHOBOU KHUCJIOTE; U
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C. cpaBHeHUEe pe3yibTaToB cramuii (a) u (b), rme mpeBpamenus ¢ 3amenoil C Ha T,
npucyrcrByromue Ha cragud (b), HO He Ha cragud (a), TO3BOJISIIOT OMPEAENTUTH

mecrononokenne ShmC B nieneBoi HyKJIEMHOBOH KHUCIIOTE.

6. Crnocob o 1. 5, rae Ha cragnu (a) 3Ha4eHHs MPOLIEHTHOTO coepskaHus T B Kaxaom
MECTOIIOJIOKEHNN TPEBPALEHNs TTO3BOJIIOT ONPENENIUTh KOJMYECTBEHHBIH ypoBeHb SmC B
KQXXJIOM MECTONOJIOXEHUN B IEJIEBOM HYKJIEHMHOBOW kuciore;, Ha craguu (b) 3HaueHus
NPOLIEHTHOrO coaepkaHuss T B KaXOOM MECTOMOJOKEHUU IPEBPAINEHUS] ITO3BOJISIOT
OTpeAeNuTh KOJU4eCTBeHHbI ypoBeHb SmC wm ShmC B KaXIOM MECTOIOJIOKEHUH B
LIeJIeBOM HYKJIEMHOBOH KHCJIOTE, M Ha CTaguu (C) pasnuuus B 3HAYEHHSIX IPOLEHTHOTO
COZIep>KaHusl, COOTBETCTBYIOIINE MpeBpalieHusM ¢ 3amMeHol C Ha T, uaeHTupUIMpPOBaHHBIM
Ha ctanuu (b), HO He Ha cTaauH (), MO3BOJISIFOT OMPEAETUTh KOJTMYeCTBEHHbIN ypoBeHh ShmC

B KQ)KJIOM MECTOMOJIOKEHUH B LIEJIEBON HYKJIEHHOBOH KUCIIOTE.

7. Cnoco6 no mo6omy u3 nm. 1-2 wium nm. 5-6, rae Gnokupyromas rpymnna, rodasisemMast

k ShmC, npencrasnsier coboii caxap.

8. Criocob 1o m. 7, rae caxap NMpencTaBisieT COOOW MIIFOKO3y MM MOIU(HUIIMPOBAHHYIO
TJTFOKO3Y.
9. Crnocob mo n. 7, rae Oiokupyrommyro rpymnmny n1odasisitor kK ShmC nytem npuBeneHus

oOpasua HyKJIeWHOBOH KHUCJIOTHI B KOHTakT ¢ UDP, CBSI3aHHBIM C caXapoM, B MPUCYTCTBHU

depmenTa rimokosuaTpanchepassl.

10. Crnocob o 1. 9, rae dpepMeHT rmroko3unTpaHcdepasa BbIOpaH U3 TPYIIIbL, COCTOSIIEH
u3  B-rmokosuntpanchepassr  Oakrepuodara T4 (BGT), o-rmrokosuntpanchepasbl

daxtepuodara T4 (aGT) u uxX MPOU3BOJHBIX U AHAJIOTOB.

11. Cnoco6 mo mrobomy w3 mm. 1-6, roe craaumst mpespamenus SmC B oOpasie
HykJienHOBOU KkuCIOTh B ScaC w/mnu SfC u cragus npespamenus SmC u ShmC B obpasue
HyKJIenHOBOUW KuCIOTHI B ScaC w/mnm SfC BrIO4aroT mpuBeneHue oOpasia HyKJIEHHOBOH

KHCJIOTBI B KOHTAKT ¢ (P€PMEHTOM TpaHcJoKauu aecsatb-onuHHaanath (TET).

12. Crnoco6 mo n. 11, rme ¢pepment TET BeiOpan u3 rpynmsl, coctosmeit uz TET1, TET2 u
TET3 uenoseka; Tetl, Tet2 u Tet3 mbumm; TET Naegleria (NGTET); Coprinopsis cinerea

(CcTET) 1 ux npOU3BOAHBIX UK AHAJIOTOB.
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13. Croco6 mo 1. 12, rae pepment TET npencrasnser coboit NGTET unu TET mprum.

14. Croco6 wunentupukammn ScaC wmmm SfC B 1eneBoil HYKJIEMHOBOH KHCIIOTE,

BKJIFOUAOINI CTAqUU;

a. nosnyueHus: obpasia HyKJIEHHOBOH KHCIIOTBI, COAEPIKAIIEro LENEBYI0 HYKJICHHOBYIO
KHUCJIOTY;,
b. npespamienuss  ScaC u  SfC B gurmppoypammn  (DHU) ¢ monyueHuem

MoAU(pUIMPOBAHHOrO 0Opasiia HyKJIEHHOBOM KHCIOTHI, COEPIKAINero MOAN(DUIMPOBAHHYIO

LEJICBYIO HYKJIICUHOBYIO KHUCJIOTY,

C. aMIUTM(UKALMY YUCsIa KOHH MOAU(PUIIMPOBAHHON 1IeJIeBOH HYKJIEMHOBON KHCIIOTBI U
d. BBISIBJIGHUSI  TIOCJIEIOBATEIbHOCTH  MOAU(HULMPOBAHHONW LIEJIEeBONW  HYKJIEHHOBOM
KUCJIOTBI,

rae mnpespaueHue ¢ 3ameHoil nurtosuHa (C) Ha TUMuMH (T) B mocienoBaTenbHOCTU
MOAU(UIMPOBAHHON LIEJIEBOI HYKJIEUHOBOM KHUCJIOTHI IO CPABHEHHUIO C LEJIEBOM HYKJIEMHOBOU
KUCJIOTOH MO3BOJIsIET onpeaenutb Mmectononokenre ScaC mido SfC B ueneBoii HyKJIeHHOBOM

KHUCJIOTE.

