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OCHOBAaHUH IIpH aHAJIU3€ MOJICKYJd HYKICHHOBBIX KHCIOT U cOOpe JaHHBIX JUIS aHalu3a MOJEKYI
HYKJIEHHOBBIX KHCIOT. Moan(ukaIiu 0CHOBaHMH MOTYT BKITIOUaTh B ce0s MeTminupoBanne. CrocoOs!
orpeneseHnsT MOTU(UKAIMKH OCHOBaHMH MOTYT BKJIIOYAaTh B CeOsl HCIIONB30BAHHE XapaKTEPHCTHK,
MOJYYECHHBIX B PE3yJbTaTe CEKBEHUPOBAHMA. DTH XapaKTEPUCTHKH MOTYT BKJIOUaTh B ceOs LIMPUHY
HMITYJIbCa ONTHYECKOr0 CHTHala OT OCHOBAaHWi, KOTOPBIC CEKBEHUPYIOT, MEXHUMITYJIbCHBIAH HEpPHOX
OCHOBaHMH W THI OCHOBaHMH. Mopennm MamMHHOTO OOyYeHHs MOXKHO OOY4YHTh OOHAPY>KUBATH
MOAN(UKALMKE OCHOBAHUI C IMOMOLIBIO 3THX XapakTepHCTHK. OTHOCHTENbHBIE YPOBHU MOAM(DUKALIUH
WA METHINPOBAHUS MEXITY FalUIOTHIIAMU MOTYT YKa3bIBaTh Ha HapymeHue. CtaTychl MOXU(UKaLii HIH
METWIMPOBAHUS TAK)XKE MOTYT OBITh NCITOIB30BAHBI JUIsi 0OHAPYKEHHUS XUMEPHBIX MOJIEKYJL.
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ONPEJEJEHUE MOJUPUKAIIAN OCHOBAHU HYKJIEXHOBBIX
KHNCjaoT

HNEPEKPECTHBIE CCBLJIKH HA POJACTBEHHBIE 3ASIBKH

JlaHHas 3asBKa 3asBJSIET MPHOPUTET 1O IpeasaputenbHOn 3asBke CIIA Ne 63/051210,
osarmasienHoit kak «OITPEJJEJIJEHUE MOJJU®UKAITUA OCHOBAHUM HYKJIEMHOBBIX
KHUCJIOT», nomanno#t 13 wmronst 2020 ropa; mpensaputenbHoit 3asBke CIIIA Ne 63/019790,
osarmasienHoit kak «OITPEJJEJIJEHUE MOJJU®UKAITUA OCHOBAHUM HYKJIEMHOBBIX
KHUCJIOT», momannoii 4 mast 2020 ropma; npeasaputenbHoi 3asBke CLIA Ne 62/991891,
osarmasienHoit kak «OITPEJJEJIJEHUE MOJU®UKAITUA OCHOBAHUU HYKJIEMHOBBIX
KHCJIOT», nogansoit 19 mapra 2020 roxma; mpensapurenbHoil 3asBke CLIA Ne 62/970586,
osarmasienHoit kak «OITPEJJEJIJEHUE MOJJU®UKAITUA OCHOBAHUM HYKJIEMHOBBIX
KHCJIOT», nopanHo# 5 ¢espans 2020 roaa; u npensapurensHoil 3asske CLIA Ne 62/887987,
osarmasienHoit kak «OITPEJJEJJEHUE MOJIUPHUK AL OCHOBAHU HYKJIEMHOBBIX
KHCJIOT», nomanno#t 16 asrycra 2019 ropma, mojHOE conep:kaHUE KOTOPBIX BKJIFOYEHO B
TAaHHBIA JOKYMEHT MOCPEICTBOM CCBUIKH IS BCEX LENEH.

YPOBEHb TEXHUKH

IIpucyrcTBue Moandukauuii OCHOBAaHMHM B HYKJEHMHOBBIX KHCJIOTaX pa3jinyaeTcs y
pa3HBIX OPraHU3MOB, BKJIOUAs BUPYCHI, OAKTEPUH, PACTEHUs, TPHOBI, HEMATOIbI, HACEKOMBIE U
NO3BOHOUHBIE (Hampumep, Jroau) W T.A. Hambomee pacnpocTpaHeHHble MOIU(BUKALIIH
OCHOBAHMH MPEACTABIIIOT cOO0H n00aBIeHNE METUIIBHON TPYIIBI K Pa3IMYHBIM OCHOBAHUSIM
JJHK B pasHbIX MNO3UIMSX, TaK Ha3blBAEMOE METHIHpPOBaHUE. MeTminpoBaHue ObUIO
oOHapy>X€HO Ha IMTO3WHAX, aJeHWHaX, TUMHUHAX M TyaHuWHaX, Hampumep, SmC (5-
metrauto3uH), 4mC (N4-merwnuurtodun), ShmC (S-ruppoxcumermnuurtosun), SfC  (5-
dopmmmutozun), ScaC  (5-kapbokcwnuurtosud), ImA (Nl-merunagenun), 3mA (N3-
mermnaneHuH), 7mA (N7-merunaaenus), 3mC (N3-merniuuro3us), 2mG (N2-meTunryaHuH),
6mG (O6-merunryanus), 7mG (N7-mermnryanuns), 3mT (N3-meruntumun) u 4mT (O4-
METHATHUMHUH). B reromax no3BoHouHbIXx SmC sBisieTcss Haubosee pacnpoCTPaHEHHBIM THIIOM
METHJIMPOBAHNS OCHOBAHMH, 32 HUM CIIEIYET METHIINPOBaHUe ryannHa (T.e. B KoHTekcre CpG).

Metunuposanne JIHK siBiseTcst BaKHbIM UIsI Pa3BUTHS MIIEKOIUTAIOIIUX M HIPaeT
3HAYUMYK) pOJIb B TE€HHOW O3KCIPECCUM W CaiJeHCHHIe, SMOpPHOHAJIBHOM Pa3BUTHH,
TPAHCKPHUIILMH, CTPYKType XPOMATHHA, MHAKTUBALMH X-XPOMOCOMBI, 3aIIUTE OT AKTUBHOCTHU
MIOBTOPSIFOLITUXCST  3JIEMEHTOB, MOAACPKAHUM CTa0MJIBHOCTH TE€HOMa BO BpEMS MHUTO33, H

peryjidaiguu rcHOMHOIO UMIIPHUHTUHT A, POAUTEIBCKOTO MO MPOUCXOKACHULO.
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Metunuposanue JIHK wurpaer BaxkHyHO poOJib B CKOOPAUHUPOBAHHOM CaWJIEHCHUHIE
npoMoTopoB U 3HxaHcepoB (Robertson, 2005; Smith and Meissner, 2013). beiio obHapy:xeHO,
YTO MHOTrHe 3a00JieBaHMsI 4eNoBeKa CBs3aHbl ¢ abeppaumsimu  mMetwimpoBanus JIHK,
BKJIFOYAKOLITHE B ce0si, HO HE OrpaHMYEHHbIE JINIIb STHMH: IPOLECC KaHLIEPOreHe3a, HapyIIeHUs
UMIpPUHTHHTA (HarpuMep, cuHapoM beksura-Bunemana u cunapom Ilpanepa-Buim), 6one3an
HECTaOMJIbHOCTH TIOBTOPOB (HAmpuMep, CHHAPOM JIOMKOH X-XpOMOCOMBI), ayTOUMMYHHBIE
3a0oneBaHusl (HampuUMep, CHUCTEMHAas KpacHas BOJIYaHKA), HAPYIIEHUS OOMEHa BEIeCTB
(marmpumep, nuader tuna I u Tuna II), HEBposOrHUeckne HapyIIeHUs, CTAPEHNE U T. /.

Tounoe omnpenenenne MeTwibHOW Momudukanmmu Ha Mojekyinax JIHK Oyner umers
MHOKECTBO KJIMHHYECKUX NpuMeHeHHH. OIWH H3 MIMPOKO HCIMOJBb3YEMBIX CIIOCOOOB
onpenenenus merwmpoBanus JAHK npencrasisier coboit 6ucynsdurnoe cexsenuponanne (bC-
cekB.) (Lister et al., 2009, Frommer ef al., 1992). B stom moaxone obpasubl JIHK crauama
oOpabarbIBatoT OMCYNBbGUTOM, KOTOPBIH MPeoOpa3OBBIBAET HEMETIIIMPOBAHHBIN LUTO3UH (T.€.
C) B ypaumn. HanpoTtuB, MeETHIMPOBAaHHBI IIMTO3UH OCTAeTCd HEU3MEHHBIM. 3aTeM
moaudurmposannyro oucynsdurom JJHK ananusupyror ¢ nomornsto cekBenuposanus JJHK. B
APYyroM Toaxone, mocie mnpeodbpaszoBanus Oucyibdurom, moaupuumposanayro JAHK 3atem
MOJBEPraloT aMIUIM(PHUKaIUKd C TIOMOLIbIO ToJuMepasHoi wenHod peakuun (ITLP) c
UCIIOJIb30BAHNEM TMpaiiMepoB, koTopblie MoryT auddepenuuponars JIHK, mpeobpasoBanHyro
oucynbpuToM, ¢ pasHeIMH npodmraimMu Metuiauposanus (Herman er al., 1996). Ilocnenumii
MOJXOJT HA3bIBAIOT crienuduuHoi k MeTrnupoBanuro [TLP.

OnHUM U3 HEJOCTAaTKOB TAKUX IMOJIXOIOB HA OCHOBE OHMCYIb(UTA ABISETCS TO, UTO, KaK
coobmraercs, craausi npeodpa3zoBaHusi OUCYIbOUTOM 3HAUUTENBHO pa3pylIaeT OOJBIIYIO0 YacThb
obpabdorannori JIHK (Grunau, 2001). JIpyroéi HemOCTaTOK 3aKJIFOYAETCSI B TOM, YTO CTauus
npeoOpaszoBanus 6ucynbpurom MoxkeT co3naBarh cuibHOe CG-cmemenue (Olova ef al., 2018),
YTO TPHUBOAUT K CHUKEHHUIO COOTHOINEHUs CUTHAJ/IIyM, Kak mpasmio, s cmeceit JIHK ¢
r€TEPOreHHBIMU COCTOSTHUSIMH MeTHiupoBanus. Kpome Toro, OuCynb(pUTHOE CEKBEHUPOBAHHUE
He CrocoOHO cekBeHHpoBaTh anuHHBIE Mosiekynbl JIHK u3-3a nerpamanmm JTHK BO Bpems
obpabotku Oucynbdurom. Takum oOpasoMm, cymecTByer NOTPeOHOCT B  OIpEHeNIEHUH
MOIU(UKALIMN OCHOBAHMH HYKJIEMHOBBIX KHCIOT 0€3 TNpPeABapUTEIbHOTO XHUMHYECKOTO
BO3ACUCTBUS (Hampumep, mnpeoOpa3oBaHus OHCYIbPUTOM) M aMIUIM(PHUKAIUK HYKIEHHOBOM

KUCJIOTHI (Harpumep, ¢ ucrospzoBanueM 1L[P).

KPATKOE OIUCAHUE CYIHHOCTHU NU30BPETEHUA
Mb1 paspaboTanu HOBBIA CrmOCOO, KOTOPBI B OJHOM BapHWaHTE OCYIIECTBJICHUS,

MO3BOJIACT ONPECACIIATD MOI[I/I(I)I/IKaLII/II/I OCHOBaHI/IfI, TaKHE€ KakK SmC, B HYKJICMHOBBIX KHUCJIOTax
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06e3 mnpenBapurenbHOii o0paboTku JHK-matpuiel, Hampumep (pepMEHTaTUBHOIO W/WIH
XHUMHYECKOTO NMpeoOpa3oBaHMs, WIIM CBSI3bIBAHHS C OEMKaMU WM aHTUTENaMH. XOTs Takas
npeasaputenpHas obpadorka JIHK-marpuubl He sBisiercs HEOOXOAMMOHN ANl ONpeAeNeHHs
MOnU(pUKALIMI OCHOBAaHWH, B TPUBEACHHBIX INPUMEpax OIpeNeNeHHasl IpeaBapUTeIbHAas
obpaboTka (Hampumep, paclierieHue (QpepMeHTaMU PEeCTPUKIUN) MOKET CIYKUTb IS
yJIyYIIEHUs] aCTIEKTOB N300peTeHus (Hanpumep, mo3BoJisisi odoramare CpG caliThl s aHATH3A).
BapuaHTbl ocymecTBIeHHs], PEACTABICHHbIE B JAaHHOM HU300PETEHUH, MOTYT HCIOJIb30BATHCS
il OOHAPYKEHHs] PA3fIMUHBIX THIOB MOAM(HKALNK OCHOBAHUH, HAMPHMEp, BKJIIOYAIOIIUX B
cebs1, HO He orpanHmumBaromuxcs juimb 3tumu: 4mC, ShmC, 5fC, u 5caC, 1mA, 3mA, TmA,
3mC, 2mG, 6mG, 7mG, 3mT, u 4mT, u T.a Takue BapuaHTbl OCYIIECTBJICHHS MOTYT
UCTIOJIb30BATh XAPAKTEPUCTHKH, IOJYYEHHbIE B pPE3YJIbTaTe CEKBEHHPOBAHMS, HAIMPHUMED,
KUHETHYECKHE XapaKTePUCTKH, Ha KOTOPbIE BIHSIOT Pa3JIM4Hble MOTU(UKAIIMH OCHOBAHHH, a
TAKXK€ WAEHTUYHOCTh HYKJIEOTHIOB B OKHE BOKpPYr LEJNeBOH NO3WLIMH, YeH CTaTyc
METHJIUPOBAHUS OTIPENEIISIOT.

BapuaHTbI OCyIIEeCTBICHUST JAHHOTO U300peTEHHsI MOTYT OBITh MCTIOJB30BAHBI JUISA, HO HE
OTPaHUYHMBAIOTCS CEKBEHUPOBAHUEM OTIENBbHOW MOJIEKYJbl. OZHUM U3 THUIIOB CEKBEHHUPOBAHHS
OTJIENIbHOW MOJIEKYJIbI SIBJIIETCS CEKBEHHPOBAHUE OTAEIBHONH MOJIEKYJbI B PEAIbHOM BPEMEHH,
IpU KOTOPOM B pEalbHOM BPEMEHH OTCIEKUBAIOT MPOTPECC CEKBEHHUPOBAHMS OTIENbHOM
mouekyibl JJHK. OnuH U3 THIMOB CEKBEHUPOBAHUS OTEIBHON MOJIEKYJIBl B PEAIbHOM BPEMEHH
SIBJIIETCSI TOT, KOTOPBI BBIBEZEH Ha pbIHOK Pacific Biosciences, NCHONB3yOLMEH UX CUCTEMY
OTIENbHOM MOJieKyJbl B peanbHoM BpeMeHHn (SMRT). CriocoOsl MOTYT MCMONB30BAThH MIUPHHY
UMIyJIbCA CUTHAJIAa OT OCHOBAaHUH, KOTOPBIE CEKBEHHPYIOT, MEKUMIYJIbCHBIA nepuon (MUII)
OCHOBAHMH, ¥ UAEHTUYHOCTb OCHOBAHUH IJIs1 OOHApyKeHUs] MOAN(UKALINN B OCHOBAaHUH HIIH B
cocenHeM ocHoBaHmu. Ele omHa cucreMa OTAEIBHOH MOJIEKYJbl OCHOBAHA Ha HAHOTIOPOBOM
cexkBeHHMpoBaHUHU. ONHUM U3 TMPHUMEPOB CHCTEMbI HAHOMOPOBOIO CEKBEHHUPOBAHHS SIBJISETCS
cucrema, Boimyckaemas Oxford Nanopore Technologies.

Pazpabortanable HamMu CcrnocoObl MOTYT CIYKHTh B KAaueCTBE WHCTPYMEHTOB IS
oOHapyxeHuss Moau(pUKaIUi OCHOBaHUI B Ouoyormueckux obOpasnax ajsl OLeHKH mnpoduien
METHJIUPOBAHUA B 00pa3lax AJisl pa3InYHbIX LEJIeH, BKIIOYAOIUX B ce0sl, HO HEOrpaHUYEHHBIX
UCCIIENOBAHMSIMA M JUArHOCTUYEeCKMMHU LessiMu. OOHapykeHHbIe NMPOQHIM METHINPOBAHHS
MOKHO HCHOJb30BaTh I PA3JIMYHOrO aHanu3a. Ilpo¢unm METHIIMPOBAaHUS MOTYT
UCTIOJNB30BaThCsl U1t ompeneneHuss ucrounuka JHK (Hampumep, MaTepHHCKOTOo WM
SMOpPUOHATBHOTO, TKaHEBOTO, OakTepuaapbHOro, win JJHK, moaydeHHOH 13 OMyXOJIeBbIX KIIETOK,
oborameHHbIX M3 KpoBH OonbHOTO pakoMm). OOHapyxkeHue mnpoduiel adeppaHTHOTO

MCTUJIMPOBAHUA B TKAaHAX IMOMOracT I/II[eHTI/I(I)I/IL[I/IpOBaTb HApyHICHUSA pPa3BUTUA Y UHAWUBUIOOB,
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BBIABJIATH U MPOTHO3UPOBATH OMMYyXOJIN UJIH 3JIOKAQUCCTBCHHBIC HOBOO6pa30BaHI/I$I.

BapuaHTbl OCyIIECTBJICHHS AAHHOTO M300pETEHHsST MOTYT BKJIOUATh B CeOsl aHAIU3
OTHOCHTEJIbHBIX YPOBHEH METHJIMPOBAHUS TaIUIOTUNOB opraHm3ma. JlucOamaHC B YpOBHSX
MCTUJIMPOBAHUA MEKAY ABYMS TaIlIOTUIIAMU MOXKET 6bITI:> HUCIIOJIB30BAH AJId ONPEACICHUA
knaccudukanuu HapymeHus. bojiee BBICOKMN nUCOANaHC MOJKET YKa3blBaTh HAa HaJU4YMe
HapYLIEHHUs UK OoJiee Cepbe3HOro HapyiueHus. HapymeHnue MoxkeT BKIFOUaTh B ceOsl pak.

ITaTTepHbl METUIMPOBAHUS B OJHOM MOJIEKYJIE€ TIO3BOJSIFOT HACHTHU(HUIIMPOBATH
xuMepHyto u rudpuanyto JJHK. XumepHbie u ruOpuaHbie MOJEKYJIbl MOTYT BKJHOYATh B CeOs
MOCJIEZIOBATEIPHOCTH U3 JABYX Pa3sHBIX T'€HOB, XPOMOCOM, OpraHeul (Hampumep, MUTOXOHAPHA,
sipa, XJIOPOIUIACTOR), OPTaHU3MOB (MIIEKOMUTAIOMINX, OAKTEpUl, BUPYCOB U T.J.) U/HJIH BHIOB.
OOHnapyxeHue obOnacTell coenmWHEHHs XUMEpPHbIX WM rudpuaHbix Mmonekyn JIHK wmoxer
caeyiaTb BO3MOXXHBIM O6H21py>KeHI/Ie CIIUAHUA TCHOB [JId Pa3JIMYHBIX HapymeHI/IfI 501050
3a00sIeBaHUH, BKIIFOUAs PAK, IPEHATAIbHBIC HIIH BPOYKICHHbIE HAPYIIEHHS.

J'Iquee NMOHUMAaHUEC TPHUPOABI U NPCUMYHICCTB BAPHAHTOB OCYILICCTBIICHHUA OAaHHOTO
n300peTEeHUsT MOXKET OBITh MOJYYEHO MyTEM OTCBUIKH K CIEAYIOIIEMY MOAPOOHOMY ONUCAHHIO U

NpUIaraeMbIM rpa@uIeckuM MaTepraIaM.

KPATKOE OITUCAHUE ' PAOUYECKHUX MATEPHUAJIOB

@ur. 1 wumoctpupyer SMRT-cexBeHUpOBaHHE MOJIEKYJ, HECYIINX MOIU(PUKALIIH
OCHOBAaHHI, COTJIACHO BApHAHTaM OCYLIECTBJIEHNUs JAHHOTO N300peTEeHNsL.

Qur. 2 unmoctpupyer SMRT-cexkBeHHpOBaHNE MOJEKYJ, HECYLUX METHJINPOBaHHbIE U
HeMeTHIInpoBaHHble caiitel CpG, COTIIACHO BapHaHTaM OCYLIECTBIICHHUs JAHHOTO H300pEeTeHNs.

Qur. 3 WIUIHOCTPUPYET MEKUMIIYJIbCHBIM NEPHOJA W IMIHUPUHY HMIYJIbCAa COIVIACHO
BApPHAHTAM OCYIIECTBJICHUS TAHHOTO H300PETEHUSL.

@ur. 4 neMoHCTpUpYyeT npuMep okHa m3MmepeHus nenu Yorcona JIHK nns oOHapyskeHus
MOU(UKALII OCHOBAHHS COTJIACHO BAPHAHTAM OCYIIECTBIICHHUS JAHHOTO N300pETEHMS.

@ur. 5 nemoHcTpupyer npuMmep okHa m3Mmepenust uenu Kpuka JIHK nist oOHapyskeHust
MOU(UKALITN OCHOBAHHS COTJIACHO BAPHAHTAM OCYIIECTBJICHHUS JAHHOTO U300pETEeHUsI.

@ur. 6 TEMOHCTPUPYET NMPUMEP OKHA U3MEPEHHS IyTeM OOBEIMHEHNS JAHHBIX IJIS LETH
Yorcona JIHK u ee xommnemenrtaproii uenu Kpuka miast oOHapy»keHus 1000 Moandukanuu
OCHOBAHHSI COTJIACHO BAPHAHTaM OCYIIECTBJICHHS JaHHOTO U300pETeHHUs.

@ur. 7 1EMOHCTPUPYET NMPUMEP OKHA U3MEPEHHS IyTeM OOBEIMHEHNS JaHHBIX IJIS LETH
Yorcona JIHK wu ee Onusnexamed oOmactu nenu Kpuka 11t oOHapyKeHHs 000
MOU(UKALITN OCHOBAHHS COTJIACHO BAPHAHTAM OCYIIECTBJICHHUS JAHHOTO U300pETEeHUsI.

@dur. 8 feMOHCTPHUPYET MPUMEPBI OKOH M3MEpeHHs Lienu YOTcoHa, nenu Kpuka u obenx
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Leneil sl ompenesieHuss COCTOsSHUM MeTwiupoBaHus B calitax Cp(G cornacHo BapuaHTaMm
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

Qur. 9 gemoHCTpUpyeT OOy  TPOLEnypy TIOCTPOEHUS  aHAJUTHYECKHX,
BBIUHCJIUTENIbHBIX, MAaTeMaTUYEeCKUX WM CTATHCTUYECKUX MOJAENeH M  KIacCU(pUKALIH
Mou(pUKALII OCHOBAaHUH COTJIACHO BapUAHTaM OCYILECTBJICHUS TAHHOTO H300PETEHMSI.

@ur. 10 nemoHCcTpUpyeT OOIIYIO MpoLeaypy Kiaccupukauuu Moaudukaunii OCHOBAHUIH
COTJIACHO BapHaHTaM OCYILIECTBJICHHUS TaHHOTO H300pEeTEeHUsI.

@ur. 11 pemoHcTpHpyer OOIIyH0 NPOULEAYPY TOCTPOEHUS  aHAJUTHYECKHX,
BBIUHCJIUTENIbHBIX, MAaTeMaTUYEeCKUX WM CTATHCTUYECKUX MOJAENeH M  KIacCU(pUKALIH
COCTOSIHMH MeTwiupoBaHusi B caiitax CpG ¢ ucnonbp3oBaHHeM OOpa3loOB C HW3BECTHBIMU
COCTOSIHUSIMA METWJIMPOBAHUsS LieNH YOTCOHA COIVIACHO BAPUAHTAM OCYLIECTBJIEHUS NAHHOIO
n300peTeHust.

Qur. 12  pemoHcTpupyer oOmyH0O  Tpouenypy  KiacCU(UKALMH  COCTOSTHUHN
METHJIUPOBaHUA LeNu YOTCOHAa JJisi HEU3BECTHOro o0pasua COIJIACHO — BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

[0001] @ur. 13 nemoHCTpupyeT OOIIYIO MNPOLEAYPY MOCTPOSHHS AHAIUTHUECKUX,
BBIUHCJIUTENbHBIX, MAaTeMAaTHYEeCKUX WM CTATHCTUYECKUX MOJAETeH sl KiIacCUpHUKanuu
cocTostHMH MeTwiupoBaHusi B caiitax CpG ¢ ucnonbp3oBaHHeM OOpas3loB C W3BECTHBIMHU
COCTOSIHUSIMH METUJIMpOBaHus Lenu Kpuka cornacHo BapuaHTaM OCYLIECTBJIEHMsI JaHHOTO
n300peTeHust.

Qur. 14 npemoHcTpupyer oOWmyH0  TpoUenypy  KiacCU(UKALMH  COCTOSTHUHI
MeTHIUpoBaHus Lenu Kpuka s HeM3BeCTHOro o0pasna COrJIaCHO BapHUaHTaM OCYLIECTBIICHHS
JaHHOTO M300peTeHMSL.

@ur. 15 peMoHCTpHpYET OOLIYIO NMPOLENYPY HOCTPOSHHS CTATHCTUYECKUX MOJENEH ISt
KJIaccupUKaMN COCTOSHUI MermiaupoBanus B caiitax CpG ¢ mcronb3oBaHHEM OOpasloB C
U3BECTHBIMU COCTOSIHUSIMH METHJIMPOBaHMA M3 oOemx nereid - YorcoHa u Kpuka, cormacHo
BapPHAHTAM OCYIIECTBJICHUS TaHHOTO N300pETEHUsL.

Qur. 16 pemoHcTpupyer OOHyH0O  TpoUEAypy  KilacCU(UKALMH  COCTOSTHUN
METHJIMPOBAHUS HEU3BECTHOro obpasma u3 obemx nenedl - Yorcona m Kpuka, cormacHo
BAapPHAHTAM OCYIIECTBJICHUS TaHHOTO H300pETEHUsL.

@ur. 17A u 17B neMOHCTPUPYIOT 3P PEeKTUBHOCTD AJsi o0ydaromero Habopa AaHHBIX U
TECTOBOr0 Habopa MaHHBIX JJIs1 OINpPENeNIeHHUs METHJIMPOBAHHMS COTJIACHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 18 nemoHcTpupyeT 3P PeKTUBHOCTD It 0Oy4arolero Habopa JaHHBIX U TECTOBOTO

Ha6opa AAHHBIX OJid ONPCACIICHUA MCTUIIMPOBAHUA COIJIACHO BapHUaHTaM OCYIICCTBJIICHUA



JaHHOTO M300peTeHMSL.

@ur. 19 nemoHcTpupyeT 3h(HeKTHBHOCTD AJisi 00y4aroiiero Habopa JaHHBIX U TECTOBOTO
HaOopa MaHHBIX MPHU PA3IMYHBIX TJyOHMHAX CEKBEHUPOBAHUS ISl OMpPEIE/ICHUS] METHIIUPOBAHHS
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pEeTEeHUsI.

@ur. 20 nemoHcTpupyeT 3h(HEeKTHBHOCTD AJisi 00y4aroiiero Habopa JaHHBIX U TECTOBOTO
HaOopa JaHHBIX Ul PA3IMYHBIX IeTed Ui ONpeesIeHUs] MEeTHIINPOBAHMS COTJIACHO BapUaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 21 gemoHcTpupyeT 3hHEeKTHBHOCTD AJisi 00y4aroiiero Habopa JaHHBIX U TECTOBOTO
Ha0opa MaHHBIX U PA3IMYHBIX OKOH U3MEPEHHUS JJIS OIpENesIeHHs] METHIIMPOBAHUS COTJIACHO
BapPHAHTAM OCYIIECTBJICHUS TaHHOTO N300pETEHUsL.

@ur. 22 nemoHcTpupyeT 3 HEeKTHBHOCTD AJisi 00y4aromiero Habopa JaHHBIX U TECTOBOTO
HaOopa MaHHBIX JUIS PAa3IMYHBIX OKOH H3MEPEHHUs] C HCIOJb30BAHUEM TOJIBKO HHUCXOISIINX
OCHOBAHMH JJIs1 ONPEAETICHUsT METHIIMPOBAHUS COTJIACHO BapHaHTaM OCYIIECTBICHUS JAHHOTO
n300peTeHust.

@ur. 23 nemoHcTpupyeT 3hHEeKTHBHOCTD AJisi 00y4aromero Habopa JaHHBIX U TECTOBOTO
HaOopa MAHHBIX IJIsl PA3fIMYHBIX OKOH HM3MEPEHHs C HCIOJb30BAHHEM TOJIBKO BOCXOISIINX
OCHOBAHMH JJIs1 ONPEAETICHUsT METHIIMPOBAHUS COTJIACHO BapHaHTaM OCYIIECTBICHUS JAHHOTO
n300peTeHust.

[0002] @ur. 24 nemoHcTpupyeT 3((EKTHBHOCTh aHajdHM3a METHIIMPOBAHHUS C
UCITIOJIb30BAHUEM KHHETHYECKHX IaTTEPHOB, CB3aHHBIX C HHUCXOMAIIMMU U BOCXOASIIUMHU
OCHOBAHMSIMH, C MCIIOJIb30BAHHEM ACUMMETPHUUHBIX (PIAaHKUPYIOIIHUX (opMaTOB B 0OydaroImem
HaOope NaHHBIX COTJIACHO BAPHAHTAM OCYIIECTBJICHHS JAHHOTO U300PETEeHNS.

@ur. 25 nemoHcTpupyeT 3P PeKTHBHOCTh aHANM3a METHIIMPOBAHHS C HCIIOJIb30BAHUEM
KUHETHYECKHX NAaTTEPHOB, CBSI3aHHBIX C HHUCXOISIIUMH M BOCXOMSLINMH OCHOBAHHSMH, C
UCTIOJIb30BAHUEM ACHUMMETPUYHBIX (DIAHKHPYOIMUX (OpMaTOB B TECTOBOM HabOpe NaHHBIX
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pEeTEeHUsI.

@ur. 26 AEMOHCTPUPYET OTHOCUTEJIBHYK) Ba)XHOCTb TMPU3HAKOB B OTHOLIEHUU
KJIaccupuKay  COCTOSHWM MeTruinupoBaHuss B cadtax CpG cormacHO BapHaHTaMm
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 27 nemoHctpupyer s¢dexktuBHOCT, aHanmza MUII Ha OCHOBE MOTHBOB LIS
oOHapy>XKeHHsI METWJIMPOBaHUS O€3 HCIOJBb30BAaHHUA CUTHAJIA LIUPUHBI HMMITYJIbCA COTJIACHO
BapPHAHTAM OCYIIECTBJICHUS TaHHOTO N300pETEHUsL.

@ur. 28 mpencrasisier coboll rpadUK METOAVKH aHAIM3a TJABHBIX KOMIIOHEHTOB C
UCTIOJIb30BAHUEM 2 HYKJICOTHAOB BBIIIE U 6 HYKJIEOTHIOB HIDKE LHTO3MHA, KOTOPBIH

NOABECPTacTCd AaHAJIN3y MCTUIIHMPOBAHUA COTJIACHO BapUaHTaM OCYLICCTBICHUA HOAHHOTO



n300peTeHust.

@ur. 29 npencrasnser coboit rpaduk cpaBHeHUs 3(PdekTHBHOCTH MekAy CrnocodoMm,
UCTIOJIB3YIOIINM aHAJINU3 TJIABHBIX KOMITIOHEHTOB, W CIIOCOOOM, HCIOJIb3YIOIIUM CBEPTOUYHYIO
HEeWPOHHYIO CeTh, COMJIACHO BAPUAHTAM OCYIIECTBIICHUS JAHHOTO N300PeTEeHUsL.

@ur. 30 nemoHCcTpUpyeT 3PPEKTUBHOCTD It 0Oy4daromero Habopa JaHHBIX U TECTOBOTO
HaOopa IAHHBIX U PA3JMYHBIX AHATUTHYECKHUX, BBIUYUCIUTENbHBIX, MAaTEMaTHYECKUX U
CTaTUCTUYECKUX MOAENEH ¢ HCMHOJb30BAHUEM TOJBKO BOCXOASIIMX OCHOBAaHUN  AJiA
OTIpesieNIeHNs] METIIINPOBAHUSI COTJIACHO BAPUAHTAM OCYIIECTBIIEHUS JaHHOTO U300PeTeHNs.

Qur. 31A fAeMOHCTpUpyeT NpUMep OJHOrO MOAXOJAa JJid CO3JaHMs MOJIEKYyJl C
HEMETUJIMPOBAHHBIMU aJICHUHAMH TMyTeM aMIUTU(QHUKAINA BCErO T'€HOMAa COIJIACHO BapHaHTaM
OCYIIECTBJICHHSI JAHHOTO M300peTeHM .

Qur. 31B neMOHCTpuUpyeT InpuUMEp OJHOrO MNOAXOAA AJIA CO3AaHUS MOJIEKYJl C
METHJIMPOBAHHBIMH aJICHUHAMU IyTE€M aMIUTH(HUKAIMM BCEr0 T'€HOMa COIJIACHO BapHaHTaM
OCYIIECTBJICHHSI JAHHOTO M300peTeHM .

@ur. 32A u 32B neMOHCTPHPYIOT 3Ha4YeHHs] MeKuMmyinbcHoro nepuona (MUII) s
cekBeHUpoBaHHbIX ocHoBaHUN A B JIHK-marpuue nenu YorcoHa Mexay HEMETHIHPOBAHHBIMU
U METHJIMPOBAHHBIMM HaOOpaMU JaHHBIX COTJIACHO BAapUAHTaM OCYIIECTBIEHHS IaHHOTO
n300peTeHust.

Qur. 32C neMOHCTpUpPYET KPUBYIO OINEPALMOHHBIX XapaKTePUCTHK MNPUEMHMKA s
ONPENENICHNs] METWIMPOBAHMS B LIEMHU Y OTCOHA COTVIACHO BAPHAHTAM OCYLIECTBJICHUS NAHHOTO
n300peTeHust.

@ur. 33A u 33B OeMOHCTPHPYIOT 3HauUeHHs] MeKUMITyJIbcHOrO nepuoma (MUII) mos
cekBeHHpoBaHHbIX ocHoBaHuN A B JIHK-matpuie nenu Kpuka mMexxay HeMEeTUIMPOBAHHBIMU U
METHJIMPOBAHHBIMA Ha0OpamMH JIaHHBIX COTJIACHO BapHAHTAM OCYIIECTBJIEHUS JaHHOTO
n300peTeHust.

@ur. 33C neMOHCTpUpPYET KPUBYHO OINEPALMOHHBIX XapaKTePUCTHK MNPUEMHMKA IS
omnpeneneHuss METWIMPOBAHU B Lienu Kpuka COrjlacHO BapuaHTaM OCYLIECTBJIEHUS AAHHOTO
n300peTeHust.

Qur. 34 wunocTpupyer ompeaeneHne 6mA Lenu YOTCOHa COTJIaCHO BapUaHTam
OCYIIECTBJICHHSI JAHHOTO M300peTeHM .

Qur. 35 wmmoctpupyer omnpeaeneHue 6mA uenu Kpuka corjacHo BapuaHTam
OCYIIECTBJICHHSI JAHHOTO M300peTeHM .

®Qur. 36A u ®@ur. 36B 1eMOHCTPUPYIOT BBIACHEHHYIO BEPOSTHOCTb METUIIMPOBAHUS IS
CEeKBEHHMPOBAHHBIX OCHOBaHMH A mermu YOTCOHa MeXAy HabopamMM AaHHbIX UA U mMA ¢

HCIIOJIb30BAHUEM MOJEIN CBEPTOYHON HEMPOHHOW CETH HAa OCHOBE OKHA U3MEPEHHUs COINIACHO
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BApPHAHTAM OCYIIECTBJICHUS TAHHOTO H300PETEHUSL.

®Qur. 37 nemoncTpupyer kpuByro ROC nna ompeneneHus 6mA ¢ HCIOJb30BAHHEM
mozaenu CHC Ha ocHOBe OKHa M3MepeHUs JJIsl CeKBEHHPOBAHHBIX OCHOBaHUN A nenu YoTcoHa
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pETEeHUsI.

@ur. 38 nemoHcTpUpyeT cpaBHeHUe 3(dexTHBHOCTH Mexay oOHapykeHHeM OmA Ha
ocHose meTpuku MUII u oOHapykeHHeM 6mMA Ha OCHOBE OKHA U3MEPEHHS COTJIACHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 39A u 39B neMOHCTPUPYIOT BBIICHEHHYHO BEPOATHOCTb METHJIMPOBAHMS AN TeX
CEeKBEHHPOBaHHbIX OCHOBaHMH A wnenu Kpuka wmexay HaOopamu HaHHBIX UA U mMA ¢
ucnonp3oBanueM wmojenu CHC Ha oOcHOBe OKHa H3MepEHHs COIJIaCHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 40 nemoHCcTpHUpyeT 3PPEKTUBHOCTD ONpeneseHus OMA TpHU NPUMEHHUH MOACIH
CHC Ha ocHOBe OKHa M3MepeHHs] K CEKBEHHPOBaHHbIM OcHOBaHUsAM A nenu Kpuka cornmacHo
BApPHAHTAM OCYIIECTBJICHUS TAHHOTO H300PETEHUSL.

®dur. 41 neMOHCTpUpPYeT NPUMEPbl COCTOSHUII METUJIMPOBaHHUS IJI1 OCHOBaHUN A B
MOJIeKyJIe, BKJIrouarommel B cedst e Yorcona u Kpuka, cormacHo BapuaHTaM OCYIIECTBIICHUS
JaHHOTO M300peTeHMSL.

@dur. 42 pEeMOHCTPUPYET TNPUMEP YIYYLIEHHOro OOy4YeHHs IyTeM BBIOOPOYHOTO
UCTIOJIb30BAaHUST OCHOBaHUN A B Habope maHHbIX MA co 3HaueHmsmu MUIL, npesblimaromumu
ero 10-i mpoIeHTHIIb, COTJIACHO BapUAHTAM OCYIIECTBIICHUS JAHHOTO N300pETeHMS.

@ur. 43 npexacrasisier coboil rpaduK MPOIEHTHOTO COAEP’KAHUS HEMETHJINPOBAHHBIX
aneHUHOB B HaOope MaHHBIX MA B 3aBHCHMOCTH OT KOJHUecTBa cyOmpouteHmii (subreads) B
KaXKJIOH siueiiKe COTJIaCHO BapHaHTaM OCYIIECTBICHUS JAHHOTO U300pETEeHNS.

@ur. 44 neMOHCTPUPYET METUIIAICHUHOBbBIE MATTEPHBI MEXAY LensiMu YoTcoHa u Kpuka
nByxuenoueyHoir wmosiekynsl JIHK B TecTroBoM Habope HaHHBIX COTJIACHO BapUaHTaM
OCYILIECTBIIEHHSI TAHHOM H300pEeTeHHUSI.

Qur. 45 mnpencrasisier co0oOil  TaONMIy, TMOKAa3bIBAIOINYID MPOLEHT IOJHOCTHIO
HEMETHJIMPOBAHHBIX MOJIEKYJ, MOJIYMETUIUPOBAHHBIX MOJIEKYJ, MOJTHOCTBIO METHJIMPOBAHHBIX
MOJIEKYJ U MOJIEKYJI C YepeAyIOIIMMHCS METUIAACHUHOBBIMU IMATTEPHAMH B OOyHarOIHMX U
TECTOBBIX HA0OpaxX AAHHBIX, COTIACHO BAPHAHTAM OCYIIECTBJICHUS JAHHOTO U300PETEHUSI.

Qur. 46 WUIIOCTPUPYET NOKAa3aTeNbHBIE MPHUMEPBI MOJIEKYJdl C  IOJHOCTBIO
HEMETWJIMPOBAHHBIMU MOJIEKYJIAMH B OTHOLIEHUHU aJ€HUHOBBIX CAUTOB, MOJYMETHUIMPOBAHHBIX
MOJIEKYJI, TOJHOCTBK) METWJIMPOBAHHBIX MOJEKYJ M MOJIEKYJ C 4YepeayrIIUMUCS
METHJIAIEHUHOBBIMH NIATTEPHAMH COTJIACHO BapUAHTaM OCYLIECTBICHHS JAHHOTO M300pETeHHUSI.

@ur. 47 neMoHCTpHpYEeT NpuUMep JUTMHHOTO mpoureHus (read) (6265 m.o.), Hecyiiero
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octpoBok CpG (3alITPUXOBAHHBIM JKENTHIM) COTJIACHO BapHaHTaM OCYIIECTBJICHUS IaHHOTO
n300peTeHust.

Qur. 48 mnpencraBnser coOOH TadmMIly, MOKA3BIBAKOINYIO, 4TO ¢ momombelo SMRT-
cexkBeHnpoBaHusa Pacific Biosciences Opumn cexBeHupoBanbl 9 wmosekyn JAHK u  onHnm
NEePEeKPhIBAINCH C OOJACTAMH HMIIPUHTHHIA COTJIACHO BApUAHTaM OCYIIECTBJIEHUS] JaHHOTO
n300peTeHust.

dur. 49 pemMOHCTpUpPYET MpUMEpP TIE€HOMHOIO HMIIPUHTHHIA COIJIACHO BapUAHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 50 neMOHCTPUPYET MPUMEP ONpPENeNIeHUs] NMaTTEPHOB METUIMPOBAHUS B OOJACTH
UMIPUHTHHTA COTJIACHO BAPHAHTAM OCYIIECTBJICHHS JAHHOTO U300pETeHHUSI.

@ur. 51 neMOHCTpPUPYET CPAaBHEHHUE YPOBHEN METHIMPOBAHHUS, BBISICHEHHBIX C ITOMOLIBIO
HOBOTO TOAXONAa MW OOBIMHOTO OWCYNBb()UTHOTO CEKBEHHMPOBAHUS COTJIACHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 52 nemonctpupyer 3¢pdexruBHOCTs OOHapykeHust MeTrupoBanus JJHK mmasmer
COrJIACHO BapHaHTaM OCYIIECTBICHUsS HaHHOTO u3o0pereHus. (A) Bs3aumocssp Mexay
NPEACKa3aHHOH BEPOSTHOCTHIO METHJIMPOBAHHMS B CPAaBHEHHMM C JHAra3OHAMH YPOBHEH
METHJIUPOBAHUS,  ONPEICNCHHBIMH  KOJWYECTBEHHO C  TIOMOLIBK  OHCYJIB(UTHOTrO
cexkBeHnpoBanusa. (B) Koppemsnuss Mmexay YpOBHAMHM METHJIMPOBAHUS, OMNpPEICICHHBIMH C
nomolIsio cekpeHupoBanus Pacific Biosciences (PacBio) coriacHo BapuaHTaM OCYIIECTBIICHHUS,
NPEACTABICHHBIM B JaHHOM H300peTeHnH (OCb OpPAHMHAT), W YPOBHSAMH METWJINPOBAHMUS,
KOJIMYECTBEHHO OMPEEIEHHBIMU C MOMOIIBIO OUCYIBGUTHOTO CEKBEHUPOBaHHUS (OCh aOCITUCC) C
paspewmenueM 10 muH.11.0.

@dur. 53 memoHCTpHpyeT Koppensauuto reHomHoro mnpencrasneHust (I'TI) Y-xpomocomsr
mexxny SMRT-ceksenupoBannem Pacific Biosciences u BC-cexB. cormacHo BapuaHTaMm
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 54 nemoHCTpHUpYET NMpuUMep OOHAPYKEHHsSI METUIMPOBaHUs Ha ocHoBe OJoka CpG ¢
ucrnoJyib3oBanneM 0j10koB CpG, Kaxablli U3 KOTOPBIX CONEp:KUT cepuro calitoB CpG corimacHO
BApMAaHTAM  OCYLIECTBJIEHHs  AaHHOro  m3obOperenus. SmC:  mermnupomanue;, C:
HEMETUJINPOBAHNE.

@ur. 55 nemMoHCTpUPYET OOY4YeHHE U TECTHPOBAHNE PACIIO3HABAHUS METHIINPOBAHUS IS
mouekya JIHK uenoBeka, ¢ HCIoNb30BaHMEM MOAX0a, OCHOBaHHOTO Ha Onokax Cp@, cornacHo
BapHaHTaM OCYIIECTBIIEHHUsS] MaHHOTO n300peTeHus. (A) D¢ dekTHBHOCTL B oOyUaromemM Hadope
nanHbIX. (B) 3¢ ¢exTuBHOCTh B HE3aBHCHMOM TECTOBOM HabOpE JaHHBIX.

Qur. 56A u 56B neMOHCTpUPYIOT H3MEHEHHs 4YHCla KONHMIl B OIMYyXOJIEBOH TKaHU

COrJIAaCHO BapHaHTaM OCYIICCTBIICHHUSA JaHHOT'O I/1306peTeHI/I$I.
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Qur. 57TA u 57B neMOHCTPUPYIOT H3MEHEHHUs 4YHCla KONHUIl B OIMYyXOJIEBOH TKaHU
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pETEeHUsI.

@ur. 58 NEeMOHCTPUPYET CXEMATHUECKYIO WIIKOCTPALU0 TkaHeBoro kaptuposanus JJTHK
IUTa3MBl M3 TUTA3Mbl OEPEMEHHOH JKEHIIMHBI C HCIIOJIb30BAHHEM YPOBHEH METHIMPOBAHMS,
BBISIBJICHHBIX COTJIACHO BAPHAHTAM OCYIIECTBJICHUS JAHHOTO N300pETEeHUs.

@ur. 59 neMOHCTpUPYET KOppessALUI0 Mexay BkiaaaoMm mnauneHtsl B JIHK marepunckoit
wiasMel 1 gpakuueit JTHK mnona, kak onpeneneHo Mo MPOYTEHHsIM Y-XPOMOCOMBI COTJIACHO
BApPHAHTAM OCYIIECTBJICHUS TaHHOTO H300PETEHUsL.

@ur. 60 pemoHcTpHpyer Tabmuiy, OO0OOIAIOINYIO JaHHBIE CEKBEHHPOBAHUS W3
pasnmuusbix o6pasuoB JIHK TkaHel uenoBeka COTJIaCHO BapHaHTaM OCYIIECTBJICHUS TaHHOTO
n300peTeHust.

[0003] ®dur. 61 peMOHCTPUPYET WLIFOCTPALMIO PA3JIUYHBIX CIIOCOOOB —aHANIM3a
NaTTEPHOB METUJIMPOBAHUS COTJIACHO BAPHAHTAM OCYIIECTBJIEHUS TAHHOTO U300PETEHMSI.

Qur. 62A u 62B 1eMOHCTPUPYIOT CpaBHEHME CTENEeHel METUIINPOBaHUs HA YPOBHE BCETrO
T€HOMa, KOJINYECTBEHHO OIpeneNsieMbIX ONCYIb(QUTHBIM CEKBEHUPOBAHUEM U CEKBEHUPOBAHUEM
OTACNIBHON MOJIEKYJIbI B PEAJbHOM BPEMEHH, COIJIACHO BApHUAHTAM OCYIIECTBJIEHUS AAHHOTO
n300peTeHust.

Qur. 63A, 63B u 63C neMOHCTPUPYIOT pasjMyYHBbIE KOPPENSLUU OOIMUX YPOBHEH
METHJIUPOBAHUS, KOJMYECTBEHHO OIpPENeNsieMbIX OHCYNb(UTHBIM CEKBEHHPOBAHHUEM U
CEKBEHUPOBAHUEM OTJEIbHON MOJIEKYJbl B pEaJbHOM BPEMEHHU COIJIaCHO BapHaHTAM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

Qur. 64A u 64B neMOHCTPUPYIOT MaTTepHbl METUJIMPOBAaHUA NpU paspeuieHUH 1-MHT
(MJTH. HYKJIEOTHAOB) JUIS JIMHUU KJIETOK remaronerossipHoii kapiuaombl (I'TIK) u obpasua
JEWKOLIUTAPHOTO CJIOS M3 3I0POBOTO KOHTPOJBHOrO CyOBEKTa, ¢ YPOBHSAMH METUJIMPOBAHUS,
OTIPENIEICHHBIMU C TIOMOIIBI OMCYJIB(UTHOTO CEKBEHUPOBAHMS M CEKBEHHUPOBAHMS OTIENbHOM
MOJIEKYJIBI B PEAIbBHOM BPEMEHH, COTJIACHO BapHUAHTaM OCYIIECTBICHHS JAHHOTO N300PETEHUSI.

Qur. 65A u 65B neMOHCTPUPYIOT AMarpamMMmbl paccessHUsl YPOBHEM METUIMPOBAHUA C
paspemieHreM |-MHT, oOmNpeneneHHbIX C TOMOIIBI OHCYJNBb(UTHOTO CEKBEHHPOBAHUS U
CEKBEHUPOBAHUSl OTAEIBbHOH MOJIEKYJbl B pEaJbHOM BPEMEHU COIJIACHO BapHAaHTaAM
OCYINECTBJIEHUs] JaHHOrO wu3oOpereHusi, mnst yuHun kinetok [TIK (HepG2) u obOpasma
JEHKOLIUTAPHOTO CJIOSI U3 3I0POBOTO KOHTPOJIBHOTO CYOBEKTA.

Qur. 66A u 66B neMOHCTPUPYIOT AUAarpamMMbl paccessHUsl YPOBHEM METUIMPOBAHUA C
paspemenreM 100-KHT, OMNpeneNeHHBIX C TIOMOLIBI) OHCYJIb(UTHOrO CEKBEHUPOBAHHS H
CEKBEHUPOBAHUSl OTAEIBbHOH MOJIEKYJbl B pEaJbHOM BPEMEHU COIJIACHO BapHAaHTaAM

OCYINECTBJIEHUs] JaHHOrO wu3oOpereHus;, mns yuHun kietok [TIK (HepG2) u oOpasma
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JEHKOLIUTAPHOTO CJIOSI U3 3I0POBOTO KOHTPOJIBHOTO CYOBEKTA.

Qur. 67A u 67B neMOHCTPUPYIOT MaTTepHbl METUJIMPOBAHUA MpHU paspeiieHud 1-MHT
st onyxosiesoil TkaHu 'K u mpuseraromeid HOpMaabHON TKaHU C YPOBHAMH METUIIUPOBAHMUS,
OTIPENIEICHHBIMU C TIOMOIIBI OMCYJIB(UTHOTO CEKBEHUPOBAHMS M CEKBEHHUPOBAHMS OTIENbHOM
MOJIEKYJIBI B PEAIbBHOM BPEMEHH, COTJIACHO BapHUAHTaM OCYIIECTBICHHS JAHHOTO H300PETEHUS.

®Qur. 68A u 68B neMOHCTPUPYIOT AUAarpaMMbl paccesHUs YPOBHEN METUIMPOBAHUS MpPU
paspemieHnn [-MHT, ONpeneneHHBIX C MOMOINBI0 OHCYIb()UTHOTO CEKBEHHPOBAHUS U
CEKBEHUPOBAHUS OTAENbHOW MOJIEKYJbI B DPEAIbHOM BPEMEHH, COIJIACHO BapHaHTaM
OCYINECTBJICHUS] JAaHHOTO wu300peTeHus, ansg omyxojeBoi Tkanu [LK wu mnpuneraromeit
HOPMAaJIbHOW TKaHHU.

@ur. 69A u 69B neMOHCTPUPYIOT AUAarpaMMbl paccesHUs YPOBHEN METUIIMPOBAHUS MPU
paspemiennn  100-KHT, ONpPEAENEHHBIX C MOMOINBIO OHCYJNB(UTHOTO CEKBEHHPOBAHUS U
CEeKBEHUPOBAHUS OTAENbHOW MOJIEKYJbl B PEAJbHOM BpPEMEHH, COIJIaCHO BapHUaHTaM
OCYINECTBJICHUS] JAaHHOTO u300peTeHus, s onyxojeBoil Tkamm [LK u mnpuneraromeit
HOPMAaJIbHOW TKaHHU.

Qur. 70A u 70B neMOHCTPUPYIOT MaTTepHbl METUJIMPOBAaHUA NpU paspeuieHUH 1-MHT
st onyxosesoil TkaHu 'K u npuneraromeil HOpMaabHON TKaHU C YPOBHAMH METUIIUPOBAHMS,
OTIPENIEICHHBIMU C TIOMOIIBI OMCYJIB(UTHOTO CEKBEHUPOBAHMS M CEKBEHHUPOBAHMS OTIENbHOM
MOJIEKYJIBl B PEAIbHOM BPEMEHHU, COTJIACHO BapHUaHTaM OCYIIECTBICHHS JAHHOTO M300pETeHHUSI.

Qur. 71A u 71B neMOHCTpUPYIOT AUAarpaMMbl paccessHUsl ypOBHEH METUJIMPOBAHUS MPU
paspemieHnn [-MHT, ONpeneneHHBIX C MOMOINBI0 OHCYIb()UTHOTO CEKBEHHPOBAHUS U
CEKBEHUPOBAHUS OTAENbHOW MOJIEKYJbI B DPEAIbHOM BPEMEHH, COIJIACHO BapHaHTaM
OCYINECTBJICHUS] JAaHHOTO u300peTeHus, s onyxojeBoil Tkamm [LK u mnpuneraromeit
HOPMAaJIbHOW TKaHHU.

Qur. 72A u 72B neMOHCTpUPYIOT AUarpaMMmbl paccesHUs YPOBHEN METUIIMPOBAHUS MpPU
paspemiennn  100-KHT, ONpPEAENEHHBIX C MOMOINBIO OHCYJNB(UTHOTO CEKBEHHPOBAHUS U
CEKBEHUPOBAHUS OTAENbHOW MOJIEKYJbI B DPEAIbHOM BPEMEHH, COIJIACHO BapHaHTaM
OCYIIECTBJICHUS] JAaHHOTO wu300peTeHus, s onyxojepoi Tkanu [LIK w npuneraromeit
HOPMAaJIbHOW TKaHHU.

dur. 73 peMOHCTpHpYEeT IpuMep aOeppaHTHOrO MATTEPHA METUIIMPOBAHUS PSIIOM C
reHom-cyrnpeccopom omnyxonu CDKN2A cornacHO BapWaHTaM OCYILIECTBICHHS JAHHOTO
n300peTeHust.