15. Crnoco®6 mo m. 14, rame 3HaYeHHWsT TNPOLEHTHOrO coaepkanuss T B Kaxaom
MECTOIOJIOKEHUN TPEeBpAIleHNs] MO3BOJIIOT OMNPEAeNUTh KOJWYeCTBEHHbIN ypoBeHb ScaC

6o 5fC B KasKIOM MECTOIOJIOKEHHUH B LIEJICBOW HYKJIIEMHOBOM KHUCJIOTE.

16. Cnoco6 wunentudukanuu ScaC B 1eNeBOH HYKJIEHMHOBOH KHCIIOTE, BKIFOYAFOIIIHIMA
CTaIuH;

a. NOJIy4eHUs1 oOpaslia HyKJIEHMHOBOW KHCJIOTBI, COAEPIKALIETO LEIEBYI0 HYKJICHHOBYIO
KUCJIOTY,

b. nobasienust Ookupyrotei rpymmsl Kk SfC B 0Opasiie HyKJIeMHOBOM KUCIIOTHI,

C. npespamenus ScaC B guruapoypaunn (DHU) ¢ nonydeHnem MonupumupoBaHHOTO

o0pas1ia HyKJIENHOBOH KHCIIOTBI, COAEPKAIero MOAH(PULIIHPOBAHHYIO LIEIEBYI0 HYKIEHHOBYIO

KUCJIOTY,
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d. HEeOoOsI3aTeNbHO  aMIUTM(UKALMA  YHUCTa KONMUH  MOIU(UIIMPOBAHHOW  LEJIEBOM
HYKJIEMHOBOW KHCJIOTBI U
e. BBISIBJIEHUSI  TIOCJIEOBATEIbHOCTH ~ MOAMU(HLMPOBAHHOW LEJIEBOW  HYKJICHHOBOM

KUCJIOTHI,

rae npespameHne ¢ 3ameHoil numrtosuHa (C) Ha TMmmH (T) B mociaenoBaTeNbHOCTH
MOAU(PUIMPOBAHHON LI€JIeBOI HYKJIEMHOBOM KHUCIIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBON

KHUCJIOTOH MO3BOJISIET ONpeaennuTh MecTononoxenne ScaC B 11e1€BO HyKJIENHOBOM KHUCIIOTE.

17. Crnoco6 mo m. 16, raoe 3HaYeHHWs] MNPOLEHTHOIO coaepkaHus T B KaxIOM
MECTOIOJIOKEHUH MPEBPALLEHHs] TO3BOJIAIOT ONPEAENIUTh KOJINYECTBEHHbIN ypoBeHb ScaC B

Ka)KJIOM MECTOIOJIOKEHUH B 1IEJIEBON HYKJIEHMHOBOM KHUCJIOTE.

18.  Cmocob mo m. 16, rne cranus nobasienus: Gnokupyromeit rpynnsl Kk SfC Brmouaer
npuBeneHne o0pasna HYKJIEMHOBOW KHCIOTBI B KOHTAKT C  QJbIETHI-PEaKTHBHBIM
COeIMHEHNEM, BbIOPAHHBIM M3 MPOU3BOIHBIX TMIPOKCHJIAMUHA, MPOM3BOAHBIX I'MApPA3UHA U

MPOU3BOAHBIX TUAPA3HUAOB.

19. Croco6 mo m. 18, rme mnpou3BOAHOE THUAPOKCHIIAMHHA TpencTaBisier coboit O-
STHIITHIPOKCUIAMUH.

20. Crnoco6 wunenruduxaumu SfC B 1eneBOil HYKJIEHHOBOW KHCJIOTE, BKIFOYAROLIHI
CTauH:

a. NOJIy4eHus1 00pasla HyKJIEHMHOBOW KHUCJIOTBI, COIAEPIKALIEr0 LEIEBYI) HYKJICHHOBYIO
KUCJIOTY,

b. nobasyenust OJokupyrotei rpymmsl K ScaC B 00pasiie HyKJIEHHOBOMN KUCIIOTHI,

C. npespameruss StC B purunpoypammn (DHU) ¢ nonydeHuneM MoguduIpOBaHHOTO

o0pas1ia HyKJIEHHOBOH KHCIJIOTBI, COAEPKAIero MOAU(pUIIPOBAHHYIO LIEIEBYI0 HYKIEHHOBYIO

KUCJIOTY,

d. HeoOsI3aTeNbHO ~ aMIUTMUKALMA  YHUCIa KONMUH  MOIU(UIIMPOBAHHOW  LEJEBOM

HYKJ'IGI/IHOBOI\/'I KHCJIOTBI U
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c. BBIABJIICHUA  ITOCJICAOBATCIBHOCTU MOI[H(l)HL[PIpOBElHHOfI HeHeBOfI HYKJ'IGI/IHOBOI\/'I

KHUCJIOTHI;

rae mnpespameHne ¢ 3ameHoil nurtosuHa (C) Ha TEMmH (T) B mOCIenOBaTENbHOCTH
MOAN(PUIMPOBAHHON LIETIEBOI HYKJIEMHOBOM KHUCIIOTHI IO CPABHEHHUIO C LEJIEBOH HYKJIEMHOBON

KUCJIOTOH MO3BOJIAET OnpeaenuTb Mecronoioxenue SfC B neneBol HyKJIEHMHOBOH KHUCIIOTE.