Qur. 74A u 74B peMOHCTPUPYIOT 0O0JacTH HEOJUHAKOBOTO METHIIMPOBAHUS,
OoOHapy’>KEHHBIE C TOMOINBI0 CEKBEHHPOBAHMS OTHIENBHON MOJIEKYJIbI B PEAJbHOM BPEMEHH

COrJIAaCHO BapHaHTaM OCYIICCTBIICHHUSA JaHHOT'O I/1306peTeHI/I$I.
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@ur. 75 nemoHncTpupyer narrepuel merunuposaHus JIHK Bupyca rematuta B mexny
TkanssMu  I'TIK  w  nmpunerarolimMu = HEONMyXOJEBBIMH — TKaHSAMU € HCNOJb30BAHUEM
CEKBEHUPOBAHUSl OTAEIBbHOH MOJIEKYJbl B pEaJbHOM BPEMEHU COIJIACHO BapHAaHTaAM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

Qur. 76A nemoHcTpupyeT ypoBHU Metunuposanus JIHK Bupyca rematuta B B TkaHsAx
NeUeHn TMauueHToB ¢ 1upposoMm, HO 0e3 I'LIK, ¢ wucrnonp3oBanneM OHCYNBGUTHOTO
CEeKBEHHPOBAHMS COTJIACHO BAPHAHTAM OCYIIECTBIICHHUS JAHHOTO H300peTeHUsL.

@ur. 76B nemonctpupyer yposau Merunuposanus [IHK Bupyca rematuta B B Tkansx
I'IK ¢ wucnonp3oBaHueM  OUCYIB(QHUTHOTO  CEKBEHMPOBAHHS  COTJIACHO  BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

[0004] ®ur. 77 WLTIOCTPUPYET aHAIN3 TAIUIOTUIIA METHIIMPOBAHUS COTJIACHO BapHUaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 78 neMOHCTPUPYET pacHpenesieHue MO pa3sMepy CEKBEHUPOBAHHBIX MOJIEKYJ, Kak
ONPENEeNICHO W3 KOHCEHCYCHBIX MOCJEAOBATENIbHOCTEH COIJIACHO BapHUaHTaM OCYILIECTBIICHUs
JaHHOTO M300peTeHMSL.

Qur. 79A, 79B, 79C u 79D peMOHCTpUPYIOT NpUMEpbl MNaTTEPHOB aJIEIbHOIO
METHJIUPOBaHUA B OOJACTAX MMIIPHHTHUHIA COTJIACHO BapHAaHTaM OCYIIECTBJICHHS JaHHOTO
n300peTeHust.

Qur. 80A, 80B, 80C u 80D peMOHCTpUPYIOT NpUMEpbl MAaTTEPHOB AaJUIEIbHOIO
METHJIMPOBAHUA B  HEMOABEPIKEHHBIX HMIPUHTHHTY OONAcTAX COIMJIACHO — BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 81 npeMoHCTpHpyeT TaOMULy YpPOBHEH METHUJIMPOBAHUS aJJIeNb-CIIELU(PIIHBIX
(parMeHTOB COTJIACHO BapHaHTaM OCYLIECTBIICHHS JAHHOTO M300pETeHHUSI.

@ur. 82 neMOHCTPUPYET NPUMEP ONpeAeNeHHs IaneHTapHoro npoucxoxaenus JJHK u3
IUTa3MBl BO BpeMsl OEPEMEHHOCTH C HCIIOJB30BAHHEM MpOoQMiIel METHIMPOBAHHUS COTJIACHO
BApPHAHTAM OCYIIECTBJICHHUS JaHHOTO H300pETEHUsL.

@dur. 83 wuOCTpUpYET aHaMM3 MeTHupoBaHus rmioa-crenuduuHon JIHK cormacHo
BAapPHAHTAM OCYIIECTBJICHUS JaHHOTO H300PETEHUsL.

[0005] Dwur. 84A, 84B u 84C neMOHCTPUPYIOT 3PPEKTUBHOCTD PA3IHMYHBIX Pa3MEPOB
OKHa M3MEpEHHUs Al pasHeIx HabopoB peareHToB it SMRT-cekB. coriacHO BapuaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 85A, 85B u 85C memoHCTpHUPYIOT 3()(HEKTHBHOCTh PAa3MYHBIX PAa3MEPOB OKHA
U3MepeHus JUIsl  pasHbIXx HaOopoB peareHtoB miusi  SMRT-cekB. corjlacHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 86A, 86B n 86C neMOHCTPUPYIOT KOPPESIHUI0 OOIUX YPOBHEH METHIIMPOBAHHUS,
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KOJINYECTBEHHO OIPEIeNIeHHbIX C MOMOLIbI0 OucynbpuTHOro cexBeHupoBaHus U SMRT-ceks.
(Sequel IT Sequencing Kit 2.0) coriacHO BapriaHTaM OCYIIECTBIIEHUS] JAHHOTO U300pETEeHHSI.

@ur. 87A u 87B 1eMOHCTPHPYIOT CpaBHEHHE OOLIEr0 YPOBHS METHJIMPOBAHUS MEXKIY
Pa3JIMYHBIMHU OIyXOJIEBBIMU TKAaHSIMH WM MPUJIETAIOLIMMHU HEONyXOJEBbIMH TKaHSIMHU B Mape C
HUMH, COTJIACHO BapPUAHTaM OCYILIECTBJIEHUS JAHHOTO H300PETEHMSI.

@ur. 88 AEeMOHCTPUPYET OINpPEACNICHHE CTaTyca METUJIMPOBAHMUS C HCIOJIBb30BAHUEM
KOHTEKCTAa  MOCJHEAOBATENBHOCTH,  ONPENEJEHHOTO0 M3 KOJbLEBOM  KOHCEHCYCHOMU
nocnenosarenbHocTh (KKIT), cornacHo BapuaHTaM OCYLIECTBICHHS TAHHOTO M300peTeHusI.

@ur. 89 nemoncTpupyet kpuByto ROC st oOHapykeHus: MeTHIMpoBaHHbIX caiitoB CpG
C HCNOJIb30BAHMEM KOHTEKCTa mociaenosarenbHocTy, omnpeneneHHoro us KKII, cormacHo
BApPHAHTAM OCYIIECTBJICHUS TAHHOTO H300PETEHUSL.

@ur. 90 nemoncTpupyet kpuByto ROC nist oOHapy»keHust MeTmmpoBaHHbIX caiitoB CpG
6e3 unpopmanuu KKIT m Ge3 mnpenBapuUTENbHOTO BBIPABHMBAHHS C STAJOHHBIM T€HOMOM
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pETEeHUsI.

@ur. 91 gemMoHCTpUPYET NpUMEp MOIYUCHUS] MOJIEKYJ IJIsl CEKBEHUPOBAHUS OTAENbHOU
MOJIEKYJIbI B PEAIbBHOM BPEMEHHU COTJIACHO BapHAHTaM OCYIIECTBJICHUS TAHHOTO H300PETEHMS.

Qur. 92 mpencrasisier wunoctpanuio cuctembl CRISPR/Cas9 cornmacHo BapuaHTam
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

Qur. 93 nemoHcTpupyer mnpumep komruiekca Cas9 ansg BHeCeHMs] ABYX pPas3pesos,
OXBATBIBAIOLINX MOJIEKYJIy HHTEpeca C 3a0JOKMPOBAHHBIMH KOHIIAMH, COTJIACHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@dur. 94 neMOHCTPUPYET pacnpeneeHne MeTHIIMpoBaHms obnacreit Alu, onpenenennoe ¢
MOMOIIBI0 OHCYNBUTHOIO CEKBEHUPOBAHMA W CEKBEHUPOBAHMSA OTHEJIBbHOW MOJIEKYJIbl B
peaJbHOM BPEMEHH COTJIACHO BAPHAHTaM OCYIIECTBICHHS JAHHOTO H300PETEHUsI.

dur. 95 neMOHCTpPHPYET paclpeneneHue ypoBHEH MeTwiupoBaHus obmacreit Alu,
ONPENENEHHbIX C TMOMOLIBI0 MOJAENN C HCHOJb30BAHUEM pE3YyJIbTATOB CEKBEHHPOBAHUS
OTAENIBHON MOJIEKYJIbI B PEAJbHOM BPEMEHM COIVIACHO BAapUAHTAM OCYILIECTBJICHHs NAHHOIO
n300peTeHust.

@dur. 96 npencrasnser TaONMLy TKaHEW W YPOBHEH MeETHIIMpOBaHHs oOmacteil Alu B
TKaHSIX COTJIACHO BapHAaHTaM OCYIIECTBICHHS JAHHOTO H300peTeHHUs.

Qur. 97 neMOHCTpHUpPYET KJIACTEPHbIH aHANIW3 JJ1  Pa3IMYHbIX THUIOB paka ¢
UCTIOJIb30BAHMEM CHTHAJIOB METUJIMPOBAHHUS, OTHOCSLIMXCS K MoBTOpaM Alu, corjacHo
BAapPHAHTAM OCYIIECTBJICHUS JaHHOTO H300PETEHUsL.

Qur. 98A u 98B [neMOHCTPHPYIOT BIMSHHE TJIyOMHBI TPOUTEHHs Ha OOIIyIO

KOJMYCCTBCHHYIO OLICHKY YPOBHA MCTUJIMPOBAHUA B TCCTOBBIX Ha60an AAHHBIX, KOTOPbIE ObLIH
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MOJIY4EeHbI TyTeM aMIUTU(HUKAIMH BCero reHoma u odpadorku M.Ssssl cormacHo BapuaHTam
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

dur. 99 neMOHCTPHPYET CpaBHEHHE MEXAYy OOLIMMH YPOBHSIMH METHUJIMPOBAHUS,
onpeneneHHbiMu ¢ nomombilo SMRT-cex. (Sequel II Sequencing Kit 2.0) u BC-cexs. ¢
UCTIOJIb30BAHUEM PA3JIMYHBIX TIOPOTOBBIX 3HAUEHWUH CyONMpOYTEHHIH COTIAaCHO BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 100 mpencrasisier TabIUL, 1EMOHCTPUPYIOLIYIO BIMSHHE MTyOHHBI CyONpOYTEHHIA
Ha KOppPEeNSLUI0 YPOBHEW METWIMPOBAHMS MEXIy ABYMsI THUIIAMU HU3MEPEHUs - C MOMOLIBIO
SMRT-ceks. (Sequel II Sequencing Kit 2.0) u BC-cekB., COriacHO BapUaHTaM OCYILIECTBICHHUS
JaHHOTO M300peTeHMSL.

@ur. 101 nemMoHCTpUpyeT pacnpenejeHue IIyOUHbl CyONpPOYTEeHHH OTHOCHTEIBHO
pa3MepoB (parMeHTOB B JAHHBIX, CreHepupoBaHHbIX ¢ momoineio Sequel II Sequencing Kit 2.0
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300PETEHMSI.

@ur. 102 nemoHcTpUpYyeT crocod oOHapyKeHUs] MOIU(PUKALIUN HYKJIEOTHIA B MOJIEKYJIe
HYKJIEHHOBOH KHCJIOTBI COTJIACHO BapHAHTaM OCYIIECTBIICHUS JAHHOTO H300pETEeHUsI.

@ur. 103 nemoHcTpUpyeT crocod oOHapyKeHUs] MOIU(PUKALIUN HYKJIEOTHIA B MOJIEKYJIe
HYKJIEHHOBOH KHCJIOTBI COTJIACHO BapUAHTaM OCYINECTBJICHUS JAHHOTO H300pETEeHUsI.

Qur. 104 wWIIFOCTPUPYET aHaJUu3 OTHOCHUTENBHOTO aucOajlaHCca METWIMPOBAHUS HA
OCHOBE raIuIOTUIIOB COTJIACHO BAPHAHTaM OCYIIECTBICHHS JAHHOTO N300pPETEeHUs.

@ur. 105A wu 105B mpencraBnstor coboit  Tabnuiy TaruIOTUITHBIX — OJIOKOB,
JEMOHCTPUPYIOILYIO OTIMYaroluecss ypoBHU MeTuiauposBanus mexay l'ann I u I'ann 1T B JIHK
onyxohau no cpaBHeHuro ¢ JHK mpuneraromeii HeonyxosneBol TkaHu st ciydas TBR3033
COTJIACHO BapHaHTaM OCYIIECTBJICHHUS TaHHOTO H300pETEeHUsI.

@ur. 106 mpexacraBnser coOOH TaOMMIy TaIJIOTUITHBIX OJIOKOB, IEMOHCTPHUPYIOIIYIO
oTMyaroImuecs yposHu MetwiupoBanus Mexay lamn I w TI'ann II B JIHK omyxomu mo
cpaBHenuro ¢ JIHK npuneraromeii HopmanbHOW TkaHu ans ciaydas TBR3032 cornacho
BApPHAHTAM OCYIIECTBJICHUS TAHHOTO H300PETEHUSL.

@ur. 107A mpencrasnsier coboi TabnuIy, pPEe3IOMUPYIOIIYIO KOJHMYECTBO TaILIOTUITHBIX
OJIOKOB, AEMOHCTPHUPYIOLINX AMCOANAHC METUIMPOBAHUS MEXKIY ABYMS TaIIOTUIIAMH MEXKIY
OMyXOJIbI0 U MNPUJIETAIOLMMH HEOMyXOJEBbIMU TKAaHAMU Ha OCHOBE JAHHBIX, MOJYYEHHBIX C
nomornieio  Sequel II Sequencing Kit 2.0 corjacHO BapwaHTaM OCYIIECTBJICHUS JaHHOTO
n300peTeHust.

@ur. 107B npexacrasisier codoil TaOnULly, PE3FOMUPYIOIIYIO KOJMYECTBO TarIOTUITHBIX
OJIOKOB, JEMOHCTPHUPYIOIIMX AMCOANAHC METWJIMPOBAHUS MEXKIy JABYMsl TalIOTHIIAMH B

ONYXOJICBBIX TKAHAX HJIA Pa3HbIX CTaI[I/II\/'I ONYXOJIM Ha OCHOBE JaHHBIX, MOJYUCHHBIX C MOMOILIBIO
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Sequel II Sequencing Kit 2.0 cornacHo BaprHaHTaM OCYIIECTBIIEHUS] JAHHOTO N300pETEHMS.

@ur. 108 WLIIOCTPUPYET aHAJINW3 OTHOCHUTENIbHOro naucOajlaHca METHJIMPOBAHUS Ha
OCHOBE raIuIOTUIIOB COTJIACHO BAPHAHTaM OCYIIECTBICHHS JAHHOTO N300pPETEeHUs.

@ur. 109 nemoHcTpUpyeT criocod KiacCUpUKAMKA HAPYLIEHHUsS] B OPraHU3Me, UMEIOIIeM
NEepBbI TalIOTUN M BTOPOM TaIIOTHI, COTJIACHO BAapHAaHTAM OCYINECTBJICHUS JAHHOTO
n300peTeHust.

[0006] @wur. 110 murocTpUpyeT co3naHue THOpHOHBIX (PArMEHTOB YENIOBEK-MBIIIb, Y
KOTOPBIX YEJIOBEUECKasl 4acCTh SIBJSETCA METUIUPOBAHHOW, B TO BPEMsl KaK MBIIIMHAS 4YacCThb
SIBJIIETCSI HEMETHIINPOBAHHOM, COTJIACHO BaPHAHTAM OCYILECTBJIEHUS TAHHOTO U300PETEHMSI.

@ur. 111 wirocTpupyeT co3aanne ruOpUAHbBIX (YParMeHTOB YEIOBEK-MBbIIIb, Y KOTOPBIX
4eJI0BeYeCcKasl 4acThb sIBJSIETCS HEMETHWIMPOBAHHOHN, B TO BPEMs KaK MBIIIMHAS 4aCTb SABJISIETCS
METHJIMPOBAHHOM, COTIACHO BAPUAHTAM OCYIIECTBIICHHUS JAHHOTO H300pETEHUsL.

@ur. 112 nemonctpupyer pacnpenenenue anuH monekyn JJHK B cmecn JIHK (obpazen
MIXO01) nocie TUrupoBaHUs COTJIACHO BAPUAHTAM OCYILIECTBJIEHUS JAHHOTO H300pETEHUsL.

@ur. 113 wimrocTpupyeT 001acTh COEAMHEHHS, ¢ TOMOIIBIO KoTopoi nepsyro JIHK (A) u
Bropyto JIHK (B) coemuHSIOT BMECT€ COTJIACHO BapHaHTaM OCYLIECTBIEHHsS JaHHOTO
n300peTeHust.

Qur. 114 mmmoctpupyer ananus merunupoBanus cmecu JIHK cormacHo BapuaHTam
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 115 neMoHCTpUpYET AUarpaMmy BEpOSITHOCTEM MeTuiupoBaHus Ans caiitoB CpG B
obpasie MIXO01 cormacHO BapHaHTaM OCYIIECTBICHUS JTAHHOTO N300peTEeHUsI.

@ur. 116 nemoHcTpupyer pacnpeneneHue miuH mozekyn JHK B cmecu JIHK nocne
NepeKpecTHOro Juruposanusi odpasna MIX02 corimacHO BapuaHTaM OCYIIECTBJICHUS TAHHOTO
n300peTeHust.

@ur. 117 neMOHCTpUpPYET AUarpaMmy BEpOSITHOCTEM MeTuiupoBaHus A caiitoB CpG B
obpasie MIX02 cornacHO BaprHaHTaM OCYIIECTBIICHUS JAHHOTO N300pETEHMUS.

@ur. 118 mnpencrasnsier codoil Tabmuily, B KOTOPOH CpPaBHHUBAETCS METHIIUPOBAHUE,
oTpeneseHHoe ONCYIb(QUTHBIM CEKBEHHUPOBAHUEM U CekBeHHpoBaHueM Pacific Biosciences s
MIXO01 corinacHO BapraHTaM OCYIIECTBIIEHUS] JAHHOTO M300pETEHUSI.

Qur. 119 npencrasnsier coboii Tabnuily, B KOTOPOW CPAaBHUBAETCS METHIIUPOBAHUE,
oTpeneseHHoe ONCYIb(QUTHBIM CEKBEHHUPOBAHUEM U CekBeHHpoBaHueM Pacific Biosciences s
MIXO02 coriacHO BapraHTaM OCYIIECTBIIEHUS] JAHHOTO NU300pETEHUsI.

@ur. 120A u 120B neMOHCTpUPYIOT YPOBHH METHJIMPOBAHUS B 5S-MJIH.IL.O. Tpynnax AJjs
JHK Ttonpko uemoBeka M ToJgpbko Mbimu mang MIXO01 u MIXO02 cormacHO BapuaHTam

OCYHIECTBJICHUA JaAHHOTO I/1306peTeHI/I$I.
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Qur. 121A u 121B neMOHCTpUPYIOT YPOBHH METHWJIMPOBAHUS B 5-MJIH.IL.O. Tpynnax AJjs
YaCTH Y€JIOBEKa U YaCTH MBIIIN TMOPUAHBIX YeJIOBEKO-MbIIINHBIX (pparmentoB JAHK mrs MIX01
u MIX02 cornacHo BapuaHTaM OCYIIECTBICHHS JAHHOTO U300pETeHHUS.

@ur. 122A u 122B npeactaBisiroT coOOH WIIIIOCTPATUBHBIE TpaduKH, MOKA3bIBAIOIINE
COCTOSIHMSI METHJIMPOBAHUS B OJHOW THOPUIHON YENIOBEKO-MBILIMHON MOJEKYyJIe COTJIACHO
BApPHAHTAM OCYIIECTBJICHHUS JaHHOTO H300pETEHUsL.

@ur. 123 pnemoHCcTpUpYeT crocod 0OHAPYIKEHUS] XUMEPHBIX MOJIEKYJ B OHOJIOTHYECKOM
oOpasLe corlacHO BapHaHTaM OCYIIECTBJIEHHs JAHHOTO H300peTeHM .

Qur. 124 umrOCTpUPYET CHUCTEMY H3MEPEHHsI COIJIACHO BAapHAaHTaM OCYLIECTBJIEHUS
JaHHOTO M300peTeHMSL.

@Qur. 125 ngeMOHCTPUpPYET OJNIOK-CXEMY HIUTFOCTPATUBHON KOMIBIOTEPHOH CHUCTEMBI,
KOTOPYIO MOXHO HCIIOJb30BaTh C CHUCTEMaMHU M CHoco0aMH  COTJIACHO — BapHaHTaM
OCYIIECTBJIEHHS TAHHOTO U300PETEHMSI.

@ur. 126 neMOHCTPUPYET LIENEBOE CEKBEHUPOBAHUE OTAEIBHON MOJIEKYJBI B PEAJIBHOM
BpemMeHHu ¢ obpabotkoii Mspl, ¢ ucnonp3opanuem penaparuu koHNoB JIHK u mobaenenus A-
XBOCTa COTJIACHO BaApHAHTaM OCYLIECTBIICHHS JAHHOTO M300pETeHHUSI.

Qur. 127A u 127B p#eMOHCTPHPYIOT pachpenesieHHe M0 pasMepy (PparMeHTOB,
pacuierieHHbIX Mspl, cornacHO BapuaHTaM OCYIIECTBIICHUS TAHHOTO H300pETeHMSL.

@ur. 128 nemoHcTpHupyeT Tabnuny ¢ xonudectsoM Mosekyn JAHK ans ompeneneHHbIX
BbIODAaHHBIX JHMANa30HOB  Pa3MEpOB  COMJIACHO  BApUAHTAM  OCYINECTBJICHHS  JaHHOTO
n300peTeHust.

@ur. 129 npencrasnser codboli rpaduk 3aBUCUMOCTH TporieHTa nokpeitust CpG-caiiToB B
npepenax  CpG-octpoBkoB oT pasmepa ¢parmentoB JIHK mocne  pacmersieHus
PECTPUKIIMOHHBIM (PEPMEHTOM COTJIACHO BaAPUAHTAM OCYIIECTBJICHUS JAHHOTO U300pPETEeHUsI.

@ur. 130 neMOHCTpUPYET LIENEBOE CEKBEHUPOBAHUE OTAEIBHON MOJIEKYJBI B PEAJIbHOM
BpeMeHH ¢ oOpadoTkoit Mspl, 6e3 ucnonb3oBanust penapauuu koo JIHK u noGasnenus: A-
XBOCTa COTJIACHO BaApHAHTaM OCYLIECTBIICHHS JAHHOTO M300pETeHHUSI.

@ur. 131 neMOHCTpUPYET LiENEeBOE CEKBEHUPOBAHUE OTAEIBHON MOJIEKYJBI B PEAJbHOM
BpeMeHU C o0Opabotkoii Mspl, co CHMKEHHOHW BEPOSTHOCTBIO CAMOJIMTHPOBAHUS anamnTepa
COTJIACHO BapUAHTaM OCYLIECTBJICHUS JAHHOTO N300PeTeHNs.

@ur. 132 npexncrasisier coOoil rpaduK COBOKYITHBIX YPOBHEH METHIIMPOBAHHS MEXIY
obpasnamu JIHK muraneHTsl U JEHKOLMTAPHOTO CJIOS, ONMpPEENIEHHBIX C IOMOIIBIO LEJIEBOTO
CEeKBEHHPOBAHMS OTIEIBHOW MOJIEKYJbl B pealbHOM BpeMeHH ¢ obpaboTkoit Mspl, coriacHo
BAapPHAHTAM OCYIIECTBJICHUS JaHHOTO H300PETEHUsL.

@ur. 133 neMOHCTPUpPYET KJIACTEPHBIH aHANU3 IUIALCHTAPHBIX O0pasLoB U 0OpasLoB
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JEHKOLIUTAPHOTO CJIOS ¢ MCMOJIb30BaHNeM ux npoduneit mermnuposanust JJHK, onpenenenHbpix
C TOMOUIBI0 LEJIEeBOr0 CEKBEHUPOBAHUS OTHAEIbHOM MOJIEKYJbl B pEAJIbHOM BPEMEHH C
obpaboTkoii Mspl, cornacHo BapraHTaM OCYIIECTBICHHS JAHHOTO U300PETEeHNS.
TEPMHWHBI

«TkaHb» COOTBETCTBYET TpyIIe KJIETOK, KOTOpble OOBEOMHSAIOTCS BMECTE B
(YHKUMOHATBHYIO eAuHHULY. B OnHOW TKaHM MOKHO HaWTH OOJNbIIE YeM OIUH THIT KJIETOK.
PaznuyHbIe TUIBI TKaHEH MOTYT COCTOSATH M3 Pa3HBIX THUIOB KJIETOK (HampHUMep, TeraToLHUTOB,
AJIbBEOJIIPHBIX KJIETOK WJIM KJIETOK KPOBH), HO TAKXKE€ MOTYT COOTBETCTBOBATH TKAHIM U3 Pa3HBIX
OpPraHu3MOB (MaTb TPOTUB IUIONA, TKAHM CyOBEKTa, MEPEHECIIero TPAHCIUIAHTALUI0, TKaHU
OprannsMa, MHQHUIUPOBAHHOIO MHKPOOPraHHU3MOM HJIH BHPYCOM) HUIM 3IOPOBBIM KJIETKaM B
CPaBHEHMH C OIYXOJIEBBIMHU KJIETKAMH. «DTaJOHHbIE TKAHW» MOTYT COOTBETCTBOBATb TKAHSM,
UCTIOJIB3YEMBIM  JUIL  OTIPENEeNIeHUs] TKaHecHmelM(UYHBIX ypOBHEH MermmupoBaHus. Jlois
OTIpeNIeNIeHNs] TKaHeCTIeUN(UIHOTO YPOBHS METUIIMPOBAHUS JUISL 3TOTO THITA TKAHU MOJKET OBIThH
HCTIOJI30BAHO MHOKECTBO OOPA3LIOB TKAHHU OJTHOTO U TOTO JK€ THUIIA OT PAa3HBIX HHAMBUIOB.

«buonornueckuii obpazer» oOTHOCHUTCS K JI0OOMy o00pasiy, B3SATOMY Vy HYeJlOBEKa.
Buonoruyeckuii o0pasenr MOKeT MPENCTaBIsITh COO0H OMOTICHIO TKAHHU, acUpaT TOHKOW HUIJION
win kieTku kKpoBu. OOpasen Takke MOKET ObITb, HAPUMEp, TUIA3MOM, WM CHIBOPOTKOM, WIIH
MOUOi OepeMeHHOH >KeHUIMHBIL. Takke MOTyT OBITh HCIOJB30BaHbI OOpasubl cryna. B
Pa3IMYHBIX BapUaHTaxX ocyuiecTBieHus, Oosbimas dacte JIHK B Omonormueckom obpasue u3
OepeMeHHOH KEeHIIMHbI, KOTOpbIi ObL1 oborameH BHekinerouHod JIHK (mampumep, obpasen
IUTa3MBI, TOJYYEHHBIH C TMOMOINBIO MPOTOKOJNA IEHTPU(YTUPOBAHUS), MOXKET OBbITh
BHEKJIETOYHOMU, Harpumep, 6ombine yeM 50%, 60%, 70%, 80%, 90%, 95% wumu 99% JIHK moryT
ObITh BHEKJIETOUHBIMHU. [IpOTOKON LEHTpU(YTrUPOBAHHUS MOXKET BKIFOUATh B ceOs, Hampumep,
3000 ¢ x 10 MuHYT, ¢ MOJYYEHHEM >KUIKOW YaCTH, W TIOBTOPHOE IeHTPpU(yrupoBaHHUe,
Harpumep, 30000 g B Teuenue eme 10 MUHYT AsA yaaneHus OCTaATOYHBIX KJIETOK. B HEKOTOpBIX
BAPMAHTAX OCYIIECTBJICHHUS, TMoche craguu uLeHTpudyruposanus 3000 g Moxker OBbITH
BBITIOJIHEHA (DUIIBTPALIUS JKUAKONW YacTU (HampuMep, ¢ MCIOJb30BaHUEM (PHIIbTpa C pasMepoM
NOp 5 MKM, UJI MEHbIIE, B THAMETPE).

«IIpoureHne  MOCNEAOBATENBHOCTH»  OTHOCUTCSA K LENOYKE  HYKJICOTUIOB,
CEeKBEHHPOBAHHOHN M3 JFOOOH 4WacTH WIIM BCEH MOJIEKYJBI HYKJIEHMHOBOH kucioTel. Hampumep,
NPOYTEHHE TOCIEA0BATENIbHOCTH MOKET MPEACTABIATh COO0M KOPOTKYIO LETIOYKY HYKJICOTHIOB
(marmpumep, 20-150), cexkBeHHUpPOBAHHYIO U3 ()parMeHTa HYKJIEHHOBOH KHCIOTBL, KOPOTKYIO
LETIOYKYI0 HYKJICOTHIOB HAa OJHOM MJIM OOEMX KOHIAxX (hparMeHTa HYKJIEHHOBOH KHCIIOTHI, HIIH
CEeKBEHHPOBaHME BCEro (parMeHTa HYKJICHMHOBOW KHCJIOTBI, KOTOPBIH HAXOOUTCS B

ouonornyeckoM obpasie. IIpoureHne nmocnenoBaTEIbHOCTH MOXKET OBbITh MOJIyYeH Pa3IMIHBIMU
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criocobamu, HarmpuMmep, ¢ HUCIOJIb30BAHUEM METONOB CEKBEHHPOBAHHS WIIM C HCIIOJIb30BAHHUEM
30HAOB, HAmpUMep, B MaTpulax THUOPUAM3ALMK WM 30HAAX 3axXBara, WJIH METOJIOB
aMIunpUKaMK, TaKUX Kak mojuMepasHas uenHas peakuus (IILP), wim nuHeliHas
aMIunpUKaMsl C HUCIOJb30BAaHUEM E€AMHCTBEHHOrO TIpaiiMepa, WIM HW30TEPMUYECKas
aMIUTH(DUKALIHSL.

[0007] «Cybnpourenue» mpencrapisier coOON MOCIENOBATEILHOCTh, TEHEPUPYEMYIO U3
BCEX OCHOBaHMH B ONHOW wnenmu 3aMkHyToH B KosbLo JIHK-matpuipel, kortopas Oblia
CKOMUpOBaHAa B OnHYy HenpepbiBHYIO wenb JIHK-momumepasoit. Hampumep, cybmpourenue
MOXET COOTBETCTBOBaTb OAHOW nenu 3aMkHyTod B koabuo JAHK-matpuue JHK. B Takom
cily4ae, 1Mocje 3aMbIKaHUsl B KOJIbLIO, OffHA AByxuenodeuHas mojiekyna JJHK Oyner umers nBa
CyOmnpoUTEeHHs: MO OJHOMY Ha KaKABIH NMPOXOJI CEKBEHHPOBAHUs. B HEKOTOpBIX BapHaHTaX
OCYILIECTBIIEHHS], T€eHEPUPYEMasl MMOCIEI0BATENIbHOCTh MOXKET BKJIIOYATh B CEOSl MOJMHOXKECTBO
BCEX OCHOBAHHH B OJJHOM IIETIH, HATPHMEP, U3-3a HATMYHUS OUTHOOK CEKBEHHPOBAHUS.

«Caift» (TakKe Ha3bIBAEMBI «TE€HOMHBIM CaWTOM») COOTBETCTBYET OJHOMY CAaWTy,
KOTOPBIH MOXKET MPEACTaBISTh COOOM OAHY MO3ULMIO OCHOBAHUS WIJIM TPYIIY COOTHOCSIIHXCS
NO3UIMHA OCHOBaHWH, Hampumep, cat CpG mnm GONBLIYIO TPYIMITYy COOTHOCSIIMXCS IMO3ULHHA
OCHOBaHMH. «JIOKyC» MOKET COOTBETCTBOBAThH OOJIACTH, KOTOPAst COAEPIKUT MHOKECTBO CAHWTOB.
JIokyc MOXeT conepKaTh TOJIbKO OJUH CAWT, UTO CAeNano Obl JIOKYC 3KBHUBAJICHTHBIM CAiTy B
5TOM KOHTEKCTE.

«CTaryc METWJIMPOBAHUS» OTHOCUTCS K COCTOSIHUIO METHJIMPOBAaHMsI B JAaHHOM caiire.
Hanpumep, caiitr mMoxeT OBITb METUIMPOBAHHBIM, HEMETHJIMPOBAHHBIM HJIH, B HEKOTOPBIX
Clly4asix, HEONPEAECICHHBIM.

«MHOeKkC MeTHIMpOBaHMs» Ui KaKIOro TeHOMHOro canrta (Hampumep, caiita CpG)
MOKET OTHOCUThCS K nose (parmentoB JIHK (Hanpumep, kak OmpeneneHo W3 IMPOYTEHUMH
MOCJIEIOBATEIPHOCTH WJIM 30H/AOB), TMOKAa3bIBAIOLUIUX METHJIMPOBAHME B IAHHOM CaiiTe, MO
CPaBHEHHIO ¢ OOIIMM YHCJIOM MPOYTEHUH, OXBATHIBAIOIINX JaHHbIN calT. «IIpodTeHue» MOXKeT
COOTBETCTBOBATH MH(pOPMALMH (HAPUMED, CTATYCy METHIIMPOBAHHS B CalTe), MOJYYEHHOH M3
¢parmenta JTHK. IIpoureHne MOXXHO MOJNYYUTH C HCIOJIb30BAHHEM pEAreHTOB (Hampumep,
npaiiMepOB MU 30HOB), KOTOPBIE MPEANIOUTUTENbHO THOpuan3upyroTes ¢ pparmentamu JIHK ¢
OTIPENIETICHHBIM CTATyCOM METHJIMPOBAHHS B OJJHOM HJIH OOJIbIIEM KOoJH4decTBe caliToB. OOBIYHO
TAKW€ PEareHTbl MPUMEHSIOTCS TMocie o0pabOTKM ¢ TMOMOINBI MPOLecca, KOTOPBIH
n30npaTesbHO MOIUPHUIHMPYET Wi n30upaTenbHO pacno3Haer Mojekynsl JIHK B 3aBucumocTn
OT WX CcTaTyca METWIMPOBaHMsA, Hampumep OucynbpurHOe mpeoOpa3oBaHUe, HIH
YyBCTBUTEJbHBIH K METHJIMPOBAHHIO PECTPUKIMOHHBIN (EpPMEHT, Wi OeJKH, CBS3bIBAIOIINE

MCTUJIMPOBAHHBIE MOJICKYJIbl, UJIM aHTUTECIA K MCTHJIILHUTO3UHY, UKW METOJbl CECKBECHUPOBAHUSA
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OTJENIbHOW MOJIEKYJIbI (HarmpuMep, CeKBEHUPOBAHUS OTACIBbHONH MOJIEKYJIbI B PEAJIbHOM BPEMEHH
U HaHomopoBoe cekBeHupoBaHue (Hampumep, or Oxford Nanopore Technologies)), koropsie
PACIO3HAIOT METWJILIUTO3UHBI U THAPOKCHMETHIILUTO3HHBL.

«IInOTHOCTH METUIIMPOBAHUD) 00JACTH MOXKET OTHOCUTBCS K KOJHYECTBY MPOUYTEHUHN B
caifitax B mpeznenax oONacTH, JEMOHCTPHUPYIOIIEH METHIMPOBAHUE, pa3fesieHHOMY Ha oliiee
KOJIMYECTBO TMPOUTEHMH, OXBATHIBAIOIIMX CaWThl B 3TOH oOmactu. CalTbl MOTYT HMETH
OTIpEeNIEJICHHbIE XapaKTEePUCTUKY, HanpuMep, ObITh caiitamu CpG. Takum 00pa3oM, «IUIOTHOCTB
mermmupoBanuss  CpG»  o0nmacTH  MOXKET  OTHOCHUTBCS K KOJHMYECTBY  NPOYTEHU,
neMoHcTpupymux Mermnuposanue CpG, pasneneHHOMY Ha 0O0Iee KOJHUYECTBO MPOYTEHUH,
nokpbiBaromux caiitel CpG B oOnactu (Hanpumep, KoHKpeTHbIH caitt CpG, caitrel CpG BHYTpHU
CpG-octpoBka win OonbInyr0 o0nacth). Hanmpumep, MIOTHOCTh METHIUPOBAHUS U KaKIOU
100-T.1.0. TPYIIBI B TEHOME YeJIOBEKa MOKET OBbITh OnperneseHa u3 OOIero Yucia MUTO3HHOB,
He TpeoOpa3oBaHHBIX Mociie 00paboTKkU OMCYIbPUTOM (UTO COOTBETCTBYET METHIMPOBAHHOMY
nuTo3uHy) B caiitax CpG, kak pons Bcex cadtoB Cp(G, OXBayeHHBIX NPOUYTCHUSIMH
MOCJIEOBATENBHOCTH, CONOCTaBIeHHBIMU ¢ 100-T.11.0. 00JaCThIO. DTOT aHAIU3 TAKIKE MOXKET
OBITH BBITIOJHEH IJIS1 APYTHX Pa3MepoB rpymbl, Hanpumep, 500 mo., 5 T.mo., 10 T.mo., 50 T.m.o.
wii 1 maa.nm.o. u T.4. O0xacTer0 MOXeT OBITh BECh T€HOM, XPOMOCOMA HJTH YacTh XPOMOCOMBI
(marmpumep, riedo xpomocomel). Muaekc mernnmuposanus caiita CpG SBJISIETCS TaKUM XKe, Kak
IUIOTHOCTh METWJINPOBAHUS JIs1 OOJIACTH, KOra 00IacTh BKIFOYAET B ce0s TOJIbKO JaHHBIA CAHT
CpG. «/lons MeTHMIMPOBAHHBIX LIUTO3UHOB» MOXET OTHOCUTHCS K KOJHYECTBY LIUTO3MHOBBIX
caiitoB, «C», KOTOpble, Kak TIOKa3aHO, SBISIFOTCS METHJIMPOBAHHBIMH  (Hampumep,
HernpeoOpa3oBaHHBIMU TMOCe TpeoOpa3oBaHusl OHCYNb(GUTOM) TMO OTHOIIEHHIO K OOIIeMy
KOJINYECTBY MPOAHAIM3UPOBAHHBIX OCTATKOB [UTO3HMHA, T.€. BKIIFOYAsl IUTO3WHBI BHE KOHTEKCTA
CpG, B obmactu. MHOEKC METHWIMPOBAHUS, IIOTHOCT METHIHPOBAHUS, KOJIMYECTBO MOJIEKYIL,
METHJIMPOBAHHBIX B OJHOM MWJHM OOJbIIEM KOJMYECTBE CANTOB, M JOJS MOJEKYIL,
METHJIMPOBAHHBIX (HANpUMeEp, LUTO3MHOB) B OJHOM WM OOJbIIEM KOJWYECTBE CaWTOB,
SBJIIIOTCSL TIPUMEPaMU «ypOBHEH MeTmnnpoBaHus». [Tomumo mpeoOpasoBanus OHCYIBOUTOM,
APyTUe TPOLECCHl, HM3BECTHBIE CIELUAINCTAM B JAaHHOW OONACTH TEXHUKH, MOTYT OBITh
UCTIOJIB30BaHbl Il UCCIEeNOBaHUsA cTaryca MermnupoBanus Mousiekyn JIHK, Bxirouas, Oe3
OTrpaHWYeHUs, (PEePMEHThl, UYBCTBHTEJBbHBIE K CTaTyCy METWIMPOBAaHUs (HampuMep,
YyBCTBUTEJbHbIE K METUJIMPOBAHUIO PECTPUKLUUOHHBbIE (EPMEHTHI), OENKH, CBS3bIBAIOIINE
METHJIMPOBAHHbIE MOJIEKYJIbI, CEKBEHHPOBAHHE OTHENBbHOW MOJIEKYJIBI C HCIOJIb30BAHUEM
wiaTopMbl, UYBCTBUTEIBHOH K CTAaTyCy METWIHMPOBaHUS (HampuMep, HAHOIIOPOBOE
cekBenupoBanue (Schreiber et al. Proc Natl Acad Sci 2013; 110: 18910-18915) wu

CEeKBEHHPOBAaHHE OTAEIbHOH MOJIEKYJbI B peallbHOM BpeMeHu (Hampumep, ot Pacific
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Biosciences) (Flusberg et al. Nat Methods 2010, 7: 461-465)).

«Metunom» obecneunBaer mepy Merwmposanust JIHK Bo MHOXecTBe CalTOB MM
JIOKYCOB B IeHOMe. MeTHJIOM MOXET COOTBETCTBOBATH BCEMY I€HOMY, 3HAUUTEIbHOW 4YacTH
reHOMa WJIM OTHOCHUTENIBHO HEOOJBIIONH YacTH(UaCcTsM) Tr€HOMA.

«MeTtunom miazMbel OEPEMEHHOI» NpeAcTaBisieT COOOH METHIIOM, OIpENeNeHHBIN 1Mo
IUTa3M€ WM CBhIBOPOTKE OEpeMEHHBIX JKHUBOTHBIX (HAampuMmep, 4eloBeKa). MeTHIIOM IUIa3Mbl
OepeMEeHHO SIBJIIETCS] MPUMEPOM BHEKJIETOYHOTO METHMJIOMA, TTOCKOJIBKY IIa3Ma M CBIBOPOTKA
comepxar BHexsetouHyro JIHK. MetunoMm masMbl OEpeMEHHOHM Takke SBJISETCS MPUMEPOM
CMEIIIAHHOTO METUJIOMA, MOCKOJIbKY OH mpeactarisier coboit cmech JIHK u3 pasHbIx opraHos,
TKaHeW WIM KJIETOK B opraHusmMe. B OJHOM BapuaHTe OCYLIECTBJICHHUS, TaKhe KIIETKU
NPEACTABISIIOT  COOOM  TeMONO3THYECKHe  KJIETKH, BKJIIOUaromme B ceds, HO He
OTPaHUYMBAIOIINECS KJIETKAMU SPUTPOUIHON (T.€. JPUTPOLUTAPHON) JMHHM, MUEIOUIHON
JTVHUU (HarmpuMep, HEUTPO(QUIOB M UX MPEIIECTBEHHUKOB) U MErakapuoLUTapHOH JUHUH. Bo
BpeMst OEpeMEHHOCTH METUJIOM IUIa3Mbl MOXKET COAEP’KaTh METHJIOMHYI HH(pOpMALUIO OT
mwioga U Marepu. «KIeTouyHbI METHJIOM» COOTBETCTBYET METHIIOMY, OIPEIENIEHHOMY IO
KJIeTKaM (HarmpuMep, KJIEeTKaM KpOBH) MalueHTa. METHJIOM KJIETOK KpPOBH Ha3bIBaIOT
METHJIOMOM KJIETOK KPOBH (MJIM METUIIOMOM KPOBH).

«I[Ipodpune mermmupoBaHus» BKIOYaeT B ceOsd HHPOPMALNIO, OTHOCSILIYIOCS K
mermmupoBannto JIHK wmm PHK pns muokectBa caiitoB wim obnacred. Mupopmarms,
otHOCsmasicst Kk MetmnupoBarnto JIHK, mosker Bxmouars B ceds, MOMUMO MPOYEro, MHIECKC
metuupoBanus cafita CpG, mioTHocTs MerminupoBanus (cokpamenno IIM) caiitoB CpG B
obnactu, pacnpenenenue caiitoB CpG B CMeXHOH 005macTH, CTPYKTYypy WIH YPOBEHb
METHJIMPOBAHMS ISl KaXIoro otaenbHoro caiita CpG B obnactu, comepskaineidl 0oJjbine 4em
onuH caiir CpG, u merwmupoBanue He-CpG. B onHOM BapuaHTe OCyIIeCTBICHHs, MPOdUIb
METHJIMPOBAHUS MOXET BKJIIOUaTh B ce0s XapakTep METHJIMPOBAHHS WM HEMETHIIUPOBAHHS
OoJplie YeM OJHOTO THMA OCHOBaHUS (HaNmpUMep, LMTO3WMHA WM aaeHuHa). [Ipoduis
METUJIMPOBAHMs 3HAUUTEIbHON YacTH I€HOMa MOXKHO CUHUTATb SKBUBAJEHTHBIM METUJIOMY.
«MetunmupoBanue JIHK» B reHOMax MIEKONMTAOIIUX OOBIYHO OTHOCUTCS K IOOAaBJICHHIO
METHJIbHON TPYIIBI K 5’-yrJIepoay LUTO3HMHOBBIX OCTaTKOB (T.€. S-METHJILUTO3MHBI) U3 YHCIA
nunykiaeotuioB CpG. Merunuposanue JIHK moxker mpoucxonuTh B LUTO3UHAX B JAPYTHX
koHTekcrax, Hampumep, CHG u CHH, roe H npencrasnsier coboli aieHUH, TUTO3UH HJTH TUMUH.
MerunupoBaHie  OUTO3MHA  TakKkKe  MOXKET ObITh  mpeacraBieHo B ¢opme  5S-
THIPOKCUMETUIINNTO3MHA. Takxke cooOIIanoch O HELUTO3MHOBOM METHJIMPOBAHHUH, TAKOM Kak
NS-meTunaneHus.

«IlatTepH  MeTWJIMPOBaHUS»  OTHOCUTCA K  MOPSAAKY  METUIMPOBAHHBIX WU
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HEMETUJIMPOBAHHBIX OCHOBaHUW. Hampumep, matrepH METHIMPOBAHUS MOKET MNPEACTABJSTH
co0oll MOPSIIOK METHIMPOBAHHBIX OCHOBaHul Ha onuoil nenu JIHK, omHoll mByXuenodeyHo
moJsiekyae JHK wnu gpyrom Tume MOJEKyabl HYKJIEMHOBOW KUCHOTBL Hampumep, Tpu
nociefoBarenpHpix  caiita CpG  Moryr wumerh JO00OH W3  CJIEOYIOIIHX MAaTTEPHOB
metwiuposanusa:. UUU, MMM, UMM, UMU, UUM, MUM, MUU, unu MMU, rne «U»
0003HaYaeT HEMETHUIMPOBAHHBIN CaliT, a «M» 0003HauaeT MeTHIIMpOBaHHbIN caliT. Koraga kTo-1o
pacimupsieT 3Ty KOHUEMIUK 10 MOAU(UKALIMNA OCHOBAHHM, KOTOPbIE BKIFOYAIOT B ce0s, HO HE
OTPAHUYUBAIOTCS METHIIMPOBAHUEM, MOKET HCTIONB30BATHCS TEPMUH «MIATTEPH MOIU(DUKALIANY,
KOTOPBI OTHOCUTCSl K TIOPSAKY MOAM(DUIIMPOBAHHBIX M HEMOAH(PUIIMPOBAHHBIX OCHOBAHHIA.
Hanpuwmep, narrepH Moaudukanuii MOKET MPEACTABIISATh COOOHM MOPSIOK MOAU(PHUIIMPOBAHHBIX
ocHoBanui Ha oxHou unenu JAHK, omnoli aByxuenodeuynoit monekyine JIHK unu npyrom tune
MOJIEKYJIbl HYKJEUHOBOH KHUCJIOTBL Hampumep, Tpu mNOCAEAOBATENbHBIX, NOTEHUUAIBHO
Moau(UIUPyEeMbIX caliTa MOTYT UMETh JIOOOH W3 CIeNyIOIHUX MATTePHOB METHIIMPOBAHUS:
UuU, MMM, UMM, UMU, UUM, MUM, MUU, wumu MMU, roe «U» o0o03Hauaer
HeMonu(UIUPOBAaHHBIN caiiT, a «M» obo3Hadaer moauduMpoBaHHbd cait. OmguH U3
MpUMepOB MOAU(DHUKAIINN OCHOBAHUS, HE OCHOBAHHON HA METUJIMPOBAHUU, MIPEICTABIISIET COOOM
OKHCJIUTEIbHBIE U3MEHEHUS, HAITPUMED, KaK B 8-OKCOTyaHUHE.

TepMuHBI «TUNEPMETHIIMPOBAHHBIN U «TUIIOMETUIUPOBAHHBIN» MOTYT OTHOCHUTBCSA K
IJIOTHOCTU  METWUIMpPOBaHMs oOTAenbHON Mojekynsl JHK, wusMepeHHONH 10 ypOBHIO
METWJIMPOBAHUS TAaKOW OTAEIbHOW MOJICKYJIb, HampuMmep, KOJUYECTBY METHUIMPOBAHHBIX
OCHOBAaHMW WJIM HYKJIEOTHIOB B MOJIEKyJe, paslIeleHHOMY Ha o0mee KOJIUYECTBO
METWJIMPYEMBIX OCHOBAaHUN WM HYKJICOTHAOB B Takoil Mojekyje. ['mnepmeTrunupoBaHHas
MOJIEKyJla - 3TO MOJIEKyjJa, B KOTOPOH YpOBE€Hb METUJIUPOBAHUS OTAECIbHONH MOJIEKYJIbI
HaxOAMUTCS Ha yPOBHE WJIM BbILIIE MOPOTra, KOTOPBIM MOKET ONPENeNsTCs OT NMPUMEHEHUs K
npumenennto. [lopor moxer cocraByate 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
wim  95%. TI'unomerunupoBaHHas MoJieKyla - 3TO MOJeEKyla, B KOTOPOM ypOBEHb
METWJIMPOBAHUS OTAEJBHON MOJIEKYJbl HAaXOAUTCA HA YPOBHE WU HWXKE MOPOra, KOTOPBIA
MOKET ONpPEAeNATCS OT NPUMEHEHHUS K IPUMEHEHHUI), U KOTOPBIH MOKET HM3MEHSTCA OT
npuMeHeHust K mpuMmeHeHuto. [lopor mosxker coctasisite 5%, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% wunu 95%.

TepMuHBI  «TUMIEPMETHIIMPOBAHHBINY W «TUIIOMETUJIMPOBAHHBIN» TAaKXKE MOTYT
OTHOCHUTBCSI K YPOBHIO METHJIMpPOBaHus nonyisiuuu moJiekya JIHK, nsmepenHomy no ypoBHIM
METWJIMPOBAHUS MHOXKECTBA MOJIEKYJI JAHHBIX MOJEKyJa. ['MnepmMeTuniupoBaHHAs MOMYJSILUA
MOJIEKYJI MPEACTaBIsieT COOOH Ty, B KOTOPOW yYPOBEHb METHJIMPOBAHHS MHOXKECTBA MOJIEKYJI

HaXOAUTCA Ha YPOBHEC WM HHXKE TIOpOra, KOTOprfI MOXKET ONPEACIATCA OT MPUMCHCHUA K
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MPUMEHEHUIO, U KOTOPBII MOKET HU3MEHSTCS OT MPUMEHEHUs K mpuMeHeHuro. [lopor mosker
cocraByath 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% wumm 95%.
I'mmomeTnnupoBaHHas MOMYJSINUS MOJIEKYJ TpEACTaBisieT coOOH Ty, B KOTOPOH YpOBEHb
METUJIMPOBAHMSI MHOXKECTBA MOJIEKYJl HAXOUTCS] HA YPOBHE WJIM HIKE MOpPOra, KOTOPbIH MOXKET
ompenensaTcs oT NpUMeHeHUsl k npumeHeHuto. Ilopor moxer coctaBiaTh 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, u 95%. B onHOoM BapuwaHTe OCYIIECTBJCHUS, MOMYJISLIUS
MOJIEKYJI MOKET OBITh BBIPOBHEHA C OAHOM MIJIM OOJIBIIMM KOJMUYECTBOM BBIOPAHHBIX F€HOMHBIX
obnacreil. B omHOM BapmaHTe OCYIIECTBJICHHUS, BbIOpaHHast 00JacTh(00JACTH) T€HOMAa MOKET
OBITh CBs3aHAa C TakuM 3a0O0JieBaHHEM, KakK pakK, TeHETHYECKOE HapyIlIeHHUe, HapyLIeHHe
UMIPUHTHHTA, HApyIIeHHe OOMEeHa BEIeCTB WJIM HEBPOJOrMYEeCKoe HapyleHue. BriOpaHHas
obnacte(obmacTn) reHOMa MOKeT uMeTh JuuHy S0 Hykneotunos (HT), 100 HT, 200 HT, 300 HT,
500 uT, 1000 BT, 2 XHT, 5 KHT, 10 KHT, 20 *HT, 30 KHT, 40 KHT, 50 KHT, 60 KHT, 70 KAHT, 80 KHT,
90 kaT, 100 kHT, 200 KHT, 300 KkHT, 400 KHT, 500 KHT, unu 1 MHT.

[0008] TepmuH «riyOMHA CEKBEHHUPOBAHHS» OTHOCUTCS K KOJUYECTBY pa3 OXBaTa
JIOKyCa «IPOUTEHHEM MOCIIEeNOBATEIbHOCTI», BBIPOBHEHHBIM C JIOKycOM. JIOKyc MoxeT ObITh
pasMepoM C HYKJIEOTHA, WJIH Pa3MEPOM C IUIEUO XPOMOCOMBI, WJIH Pa3MepOM B BECb I'€HOM.
I'nmyObuHa cekBeHUpPOBaHHS MOXKET ObITh BbIpaxkeHa Kak 50x, 100X u T.4., e «X» O3HA4YaeT
KOJIMYECTBO Pa3 OXBaTa JIOKyCa MPOUYTEHHEM IOCIENOBATEIbHOCTH. [ IyOMHa CEeKBEHUPOBAHMS
TaK)X€ MOXKET MPUMEHATHCS K MHOXECTBY JIOKYCOB MJIM KO BCEMY I'€HOMY, U B 3TOM Cllydae X
MOXKET OTHOCUTBCS K CpPeIHEMY KOJIMYECTBY pa3 CEKBEHHUPOBAHHUs JIOKyCa WM TaIllJIOUAHOIO
IrE€HOMa, MJIH BCEr0 TE€HOMa, COOTBETCTBEHHO. CBepXriyOOKOe CEKBEHHPOBAHHE MOKET
OTHOCHTBCS K 1O MeHblIei Mepe 100X riryOnHe CeKBEHMPOBAHUS.

B KOHTEKCTe NaHHOTO AOKYMEHTAa, TEPMHUH «KJIACCU(PHUKALMSL» OTHOCHUTCS K JIOOOMY
qucy(4uciaM) WU APYroMy CHMBOJY(CHMBOJIaM), KOTOPbI€ CBSI3aHBI C KOHKPETHBIM
cBoiicTBOM oOpaszua. Hanpumep, CUMBOJ «+» (MM CJIOBO «IIOJIOKHUTENBHBIIY» ) MOXKET 03HAYATh,
yro o0Opasen KiIacCupuIUpyeTcs Kak UMEIOINHA fenennu win amiundukannu. Kinaccudukarms
MOKET OBITh JBOWYHOW (HANpUMep, TMOJOXUTEIbHOH WM OTPULATENbHONW) WM HMETh
HECKOJIbKO YPOBHEH Kiaccupukauuu (Hanpumep, mkana ot 1 go 10, mmum ot 0 o 1).