21. Crnoco®6 mno m. 20, rame 3Ha4YeHWs] MPOLEHTHOrO coaepkaHus T B Kaxaom
MECTOIIOJIOKEHUH TPEBPAIIEHUS] TIO3BOJISIIOT ONPEAETUTh KONU4YecTBeHHbIN ypoBeHb SfC B

Ka)KIOM MECTOMNOJIOKEHUH B LIEJIEBOM HYKJIEMHOBOW KUCJIOTE.

22. Crnoco6 mo 1. 20, rae craaus nobasyieHus: Onokupyrome rpymnmsl K ScaC BKIIIOUYaeT
npuBeAeHne o0paslia HYKJIEHHOBOM KHCJIOTHI B KOHTAKT C PEAreHTOM Ui JepUBATH3ALMU

Kap6OHOBbIX KUCJIOT U aMHUHHBIM, THAPA3UHOBBLIM WU TUAPOKCHUIIAMUHOBBIM COCTUHCHUCM.

23.  Cnocob mo m. 22, rae craaus nodaBieHus: Onokupyrommen rpymnmsl kK ScaC BKIIIOYaeT
npuBeneHne — oOpasia  HYKJIEMHOBOW  KHUCIOTBI B KOHTAakT ¢ 1-3Tmn-3-(3-

auMetunaMuHomnpormin)kapooguumunom (EDC) u ¢ sTunaMuHOM.

24, Crnocob mo mobomy u3 mm. 1-6 u nm. 14-23, roe ¢cnocod MOMOTHUTEIHHO BKJIKOYAET

CTaIUI0 aMIUTH(PHUKALIMY YUCTa KO MOIU(PUIMPOBAHHON 1IEJIEBOM HYKJIEHHOBOW KUCJIOTHI.

25. Croco6 mo m. 24, rme cragust amIuMHUKAMUA YHUCIa KOMUE MOAM(UIIUPOBAHHOM
LIEJIEBOM HYKJIEMHOBOM KHCJIOTHI BKJIIOUAET MPOBEAEHUE IOJUMEPA3HOW LEMHOW peakLuu

(TILIP) nmm mocTpoiiku mparimMepa.

26.  Cmocob no modomy u3 mm. 1-6 u . 14-23, roe cragus npespawmenust ScaC u/umm SfC

B DHU BKJHOUaeT npuseneHne oopasia HyKJIEHHOBOH KHUCIOThI B KOHTAKT C BOCCTAHOBHUTEIIEM.

27. Croco®6 mo m. 26, rme BOCCTAHOBHTENIb BBIOpAaH W3 TPYIIBL, COCTOALICH U3
nupuanHOOpana, 2-nukonuHOopaHa (mukonuH-BH3), Oopana, Ooporuapupa HaTpws,

IUaHOOOPOTUAPUIA HATPUS M TPUALIETOKCUOOPOTHAPUIA HATPUSL.

28. Crnoco6 mo m. 27, rae BOCCTAaHOBHUTENb MPEACTaBIsieT coOOH MupUAUHOOpaH WM 2-

MTUKOJTMHOOPaH.
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29. Crnoco6 mo mobomy w3 mnm 1-6 wu mm 14-23, rthme craaguWsi  BBISBJICHHS
MOCJIEIOBATEIbHOCTH MOIU(UIIMPOBAHHON LEJIEBON HYKJIEHHOBON KHCJIOTHI BKJIFOYAET OIHO
win OoJiee U3 CEKBEHUPOBAHUS METOIOM OOphIBa IEMU, MUKPOMATPUYHOTO aHAJIH3a,

BBICOKOIIPOU3ZBOAUTECIIbHOI'O CCKBEHUPOBAHUSA U aHAJIM3a C ITIOMOII b0 (bepMeHTOB PECTPUKIIUUN.
30. Crniocob o mobomy u3 nn. 1-29, rae HykiienHOBast KUCIOTa pencrassier codoi JJHK.

31. Crniocob o mobomy u3 . 1-29, rae HykJienHOBast KUCIoTa npeacrasisier codoit PHK.
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dopmyJia uzodpereHust
(o c1. 34 PCT, He nyis1 paccMoOTpeHHs)

I. Crnoco6 nnentudukanuu S-merniuurosusa (SmC) B 1eneBoi HyKJIEMHOBOW KHUCIIOTE,

BKJIFOUAOINI CTAqUU;

a. NoJy4eHus: obpasna HyKJIEHMHOBOW KHCIOTBI, COAEPIKALIETr0 LENEBYI0 HYKJIEHHOBYIO
KUCJIOTY;,
b. MoAU(UKAIMU HYKJIEMHOBOW KUCIIOTBI, BKJIOYAIOINEH CTaaHH:

1. npoOaBneHus OyoKupyromel rpynmsl K S-ruapokcumermiuuto3uny (ShmC) B oOpasie

HYKHGHHOBOﬁ KHCJIOTBI,

ii. mpespauenust SmC B 0Opasue HyKJIEeHHOBOI KUCIOTHI B S-kapOokcunuurozus (ScaC)

w/unu S-popmunuurtosut (SfC) n

iii. npespamenuss ScaC w/wnmu S5fC B  pmurugpoypaumn (DHU) ¢ nonyueHunem
Moau(pUIMPOBAHHOTO 00pa3iia HYKJIEHHOBON KUCIOTHI, COAEpsKalero Moau(uIupOBaHHYO

LCJICBYIO HYKJIICUHOBYIO KHUCJIOTY, U

C. BBISIBJIEHUsI TIOCJIEIOBATEIbHOCTH MOMU(DUIMPOBAHHON LIEJIEBOW  HYKJIEHMHOBOM
KUCJIOTBI, BKJIIOUArOIero BbrBjIeHHe Hamumuuss DHU B mocnemoBaTeIbHOCTH — UIIH

npespauieane DHU B tumus (T) u BoisiBnenne Hammyuusi Tumuna (T) B mocienoBaTebHOCTY,

rae tpamsunms ¢ 3aMeHod 1mro3uHa (C) Ha DHU wmu murosuna (C) wva tumuH (T) B
NIOCJIEIOBATEILHOCTH MO UITIPOBAHHON LEJIEBOH HYKJIEHHOBOH KHUCIIOTHI IO CPABHEHUIO C
LIEJIEBON HYKJIEMHOBOM KHCJIOTOHM TMO3BOJISIET ONMPEAENuTh MecTonojoxkenne SmC B 1eneBoi

HYKJIEMHOBOU KUCJIOTE.

2. Crnoco6 mo m. 1, rne 3HaueHus: nmpouentHoro coxepxkananss DHU wim T B xaxzaom
MECTOIOJIOKEHUN TPAH3ULUU MO3BOJIAIOT ONpPENEIUTbh KOJWYeCTBeHHbIN ypoBeHb SmC B

Ka)KIOM MECTOMOJIOKEHUH B LIEJIEBOM HYKJIEMHOBOW KUCIIOTE.

3. Cnoco6 wunentupukanmu SmC wmm ShmC B wneneBoil HYKJIEHMHOBOH KHCIIOTE,

BKJIFOUAOIINI CTAqUU;
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a. NoJy4eHus: oOpasua HyKJIEHMHOBOW KHCIIOTHI, COAEPIKALIETr0 LEIEBYI0 HYKJIEHHOBYIO
KUCJIOTY;
b. MOAN(HUKAIMY HYKJIEMHOBOW KHUCIIOTBI, BKJIFOYAIOIIEH CTaaHH:

1. mpespamenus SmC u ShmC B oOpasiie HyKJIEHHOBOI KHCIIOTHI B 5-KapOOKCHIILTUTO3UH

(5¢caC) w/nnu 5fC u

1. mpespamenuss ScaC w/umu  S5fC B gurmmpoypaumn (DHU) ¢ nmonydenuem
MOIU(ULIUPOBAHHOTO 00paslia HyKJIEHHOBOW KHUCIIOTBI, COIEpIKaLIero MOAH(PHUIPOBAHHYIO

LCJICBYIO HYKJIICUHOBYIO KHUCJIOTY, U

C. BBISIBJICHHsI  TIOCJIEOBATEIBHOCTH MOAM(DULIMPOBAHHONH LEJEBON  HYKJIEHHOBOI
KHCJIOTBI, BKJIOUarolmero BbisiBieHne Hamuuus DHU B mocinenoBaTenbHOCTH WM

npespaternne DHU B TumuH (T) u BoisiBieHue Hannuus TuMuHa (1) B MOCIe10BaTeIbHOCTH,

rae Tpamsunms ¢ 3aMeHod 1wmro3uHa (C) Ha DHU wnu murosuna (C) va tumun (T) B
NIOCJIEIOBATEIbHOCTU MO UILIUPOBAHHON 1IEJIEBON HYKJIEHHOBOIH KHCJIOTHI IO CPABHEHHUIO C
1IeJIEBO HYKJIEMHOBOM KHCJIOTOM MO3BOJISIET ONpeneauTh Mectononokenue SmC mubdo ShmC

B LIEJIEBOI HYKJIEMHOBOW KHCJIOTE.

4. Crnoco6 mo m. 3, rne 3HaueHus: npouentHoro coxepkanuss DHU wmu T B kaxaom
MECTOIOJIOKEHUH TPAH3HULIUU MTO3BOJISIIOT OMPEAENUTh KOJIMYeCTBEHHbINH ypoBeHb SmC 11bo

S5hmC B kaI0M MECTOMOJIOKEHUH B LIEJIEBON HYKJIEUHOBOM KHUCIIOTE.

5. Crnoco6 unentuduxaumu SmC u unentuduxaunu ShmC B meneBod HYKJIEHHOBOM

KHCJIOTE, BKIIFOUAROIIHM:

a. uneHTuukanmo  S-merwinuroduHa (SmC) B 1eneBoll HYKJICHMHOBOW KHCJIOTE,

BKJIOYAOIYHO CTaAUN:

1. momydeHuss TepBOro oOpas3la HYKJIEHHOBOH KHCJIOTBHL, COAEPKAIEro LEJNEBYIO

HYKJIEHHOBYIO KHCJIOTY;

il. MomguduKaMK HYKJIEHHOBOW KUCJIOTHI B TIEPBOM 00pasiie, BKIFOYAOLIESH CTaIuu:
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(1) nobGasnenust Onokupyromed rpymmel K S-ruapokcumeruianuro3udy (ShmC) B

nepBoM oOpasiie HyKJIEHHOBOU KHCJIOTHI,

(2) npespammenus SmC B mepBoM oOpasiie HyKJIeHHOBOH kucnoThl B ScaC w/mnu SfC

u

(3) mpeppamenust ScaC w/wmmu SfC B purmnpoypammn (DHU) ¢ monyuenuem
MOAU(UIIPOBAHHOTO MEPBOro 00pa3lia HYKJIEMHOBOH KHCJOTBI, COHEP:KaIlero