TepMHUHBI «IIOPOrOBOE 3HAUEHHE» U IOPOr» OTHOCATCA K 3apaHee OIpeleeHHbIM
yyclaM, MCNoNb3yeMblM B mpouecce. Hampumep, pasMep NOpPOroBOro 3HAYEHUS MOXKET
OTHOCHTBCS] K pa3Mepy, BbILIE KOTOPOro UCKIMOHAKOT (hparMeHTsl. [loporoBoe 3HaUeHHE MOXKET
OBITh 3HAUEHHEM, BBIIIE WM HIDKE KOTOPOTo MPUMEHSETCs KOHKpeTHas Kiaccudukamnms. JIroooit
U3 3TUX TEPMUHOB MOJKET HCIIOJIb30BAThCSA B JIFOOOM M3 3THX KOHTEKCTOB. [loporosoe 3HaueHHe
WIA TIOPOT MOXKET NPEACTaBISATh COOOH «3TAJIOHHOE 3HAYEHHE» WM TPOU3BOAHOE OT

STAJIOHHOI'0 3HA4U€HUA, KOTOPOE SABIACTCA MPECACTABUTEICM KOHerTHOfI KJ'IaCCI/I(I)I/IKaLII/II/I U1
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IPOBOIUT TPaHUIy MEXIY ABYMs WM Oonee knaccupuranusaMu. Takoe 3TaJOHHOE 3HAYCHHE
MOJKET OBITh ONPENEeNIEHO PA3IUYHBIMU CIIOCO0aMH, Kak OyeT MOHATHO CHENHAINCTy B JAHHOM
obnactu texHuku. Hampumep, mapameTpel MOTYT OBITh ONPENENEHbI U IBYX Pa3HBbIX TPYIII
CYOBEKTOB C Pa3sHBIMH HM3BECTHBIMU KJACCH(DUKALMSAMH, a STAJOHHOE 3HAUYEHHE MOXKET ObITh
BBHIOPAHO KaK pENpe3eHTAaTUBHOE MJisi ONHON Kiaccuukanuu (HAMpUMep, CpenHee) WiId
3HaYeHHE, KOTOpPOe HAXOIUTCS MEXKAY ABYMs KiacTepaMy MapaMeTpoB (HarpuMep, BBIOPaHO
IUI TIONYYEHHUsl JKEeJaeMOH YyBCTBUTENBHOCTH M creundudHoctn). B kauectBe npyroro
NpUMeEpa, 3TAJTOHHOE 3HAUEHHE MOXKET OBITh ONpPENeNIeHO HAa OCHOBE CTATHCTUYECKOTO aHAJIHM3a
WJIA MOJIEIMPOBaHMS 00pa31oB.

[0009] TepmMuH «ypOBEHb pakay MOXKET OTHOCHUTBHCS K TOMYy, €CTh JH pak (T.e.
NPUCYTCTBYET MIJIK OTCYTCTBYET), CTAIUU PaKa, pa3Mepy OMyXOJIH, HATMYUIO METACTa30B, 00LIei
OTIyXOJIEBOW HArpy3ke Ha OpPraHHU3M, PEaKIMH paka Ha JICYCHHE W/WIN APYroMy IOKa3aTelto
CTENEHU TSDKECTH paka (Hampumep, peLANBY paka). YPOBEHb paka MOKET ObITb MPEACTABICH
YHCIIOM WJIM JAPYTUMH OOO3HAYEHUsSIMH, TaKMMH KaK CHUMBOJIBL, OykBbl ajdaBWTa M LBETA.
YpoBeHb MOXET OBITh HYyJIEBBIM. YPOBEHb paka MOXET TakKkKe BKIOYaTh B ceOs
NPEA3JI0KAYECTBEHHbIE WJIM TIPEAPAKOBBIE MATOJOTMHM (COCTOSIHMA). YPOBEHb paka MOKHO
UCTIOJIB30BATh MO-pasHOMy. Hampumep, CKpHHHMHT MOXKET MPOBEPUTh, NMPUCYTCTBYET JIM PaK y
KOTO-TO, JJIsl KOTO paHee He ObLI0 M3BECTHO, YTO OH OojieH pakoM. OIEHHBAaHUE MOXKET
UCCIIeOBaTh KOro-mubo, y KOro ObUl AMArHOCTHPOBAH pPaK, YTOOBI OTCJIEKUBAThH
NPOTPECCHPOBAHUE paka C TEUEeHHEM BpEeMeHH, H3ydaTb 3(P(eKTUBHOCTH JeUeHHs] WM
OTIpEeNEeNATh MPOTHO3. B OHOM BapuaHTe OCYLIECTBJICHUS, TPOrHO3 MOXKET OBITh BBIPAXKEH KaK
BEPOSATHOCTh CMEPTH MALMEHTa OT Paka, WJIN BEPOSTHOCTb NPOTPECCHPOBAHHS paka MOCHe
OTIPENIEICHHOTO MEPHO/A WIIM BPEMEHH, HIIH BEPOSITHOCTh MJIM CTETIEHb METACTA3UPOBAHMS PaKa.
OOHapykeHHE MOKET O3HaYaTh KCKPHUHHHI» WM MOXKET O3HA4aTh MPOBEPKY TOTO, €CTh JH Y
KOTO-TO C TMpH3HAKaMU paka (Hampumep, CHUMITOMAaMH WJIH JIPYTHMH TOJOXKHUTEIbHBIMU
pe3yJbTaTamMu) pax.

«YpoBeHb maToyiorun» (MM ypOBEHb HAPYIIEHUS) MOXKET OTHOCHTHCS K KOJMYECTBY,
CTENEHU WIN CEPbE3HOCTH MATOJOTMH, CBSI3AaHHOH C OPraHU3MOM, I'Zle YPOBEHb MOXKET OBITH
TAKUM, KaK OINWMCAHO BbIIIE i paka. Emne OOMH NpuUMep MAaTOJOTHH - OTTOPIKEHHE
nepecakeHHOro opraHa. Jlpyrue mpuMepsl MaTOJOTHH MOTYT BKJIIOYaTh B ceOs HapyIIEHUs
UMIPUHTHHTA T€HOB, ayTOUMMYHHYIO aTaky (Hampumep, BOTYAHOUYHBIH HEQPHUT, MOPaKAIOINN
NOYKW WM PACCESHHBbIM CKJIEpPO3), BOCHMAJHTENbHble 3a0oneBaHusl (HampuUMep, TeNaTHr),
(¢ubpo3HBIE MpoIlecChl (HApUMeEp, LHUPPO3), KUPOBYIO HHPUIBTpAlHiO (HAmpuMep, KHUPOBBIC
3a00sieBaHUs] TIEUEHH), NEreHepaTUBHBIE IpoLecchl (Hampumep, Oone3Hb AublreliMepa) u

UIIEMUYECKOe MOBPEXKACHUE TKaHH (HarpuMep, HHPapKT MUOKapaa wid UHCyabT). CocTosiHue
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3I0pOBBS MALIMEHTA MOYKHO PACCMAaTPHUBATh KaK KJIACCH()UKALIUIO OTCYTCTBHS MTATOJIOTHH.

«Csi3aHHOE ¢ OEpEeMEHHOCTBIO HapyIIeHHe» BKJIIOUaeT B cels mrodoe HapylieHue,
XapaKTepPU3yIOILeecss aHOMAIbHBIMU OTHOCHUTEJIBHBIMU YPOBHSIMH JKCIPECCHHM T'€HOB B TKAHHU
MaTepu W/WIM TUIOJA. DTH HAPYIIEHUsS BKJIIOYAIOT B ce0s, IOMUMO MPOYEro, MPE3KIAMIICHIO,
3aIepKKy BHYTPUYTPOOHOTO pA3BHUTHS, HHBA3WBHYKO IUIAIICHTY, MPEKACBPEMEHHBIE pOJIBI,
TeMOJINTHYECKYIO 0O0JIe3Hb HOBOPOIKIIEHHBIX, IJTALIEHTAPHYIO HEIOCTATOYHOCTD, BOASHKY IJIOJA,
nopoku passurus mwioga, HELLP-cuHApoM, CHUCTEMHYHO KpacHYK) BOJYAHKY U JpPyrUe
UMMYHOJIOTHYECKHE 3a00JIeBaHUS MATEPH.

AOOpeBHaTypa «I1.0.» OTHOCHTCS K MapaM OCHOBaHHH. B HEKOTOPBIX clydasx «I1.0.»
MOJKET UCTIOJIB30BaThCs [t oOo3HadeHus anuHbl pparmenta JJHK, naxe ecnu ¢pparment JTHK
MOKET OBITh OIHOLENOYEYHbIM U HE COAEpKaTb TMapy OCHOBaHMHA. B  KOHTeKkcTe
oanouenovyeyHoit JJHK «11.0.» MOKHO MHTEPIIPETUPOBATh KAaK YKa3aHUE JJIMHBI B HYKJI€OTUIAX.

AOOpeBuaTypa «HT» OTHOCHUTCS K HYKJIEOTHIAM. B HEKOTOPBIX CiIydasx «HT» MOMKET
UCTIOJIb30BATHCS JUTsl 0003HaueHus JuinHbI onHonenodeunoit JJIHK B 6a3oBwix enunaunax. Takke,
HT» MOKET UCTIOJIb30BATHCS A 0003HAYEHUS] OTHOCUTEIIbHBIX MO3HLIUN, HATIPUMED, BBIIIE UITH
HIDKE aHAIM3UPYEMOIO JIOKyca. B HEKOTOpPBIX KOHTEKCTaX, KaCalOIIMUXCSl TEXHOJOTMYECKOU
KOHIENTYaIN3aluy, MpeACcTaBieHns, 0OpadOTKM W aHamW3a IOAHHBIX, «HT» M «I1.0.» MOTYT
HCIIOJIb30BaThCs B3aUMO3AMEHSIEMO.

TepMHH «KOHTEKCT MOCJIEAOBATEIBHOCTH» MOXET OTHOCUTBCA K KOMIO3ULIUSAM
ocHoBanuii (A, C, G wiu T) u nopsinkam ocHoBanwmii B ydactke JIHK. Takoii yuacrox JTHK
MOKET COCEINCTBOBATH C OCHOBAHHEM, KOTOpPO€ TIOABEPraeTcss aHajau3y MOIU(PUKALIIH
OCHOBAHUSl WM SBJSETCS €ro Lenabro. Hampumep, KOHTEKCT NOCIEAOBATENBHOCTH MOXKET
OTHOCHTBHCSI K OCHOBAHHUSIM BBIII€ W/WJIM HIDKE OCHOBAHHUS, KOTOPOE IOIBEPraeTcs aHau3y
Moau(UKaITH OCHOBAHHSI.

TepMHH «KUHETUYECKHE XapAaKTEPUCTUKW» MOXKET OTHOCHUTBCA K MPHU3HAKAM,
MOJIYYCHHBIM B PE3YyJIbTATE CEKBEHUPOBAHUS, BKIIIOYAsi CCKBEHUPOBAHUE OTAEIbHON MOJIEKYJIBI B
peanpbHOM BpeMeHH. Takue NPHU3HAKM MOXKHO HCIOJB30BaTh [UIA aHaTu3a MOIU(UKALIIH
ocHOBaHMH. [IprMephl KHHETUYECKUX XaPAKTEPUCTUK BKJIFOUYAIOT B ce0sl KOHTEKCT BOCXOASIIEH
U HHUCXOJIMINEH TNOCIEeNOBATENbHOCTH, WH(POPMALUIO O MLEMsAX, MEXHMITYJIbCHBI TepHO,
LIMPUHY UMIYJIbCA U CHUIy UMIyJbca. IIpu cekBeHMpOBaHMM OTAEIBHON MOJEKYJIBI B PEKUME
PEaNbHOrO BPEMEHU MOCTOSIHHO OTCJICKUBAIOT BIWSHUE aKTHUBHOCTeW mnonumepasbl Ha JIHK-
Matpunly. CrenoBaTenbHO, MapaMmeTphl, MOJydeHHble B pe3yjibTaTe TaKOro CEKBEHHPOBAHM,
MOKHO pacCMaTpuBaThb KaK KUHETHUYECKUE XApPAKTEPUCTUKH, Hanpumep, HYKJICOTHUAHBIE
MOCJIeI0BATEIBHOCTH.

TepMI/IH «KMOJCIN MAIIMHHOTIO O6yLIeHI/I$I» MOTYT BKJIFOYAaTh B cebs MOACIN, OCHOBAHHBLIC
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HA WCMOJIb30BAHNUHU JAHHBIX 00pa3LoB (HarpuMep, OOy4aroImuX JaHHBIX) ISl TPOTHO3UPOBAHHUS
TECTOBBIX JNAHHBIX, W, TaKUM OOpa3oM, MOKeT BKIIIOYaTh B cebsi «oOydueHue C ydurenemy.
Mopnenu MalmmHHOTO OOYy4YEHUs] 4acTO pa3palaThIBAIOTCS C HCIOJBb30BAHHEM KOMITBIOTEpA WU
nporeccopa. Mozenu MalmnHHOTO OOYYEeHUsI MOTYT BKJIFOUATh B C€0s1 CTATUCTUYECKHE MOJIEINH.

TepMHH «CpPEACTBO aHAjM3a MAHHBIX» MOXKET BKJIIOYAaTh B Ce0s aJrOPUTMBI W/HUITU
MOJENH, KOTOpPbIE MOTYT TMPUHHUMATh JaHHbIE B KAa4yeCTBE BBOJAA M 3aT€M BbIJABATH
NPOTHO3UPYEMbI pe3ynbTaT. lIpuMepsl «cpeacTBa aHalM3a [MAaHHBIX» BKJIOYAKOT B cebs
CTaTUCTHYECKHE MOJEIH, MAaTeMaTUYeCKUE MOJENH, MOJENIH MAIIWHHOTO OOY4eHHus, Apyrue
MOJIEJIM UCKYCCTBEHHOTO HHTEJUIEKTa U UX KOMOWHAIINH.

TepMuH «CEKBEHUPOBAHHE B PEAJTbHOM BPEMEHH» MOMKET OTHOCHUTBCS K METOIHKE,
KOTOpasi BKJIOYaeT B ceOsi cOOp MAaHHBIX WJIM MOHUTOPUHI BO BpeMsl MPOTEKAHUS DPEaKIIWH,
CBSA3aHHON C CcexkBeHupoBaHueM. Hampumep, CeKBEHHPOBaHME B pPEaJbHOM BPEMEHU MOXKET
BKJIIOUATh B ceOsl ONTHYECKUH MOHUTOPUHT WK CbeMKy Toro kak JIHK-monmmepasa nodasnser
HOBO€ OCHOBaHHUE.

TepMuH «OKOJO» WM «IIPUMEPHO» MOXKET O3Ha4daTh HAXOXKIAEHHE B Mpeaenax
JOIMYCTUMOTO JHANa30Ha OUIMOOK JUIi KOHKPETHOrO 3HAUYEHUS, KaK OTPENETICHO CIELHaTUCTOM
B JIAHHOW OOJIACTH TEXHUKH, YTO OyJeT YaCTUYHO 3aBUCETh OT TOTO, KaK 3HAYCHHE M3MEPSETCs
WIM OIpefensercs, T.e. OrpaHMYeHHuil cucrtembl u3MepeHus. Hamnpumep, «OKOJIO» MOXKeET
O3HauaTh HAXOXJEHHe B Mpenenax 1-ro wiam Oojbime deM 1-ro CTaHAAPTHOTO OTKJIOHEHHS
COTJIACHO NMPHMEHEHHI0 B JAHHOH OONACTH TEXHUKH. B albTepHATUBHOM BapHaHTE, «OKOJO»
MOKET O3Ha4aTh auana3oH BIIoTh 10 20%, Briots A0 10%, mnots 1o 5% wmm BrutoTsh 10 1% ot
3aIaHHOTO 3Ha4YeHUusl. B albTepHaTUBHOM BapuUaHTe, B YACTHOCTH B OTHOIICHUH OUOJIOTHYECKUX
CHUCTEM WJIU TMPOLECCOB, TEPMHUH «OKOJIO» WM KIIPUMEPHO» MOXKET O3HA4YaTh HAXOXKIAEHUE B
npezaenax nopsiaika BEJIMUHHbL, B IPeNeNax S-KpaTHOro U 0oJiee MpeanoYTUTENBHO B Mpenenax 2-
KPaTHOTO 3HaueHHs. ECIIN KOHKpETHbIE 3HAYSHHsI OTHMCAHbI B 3asBKe U (Gopmysie n300peTeHus,
€CIIM He YKa3aHO WHOE, CIIeAyeT MOHUMAaTh TEPMHH «OKOJIO» Kak 0003HAUarOIHNN HAXOKIEHHUE B
npeaenax AOMYCTUMOIrO IHAara3oHa OMMUOOK Uil KOHKPETHOTO 3Ha4YeHHs. TepMUH «OKOJIO»
MOKET UMETh 3Ha4deHHe, OOBIYHO MOHMMAEMOE CIIEHHAINCTOM B JAaHHOH 0O0JacTH TEXHHKHL.

TepmuH «okoJ0» MOXKeET OTHOCUTBHCS K = 10%. TepMHUH «OKOJIO» MOKET OTHOCUThCSA K £+ 5%.

MNOAPOBHOE OIMUCAHHUE CYIIHOCTHU U30OBPETEHUA
HocTwkenne onpeneneHus MoAM(UKALMKA OCHOBaHMs 0Oe3 Oucyib(puTa, BKIOYAS
METHJIMPOBAHHOE OCHOBAHHE, SIBJISIETCS] MPEAMETOM YCHIIHI Pa3jMYHbIX HUCCIEJOBAHUI, HO HU
OIHO W3 HUX He ObLIO KOMMEpYeCKH KH3HecrocoOHbIM. HemaBHO Obu1 OmyOiMKOBaH Crocod

onpenenennss SmC um ShmC 0e3 wucnonw3oBanust Oucynbdura (Y. Liu ef al, 2019) ¢
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UCTIOJIb30BAHMUEM MSTKUX YCIOBHH Ut ipeobpasosanns ocHoBaHU SmC u ShmC. JtoT crocobd
BKJIFOYAaeT B ce0s MHOJKECTBO 3TamnoB (PEPMEHTATUBHBIX M XUMHUECKUX PEAKLUH, BKIFOYAs
OKUCJIEHHe C  TpaHciokanueidl  necsarb-omuaHanuate (TET), nupuguH  OopaHOBOe
BoccraHoBneHne U I1LP. DpdekTHBHOCTD KaXKIOH CTaAUN PEeaKkLUu NMpeoOpa3OBaHUs, a TaKKe
cmemnenue [P oTpunmarenbHO MOBIUSIOT HA KOHEUHYIO TOYHOCTh aHaim3a SmC. Hampumep,
Kak coobmanock, koadduuueHT npeodpaszosanus SmC cocrasisier okoJjio 96%, a ko3 dunrent
JOKHOOTPHULATENBHBIX ~ PE3yNbTaTOB  cocTaBisier okoyno  3%. Takas sddexTuBHOCTD
MOTEHIMAJIPHO OTrPaHUYMBAET CIIOCOOHOCTH OOHAPY)KMBATh HEKOTOPBIE TOHKHE H3MEHEHHS
MeTHIupoBaHus B reHome. C npyroil cTopoHsl, pepMEeHTATUBHOE MPeoOpa3oBaHUE HE CMOXKET
OJIMHAKOBO XOPOINO MOKa3aTh ceds 1yt Bcero reHoma. Hampumep, xo3(hUIMEHT KOHBEPCHH
S5hmC 6but Ha 8,2% Humxke, yem s SmC, a xoaddunuent kousepcuu s He-CpG Obul Ha
11,4% uuxe, yem st koHTekcToB CpG (Y. Liu ef al, 2019). Takum obpa3om, uneasbHOU
cutyauned sBisieTcss pa3paboTKa TOAXONOB K ONpEeAeNeHHI0 MOAW(UKALUN OCHOBAaHUM
HatuBHON Mouekynbel JIHK 0e3 kakoii-nmubo mnpenBapUTeNbHON CTamuu NpeoOpa3oBaHUS
(XuMHUecKo#, epMEHTAaTUBHOM WIIM X KOMOMHALIMK) U ake Oe3 CTaiuu aMILTH(UKALHH.

Bbrin npoBeneH psia wiccnenoBaHui, noaTeepkAaromux koHmennuo (Q. Liu ef al., 2019;
Ni ef al., 2019), B KOTOpbIX 3JEKTPUYECKHE CHTHAJBL, T€HEPHPYEMble IMOIXOIOM B BHUAE
HAHOIMOPOBOTO CEKBEHHPOBAHUS C JJIMHHBIMHU TNPOYTEHUSMHU (HApUMEp, C HCIOJIb30BAHHEM
cucremsl, pazpadoranHoii Oxford Nanopore Technologies), mo3Bosmimm 0OHAPYKUTH COCTOSHHS
METHJIMPOBAHMSI C MCTIOIb30BaHUEM criocoba rirydokoro oOydenwus. [Tomumo Oxford Nanopore,
CYIIECTBYIOT M JPYryue MOIXOMAbl K CEKBEHHPOBAHUIO OTIENBHBIX MOJIEKYJ, KOTOpBIE AEIar0T
BO3MOJKHBIMU JUTMHHBIE TpouTeHus. OOuH TpuMep MpencTaBisieT coOOH CEKBEHHPOBaHHUE
OTHENbHOW MOJIEKYNIBI B peasbHOM BpeMeHH. OOuH TNpuUMep CEKBEHHPOBAHUS OTIENbHOM
MOJIEKYJIBI B PEalbHOM BPEMEHH SIBJISIETCsSl BbIBelNeHHOH Ha pwhiHOK cuctemoii SMRT Pacific
Biosciences. [ToCKOIBKY MPUHLINT CEKBEHUPOBAHUS OTAEIbHOW MOJIEKYJIBl B PEAIbBHOM BPEMEHHU
(marmmpumep, cuctembl SMRT Pacific Biosciences) oTin4aercsi OT NMPUHLIHNA HEONTHUECKOH
HaHomnopoBoi cucremsl (Hanpumep, Oxford Nanopore Technologies), moaxoner k 0OHAPYKEHUIO
MOIU(UKALIMN OCHOBAHUS, pa3padOTaHHBbIE IS TAKOW HEONTUYECKOH HAHOMOPOBOW CHUCTEMBI,
HE MOTYT NPUMEHSTCS ISl CEKBEHUPOBAHMS OTHIENBbHONH MOJIEKYJbl B PEAJbHOM BPEMEHHU.
Hanpumep, HeonTudeckass HAHOMOPOBAs CHCTEMa He INpenHa3HaueHa JJISl 3aXBaTa IMaTTEPHOB
(byopecLeHTHBIX CUTHAJIOB, Mpou3BoaAuMbIX cuHTe3oM JIHK Ha ocHOBE MMMOOHMIN30BaHHOM
JHK-nonumepassl (MIpUMEHSETCS B CEKBEHHPOBAHWU OTHENBHOW MOJIEKYJbl B PEAJbHOM
Bpemenu, Hampumep, B cucteme SMRT Pacific Biosciences). B kauecTBe HOMOJIHHUTEIBHOTO
npuMepa, B iatgopme cekBeHupoBanus Oxford Nanopore kaxnoe H3MEpeHHOE HJIEKTPHUECKHI

coOpiTne accouumpyercs ¢ k-mepom (Hampumep, S-mepom) (Q. Liu et al., 2019). Ognako B
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wiatpopme cexBeHupoBarnuss SMRT Pacific Biosciences kaxnoe (ayopecueHTHOe coObITHE B
L[EJIOM aCCOLMUPYETCs C OMHUM J00aBiIeHHBIM OcHOBaHHeM. Kpome Toro, onna monekyna JIHK
Oyner mHOrokpaTHO cekBeHupoBaHa B SMRT-cekBenuposanuu Pacific Biosciences, Bximouas
nern Yorcona u Kpukxa. M HaoOopor, mns moaxoma cekseHupoBanust Oxford Nanopore c
JUTMHHBIMHU TIPOYTEHUSIMHU, CUUTBIBAHHE MTOCIIEI0BATEIBHOCTH BBITIONHSIOT OIUH Pa3 Ul KaXI0H
u3 nenen Yorcona u Kpuka.

Coo0manoce, 4To KMHETHKA NOJUMepas3bl OyAET 3aBUCETh OT COCTOSIHAH METHIINPOBAHHS
B niocienoBatenbHocTsX [, coli (Flusberg ef al., 2010). Ilpenpinymme ucciaeqoBaHus MOKA3aIH,
4TO 1O CcpaBHeHHMIO ¢ oOHapyxkeHueM O6mA, 4mC, ShmC u 8-okcoryaHuHa ropasfo CIOXKHee
UCIIOJIb30BaTh KMHETHKY IOJIMMEPAa3bl B CEKBEHHPOBAHMM OTIENIBHOW MOJIEKYJIbl B PEAJbHOM
BPEMEHH ISl onpeaeneHus coctostanii Metunnposanus (SmC B cpaBHernn C) onpeneseHHOro
CpG B otnenpHOMN Mosiekyae. [IpudnHa B TOM, YTO METHIIbHASI TPYIINA Majla 1 OPUEHTHPOBAHA B
CTOPOHY OOJIBIION OOPO3IKU M HE YYaCTBYET B CIIAPUBAHWN OCHOBAHUH, YTO MPUBOIUT K OYEHDb
TOHKOMY HapylieHuto kunHetuku, BeiBaHHOMY SmC. (Clark ef al., 2013). CnenosarenbHo,
CYIIECTBYET MaJl0 MOJXOAOB U OMNpPENeJeHUs COCTOSHUM METHIMPOBAHMSA LMTO3HHOB Ha
YPOBHE OTAEIBHON MOJIEKYJIBL.

[0010] Suzuki et al. paspaboramm amropurm (Suzuki er al, 2016), mbITaromuncs
OOBEAVHNUTh COOTHOIIEHUS MexuMMyibcHoro mepuona (MUII) mnst cocemnux cabitoB CpG,
9YTOOBI MOBBICUTH IAOCTOBEPHOCTh HICHTHU(PHUKAIMHM COCTOSHUI METHIIMPOBAHHS 3TUX CANTOB.
OnHako 3TOT aJrOPUTM MO3BOJSUI TOJBKO TNPENCKA3aTh TO, YTO T'€HOMHAasl 0OJacTb SIBJISETCS
MIOJTHOCTBEO METHUJIMPOBAHHOW WJIM TOJHOCTBIO HEMETWIMPOBAHHOW, HO He ObUT CrocoOeH
OTIPENENATh MPOMEKYTOUHBIEC MATTEPHBI METUIIMPOBAHUSI.

[0011] Yto kacaeTcsi CEKBEHUPOBAHHUS OTAEJIbHOM MOJIEKYJbl B peajbHOM BpEMEHH,
COBPEMEHHBIE TOJIXOABl HCIOJB3YIOT TOJBKO OJWH WM [IBa TapamMerpa HE3aBHCHMO, YTO
MO3BOJISIET JOCTHYb OYE€Hb OTPAHWYEHHOW TOUHOCTH wu3MepeHHss SmC u3-3a pasHULBI B
OTIpPEeNEeNICHNH MEeXKIY S-MeTHIIMTO3MHOM W uutosuHoM. Hampumep, Flusberg er al
npoaeMoHcTpupoBany, yro MUII Obu1 n3MeHeH B MOAU(UKAIMAX OCHOBAHWH, BKiO4ast NO-
METHJIAIEHO3MH, S-METHILUTO3HH U S-THAPOKCUMETHIIUTO3HH. OgHAKO HE ObLIO OOHAPYIKEHO,
yro mmpura ummnynbca (I1I1) KMHETHKHU CeKBEHUPOBAHHUS OKA3bIBAET CYIIECTBEHHOE BIIHSIHUE.
CrnenoBarenbpHO, B criocoOe, KOTOPBIH OHU UCTIOJIB30BAIH ISl MPOTHO3UPOBAHUS MOIU(DUKALIIH
OCHOBAHMS, HCIIOJIb3Ysl B Ka4eCTBE IpuUMepa onpenesneHue NO-MeTHIIaIeHO3UHA, UCTIOIb30BaIN
Toibko MUII, Ho He ITTN.