MOIU(UIUPOBAHHYIO LEJIEBYIO HYKJIEHHOBYIO KUCJIOTY;,

1ii. BBISIBJICHHS] IOCJIEOBATEIIbHOCTH MOAUMDULIIMPOBAHHON I€JIEBOM  HYKJIEHMHOBOM
KUCJIOTBI, BKJIIOHaromero BbiiBieHue Hamuuusa DHU B mocnenoBarenbHOCTH WM
npespaimerarne DHU B Tumun (T) u BoisiBnenune Hanuanst TumuHa (T) B mocienoBaTebHOCTH,
rae Tpamsunus ¢ 3ameHoid nurosuHa (C) ma DHU wmm nurosuna (C) va TumuH (T) B
HIOCJIEIOBATEIbHOCTH MOAU(ULMPOBAHHON LIeJIeBOH HYKJIEMHOBOM KHCIIOTBI IO CPABHEHHUIO C
LIeJIeBOH HYKJIEMHOBOM KHMCJIOTON MO3BOJISIET ONpenenuTh Mectonoioxenue SmC B 1eneBoi

HYKJIEMHOBOU KUCJIOTE;

b. unentudukarmo SMC win ShmC B 11e/1€BOM HYKJIIEMHOBOUM KHCJIOTE, BKIFOYAIOIIYIO

CTagVH;

1. momy4deHuss BTOpOro oOpasna HYKJIEWHOBOHW KHCJIOTBI, COAEPIKAINEro LEeJIeBYIO

HYKJIEHHOBYIO KUCJIOTY;
il. MoauduKaMu HYKJIEHHOBOW KHUCIIOTHI BO BTOPOM 00paslie, BKIIOYAOIIECH CTaIuN

(1) mpeBpamenust SmC u ShmC Bo BTOpoM 00pasiie HyKJIEHHOBOI KHUCIOTHI B ScaC

u/vumm 5fC u

(2) mpespawmenust ScaC wwm SfC B pmurmppoypammn (DHU) ¢ monydenuem
MOAN(UIPOBAHHOTO BTOPOro 0O0pa3slia HYKJIEHHOBOW KHCJIOTBI, COIEPIKallero

MO UIIUPOBAHHYIO 1IEJIEBYIO HYKJIEMHOBYKO KUCJIOTY, U

ili. BBISBJICHUS] TMOCJIENOBATEIbHOCTH MOIUMDHUIIMPOBAHHON IIEJIEBOH  HYKJIEHMHOBOH
KUCJIOTBI W3 BTOpOro oOpasua, BKJIIOYAKOINEro BbisiBieHWe Hamuums DHU B
nocienosarenbHocTy win npespawmenrne DHU B Tumus (T) u BeisiBinenne Hannuus TumuHa (1)

B MOCJIEAOBATENILHOCTH, TAe TpaH3umus ¢ 3amenol uutosuHa (C) vHa DHU unmu uurosuna (C)



WO 2019/136413 PCT/US2019/012627
4

Ha TumuH (T) B mocnenoBaTenbHOCTH MOAU(PHULIMPOBAHHON IENIEBON HYKJIEHHOBOW KHCIIOTBI
[0 CPABHEHHIO C LIEJIEBON HYKJIEMHOBOW KUCJIOTOW MO3BOJISIET ONPEAEIUTh MECTOMOIOKEHHUE

5mC mubo ShmC B neneBoli HyKJIEMHOBOH KHUCJIOTE; U

C. CpaBHEHUE pe3ysibTaToB craauii (a) u (b), rue Tpamsumu ¢ 3ameroi C va DHU wmu C
Ha T, mpucyrctByromme Ha craamu (b), HO He Ha cTaguu (a), MO3BOJIIOT OMPEAEIUTH

mecrononoxkenne ShmC B nieneBoii HyKJIEMHOBOH KHUCIIOTE.

6. Crnioco0 no 1. 5, rae Ha craauu (a) 3HadeHus npoueHTHoro copepkanust DHU wnu T B
KaXKAOM MECTOIIOJIOXKCHUN TPAH3ULUNU MO3BOJISAKOT OMNPEACIINTD KOJIMUECTBEHHBIN YPOBECHDb
SmC B KaXIOM MECTOIIOJIOKEHUH B LIEJIEBOM HYKJIEHMHOBOH KucnoTe; Ha craguu (b) 3HaueHus
npoueHTHoro coaepskanuss DHU unu T B xakaoM MeCTONONOKEHUH TPAH3ULMH [TO3BOJISIIOT
onpenenuth KonudecTBeHHbIH ypoBeHb SmC wiu ShmC B KaXIOM MECTOMOJOXKEHHU B
L[eJIeBOM HYKJIEMHOBOM KHCJIOTe, W Ha CTaaud (C) pas3iuuus B 3HAYEHUSX MPOLEHTHOI'O
COIepKaHus, COOTBeTcTByrolMe Tpam3ummsiM ¢ 3ameHod C wa DHU wmm T,
uneHTUGULUUpOBaHHbIM Ha ctaauu (b), HO He Ha craauu (@), TO3BOJSIIOT OMPEAETHUTDH
KOJIM4eCTBEHHbIN ypoBeHb ShmC B KaKAOM MECTOMOJIOKEHHWH B LIEJIEBOH HYKJIEHMHOBOU

KHUCJIOTE.