B nocnenyromux ny6nukanusx toit ke rpynmnel (Clark ef al., 2012; Clark ef al. 2013),
MWUII, Ho ue IIIW, BHEnpsiiu B anropuTMbl Aist onpeneneHus S-merwnuuro3uHa. B Clark e al.

2012, ypoBeHb OOHapYyKEeHHs S-METWJILHUTO3MHA Oe3 ero nmpeoOpa3oBaHUS B S-METHILHMTO3HH
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cocrasyisi Bcero ot 1,9% mo 4,3%. Kpome toro, B Clark ef al. 2013, aBTOpbI JOTOJHUTEIHHO
MOBTOPHO TIOATBEPAMIN TOHKOCTb KHHETHUECKOH CHTHATYypBl S-MeTUINHTO3MHA. YUTOOBI
MPEONONIeTh HU3KYK) UYBCTBUTENBHOCTH ompeneneHuss S-merwniurtosuna, Clark er al
JOTIOJIHUTENBHO  pa3padoTan crmocod, KOTOpbIH NpeoOpa3oBbIBal S-METHIHMTO3UH B 5-
KapOOKCHIIMETHIILIUTO3HH C HCIIOJIb30BAHMEM OEJIKOB TPAHCIOKALNU AeCATh-0AnHHAAuaTh (Tet),
YTOOBl YJIYYIIUTh 4YyBCTBUTENbHOCTH S-merminuuro3uHa (Clark er al. 2013), mockosbky
usmenenne MMUII, Bb3BaHHOE S5-KapOOKCHIIIMTO3UHOM, OBUIO HAMHOTO OONBIIUM, 4YeM S-
METHJILIUTO3UHOM.

B 6onee mosgHem otdere Blow ef al., cnocod Ha ocHoBe cootrHomnenus MUII, panee
onmcanHblil Flusberg ef al. Op1 ncnonp3oBan miast oOHapykeHUst MOIU(UKALIUI OCHOBAHHUN B
217 OakrepuanbHbIX M 13 apxeilHbIX BUIOB C 130-KpaTHBIM TMOKPBITHEM CUYHTBIBAHUS IS
kaxnaoro opranmsma (Blow ef al., 2016). Cpenu Bcex MAeHTU(ULMPOBAHHBIX MOIU(UKALIIHA
OCHOBaHUHN TOJBKO 5% COCTaBJSIIOT S-MeTHILUUTO3UH. OHU NpUNMCAIU 3TOT HU3KHUI ypOBEHb
OOHapyXeHHsT S-METHIIMTO3MHA HU3KOHW YYyBCTBUTENBHOCTH CEKBEHHPOBAHUS OTIEJBbHOM
MOJIEKYJIBl B PEAJbHOM BpPEMEHH Uil OOHApPY)KEHHUs S-MEeTWINUTO3MHA. Y OOJBIIWHCTBA
OakTepuii HaOOp MOTHMBOB TMOCJIENOBATENBHOCTEH CTanm nenblo MetmnupoBanus JHK-
merunTpancdepaszoit (MTasel) (Hanpumep, 5’-GmATC-3" ang Dam wmu 5’-CmCWGG-3’ ms
Dcm y E. coli) moutn BO BCceX 3THX MOTHBaX B F€HOME, M TOJBKO HEOOJbINAs YacThb STUX
MOTHBOB OcCTaercss HemeruimposanHoi (Beaulaurier ef al. 2019). Kpome Toro, ucrnonb30BaHUE
cnocoda Ha ocaoBe MUII st knaccudukauuu craryca Mmetuinnposanus Broporo C B MoTuBe 57-
CCWGG-3’ ¢ obpabotkoit wnu 6e3 obpabotku Oenkamu Tet namo ypoBHH OOHapy:KeHHUsS S-
METHILUTO3MHA, cocTaBjsiromue 95,2% u 1,9%, coorsercreenHo (Clark ef al. 2013). B uenom
ciocod MUII 6e3 npeaBapuTensHOroO Mpeodpa3oBaHusl OCHOBaHUH (HAIIPUMEp, TPUMEHSS OeNKH
Tet) mpomnyckaet OOJIBIIUHCTBO S-METHIILIMTO3HHOB.

B ynomsiayTeix Beine uccnenoBanusix (Clark ef al., 2012; Clark et al., 2013; Blow et al.,
2016), amroputmbel Ha ocHoBe MMII wucnomp3oBamuch 0Oe3  y4dera  KOHTEKCTa
MOCJIEIOBATEIPHOCTH, B KOTOPOH Haxoaujach MOAu(HKauMs-KaHIAWAAT OCHOBaHUs. Jlpyrue
TPYIIIBI NOMBITAJNCH IPUHITH BO BHUMaHHE KOHTEKCT MMOCJIEA0BATENILHOCTH BO3JI€ HYKJIEOTHA
s oOHapyxeHus Moaupukanuu ocHoBaHus. Hanpuwmep, Feng ef al. ucnonp3oBamm
uepapxudeckyrw wmoxenb mius aHammza MUWIL ans obHapykeHuss 4-MeTUINMTO3WMHA W 6-
METHJIAIEHO3MHA B COOTBETCTBYIOIIEM KOHTeKcTe mnocnenosBarenbHocTH (Feng ef al. 2013).
OnHako B cBoeM criocoOe oHM yuuThiBai Tobko MUII mo ocHOBaHUIO MHTEpECa M KOHTEKCT
MIOCIIEIOBATEIBHOCTH, CMEKHBINH C STUM OCHOBaHHMEM, HO HE UCTOJIb30Bainu nHpopmarmro MHUIT
BCEX COCEJHUX OCHOBAaHHUN, CMEXHBIX C OCHOBaHMeM wuHTepeca. Kpome toro, I nHe

YUUTBIBAJIACh B aJITOPUTME, U OHU HE MPEACTABUIIN KaKux-JI100 JaHHBIX I1O O6Hapy}KeHI/II-O 5-
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METHJILIUTO3MHA.

B npyrom wuccnemosanuu Schadt er al paspabortanu craTUCTHUECKUN CHOCOO,
HA3bIBAEMBI YCJIOBHBIM CJy4YaiiHbIM ToJeM, 1 aHainm3a uHpopmanmu MUIT ocroBaHMs
UHTEpeca U COCEIHUX OCHOBAHUI, YTOOBI ONPENENNTD, SBISETCS JIM HHTEPECYIOLIee OCHOBAHUE
S5-merunmurosunoMm (Schadt ef al, 2012). B npanHoli paboTe OHU Takke pPacCMOTPENH
B3aumozeiicrsue MUII Mexxay 5TUMU OCHOBaHUSIMH, BBelsd UX B ypaBHeHHe. OJIHAKO OHU He
BHOCUJIM HYKJICOTHAHYIO TMOCJenoBaresbHOCTh, @ UMeHHO A, T, G unu C, B cBO€ ypaBHEHUE.
Korma oHM mpuUMEHWIH 3TOT CnocoO sl ONpenesieHHs CTaTyca METHUIMPOBAHUS IUIA3MHUIBI
M.Sau3Al, mmomane nox kpusoit ROC Opuia 6muska k 0,5 make mpu 800-kpaTHOM OXBaTe
MOCIIEIOBATEIBHOCTH TIJIA3MHIHON MOCIIEeNOBATENbHOCTH. bosee Toro, B MX croco0e, OHH HE
yuurteiBanu 111 B ceoeM ananuse.

B eme omgnom wuccnenmoammu Beckman ef al. oum cpaBmmm MMUIT  Beex
MOCJIeI0BATENbHOCTEH, KOTOPbIE UMEIOT OAUH U TOT K€ 4-HyKJICOTUAHBIN I O-HYKJICOTUIHBIN
MOTHB B T€HOME MEX/y LIeJIEBbIM OaKTEPHUATbHBIM T€HOMOM U MOJHOCTHIO HEMETUIIMPOBAHHBIM
TE€HOMOM, HanpuMep, MOJYIeHHBIM NyTeM aMIuindukannu Bcero reHoma (Beckman e al. 2014).
Ilenpto Takoro asHanm3a OBUIO TOJNBKO BBISIBJICHHE MOTHBOB, KOTOpbIE dYalle BCEro Obl
MOJBEPraiucCh MOMU(UKALUAM OCHOBAaHWH. B uccienoBaHMM OHHM y4YUTHIBAIU TOJbKO MUII
MOTEHLUATFHO MOIU(UIIMPOBAHHOTO OcHOBaHUs, HO He MUII cocennero ocHoanus uimu 1.
HUx croco6 He Obul MHGOPMATHBEH OTHOCUTEIBHO CTATyCa METHWJIMPOBAHUS OTAEIBHOTO
HYKJIEOTHA.

B nenowm, 3ty npeapiayIe NOMbITKH UCTOIB30BaTh ToJbko MUII nimn B koMOMHALINY €
uHpOpMannel MoCIe0BaTENbHOCTEH COCETHIX HYKJIEOTHUAOB U TPYNIIMPOBAHUS JaHHBIX HE
cHeNamy  BO3MOXKHBIM  OIpefeNieHHe MOAM(UKALNKM OCHOBAaHMSA  S-METHILUTO3WHA C
yOenuTenpbHON MM MPAKTHIECKON TOUHOCTHIO. B HemaBHeM 0630pe Gouil ef al. aBTOpbI IPUIILIH
K BBIBOJlY, YTO HM3-3a HH3KOIO COOTHOLICHUS CHUTHAN/IIYM OOHAapy’KE€HHE S5-METUJILUTO3HHA B
OJIHON MOJIeKyJle C HCIOJIb30BAaHMEM CEKBEHHPOBAaHUS OTAEIbHOM MOJEKYJbl B peajbHOM
BpeMeHHu sBiisieTrcst HetouHbIM (Gouil ef al, 2019). B »>tux mpenplaymiux HCCIENOBAHUIX
OCTaeTCsl HEU3BECTHBIM TO, BO3MOJKHO JIM HCIOJIb30BAaTh KUHETUYECKHE XapPaKTEPUCTUKU AJis
MIOJTHOT€HOMHOTO METHJIOMHOTO aHaJIN3a, OCOOEHHO JJIsl CIIOJKHBIX T€HOMOB, TAKUX KAaK T'€HOMBI
JHOJEH, TeHOMBI BUJIOB PaKa UM F€HOMBI 3apOABILIEH.

B ornuume oT mpenplayLIuX HCCIENOBAHUN, HEKOTOpbIE BAapUaHThl OCYLIECTBJIEHUS
crocoOOB, OMUCAHHBIX B 3TOM M300pPETEHUH, OCHOBAHbI HA M3MEPEHUH U Hcrosb3oBannu MU,
IIT1 1 KoHTEKCcTa MOCIeN0BATENbHOCTH A KAaXA0T0 OCHOBAHUS B IIpefiesiax OKHAa U3MepPEeHHs.
Mpb1 paccynuiM, 4TO €CJIM Mbl CMOKEM HCIOJIB30BAaTh KOMOWHAIIMIO HECKOJIbKHUX TOKa3aTeseH,

HapuMmep, MnapajuiCyibHO HCIOJNb3yd XapKTCPUCTUKHU, BKIIHOYasd KOHTEKCT BOCXOI[;IH_IGI\/'I u
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HUCXOMSIIEH MocieaoBarebHoCTH, uHpopmanuto o uenu, MUIL, mupuHy uMmmynbca, a Takke
CHJIy HMITYJIbCa, MBI CMOXEM JOCTHYb TOYHOTO H3MEpeHus MoAu(UKaluil OCHOBAaHUM
(manmpumep, obHapykeHuss mC) mpU pa3peLIeHNnH, COCTABISIOIINM OJHO OCHOBaHUe. KOHTeKcT
MIOCIIEIOBATEIbHOCTH OTHOCUTCA K KoMmmnosuuusiM ocHoBaHuil (A, C, G umn T) u nmopsakam
ocHoBanui B yuactke JHK. Takoii yuactox JHK moker mpuneratb K OCHOBAHHMIO, KOTOPOE
MIOJIBEPraeTcsl aHAJIM3y MOAN(UKALUN OCHOBAHMSI WU SBIISIETCS €ro IeJbi0. B 0HOM BapuaHTe
ocymecteieHust, ydactok JIHK Mosker OBITP MPOKCHMANbHBIM OTHOCHUTENBHO OCHOBAHHUS,
KOTOpO€ TOJBEpraercs aHajdnm3y Moaudukauuu OCHOBaHUs. B ngpyrom  BapuaHTe
ocymecteieHus, ydactok JIHK Moxer HaxomuTbecs [aneko OT OCHOBaHUS, KOTOPOE
noaBepraercss aHann3y moaudukanuu ocHoBanusi. Yuactok JIHK mosker pacnonaratbest BbILIe
W/WIIN HIDKE OCHOBAHUS, KOTOPOE TIOABEPTaeTCs aHAIHM3Y MOIU(DUKAIIH OCHOBAHHMSL

B opmHOM BapuaHTe OCYILIECTBICHHS, XapKTEPUCTHKH - KOHTEKCT BOCXOASAIIEH U
HUCXOMSIIEH MoCIenoBaTeIbHOCTEH, nHpopManus o uernsx, MUIL, mupuHa uMmysbca, a Takxke
CHJIa UMIIYJIbCA, KOTOPbIE MCIONB3YIOTCS I aHAIN3a MOIU(UKALINN OCHOBAHUS, HA3BIBAIOTCS
KUHETHYECKUMH XapaKTePUCTHKAMH.

BapuanTtbl ocyinecTBiIeHHs, MPEACTABICHHBIE B JaHHOM H300pPETEHUH, MOTYT OBITh
ucnonb3oBanel s JIHK, mony4deHHOH M3, HO HE OTrpaHUYHBAsICh JIUIIb 3TUMH. KIETOYHBIX
JVHAN, o0pasLoB M3 opraHu3Ma (HampuMep, TBEPIBbIX OPraHOB, TBEPHbIX TKaHeH, oOpasua,
MOJIY4€HHOTO € TIOMOIIBI) SHAOCKONHH, KPOBH WJIM IUJIa3Mbl, MJIH CHIBOPOTKH, WJIA MOYH
OepeMeHHOHN JKEHINUHBI, OHOMCHUM BOPCHHOK XOPHOHA M T.J.), OOpasLOB, IMOJYYEHHBIX W3
OKpy:Karomel cpenpl (Hampumep, OakTepuu, KIETOYHBIX 3arpsi3HUTENEH), TPOAYKTOB MUTAHHUS
(Hampumep, Msica). B HEKOTOpBIX BapHaHTaX OCYIIECTBJICHHUS, CIIOCOOBI, NMPENCTAaBIICHHBIE B
JAaHHOM H300peTeHNH, TaKK€ MOTYT MPHMEHSAThCS TOCJe CTagud, Ha KOTOPOH CHadaja
oforarmaercst 4acTb F€HOMa, HAIIPUMEP, C MCIOJIb30BaHINEM r'MOPUIN3aLMOHHBIX 30H10B (Albert
et al., 2007; Okou et al., 2007, Lee ef al., 2011) uiau moaxoI0B, OCHOBAHHBIX Ha (PU3UUYECKOM
pa3meneHuu (HampUMep, Ha OCHOBE pPa3MEpPOB M T.JA.) WM T[OCHE PacCIIeIUICHUs
pecTpUKLHUOHHBIM pepMeHTOM (Harmpumep, Mspl), umu oboramenust Ha ocHoBe Cas9 (Watson ef
al., 2019). Xots uzobperenue He TpeOyeT s peann3aunu GepMEHTaTUBHOTO MIIH XUMUYECKOTO
npeoOpa3oBaHus, B HEKOTOPHIX BApHUAHTAaX OCYIIECTBICHUS Takas CTamusl NpeoOpa3OBaHHUS
MOJKET OBITh BKJIFOUEHA ISl AOTIOJHUTEIBHOTO TOBBIEHHS 3((EKTHBHOCTH H300pETeHHUSI.

BapuanTtbl ocyiiecTBieHHs NAaHHOTO H300PETEHUs MO3BOJIIOT YJIYYIIUTh TOYHOCTB,
NPAaKTUYHOCTh, WM YyIOOCTBO OOHApy:KeHHS MOIU(UKALMI OCHOBAHUH MM OMNpEHeNCHHS
ypoBHe#l Momudukaunu. Monudukanus MokeT ObITh OOHapyKeHa HarpsiMyro. B BapuanTtax
OCYIIECTBJICHUS MOXKeT w3berarbcsi (PepMEHTAaTHBHOE WM XHUMHYECKOE MpeoOpa3oBaHuUe,

KOTOpOE MOXKET He COXpaHATh BCKO wuHpoOpMaumoo O Momupukauuu s OOHAPYKEHHS.
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JIOTIOJTHUTENBHO, OTpeneeHHble (PepMEHTATUBHBIE WM XUMHUYECKHE NMPeoOpa3oBaHUsS MOTYT
OBITh HECOBMECTHMBI C ONpPEAENeHHBIMH TUNAMU Moaudukauuii. BapuanTbl ocyiiecTBIeHHS
JaHHOTO W300peTeHus] Takxke MOTyT u3derath ammumupukaruu ¢ nomouisto [P, koTtopas
MOJKET He mepeHocuTh uHpopMmanuo o0 moaudukauu OCHOBaHHMs B mnpoxyktel ITIP.
HononuurensHo, ode nenu JJHK mMoryr ObITh CEKBEHHPOBaHBI BMECTE, TEM CAMBbIM IO3BOJISIS
CHIapUBaTh MOCJIEAOBATENBHOCTh U3 OAHOMN LEMH C €€ KOMIUIEMEHTAPHOH MOCIE0BATEIBHOCTHIO
npyroi uenu. Hanpotus, amrmumupukanus TP pasmenser ase uenu asyxnenoueunoi JTHK,
MO3TOMY TaKO€ CIapUBaHUE MMOCIEA0BATEIbHOCTEN 3aTPyIHEHO.

IIpodpunu MeTmnupoBaHMs, OINpeneNeHHble C (EPMEHTATUBHBIM WM XUMHUYECKUM
npeoOpa3oBaHueM, WM 0e3 HEero, MOIYyT HCIOJb30BAThCSA [UIA aHajdH3a OMOJIOTHYECKUX
oOpasnoB. B ogHOM BapuaHTe OCYIIECTBJICHHUS, MNPOQHIN METHIMPOBAHUS  MOTYT
UCTIOJIB30BATHCS ISl OnpeaeneHus npoucxoxaeHus kiuerounoit JIHK (manpumep, MaTepuHCKOM
WIK 3apOAbIIIeBO, TKAHEBOW, BUPYCHOW wiu omyxoJjieBoi). Omnpenenenue mpoduiei
abeppaHTHOTrO METIIIMPOBAHMS B TKAHSIX IIOMOTaeT HACHTU(ULIUPOBATh HAPYLICHNUST PA3BUTHUS Y
UHIMBUIOB, a TAaKK€ BBIIBIATb M TNPOTHO3UPOBATH ONYXOJU WM 3JIOKAYeCTBEHHBIC
HOBOOOpaszoBaHus. JlucOajmaHc B YPOBHSAX METUIMPOBAHMA MEXKAY TaIUITOMIIAMH MOJKHO
UCTIOJB30BaTh JJISl BBIABJICHUS HApPYLICHWH, BKIIOYas pak. IlaTTepHbl METHIMPOBAHHS B
OTIENIbHOW MOJIEKYJIE MOTYT HUACHTU(HULMPOBATH XUMEPHYIO (HAmpUMep, MEXIy BHUPYCOM H
yenoBekoM) U rubpunnyro JIHK (Hampumep, mMexay IByMs reéHaMH, OOBIYHO HE CIUTHIMH B
NPUPOAHOM T€HOME), HJIM MEXKAY IBYMs BHIAMH (HAIpUMep, MOCPENCTBOM IeHETHYECKUX WIIH
T€HOMHBIX MaHHITYJISLIHH).

AHanmu3 METHWJIMPOBAHUS MOXET OBITh YJIYUIIEH 32 CUET JOMOJHHUTENIBHOTO OOyUeHHUs,
KOTOpOE MOXKET BKJIFOUATh B Ce0s CyKEHHE JaHHBIX, HCIONBb3YeMbIX B o0Oy4daroiemM Hadope. [l
aHaJM3a MOTYT OBbITh BBIOpPAHBI ONpeneeHHbIe 00NacTh. B BapuaHTax OCYLIECTBJICHHS TaKOe
HalleIUBAHNE MOXET BKIIOYaTh B celst (epmeHT, KoTOphld JubOo cam mo cebe, nubo B
KOMOHWHAIINK ¢ JPYTHUM peareHToM(aMu) MOKET pacuieruiaTh mocienoBaTenbHocth JJHK wn
I€HOM Ha OCHOBE €ro MMOCJIEI0OBATEIbHOCTH. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS, (PEPMEHT
npencTaBisier coOOl  PeCTPUKUMOHHBIA (EepPMEHT, KOTOpPBI paclo3HaeT | PacIIeruisieT
KOHKpeTHyro mocnenosarensHocTe() JIHK. B nmpyrux BapmaHTax OCYINECTBJICHHUS, B
KOMOMHAIIMM MOJKET OBITh HCIIOJIb30BaH OOJbINE HYeM OIMH PECTPUKIMOHHBIA (DEPMEHT C
pa3HBIMH  pACIO3HABAEMBbIMH  IOCIEAOBATENBHOCTAMH. B HEKOTOpPhIX  BapHaHTaX
OCYILIECTBIIEHHS], PECTPUKLHOHHBIA (EepMEHT MOXKET pacCIleIUIATh WM HE pacCLIeIUIsiTh B
3aBHCHMOCTH OT CTaTyca METWJIMPOBAHUS PACIO3HABAEMbIX TMOCJIENOBaTeNbHOCTEH. B
HEKOTOPBbIX BapHaHTax ocyuiecTBieHus, (epmert oTHocutcs K cemeiictey CRISPR/Cas.

Hanpumep, reHoMHbIe OONacTH WHTEpeca MOTYT ObITh CHENaHbl LENSIMH C HCIOJb30BAaHHEM
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cucrembl CRISPR/Cas9 wmmu apyroif cucrembl, ocCHOBaHHOH Ha Hampasisomiedi PHK (t.e.
KopoTkux mnocnenoBatenbHocTsXx PHK, koTopble CBs3BIBaIOTCS € KOMILIEMEHTAPHBIMU
nenesbiMu nocnenoBatenbHocTME JJHK u B mponiecce HanpasisitoT pepMeHT 1t BO3IEHCTBHS
HA [eJIeBOH I'€HOMHBIH Y4acTOK). B HEKOTOPBIX Clydasx, aHaJN3 METUIMPOBAHUS MOXKET ObITh
BO3MOJKEH O€3 BBIPABHMBAHUS C STAJIOHHBIM T€HOMOM.
I OBHAPYXEHUE METHJIMPOBAHHA C TIOMOIIBIO
CEKBEHHUPOBAHUA OTJAEJIHHOU MOJIEKYJIBI B PEAJIbHOM BPEMEHHA

[0012] BapuaHTbl  OCYIIECTBJCHHS JAHHOTO HM300peTEHUs MO3BOJSIFOT — MPSIMO
oOHapyxuBaTh MoAW(UKAIMU OCHOBaHMI ©0e3 (EepMEHTATHBHOTO WM XUMHUYECKOTO
npeobpas3oBanus. KuHernyeckne xapakTepUCTHKH (HAIpUMep, KOHTEKCT MOCIEN0BATEIbHOCTH,
MMUII u IIIM), monyyeHHBIE C TIOMOLIBI0 CEKBEHUPOBAHUS OTAEIBbHONW MOJIEKYJbI B PEaJbHOM
BPEMEHH MOTYT OBITh MPOAHAIU3UPOBAHBI C MOMOIIBI0 MAIIHHHOTO OOYyYeHUs IJsl pa3paboTKH
Monenu Ui OOHapykeHuss MOAM(UKALMU WIM OTCYTCTBHSA Moaudukauuu. YpOBHH
MOIU(UKALIME MOKHO HCIOJB30BaTh IJISL ONpeneneHus: npoucxoxkneHuss monekyn JAHK, nmm
HaJIMYUs WIA YPOBHS HapyLIEHUs.

[0013] Ucnonws3yss SMRT-cexkBenupoBanue Pacific Biosciences B kadecTse mpumepa
CEKBEHUPOBAHUsSI OTAEJNbHON MOJIEKYJIbI B PEAIbHOM BPEMEHHU B LIENAX WIUIIOCTPALMU, MOJIEKYITY
JIHK-nonumepassl pacnojiaratoT Ha AHE JIYHOK, KOTOpblE CIy»KaT B KaueCTBE BOJHOBOJOB C
HyJieBoii momolt (ZMW). ZMW - 370 HaHO(OTOHHOE YCTPONCTBO MJisl 3aKJFOYECHHs CBETA B
HeOoNbIIOM 00BbEMe, HAXOAALIEMCs IO HaOMOeHHEeM, KOTOPBIH MOKET MPEACTaBIATh COOOM
OTBEPCTHE C OUYEHb MAJIEHbKUM JUAMETPOM U HE MO3BOJIAIOLIEE pPACIpOCTPAHATHCS CBETY B
AMana3oHe JJIUH BOJIH, HCIOJNBb3yeMOM Uil OOHApy)KeHHUs, TaK 4YTO TOJBKO U3JIyueHHUE
ONTUYECKUX  CHUTHAJIOB  OT  MEYEHOr0  KpacuTesleM  HYKJIEOTHAa,  BCTPauBaeMoro
UMMOOMIIN30BAHHON monmMepasoll, oOHapykuBaeTcss Ha (POHE HHU3KOTO U TOCTOSHHOTO
¢onosoro curHana (Eid ef al, 2009). JAHK-nomumepasa KaTaJu3uUpyeT BCTpPAHBAHHE
(bIyopecLieHTHO MEUEHBIX HYKJIEOTHOB B KOMIUIEMEHTAPHbBIE LETIH HYKJIEUHOBBIX KHCIIOT.

[0014] ®wur. 1 geMOHCTpHUPYET MPUMEP MOJIEKYJ, HECYIINX MOAU(PUKAIIUNA OCHOBAHHIA,
KOTOpble OBUIM CEKBEHHPOBAHbI C TIOMOLIBK) KOHCEHCYCHOTO CEKBEHHPOBAHHUS OTIENbHOM
KOJIbLIEBOH MoJteKyJibl. Monekyisl 102, 104 u 106 HecyT MoanguKaiuu OCHOBaHUH. MOJIEKYJIbI
JHK (manpumep, monekyna 106) MoryT ObITh JIMTHPOBAHBI afanTepaMyd B BHIE LITHIIEK IS
(dbopmupoBaHUs JUTHPOBAaHHOW MoJsiekynbl 108, 3arem murupoBaHHas Mojekyja 108 moxker
(bopMHUpPOBaTh 3aMKHYTYIO B KOJIBIIO MoJiekysny 110. 3aMKHYTbIe B KOJIBLIO MOJIEKYJIBI MOTYT
cBsi3bIBaThCA ¢ MMoOmm3oBaHHoOH JIHK-nmomumepasoii u moryt maunumuposats cunres JJHK.
Tax:ke MOTYT OBITh CEKBEHHUPOBAHBI MOJIEKYJIbI, HE HECYIe MOAU(UKALINN OCHOBAHUIA.