7. Crnioco6 no mobdomy u3 . 1-2 uau nm. 5-6, rae Onokupyromas rpyrmna, 1o0asisemast

k ShmC, mpencrasinsier codoii caxap.

8. Crnoco6 mo m. 7, rae caxap mpeAcTaBisieT cOOOH MIFOKO3Y MIIM MOAU(DHUIUPOBAHHYIO
IJTIOKO3Y.
0. Crnoco6 no n. 7, rae 6nokupyrouyro rpymnmny 100asmsiroT kK ShmC nytem npuBeneHust

oOpasua HYKJEHMHOBOW KHUCJIOTBI B KOHTakT ¢ ypunuHaudocharom (UDP), cesizaHHBIM ¢

caxapoMm, B IPUCYTCTBUH (PepMEHTA TITFOKO3UITPAHCHEPA3HI.

10. Crocob o 1. 9, rae dpepMeHT rroko3unTpaHcdepasa BbIOpaH U3 TPYIIIbL, COCTOSIIIEH
u3  P-rmokosuntpanchepassl  Oakrepuodara T4 (BGT), o-rmrokosmntpanchepasbl

oaktepuodara T4 (aGT) 1 UX MPOU3BOJHBIX U AHAJIOTOB.

11. Crnoco6 mo gmrobomy w3 mm. 1-6, roe craamst mpespamenus SmC B oOpasie

HykJienHOBOU KUCIOTH B ScaC w/mnmu SfC u cragus npespamenns SmC u ShmC B obpasie
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HyKJIenHOBOW KUCIOTHI B ScaC w/mnm SfC BrmOYaroT mpuBeneHue odpasua HyKISHHOBOH

KHCJIOTBI B KOHTAKT ¢ (P€PMEHTOM TpaHcJokanuu aecatb-onuHHaanath (TET).

12. Croco6 o 1. 11, rne pepment TET BeiOpan u3 rpynmsl, coctosmeit uz TET1, TET2 u
TET3 uenoseka; Tetl, Tet2 u Tet3 mpumm; TET Naegleria (NGTET); Coprinopsis cinerea

(CcTET) 1 ux npON3BOAHBIX UM aHAJIOTOB.
13. Crnoco6 no 1. 12, rae pepment TET npencrasnser coboit NGTET nimu TET mpinum.

14. Crnoco6 wunentupukaumn ScaC wmmm SfC B 1eneBoil HYKJIEMHOBOH KHUCIIOTE,

BKJIFOUAIOIINH CTAOUH;

a. nosry4eHnst obpasna HyKJIEHHOBOH KHCIIOTBI, COIEPIKAIIEro LENeBYI HYKJIEHHOBYIO
KUCJIOTY;,
b. npespamenuss ScaC wu  SfC B purmgpoypammn  (DHU) ¢ nmonyueHuem

MOAM(UIIPOBAHHOTO 00pa3lia HYKJIEHHOBOH KHCJOTHI, COAEpIKaIero MOAH(UIMPOBAHHYIO

LIEJIEBYI0 HYKJIEMHOBYIO KUCJIOTY;

C. aMILTUUKALIH YHCIIa KO MOIU(UIIPOBAHHON LEJIEBOI HYKJIEHHOBOI KHCIIOTHI U
d. BBISIBJICHHSI TIOCJIEOBATEIBHOCTH MOAM(DULIMPOBAHHONH LEJEBOH  HYKJIEHHOBOM
KHUCJIOTBL,

rae Tpamsumus ¢ 3ameHo 1urosuHa (C) Ha TEMmH (T) B mocinenoBaTeIbHOCTH
MOAU(UIMPOBAHHON LIEJIEBOI HYKJIEHHOBOM KHUCIIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBOU
KHCJIOTOH MO3BOJIsIET onpeaenutb Mmectononokenne ScaC mido SfC B ueneBoil HyKJIEeHHOBON

KHUCJIOTE.

I5. Crmoco®6 mo m. 14, rame 3HaYeHHWsT TNPOLEHTHOrO coaepkanuss T B KaxIoM
MECTOTIOIOKEHUH TPAH3ULIUHU MTO3BOJISIFOT ONPENENIUTh KOJTHMYeCTBEHHBINH ypoBeHb ScaC nnubo

5fC B Ka:KIOM MECTOTOIOKEHHUH B LIEJIEBOW HYKJIEHMHOBOMN KUCIIOTE.

16. Croco6 unentuduxammu ScaC B 1eneBOW HYKJIEHMHOBOH KHCIIOTE, BKIFOYAOLIHIA

craguu:
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a. NoJy4eHus: oOpasua HyKJIEHMHOBOW KHCIIOTBI, COIEPIKALIETr0 LEIEBYI0 HYKJIEHHOBYIO
KUCJIOTY,
b. nobasienunst Ookupyromei rpymmsl K SfC B 0O6pasie HyKJIeMHOBOM KUCIIOTHI,
C. npespauenus ScaC B guruapoypaumn (DHU) ¢ nonydenunem MonugpuuupoBaHHOTO

o0pas1ia HyKJIeNHOBOH KHCIIOTBI, COAEPKAIEro MOAU(PHULIHPOBAHHYIO LIEIEBYIO HYKIEUHOBYIO

KHUCJIOTY, U

d. BBISIBJICHUST TTOCJIEIOBATEIIbHOCTH  MOAU(HUIIMPOBAHHON LIEJIEBOM  HYKJIEHMHOBOU
KHCJIOTBI, BKJIIOHaroIero BbiiBjeHHe Hamumuuss DHU B mocnenoBaTeIbHOCTH WU

npespamerane DHU B TumuH (T) u BoisiBieHune Haanuus TuMuHa (1) B MOCIe10BaTeIbHOCTH,

rae Tpamsunus ¢ 3ameHoi uurosuHa (C) ma DHU wmm nurosuna (C) va TumuH (T) B
HIOCJIEIOBATEIbHOCTH MOAU(UIMPOBAHHON LIeJIeBOH HYKJIEMHOBOM KHCJIOTBI IO CPABHEHHUIO C
L[eJIeBON HYKJIEMHOBOW KHUCJIOTOH MO3BOJISIET ONpenenuTb Mectononoxenne ScaC B 1ieeBoi

HYKJIEMHOBOM KUCJIOTE.

17. Crnocob mo n. 16, roe 3HaueHus: nporeHtHoro coaepskanuss DHU wmu T B kakgom
MECTOIIOJIOKCHNU TPaH3HUIHUU IMO3BOJIAOT OHNPEACIIUTD KOJIMYECTBEHHBIH YPOBEHDb 5caC B

Ka)KJIOM MECTOIMOJIOKEHUH B LIEJIEBOM HYKJIEMHOBOW KUCJIOTE.

18. Crnoco6 mo m. 16, rae cramust nobasneHus: Gnokupyromeii rpynmnsl Kk SfC BrirOuaer
npuBeAeHne o0pasla HYKIEHMHOBOW KHCJIOTBI B KOHTAKT C  aJIbACTHA-PEAKTUBHBIM
COEMHEHUEM, BBIOPDAHHBIM M3 MPOU3BOJIHBIX 'MIPOKCHIIAMUHA, MPOU3BOAHBIX THAPAa3HUHA U

MPOU3BOAHDBIX THAPA3HUIOB.

19. Cnoco6 mo m. 18, rme mnpoW3BOAHOE THUAPOKCHIIAMHHA TpenctaBisier coboit O-
STHIITHAPOKCUIIAMUH.

20. Croco6 wunentndukaumu SfC B 1eneBOil HYKJICHHOBOW KHCJIOTE, BKIFOYAROLIHIA
CTaIuH:

a. NOJIy4eHus1 oOpasna HyKJIEHMHOBOW KHCIJIOTHI, COAEPIKALIETO LEIEBYI0 HYKJICHHOBYIO
KUCJIOTY,

b. nobasyenust OJoKkupyroIei rpynmsl K ScaC B 00pasiie HyKIEHHOBOMN KUCIIOTHI,
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C. npespamerus SfC B nuruapoypammn (DHU) ¢ monmyuennem moauduimpoBaHHOTO
o0pasua HyKJIEHMHOBOW KHCJIOTBI, COAEPIKAIIEro MOAU(PHUIIMPOBAHHYIO LIEJIEBYI0 HYKIIEHHOBYIO

KHCJIOTY, U

d. BBISIBJICHUST TIOCJIEIOBATEIIPHOCTH  MOIU(UIUPOBAHHON LIEJIEBOM  HYKJICHMHOBOU
KHCJIOTBI, BKJIIOHArOIero BbiiBjeHHe Hamumuusi DHU B mocienoBaTeIbHOCTH — HIIH

npespauieane DHU B tTumus (T) u BersiBnenne namnuus tumuna (T) B mocnenoBaTenbsHOCTY,

rae tpamsunusa ¢ 3aMeHod 1mrosuHa (C) Ha DHU wmnm murosuna (C) ma tumuH (T) B
NIOCJIEIOBATEIbHOCTH MO UIIMPOBAHHON 11eJIeBON HYKJIEHHOBOH KUCIIOTHI IO CPABHEHUIO C
L[eJIeBON HYKJIEMHOBOW KHCJIOTOM MO3BOJISIET ompeneinth Mectononoxenne SfC B neneBoit

HYKJIEMHOBOU KHUCJIOTE.

21. Cnoco6 no m. 20, rae 3Hauenust npoueHTHoro cozpepxkanust DHU wmn T B kaxzaom
MECTOMOJIOKEHUH TPAH3MLUU TMO3BOJSIIOT ONPENeNUTh KOJNUYeCTBEHHbIH ypoBeHb SfC B

Ka)KJIOM MECTOIOJIOKEHUH B LIEJIEBON HYKJIEMHOBOM KUCJIOTE.

22, Cnocob mo m. 20, rae craaus nodaByieHus: Onokupyromen rpymnmsl kK ScaC BKIIIOYaeT
npuBeneHue oOpasia HYKJIEMHOBOW KHCJIOThI B KOHTaKT C PEareHTOM JUIsl JepUBATH3ALUU

Kap6OHOBI:>IX KHCJIOT U aMUHHBIM, TUAPA3WUHOBBIM WJIHW TUAPOKCHIIAMHUHOBBIM COCAUHCHUEM.

23. Crnocob mno 1. 22, rae craausi nodasyieHus: Ookupyromei rpymnmbl kK ScaC BKJIFOYaeT
npuBeneHne — oOpasla  HYKJIEMHOBOM  KHCJIOTBI B KOHTakT ¢ l-31mi-3-(3-

auMetunaMuHomnponn)kapooauumunom (EDC) u ¢ sTunaMmuHOM.