[0015] @wur. 2 neMOHCTPUPYET NPUMEP MOJIEKYJ, HECYyIIUX METHUJIMPOBAHHBIC W/WIIH
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HeMmeTunpoBanHble caliTel CpG, KOTOpble OBLIM CEKBEHHPOBAHBI IMyTEM CEKBEHHUPOBAHHS
OTIENIbHOW MOJIEKYJIbl B peajbHOM BpemeHu. CHavanma mojekynsl JIHK Obuim nurupoBaHsl C
MIOMOIIBIO AIANITEPOB B BUAE INIMHJIEK, YTOOBI CPOPMUPOBATH 3aMKHYThIE B KOJIbLIA MOJIEKYJIBI,
KOTOpble OynyT CBs3bIBaThCs ¢ uMMoOwmnu3oBaHHOUW JIHK-monmMepa3oit W HMHUIMUPOBATH
cunres JIHK. Ha ®ur. 2, monexyny JHK 202 nurupyror ¢ amanrepamMu B BUAE LINUIEK C
dbopMHUpOBaHUEM JIMTHPOBAHHONW Mosiekynbl 204, 3atem nurupoBaHHass Moekyna 204
dbopMHpyeT 3aMKHYTYIO B KoOiblO Mosiekyny 206. Takke MOryT OBITh CEKBEHHPOBAHBI
mosiekysibl  Oe3 caiitoB CpG. 3amkHyTas B KoOJbLO Mojiekyida 206 Bkimoudaer B cels
HeMeTuInpoBaHHbIi caiiT 208 CpG, KOTOPHI BCe e MOKeT ObITh CEKBEHHPOBAH.

[0016] Kak Tompko cunTe3 JIHK Obul WHULMHMPOBAaH, HYKJICOTHIbI, MEUYEHHbBIC
¢byopecLeHTHBIM KpacuTeneM, OyAyT BCTPauBaThCsl UMMOOUIIM30BAHHON MOJMMEPa30i B BHOBb
CHUHTE3UPOBAHHYIO Lienb Ha OCHOBE KousbLeBod JIHK-martpuiel, 4To mpuBeneT Kk HM3JIy4EHUIO
ontudeckux curHanoB. ITockonpky JIHK-maTpuibl ObutH 3aMKHYTBI B KOJIBLIA, BCS KOJIbIIEBAS
JHK-matpuna Oyner mpoxXoAHuTh Hepe3 MOJUMepa3y MHOMKECTBO pas (T.€. OIWH HYKJIEOTHI B
JHK-matpune Oyner ceKBeHUpOBaH MHOXKeCTBO pa3). [locnenoBaTenbHOCTh, CreHepHpPOBaHHAS
B pe3yJbTaTe MpoLecca, B KOTOPOM BCE OCHOBaHMUS B 3aMKHYTON B kosbuo JIHK-marpuie
noJHOCThIO TpoxonaT yepe3 JAHK-monmumepasy, HasbiBaercs cyonpoureHueM. OnHa MOJIEKyia B
ZMW Oyzer TeHepupOBaTh MHOMKECTBO CYONMpPOYTEHUH, MOTOMY YTO IMOJIUMEpa3a MOXKET
npoxoautb 1o Bcedl koabueBoil JIHK-matpuue wHOxkectBo pa3. B oaHom BapuanTe
OCYILIECTBIIEHHs], CYONPOYTEHHE MOXKET COAEpP:KaTh TOJBKO 4YacTh IOCJIEAOBATENbHOCTH,
MonupUKaMil OCHOBaHMN WM APYrodl MOJEKyJsipHOH wuHpopmanmu u3 kojipueBoit JIHK-
MaTpUIbl HM3-3a TOrO, HYTO, B OAHOM BapHAaHTE OCYLIECTBICHHS, CYIIECTBYIOT OIINOKH
CEeKBEHUPOBAHUSI.

[0017] Kak mpoamemoHcTpupoBaHO Ha Dur. 3, Bpems MNPOSBIEHUS U UIUTEIbHOCTH
PE3YIBTUPYIOLINX HUMITYJIBCOB (PIIYOPECLEHINN IO3BOJIIET U3MEPHUTh KHHETHKY IOJMMEPAashbl.
MexumnyabscHbiti iepuoa (MUIT) - 370 mokazarenb AIUTENBHOCTH MEPUOAA BPEMEHH MEXKIY
ABYMsI UMITyJIbCAMU W3JIyYEHHs], KaXAbIH U3 KOTOPBIX MOXET YKa3blBaTb HA BCTPOCHHBIN B
dopmupyromyrcs  uenb  (QayopecueHTHO — MedeHbld  Hykieotun — @Pur. 3). Kak
poAeMOHCTpHpoBaHO Ha Pur. 3, mupuHa nmnynbca (L) sBnsiercs eme OgHUM MOKa3aTeseMm,
OTPAXKAIOIIMM KMHETHKY MOJIMMEPAa3bl B COYETAHUN C AJIUTEIBbHOCTBIO UMITYJIbCOB, CBSI3aHHBIX C
curHaioM ot ocHosanus. IIIM moxer mpeactaBisTh COOON IIMTENBHOCTh MMITyJbca mpu 0%
BBICOTBl THKA CHUrHaja (T.€. WHTEHCHUBHOCTHIO (DIIYOPECLIEHIIMH MEYEHHOTO KpacHTeleM
HYKJICOTH/a IPU BCTpanBaHuM). B omHOM BapuanTe ocymectsienus, LIIM moxkeT onpenensaToces,
HampuMep, HO Oe3 OrpaHWYeHUs], JUIUTEIBbHOCTBI0 uMmyibca mpu 5%, 10%, 20%, 30%, 40%,

50%, 60%, 70%, 80% wumu 90% BBICOTHI TMHKA CUTHaja. B HEKOTOpPBIX BapHaHTax
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ocymectBieHus;, [[IM moker ObITh MIIOMIANBI0 MOJ IMHKOM, PAa3IElIeHHOW Ha BBICOTY ITHKA
CUTHAJA.

bb110 mokaszaHo, 4YTO TaKOW KMHETUYECKUI napamerp noiaumepassl, kak MUIL, 3aBucur ot
MonudUKalii OCHOBaHMH, Takux Kak NO-metwiaaeHuH (6mA), S-mermnuro3ud (SmC) u 5-
rugpokcuMeTuanuTo3uH  (ShmC) B CHHTETHYECKMX M MHUKPOOHBIX TOCIIENOBATENbHOCTSIX
(manmmpumep, FE. coli) (Flusberg et al., 2010). Flusberg et al. 2010 He ucmoap30Bai KOHTEKCT
nocnenosarenapbHocTH 1 MUII B kadecTBe HE3aBUCHUMBIX BXOIHBIX JAHHBIX Ui OOHAPYKEHUs
MonupUKALMA, YTO TPHUBENO K MOJIENH, KOTOPOW HE XBaTaJllo MNpakTudecku 3(dexkTuBHOM
TOYHOCTH jnsi  oOHapyxkenms. Flusberg ef al  wucrmonb3oBaii  TOMBKO  KOHTEKCT
MIOCIIeIOBATEIBHOCTH [T moATBepkaeHuss 6mA, BcTpevaromeiics B GATC. Flusberg ef al. He
YIOMUHAIOT 00 HCMONb30BAaHAM KOHTEKCTA TIOCIENOBATENbHOCTH B coderaHun ¢ MUII B
Ka4eCTBE BXOAHBIX JAHHBIX U ONPEAEITICHUs] CTaTyCa METUIIMPOBAHMUS.

CnaOble mpepbIBaHUs, CBS3aHHBIE C A00aBIEHHMEM HOBOTO OCHOBAaHUS B Mapy K S-
METHJILIUTO3WHY B KOMIUIEMEHTAPHBIX LEMsIX, ACNA0T MOJYYeHHEe CUTHAJa OT METHIIMPOBAHHUS
Ype3BBIYAHHO CJOXHBIM JaXke [JIs1 OTHOCHUTENbHO TMPOCTBIX MHUKPOOHBIX T'€HOMOB IIPH
UCTIOJIB30BaHUU TOJBKO curHasnoB MUII, mockosibKy cooOmianoch, 4To oOHapy>KeHHEe MOTHBA
mermnupoBanuss C"CWGG BappupoBanocs B npenenax ot 1,9% no 4,3% (Clark ef al., 2013).
Hanpumep, maker anamutudeckoro mnporpammHoro obecredenust (SMRT Link v6.0.0),
npenocrasisieMblii Pacific Biosciences, He cnocoOeH BeimosHATh aHanu3 SmC. Kpome Toro,
npensiaymas Bepcuss SMRT Link v5.1.0 TtpeGoBana ucnomp3oBanus ¢epmenta Tetl s
npeoOpazoBanuss SmC B S-xapOokcunurosun (5caC) mepen aHAJIM30M METHIMPOBAHMS,
nockonbky curHanel MUIL, cesazannbie ¢ ScaC, Obutn Ob1 yeusens! (Clark et al., 2013). Takum
o0pa3oM, HEYOUBUTENBHO, YTO HET HCCIECAOBAHWH, IOKA3bIBAOLUINX  BO3MOXKHOCTH
UCTIOJIb30BAHUST CEKBEHHUPOBAHUS OTHENBbHON MOJIEKYJIBI B PEAJbHOM BPEMEHH Ul aHaJH3a
HatuBHOU JIHK B MaciiTabe BCcero reHoma Jjisi FeHOMa 4ejioBeKa.

II. HATTEPHBI OKHA WUW3MEPEHHUA W MOJIEJIHW MAHIHIMHHOI'O
OBYUYEHUs

SABnsIIOTCSA JKENAaTENbHBIMH METOABl OOHApy:KeHUs MoAu(uKauui B OCHOBAaHHUSX Oe3
(bepMEHTaTUBHOTO WJIM XHMHYECKOro mnpeodpa3oBanus MonudpuKanuu u/nin ocHOBaHHsA. Kak
OTHMCAHO B JAHHOM JIOKYMEHTE, MOIU(PHUKALIMN B OCHOBAHUU-LIENN MOTYT ObITb OOHApY)KEHBI C
UCTIOJIb30BAHUEM AaHHBIX KHHETHYECKUX XapaKTEPUCTHUK, MOJYYEHHBIX W3 CEKBEHHPOBAHHS
OTJENIbHOM MOJIEKYJIbl B PEAIbHOM BPEMEHH JJISi OCHOBAHUH, OKPYIKAIOIINX LIEIeBOE OCHOBAHUE.
Kunerndeckne XapaKTepUCTHKH MOTYT BKJIIOYATh B CEOSl MEKHUMITYJIbCHBIH MEPHOA, MIMPUHY
UMIYJIbCAa U KOHTEKCT MOCJIEA0BATENIbHOCTH. DTH KMHETHYECKUE XAPAKTEPUCTUKH MOTYT OBITh

MOJy4d€HbI AJid OKHa H3MCPCHUSA ONPCACICHHOIO KOJMYECTBA HYKJICOTUAOB BBIIIC W HUKE
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LIEJIEBOTO OCHOBAHMS. JTH XapakTePUCTHKU (HAmpuUMep, B OMpPEIENICHHBIX MECTaX B OKHE
U3MEPEHHUs1) MOXKHO HCIIONIb30BaTh ANl OOyYEHUs] MOJAETH MAaLIMHHOrO oOydeHus. B kauectse
npuMepa TNpUroToBjieHus oOpasma nse wuenu Mojekyisl JIHK Moryr ObITh cOeqMHEHBI
ajanrepaMu B Bue Mmiiek, Gopmupys TeM cambiM KosbleByro mojiekyny JAHK. Kombresas
mouekyia JIHK mo3BossieT noinyuyuTh KHHETHYECKUE XapaKTEPUCTUKU OJHOU MM 00eux uenen
Yorcona m Kpuka. CpeacrtBo aHamm3a JaHHBIX MOXeT ObIThb pa3pabOTaHO HAa OCHOBE
KWHETHYECKUX XapaKTEPUCTHK B OKHAaX OOHApy>KEHUs. JTO CPENCTBO aHAIM3a HAHHBIX MOXKET
3aTeM HCIIOJIb30BAThCS ISl OOHApyKeHUs] MOANpUKALIUH, BKIFOUas METUINpOBaHue. B pasznene
OTIMCAHBbI PA3JIMYHBIE METO/bI OOHAPYKEHUS MOIU(PUKATHHA.

A. Hcnonvzoeanue oonoii yenu

Kak moxazano nHa @ur. 4, B KauecTBe NpUMepa, Mbl MOJYUWIH CYONPOUYTEHHs IIENH
Yorcona u3 cexBeHupoanuss SMRT Pacific Biosciences mis ananmmsa OJHOTO KOHKPETHOTO
OCHOBAHHsI OTHOCHTEJIBHO COCTOSIHHM Monudukauuil ocHoBanuil. Ha @ur. 4, 3 ocHoBaHus ¢
KQXIOH CTOPOHBI OT OCHOBaHUs, KOTOpOe OBUIO TIOABEPTHYTO AaHAIM3y MOIU(PUKALIIH
OocHOBaHMs, OynyT 00O3HaueHb! Kak OKHO u3Mepenus 400. B onHOM BapuaHTe OCYLIECTBIIEHHUS,
KOoHTeKcT nocnenoBarenbHocTd, MUIT u N st 3tux 7 ocHOBaHuUi (T.€. 3-HykiIeoTuaHas (HT)
BOCXOJAIIAass M HHUCXOASINAsl IOCJIENOBATEIBbHOCTH W OJMH HYKJIEOTHA IJIs  aHajuu3a
MOU(UKALIII OCHOBAHUS) ObLIH CKOMITHJIMPOBAHBI B 2-pa3MepHYIO (T.€. 2-MEpPHYI0) MaTpHIy B
BHJI€ OKHAa u3MepeHus. B mokasaHHOM npumepe OkHO usMepeHus 400 npegHasHA4YeHO IS
OJTHOTO CyOmpouTeHHs Lenn YOTCOHa. B JaHHOM TOKYMEHTE OINMUCaHbI IPYTryue BApHAHTBL

IlepBast crpoka 402 matpuipl 0003HaYajga HCCIEOYEMYIO TOCIENOBATEIBHOCTh. Bo
BTOpOH cTpoke 404 marpuilsl no3uius O mpencrasisiia OCHOBAHUE JJIsl aHATN3a MOIU(UKALIUN
ocHoBaHusl. OTHOCHTENbHbIE MO3UIMHU -1, -2 W -3 0003HAaYaau MO3UIUH 1-HT, 2-HT U 3-HT,
COOTBETCTBEHHO, BBIIIE OCHOBAHUS, KOTOPOE MOABEPralid aHAJIN3y MOAM(PHUKALNN OCHOBAHUS.
OTHOcUTEIbHBIE MO3UIMH +1, +2 1 +3 0003HaYaNM MO3UIHH 1-HT, 2-HT U 3-HT, COOTBETCTBEHHO,
HIDKE OCHOBAHHS, KOTOPOE IMOJBEPraiu aHajgn3y Moaudukauuu ocHoBaHus. Kaxkmas mosumws
BKJIIOUaeT B cels 2 crondia, KOTOphIE COAep:KaT cooTBercTByrOIKe 3HadeHus MUIT u 1.
Crenyromue 4 crpoku (ctpoku 408, 412, 416 u 420) cOOTBETCTBYIOT 4 THIIAM HYKJIEOTUIOB (A,
C, Gu T) B uenu (Hanpumep, Lenu YOTCOHA) coOTBETCTBeHHO. Hasmune 3navenuit MUIT u 1T
B MaTpHIle 3aBHCENIO OT TOTO, KAKOH COOTBETCTBYIOLIMH THUI HYKJIEOTHIA ObLJI CEKBEHHPOBAH B
koHKpeTHOU no3uunu. Kak nmokaszano Ha @ur. 4, B oTHOCUTENbHON no3uuuu 0 3Hauenuss MUII u
TN Obun mOKa3aHBl B CTPOKe, oOo3Havaromeidl «G» B menu YOTCOHA, YTO TIO3BOJIAET
NPEANOJIOKHUTh, YTO B MOCIENOBATEIbHOCTH-PE3YJIbTATe B TOW MO3ULMH ObUT CUTHAJ T'yaHUHA.
Jpyrue saefiku B cTOJIOLE, KOTOPhIe HE COOTBETCTBYIOT CEKBEHHPOBAHHOMY OCHOBAHHIO, OyIyT

komupoBatbcsi Kak «0». B kadectBe mnpumepa, uHPOpMAIMS O IOCIENOBATENBHOCTH,
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COOTBeTCTBYIOIAst 2-MepHOU wLudposori matpuue (Pur. 4), Oyaer mpeactaBisTb codoit 57-
GATGACT-3’ nns uenu YoTcoHa.

Kak mokazaHO B OZHOM BapHaHTE OCYIIECTBJICHMs, M300pakeHHOM Ha Pur. 5, okHO
U3MEPEHHUsST MOXKET MPUMEHATHCS K JaHHBIM U3 ey Kpuka. Mbl noayunnm cyOnpodTeHus Henu
Kpuka 13 cekBeHUpOBaHHUS OTAENbHON MOJIEKYJbl B peaJlbHOM BPEMEHU AJI aHallnu3a OJHOTO
KOHKPETHOTO OCHOBAHMSI OTHOCHTENBHO COCTOSIHMI Moau¢ukanuii ocHoBanuii. Ha @ur. 5, 3
OCHOBaHMA C KaXIOH CTOPOHBI OT OCHOBaHHUS, KOTOpOe€ OBUIO MOJBEPTHYTO AaHAIH3Y
MOIU(pUKALIMK OCHOBAaHHUS U OCHOBAHME, TOABEPTHYTOE aHAIN3y MOIU(PHUKALIMH OCHOBAHHUS,
Obutn 0003HaUEHBI KaK OKHO H3MepeHHs. B OZHOM BapHaHTE OCYIIECTBICHHS, KOHTEKCT
nocnenosarenproct, MUII, N pmnst stux 7 ocHoBaHui (T.e. 3-HykjeotuaHas (HT)
BOCXOJAIIAass M HHUCXOASINAsl IOCJIENOBATEIBbHOCTH W OJMH HYKJIEOTHA IJIs  aHajuu3a
MOU(UKALIII OCHOBAHUS) ObLIH CKOMITHJIMPOBAHBI B 2-pa3MepHYIO (T.€. 2-MEpPHYI0) MaTpHIy B
BUAE€ OKHa wu3MepeHus. IlepBas  crpoka  mMarpuiel  oOO3HAYana  HUCCIEAYEMYIO
MOCJIeI0BATENBbHOCTE. BO BTOpON cTpoke MaTpuilpl no3unus 0 mpeacrasisiaa OCHOBAHHUE AJIA
aHanmu3a Moaupukanuu ocHoBaHMs. OTHOCHTENbHBIE MO3UINY -1, -2 1 -3 0003HAYaAIN MO3ULHH
I-HT, 2-HT W 3-HT, COOTBETCTBEHHO, BBIIE€ OCHOBAHUA, KOTOPOE MOJABEPTAIH aHAJIU3Y
moaudukanuu ocHoBaHusi. OTHOCUTENbHBIE MO3uLMU +1, +2 1 +3 o0o3Havanu no3urmu 1-Hr, 2-
HT U 3-HT, COOTBETCTBEHHO, HW)K€ OCHOBAHHS, KOTOPOE TOABEPrajH aHaIN3y MOIU(PUKALIIH
ocHoBaHus. Kaxpas mosunms BiIOHaer B cebs 2 crondma, KOTOpble —CoAep:Kar
cootBercTBytomue 3HadeHuss MUII u IIIM. Cnenyromue 4 CTpoKH COOTBETCTBYHOT 4 Tumam
HykieotunoB (A, C, G u T) B nanHo# nenu (Hanpumep, uenu Kpuka). Hannune 3nauennii MUTT
u [ B maTpuie 3aBHCENO OT TOro, KaKOH COOTBETCTBYIOLIWMH THI HYKJI€OTHAA ObLI
CEKBEHHMPOBAH B KOHKpeTHOW no3uiuu. Kak nokazaHo Ha ®@ur. 5, B OTHOCUTENbHON no3uuuu 0
3Hauennsst MUIT u I Obun mokasaHel B CTpoke, obo3zHavaromeii «T» B menu Kpuka, uto
MIO3BOJISIET MPEATIONOKUTD, YTO B TIOCIEAOBATEIBHOCTH-PE3YJIbTaTe B TOM MO3UINUN OBbLIT CUTHAT
tuMuHa. [lpyrue sdeliku B CTOJOLE, KOTOpPbIE HE COOTBETCTBYIOT CEKBEHHPOBAHHOMY
OCHOBaHMIO, OynyT KoxmupoBaTbCcsi Kak «O». B kasectBe mpumepa, wuHpoOpManms o
MIOCJIEIOBATEIBbHOCTH, COOTBETCTBYIOWIAs 2-MepHOW uudposor Marpune (Pur. 5), Oyzner
npexnctasisite codoit S’ -ACTTAGC-3’ mns uenu Kpuka.

B. Hcnonvzosanue obeux yeneii Yomcona u Kpuka

Qur. 6 1eMOHCTPUPYET BAPUAHT OCYLIECTBJICHUs, B KOTOPOM OKHO H3MEPEHUs] MOXKET
OBITH peaju30BaHO TaKUM OOpa3oM, 4TOOBI MOXKHO ObLUIO KOMOWHHUPOBATH IaHHBIE W3 ILEMU
Yorcona u ee kommueMmeHtapHod nenu Kpuka. Kak nokazano Ha ®ur. 6, Mbl NOJy4HIH
cyonpourenus nenell Yorcona u Kprka U3 CeKBEeHUPOBAHHS OTAEIBHON MOJIEKYJIbI B PEaIbHOM

BPEMEHH JUI aHAJH3a OJHOTO KOHKPETHOTO OCHOBAHHS Ha mpeaMer Monudukauuii. B omHom
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BapHaHTE OCYINECTBJIEHUS, OKHO m3Mepenwust uist uenu Kpuka kospuesoii JJHK-matpuisr 66110
KOMIUIEMEHTAPHBIM OKHY M3MEpPEHHs Uil LeNH YOTCOHA, KOTOPYK) IOABEPrajld aHAIHU3Y
mMonudukauu ocHoBanus. Ha @ur. 6, 3 0CHOBaHUs ¢ K&KAOH CTOPOHBI OT MEPBOr0 OCHOBAHMS
Henu YOTCOHA, KOTOpble Obljla MOABEPTHYTHl AHAIU3Y MOAM(PHUKALNN OCHOBAHHMS U TEPBOE
OCHOBaHME ObLIM O0O3HAYEHBbI KaK MMEPBOE OKHO M3MEPEHHUs. 3 OCHOBAHUS C KaXKIOW CTOPOHBI
BTOPOrO OCHOBaHUs B e Kpuka u BTOpoe OCHOBaHHE OyIyT ONpeAeseHbl KaKk BTOPOE OKHO
u3MepeHusi. Bropoe ocHoBaHHME OBUIO KOMIUIEMEHTApHO NIEPBOMY OCHOBaHMIO. B omHOM
BapHAaHTE OCYILIECTBJEHHUs, KOHTEKCT nocnenosareabHocty, MUIL, U nas 3tux 7 oCHOBaHMi
(T.e. 3-HykJI€OTHAHAS (HT) BOCXOISINAS U HUCXOINAS MTOCIEI0BATEIbHOCTH M OAMH HYKJIEOTUA
IUIS aHaJIM3a MOIU(HUKAIIMKA OCHOBaHUs) U3 neneld YorcoHa n Kpuka ObUIM CKOMITMJIMPOBAHBI B
2-pa3MepHyI0 (T.e. 2-MEpHYI0) MaTpully. DTH OKHa u3MepeHus: u3 uernel YorcoHa u Kpuka
paccMaTpHUBad KaKk IEPBOE U BTOPOE OKHA U3MEPEHUs], COOTBETCTBEHHO.

IlepBast crpoka Matpumbl wneneil YorcoHa u Kpuka o0o3Havanma ucclenyeMyro
MOCJIeI0BATENBHOCT. BO BTOPOH CTpOKe MaTpuubl Lienu YOTCOHa mno3uuus O npeacrasisiia
NepBOe OCHOBAHUE JUIsl aHajn3a Moaudukanuu ocHoBaHus. [Tosunus O, moka3aHHasi BO BTOPOU
cTpoke marpuubl nenu Kpuka, mpeacrasisiia BTOPOE€ OCHOBAHME, KOMILIEMEHTAPHOE MEPBOMY
ocHoBaHu0. OTHOCHTENbHbIE MO3MIUH -1, -2 U -3 0003HAYaNu MO3UILMU 1-HT, 2-HT U 3-HT,
COOTBETCTBEHHO, BBbIIlI€ NIEPBOrO U BTOpOro ocHoBaHui. OTHOcuTenbHble no3uuuu +1, +2 u +3
0003HauaIM NMO3UIHH 1-HT, 2-HT U 3-HT, COOTBETCTBEHHO, HIKE TIEPBOTO M BTOPOTO OCHOBAHUH.
Kaxknas mo3unmsi, mosydeHHast u3 neneii Yorcona u Kpuka, Oyne cooTBeTCTBOBaThH 2 CTOJIOLAM,
KOTOpbIe coaepkaT coorBercTBytomue 3Hauenus MUII u IIIU. Crenyromue 4 CcTpoku B
marpunax nene Yorcona u Kpuka coorsercrBoBanu 4 tumam nykieotunos (A, C, Gu T) B
KOHKpeTHOMU neru (Hampumep, uenu Kpuka), coorserctBenHo. Hamnune 3navennii MUIT u 1IN
B MaTpHIle 3aBHCENIO OT TOTO, KAKOH COOTBETCTBYIOLIMH THUI HYKJIEOTHIA ObLJI CEKBEHHPOBAH B
KOHKPETHON MO3HLINH.

Kak mokazano Ha ®ur. 6, B orHocuTenbHOl no3uiuu 0 3Hayenuss MUIT u 11U Gbiu
NOKa3aHbl B CTPOKE, 00o3Hauaromen «A» B nenu YorcoHa u «T» B uenu Kpuka, 4yro mo3sossier
MPEANOJOKUTb, YTO B MOCJIEAOBATEIbHOCTU-PE3YJIbTATE B TOW MO3MLMU Lened YOTCOHA U
Kpuka Obutv curHaNbl aneHWHA W THUMHHA, COOTBETCTBEHHO. J[lpyrume siueliku B cronoue,
KOTOPBIE HE COOTBETCTBOBAJIM CEKBEHHPOBAHHOMY OCHOBAHMIO, KOAMpPOBAIUCH Kak «0». B
Ka4yecTBe MpuMepa, HWHPOpPMAIMS O TOCIEIOBATEIBHOCTH, COOTBETCTBYIOINAS 2-MEpPHOM
udpoBoi Marpuie uenu YorcoHa (@ur. 6), 6ymer npencrasisate codoit S-ATAAGTT-3’.
HHndpopmarius 0 MOCIENOBATENBHOCTH, COOTBETCTBYIOMIAs 2-MepHOH LU(PPOBON MaTpULIE LIEMH
Kpuxka (®ur. 6), Oyner npencrasisate coboii 5S’-AACTTAT-3.