24. Crnoco6 npentudukammu ShmC B 1eneBoit HyKJIEHHOBOH KUCIIOTE, BKIFOYAFO NN

a. nojy4yeHue obpasna HyKJICHMHOBOH KHCJIOTBI, COAEPIKALIErO LENEBYI0 HYKJICHHOBYIO
KUCJIOTY,

b. MOIIU(UKAIMIO HYKJIEMHOBOMH KUCJIOTHI B 00pasiie, BKIFOYAIIYIO CTaIHH:

i. mpespamenust ShmC B oOpasne HykienHoBOH KucioThl B ScaC w/mmm SfC u

ii. mpespamenuss S5caC w/mmu  S5fC B mgurmmpoypaumn (DHU) ¢ nmonydenuem
MOIU(ULIUPOBAHHOTO 00paslia HyKJIEHHOBOW KHUCIIOTHI, CONEPIKAIEro MOAN(PUIIMPOBAHHYIO

LEJICBYHO HYKJIICMHOBYRO KUCJIOTY, U
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C. BBISIBJICHHSI TIOCJIEZIOBATENBHOCTH MOAM(DULIMPOBAHHONH LEJIEBOH  HYKJIEHHOBOM
KHCJIOTBI, BKJIFOHaroIee BoisiieHne Haanuust DHU B mocnenoBaTensHOCTH WM IIPEBPAILEHHE
DHU B tumuH (T) u BeisiBnenue Hanmuusi TuMuHa (T) B mocaenoBaTeIbHOCTH, I1€ TPAH3ULS
¢ 3amenoit nuro3uHa (C) xa DHU wnu nurosuna (C) Ha tumuH (T) B mocienoBaTe IbHOCTH
MOAU(PUIMPOBAHHON LIETIEeBOI HYKJIEMHOBOM KHUCIIOTHI IO CPABHEHHUIO C LIEJIEBOH HYKJIEMHOBON

KUCJIOTOH MO3BOJISIET ONpeAenuTh MecTononoxenne SmC B 11eJIeBOM HyKJIE€MHOBOH KUCJIOTE.

25. Crnoco6 mo m. 24, roe 3HaueHus npoueHtHoro copepkanuss DHU nmn T B xaxknom
MECTOIOJIOKEHUN TPAH3ULMK TO3BOJISIIOT ONPEAENTUTh KOJUYECTBEHHbIH ypoBeHb ShmC B

Ka)KIOM MECTOMOJIOKEHUH B LIEJIEBOM HYKJIEMHOBOW KUCJIOTE.

26. Crnoco6 mno 1. 24, rne cragus mpespamenuss ShmC B ScaC w/mnu 5fC Brouaer

npuBeneHre oopasia HyKJIeHHOBOH KUCIOTHI B KOHTAKT C OKUCIIUTENIEM.

27.  Cnoco® mo m. 26, rne OKHCIHWTENb MPEACTaBIseT COOOW MeppyTeHAT Kaius WU
Cu(II)/TEMPO.
28. Crocob mo jmodomy u3 mm. 1-6 u nm. 14-27, roe ¢cnocod MOMOTHUTEHHO BKJIKOYAET

CTaIUI0 aMIUTH(PHUKALIMY YUCTa KOTTUH MOIU(PUIMPOBAHHON 1IeJIEBOM HYKJICHHOBOW KHUCIIOTHI.

29. Crnoco6 mo m. 28, rme cragust amruiMUKAaMyA YHMCIa KOMUH MOAM(PUIUPOBAHHOM
LIEJIEBOM HYKJIEMHOBOM KHUCJIOTHI BKJIIOUAET IMPOBEAEHUE MNOJUMEPA3HOM LEMHOW peakluu

(TILIP) nnm mocTpoiiku mparimMepa.

30.  Cnoco0 no mrobomy u3 nm. 1-6 u nm. 14-29, rae cranus npespamenus ScaC w/mnm 5£C

B DHU BKiHOUaeT npuseneHne oopasia HyKJIEHHOBOH KUCIOThI B KOHTAKT C BOCCTAHOBHUTEJIEM.

31 Croco®6 mo m. 30, rme BOCCTAHOBHTENb BBIOpAH W3 TPYIIBL, COCTOALICH U3
nupuanHOOpaHa, 2-mukonuHOopaHa (mukonuH-BH3), Oopana, Ooporumpupa HaTpws,

IUaHOOOPOTUAPUIA HATPUS U TPHALIETOKCHOOPOTUAPUIA HATPUSI.

32. Crnoco6 mo m. 31, rae BOCCTAaHOBHUTENb MPEACTaBisieT coOOH nmupuauHOOpaH WiH 2-
MTUKOJTMHOOPaH.
33. Crnoco6 mo mobomy w3 mnm 1-6 wu nm 14-27, rthoe craagwsi  BbISBJICHHS

MOCJIEIOBATEIbHOCTH MOIU(UIIMPOBAHHON 1EJIEBON HYKJICHHOBON KHCJIOTHI BKJIFOYAET OIHO
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win OoJiee W3 CEKBEHUPOBAHUS METOIOM OOphIBa MM, MUKPOMATPUYHOTO aHAJIH3a,

BBICOKOIMPOU3ZBOAUTECIIBHOI'O CCKBEHNUPOBAHUA U aHAJIN3a C TIOMOIIBIO (1)epMeHTOB PECTPUKLIUHA.
34. Criocob o mobomy u3 nn. 1-33, rae HykiIienHOBast KUCIOTa pencrassier codoi JJHK.

35. Criocob o mobomy u3 . 1-33, rae HykJienHoBasi KUCioTa mpenacrasisier codoit PHK.
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