[0018] Kak moka3zaHo B 3TOM mpumepe, naHHble U3 Lened YorcoHa u Kpuka mMoxHO
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00BenUHUTE 111 (POPMHUPOBAHUS HOBOH MAaTpPHULIBI, KOTOPYIO TAK)K€ MOYKHO PacCMaTpPUBATh Kak
OKHO M3MEPEHHUs. DTy HOBYKO MATPHUIy MOXKHO HCIIOJIb30BaTh B KAa4eCTBE €AMHOTO obOpasua,
KOTOPBIH UCTIONB3yeTcsl Uil OOy4eHUs MOJENM MAalIMHHOro oOydeHus. Takum oOpasom, Bce
3HauYeHUs B HOBOM MaTpHulle MOXHO pacCMaTpUBaTh KaK OTAENbHblE XapaKTePUCTHKH, XOTs
MOXKET UMETh BJIMSHUE KOHKPETHOE pa3MellleHHe B 2-MEepHOI MaTpulle, Hampumep, KOrna
ucnonb3yercs cBeprouynas HeiiponHas cerb (CHC). KoHrtekcr mnocnenoBaTenbHOCTH B
PA3NMUYHBIX MO3ULMSIX JJIsI Pa3HbIX LEernel MOKeT ObITh NepelaH 4yepe3 HEHYJIEBblE 3aIUCH B
MaTpuLe.

@ur. 7 1eMOHCTPUPYET, YTO OKHO M3MEPEHHSI MOXKET OBITh PEAU30BAHO TAaKUM 00pasoMm,
yroObl fJaHHBIE U3 Iuened YorcoHa W Kpuka He SBSUINCH MOULMSIMHM, TOYHO
KOMILJIEMEHTapHbIMU pyr npyry. Kak mnokasaHo Ha Pur. 7 mnepBoe OKHO H3MEpPECHUs
npencrasisuio coboit S’-ATAAGTT-3; u BTOpoe OKHO H3MEpPEHHs] MPEACTaBIsuIo coboit 5°-
GTAACGC-3’. B HEKOTOPBIX BapHaHTaX OCYLIECTBJICHUS, Lenu YoTcoHa U Kpuka MoryTt ObITh
CMELIEHbI OTHOCUTEJBHO APYT APYra, TAK YTO MO3ULUU HE SIBJISIOTCS KOMIIJIEMEHTAPHBIMU.

@ur. 8 TIEMOHCTPUPYET, YTO OKHO U3MEPEHHUS] MOXKET OBbITh MCIOJB30BAHO U aHAJH3a
coctosiHui MeTuiuposanus B caiitax CpG. Ilosunus 0 coorBercTByeT LuTO3UHY caiita CpQ, u,
TakuM OOpa3oM, CYIIECTBYET CIBHUI Ha ONHY MO3ULHMI0 MEXAy ABYMs LermsiMu, Tak 4to C
HaxomuTcss B mosmumu O s obemx  weneil.  COOTBETCTBEHHO, TOJNBKO — 4acTh
MOCJIeIOBATENbHOCTEH, BKIIFOUEHHBIX B OKHO U3MEPEeHUs U3 Lenei YorcoHa u Kpuka, seisatores
KOMILJIEMEHTApHbIMU  Apyr  JApyry. B apyrux  BapuaHtax  OCYLIECTBJEHMs, BCe
NOCIIEIOBATEIbHOCTH B OKHE M3MepeHust u3 ueneil Barcona um Kpuka ™oryt ObITh
KOMIUIEMEHTapHbl Apyr Apyry. B eme apyrux BapuaHTax OCYLIECTBJIEHHUS HHU OJHA U3
MOCJIeIOBATEIbHOCTE B OKHE H3MepeHust M3 uLenel YorcoHa u Kpuka He sBistercs
KOMIUIEMEHTApHOH APYT APYTY.

B oanoM BapuaHTe OCyLIECTBIEHHUs s OKHA u3Mepenus anuHa ydactka JIHK,
OKPY’KaroIIero OCHOBAaHME, KOTOPOE IOJABEPTajy aHaIN3y MOAM(HUKALNN OCHOBAHUS, MOXKET
ObiTh acummerpuuHOi. Hampumep, ansa aHanmsa MoaudUKaLUKH OCHOBAaHUS MOJKHO
UCIIOJIb30BaTh X-HT BbIIE U Y-HT HIJKE 3TOTO OCHOBaHHUS. X MOXKET BKIIKOYATh B ce0si, HO He
orpanuuunBaercs: 0, 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 100, 150, 200, 300, 400, 500, 1000, 2000, 4000, 5000, u 10000; Y moxeT BKIOUATh B ceb,
HO He orpanuuuBaercs: 0, 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 100, 150, 200, 300, 400, 500, 1000, 2000, 4000, 5000, u 10000.

C. 1penupoera mooeneii u oonapysicente Mooupurayuii
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[0019] @wur. 9 nemoHCTpUpYeET OOIIYIO0 MPOUEAYPY UCTIOIB30BAHUS OKHA U3MEPEHUS ISt
onpenenenus oObx Moaudukanuii ochoBanuii. O6pasust JIHK, 1y KOTOpBIX M3BECTHO, YTO
OHH HEMOAU(QUIUPOBAHBI W MOAUGUIUPOBAHBI, OBUIM TOABEPTHYTH CEKBEHHUPOBAHHIO
OTHEJbHOW MOJIEKYJIbI B pealbHOM BpemeHnu. Mopudunuposannas JHK (manpumep,
MonuduImpoBaHHas Mosiekyjaa 902) o3HadaeT, 4TO OCHOBaHHE (Hampumep, ocHoBaHue 904)
uMeeT MOIU(UKALMIO (HampUMep, METHIIMPOBaHUE) B AaHHOM caiite. HemonuduuupoBaHHas
JHK (Hanpumep, HemonuduuupoBaHHas MoJieKysia 906) o3Hadaer, 4To OCHOBaHUE (Hampumep,
ocHoBanue 908) He umeer moamdukanuu B gaHHoM caiite. Oba nadopa JIHK moryr ObITh
HCKYCCTBEHHO CO3/1aHbl WIH oOpaboTaHbl ISt ¢dopmupoBanus
mMonuduImMpoBaHHoi/ HemoaudumuposanHoi JJHK.

Ha cramum 910 oOpasumbl 3aTeM MOTYT NOIBEPraTbCsli CEKBEHHPOBAHHIO OTHEIBHON
MOJIEKYJIbl B peasbHOM BpeMeHH. B pamkax cexksernpoBanuss SMRT kounblieBble MOJEKYJIBI
MOJKHO CEKBEHHPOBAaTb MHOXECTBO pa3, MyTeM HX MHOTOKPATHOTO TIPONYCKaHUS Yepes
ummobmnzoBannyto JIHK-nmonnmepasy. MHpopmanns O TNOCIENOBATEIBHOCTH, IMOJTyYEHHAS
KaXAbIA pa3, Oymer cuuratbes cybmpoureHuem. Takum oOpasom, omHa kosbieBas JIHK-
Marpuia Oyner reHepupoBaTh MHOXKeCTBO cyOmnporueHnid. CyOmpodTeHus: U3 CeKBEHHUPOBAHHUS
MOTYT OBITh BBIPOBHEHBI C STAJOHHBIM T'€HOMOM, HAlpHMep, C HCIOJb30BAHHEM, HO He
orpannunBascb BLASR (Mark J Chaisson et al, BMC Bioinformatics. 2012; 13: 238). B
pPa3NUYHBIX APYTUX BapHAaHTaX OCYIIECTBJICHMS, U1 BBIPABHUBAHHUS CyONpOYTEHUH C
STAJIOHHBIM Te€HOMOM MOryT ObITh ucnojbp3oBanbl BLAST (Altschul SF et al, J Mol Biol.
1990;215(3):403-410), BLAT (Kent WJ, Genome Res. 2002;12(4):656-664), BWA (Li H et al,
Bioinformatics. 2010;26(5):589-595), NGMLR (Sedlazeck FJ et al, Nat
Methods. 2018;15(6):461-468), LAST (Kielbasa SM et al, Genome Res. 2011;21(3):487-493) u
Minimap2 (Li H, Bioinformatics. 2018;34(18):3094-3100). BeipaBHHBaHHE MOKET MO3BOJIUTH
00BEIMHUTH JAHHBIE U3 MHOYKECTBA CYONPOUTeHNH (HapUMep, YCPEIHUTb), MOCKOJIBbKY JaHHBIC
B KQXJIOM CyOIPOUTEHHHH MOTYT OBbITh HACHTU(UIIUPOBAHBI Il OMHON U TOH e MO3ZULIHH.

Ha cranuu 912 w3 pesynbrata BeipaBHHBaHUs Obutn mosydersl MUIL, 1M 1 koHTEKCT
MIOCJIEIOBATEIBHOCTH, OKPYKAIOIIUH OCHOBaHUE, KOTOpoe ObUIO TIOABEPrHYTO AaHAIU3Y
moaudukanuu ocHoanus. Ha cramuu 914 MUII, 1IN u KOHTEKCT MOCIEAOBATEIbHOCTH ObLIH
3aMUCAHbl B BHUJAE OIPENEICHHON CTPYKTYpbl, HAIpUMEpP, HO HE OrPaHUYUBAsCb 2-MEpPHOHN
MaTpHLEH, KaKk Moka3aHo Ha Pur. 9.

Ha cragum 916 ans oOyueHus: aHAJIUTHYECKOH, BBIYUCIUTENILHON, MaTeMaTHYeCKON WK
CTaTUCTHUYECKOW MOAeNu(MOAeNeH) HCMOMb30BANCS Psii 2-MEPHBIX MATpPHL, COIEpPIKAIINX
STAJIOHHBIE KWHETHYECKHE MATTEPHBI MOJYyUYEHHBIX MOJIEKYJ ¢ M3BECTHBIMH MOAM(PHUKALUIMU

ocHoBanui. Ha craguu 918 co3gaBanu CTaTUCTUYECKYH) MOJENb, MOJYYEHHYK) B pe3yJbTaTe
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obyuernsa. st mpoctoTel, Pur. 9 AEMOHCTPUPYET TOJNBKO CTATUCTUYECKYIO MOJAEIb,
pa3paboTaHHyIO myTeM oOy4YeHUs, HO MOKEeT ObITh paspaboTaHa Jr0das Moaenb i miatdgopma
aHanmu3a JaHHbIX. [IpuMepsl miaTgopm aHaM3a JaAHHBIX BKIIKOYAIOT B ce0s MOAETH MALTHHHOTO
oOy4eHHsl, CTATHCTUYECKHE MOAETH M MaTeMaTtudeckue mozenu. CTaTUCTHYeCKHEe MOMAEIH
MOTYT BKJIFOYATh B ceOsl, MOMHMO NPOYETro, JIMHEHHYIO PErPeCcCHIo, JOTUCTHYECKYIO PErPecCHIo,
rIyOOKyI0 pPEKYPPEHTHYIO HEHPOHHYI CeTh (HalpuMep, IOJras-KpaTKOCPOYHAsl MaMsTh,
LSTM), OaitecoBckuii knaccuukarop, CKpbITyio Mozenb Mapkoa (HMM), nuHeHHbIH
aucKpuMuHaHTHBIA aHami3 (LDA), knmactepusanmio K-CpemHHX, TUIOTHOCTHBIH aJTrOPUTM
KJIACTEPU3aLNUN TMPOCTPAHCTBEHHBIX AaHHbIX ¢ mpucyrcTBueM myma (DBSCAN), anropurm
CIy4allHOTO Jieca W MaIlMHy ONOpPHBbIX BekTOopoB (SVM). VYwuacroxk JIHK, oxpyskaromimii
OCHOBaHHE, KOTOPOE OBLIO MOJIBEPTHYTO aHAIU3Y MOIU(PHUKAIIMA OCHOBAHUS, MOXKET OBbITh X-HT
BbIIIE M Y-HT HI)KE JAHHOTO OCHOBAHMS, & UMEHHO K OKHOM U3MEPEHUSD.

B nponecce o0ydeHnss MOTYT UCIIOIB30BATHCS CTPYKTYPhI JAHHBIX, TIOCKOJIbKY H3BECTHBI
NpaBUJIbHbIE BBIXOIHBIC NaHHbE (T.e. cratyc Moaudpukauuu). Hampumep, MUII, N wu
KOHTEKCT TIOCJIE€OBATENbHOCTH, COOTBETCTBYIOIUMH 3-HT BBbIIE W HWXKE OCHOBAHHA U3
uenu(ueneit) Yorcona w/wnm Kpuka, MOTyT HUCHOJB30BATBCS I MOCTPOCHUS 2-MEpHOU
MaTpHIbl, KOTOpass OyAeT HCIOJB30BAThCS IS OOyUEHHUs] CTaTUCTHUYECKOW Monenu(Mozenei)
s knaccuukaumu  mMoxudukaumii  ocHoBaHMH. TakuMm  oOpa3oMm, oOydeHHE MOXKeT
NPEIOCTaBUTh MOJENb, KOTOpas MOXKET KJIACCU(PUIHMPOBATh MOAM(PHKALNIO OCHOBAaHHS B
NO3UIMU HYKJIEMHOBOH KHUCJIOTHI C PaHEe U3BECTHBIM CTATYCOM.

Qur. 10 ngemoHcTpupyeT OOIIYIO TPOLEAYPY TOrO, KaK CTATUCTHYECKHE MOMEIH,
oOyuenHble Ha ocHoBe oOpasuoB JIHK, koTophle HECYT M3BECTHBIE COCTOSTHHSI MOIU(UKALIIIA
OCHOBaHUM, MOryT OOHapyxkuBaTh Momudukaimu ocHoBaHuii. OOpasenl ¢ HEM3BECTHBIMH
COCTOSIHMAMH ~ Moau(pukauuii  ocHoBaHMi Obul  moaseprHyT SMRT-cexBeHUpOBaHMIO.
CyOmpoureHusi W3 CEKBEHHUPOBAHHWs OBbUTM BBIPOBHEHBI C JTAJOHHBIM TI'€HOMOM C
UCTIOJIb30BAHUEM, HANPUMEP, METOJIOB, YIIOMSHYTHIX BbIIEe. B TOTIOJIHEHUE UM BMECTO 3TOTO,
CyOmnpouTeHHsI MOTYT OBITh BBIPOBHEHBI OTHOCUTENBHO Apyr npyra. Eme npyrue BapHaHTBhI
OCYILIECTBJIEHUs] MOTYT HCIIOJIb30BaTh TOJBKO OIHO CYONpOYTEHHE WM AHAJIU3UPOBATH HX
HE3aBUCHMO, TaK YTO BBIPABHUBAHUE HE BBIMOJIHAETCS.

Jlisi OCHOBaHUs, KOTOPOE IOJABEPTajioch aHAIN3y MOIU(PHUKALMH OCHOBAHHS, MOXKHO
obuto moyuuts MUIL, 1IN 1 KOHTEKCT MOCNENOBAaTEIBHOCTH W3 Lenu(lenei) YOoTcoHa 1/ iin
Kpuka u3 pe3ynbTaToB BRIPABHUBAHUS C HCIIOJIb30BAHHEM COTIOCTABUMOTO OKHA U3MEPEHHs], KaKk
UCTIOJNBb30Ba Ha cramuu oOydeHus (Pur. 9) u cBs3aTh C 3TUM OCHOBaHHMeM. B apyrom
BApPHAHTE OCYIIECTBJICHHUS, OKHA M3MEPEHUs IJIsl MpoLeayp OOy4eHHs U TeCTHPOBaHMSA OyIyT

pasHbeiMu. Hampumep, pasmMep OKOH U3MEPEHHs AJIs IPOLenyp OOy4eHUsT U TECTHPOBAHUS MOKET
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ormuuatees. Takue MUIL, 1M 1 KOHTEKCT MOCIENOBATEIbHOCTH OynyT mpeoOpa3oBaHbl B 2-
MepHY0 MaTpuly. Takyro 2-MepHyI0 MaTpULy UCCIIeAyeMOoro oOpasiia MOKHO OyAeT CpaBHUTH C
STAJIOHHBIMH KWUHETHYECKHMH XapaKTePUCTUKAMH UIS OTIPENeeHUs] MOITU(PUKALINI OCHOBaHUH.
Hanmpumep, 2-MepHyr0 MaTpULly TECTOBOro oOpasla MOXKHO CpPaBHUTb C JTAJOHHBIMU
KUHETHYECKIMH XapaKTEPUCTUKAMH C TIOMOINBIO CTATHCTUYECKUX MOAENeH(MOAeN ), KOTOpbIe
Obutn 00y4eHbl Ha OOy4arOIMX BBIOOPKAX, TAK YTO MOTYT OBITH ONpeneseHbl MOIU(UKALIIH
OCHOBAHMH B CaliTaX B MOJIEKYJIaX HYKJIEHHOBBIX KHCIIOT B TECTOBOM oOpasie. CTaTuctiuueckue
MOJIEIM MOTYT BKJIFOYAaTh B ceOs, MOMUMO TNPOYErO, JIMHEHHYIO PErpecCcHr0, JIOTUCTHYECKYIO
perpeccuro, TIyOOKYIO PEKYPPEHTHYIO HEWPOHHYIO CeTh (HAlpHuMep, AOJras-KpaTKOCPOUHast
namstb, LSTM), GafiecoBckmii knaccuukaTop, CKpeITyr0 Moneinb Mapkosa (HMM), nuHeHbIH
aucKpuMuHaHTHBIA aHami3 (LDA), kmactepuzanmio Kk-cpemHHX, TUIOTHOCTHBIH aJTrOPUTM
KJIACTEPU3aLNUN TMPOCTPAHCTBEHHBIX AaHHbIX ¢ mpucyrcTBueM myma (DBSCAN), anropurm
CJIy4aHOTO Jieca ¥ MAIIUHY OMIOPHBIX BEKTOPOB (SVM).

@ur. 11 gemoHCTpHPYET OOIIYIO MPOLIENYPY TOro, KaK MOKET OBITh CO3[aH CHOCOO IS
KiIaccupukanuu coctossHui mermimposanus B cadtax CpG. O6pasusr JIHK, o koTopbIx
U3BECTHO, YTO OHHM HEMETWJIMPOBAaHbI M MeTWIHpoBaHbl B caiitax CpG, ObuM MOIBEPTHYTHI
CEeKBEHHPOBAHUIO OTAENbHOW MOJIEKYJbl B peambHOM Bpemend. CyOmpouteHus w3
CEeKBEHHPOBAHMUsA ObUIM BBIPOBHEHBI C 3TAJOHHBIM T€HOMOM. MICIOJIb30BAIMCh JAHHBIE LEMH
Yorcona.

U3 pesynbraToB BbIpaBHHUBaHUS Obutn  moayueHel MUII, I wu  KOHTEKCT
MOCIIEIOBATEIBHOCTH, OKPY KArOIIUN HUTO3HH B caiite CpG, KOTOpBIi ObUT MOABEPrHYT aHAINU3Y
METHJIMPOBAHUS, ¥ OHM OBLIM 3aIMCaHbl B BUAE OINPENENIEHHOW CTPYKTYpBI, Harpumep, Oe3
OrpaHHUYeHUsl, 2-MEpHOH MaTpulpl, Kak nokazaHo Ha Pur. 11. Pax 2-mepHbIX Martpul,
COZIep>KalllMX OTAJOHHblE KUHETHYECKHE NaTTePHbl MOJYYEHHbIX MOJIEKYJ] C HW3BECTHBIMU
COCTOSIHUSIMH ~ METHJIMPOBAHUS, UCTIONB30BAIM  JJIs1  OOY4eHHMs  CTATUCTHYECKOU
monenu(mozeneli). Yuactox JIHK, okpykaromuii uccienyeMoe OCHOBaHHE, MOXKeT ObITh X-HT
BbIIlI€ U Y-HT HUKE JAHHOTO OCHOBAHMS, & UMEHHO «OKHOM H3MepeHHs». X MOXET BKIIIOYaTh B
cebs1, HO He orpannumBaercs: 0, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 100, 150, 200, 300, 400, 500, 1000, 2000, 4000, 5000, u 10000, Y moxer
BKJIIOUaTh B cebs1, HO He orpannumBaetcs: 0, 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 100, 150, 200, 300, 400, 500, 1000, 2000, 4000, 5000, u 10000. B
ogHOM BapuaHte ocywectBiaeHus, MMHIIL, IIIM wu KOHTEKCT MOCIENOBATEIbHOCTH,

COOTBeTCTBYI-OH_II/Iﬁ 3-HT BBIIIE€ U HUKE OCHOBAHHS W3 enu VOTCOHa, MOT'YyT HCIIOJb30BATbhCA



42

IUI  TIOCTPOEHHUsI 2-MEPHOH MAaTpuIpl, KOTOpas OyneT HCIOIb30BaThCs ISl OOy4YeHHUs
CTAaTHCTUYECKON Moaenu(Moaenei) uist KiacCupukauyu Moau(UKanii OCHOBAHHH.

Qur. 12  pemoHcTpupyer oOmyH0O  Tpouenypy  KiacCU(UKALMH  COCTOSTHUHN
METHJIMPOBAHUS HEM3BECTHOTO oOpasma. OOpasell ¢ HEM3BECTHBIM COCTOSTHUEM METHIINPOBAHHS
MOJIBEPraJii CEKBEHUPOBAHHIO OTAEIBHONH MOJIEKYJBl B pealbHOM BpeMeHH. CyOnpouTeHus w3
CEeKBEHHPOBAHHS ObLIIM BEIPOBHEHBI C 3TAJIOHHBIM T'€HOMOM.

Jna nurosuna caiita CG B pe3yibpTare BblpaBHUBaHUs MOkHO noiyuuts MUIL 1M u
KOHTEKCT IOCJIEOBATEIbHOCTH U3 LIENH Y OTCOHA, UCIOJIBb3Ysl COMNOCTABUMOE OKHO HU3MEPEHHs,
KOTOpOE MPUMEHSUIOCh Ha cramuu oOydeHus: (Dur. 11), cBA3aHHOE C TEeM OCHOBAaHHEM,
moaudukanuo kotoporo BeisicHsuid. Itu MUIL, 1IN 1 KOHTEKCT MOCIeNOBATEIBHOCTH MOTYT
ObITh MpeoOpa3oBaHbl B 2-MEPHYIO MaTpHLy. Takyr 2-MEepHYK MaTpHUIly TECTOBOro oOpasna
MO>KHO ObIIO OB CPABHUTH € 3TAJOHHBIMH KMHETHYECKUMH NAaTTEPHAMH, TIOKA3aHHBIMU Ha Dur.
11 nns onpenenenus CoOCTosAHUN MeTuuposBaHus. X11

@ur. 13 u @ur. 14 1eMOHCTPUPYIOT, YTO KMHETHYECKUE XapakTepUCTUKU U3 nenu Kpuka
MOTYT OBITHP MCIOJB30BaHBI Ul MPOLEAYP OOYYeHHsS M TECTUPOBAHHS, KaK OIMHCAHO BBILIE,
AQHAJIOTMYHO TpoueAypaM ¢ nenbldo YorcoHa. CTaTHCTUYECKHWE MOJAENU MOTYT ObITh
OAVHAKOBBIMHU WX pasHbIMU. Korma monenu pasHele, UX MOXKHO HMCIOJIb30BATh JJIsl NMOJTy4YEeHUs
HE3aBUCUMBIX KJIaCCU(UKAIMKA, KOTOpble MOXKHO CpPaBHMBATb, HANpUMep, €CJIU OHH
COTJIACYIOTCS, TO MACHTUQHULUPYIOT cTaryc Momudukauuu. Eciam OHM HE COTNacyroTcs, TO
MO3KeT OBITh OTMIpeNeNieH HeklacCupuImpyembiii cratyc. Korna oHu nmpeacTaBisitoT coboit oaHy
U Ty XK€ MOJIeNb, JaHHbIE MOTYT OBITh OOBEIUHEHBbI B €NUHYIO CTPYKTYPY AAHHBIX, HAIIPHMED,
MaTpuly Ha @ur. 6.

@ur. 15 u Qur. 16 IEMOHCTPUPYIOT, UTO KMHETUYECKUE XaPAKTEPUCTUKU Lieneld Y OTCOHa
u Kpuka Moryt ObITh MCIOJIB30BaHbI Ui MPOLIEAYP OOYYEHUS M TECTUPOBAHHS, KaK OMHCAHO
Bbime. O6pasubl JHK, 0 KOTOpBIX M3BECTHO, YTO OHM HEMETHIIMPOBAHBI U METHUIHPOBAHBI B
caitrax CpG, ObLIM MOBEPTHYTHI CEKBEHUPOBAHHIO OTAEIBHOIN MOJIEKYJIBI B PEATbBHOM BPEMEHH.
CyOmnpoureHust U3 CEeKBEHUPOBAHHsI OBUIM BBIPOBHEHBI C STAJIOHHBIM T'€HOMOM, XOTSI BO3MOKHO
BbIPABHUBAHHUE CYONPOUTEHHH IPYr C OPYroM, KaK 3TO MOXKET OBITh CAETAHO ISl OPYruX
crocoOOB, OTMIMCAHHBIX B JAHHOM JJOKYMEHTE.

Jnsa cyOmpoureHuss B pe3yjbraTe BbIpaBHMBaHUS Obutn mosyderst MUIL 1M wu
KOHTEKCT IOCJIE0BAaTEeIbHOCTH, OKpy:Karoliuil nuro3uH caiita Cp(G, KOTOpBIM mnoasepraics
aHanmu3y metuimnpoBanus. [Tockonpky monexynbl JJHK Obuti 3aMKHYTBI B KOJIBLIO C TIOMOLIBIO
IBYX aJanTepoB B BUAE LIMMJIbKU (HANPHUMEP, CJIEAYyS IPOTOKOJY MOATOTOBKH MAaTpPHLBI
SMRTBell), xonbLieBbIE MOJEKYJbI MOXKHO OBUIO CEKBEHHPOBATH 0OJiee OMHOTO pasa, TeM

CaMbIM CO37aBasi MHOXKECTBO CyOmpouTeHnit MoJekyibl. CyOnmpodTeHus: MOTYT HCITOJIb30BAThCS
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IUISL CO3MIaHMs KOJBLIEBBIX KOHCEHCYCHBIX rocnenoBatenbHbix (KKIT) cybnpoutennii. B nesnom,
IUIl BCEX OIMMCAHHBIX B IAHHOM JOKyMeHTe crocoOoB oanH ZMW MOXeT reHepupoBaTh
MHOKECTBO CyOIpOYTEHUH, HO COOTBETCTBOBATh TOJIbKO ogroMy KKIT npourenuro.

B HeKOTOpBIX BapHaHTax OCYLIECTBJIEHUs, TOJHOCTHIO HEMETHJIMPOBAHHBI HaOOp
JaHHBIX MOKET ObIThb co3maH ¢ momoineio TP Ha ¢parmentax JJHK wenosexa. Hampumep,
MIOJTHOCTBEO METHJIMPOBAHHBIN HAOOp MaHHBIX MOKET OBITh MOJYHYEH C MOMOIIBIO (PparMEeHTOB
JHK  uenoBeka, oOpabdotanneix CpG-meruntpancdepazoii  M.Sssl,  nmas  KOTOpbIX
npennonaraercs, 4ro Bce calitel CpG MerunupoBaHbl. B japyrux mpumepax, MOXeT
ucnonb3oBarbest npyras CpG-mermntpaHcdepasa, Takas kak M.Mpel. B npyrux Bapmanrtax
OCYLIECTBJICHUs], CHUHTETUYECKHE TMOCJIEIOBATEIBHOCTH €  WU3BECTHBIMU  COCTOSIHUAMH
METHJIMPOBaHUA WJIM paHee cymecTBoBaBmue oOpasusl JHK ¢ pasHeIMEH  ypoOBHIMH
METHJIUPOBAHUSA, FJIH  TUOPUIHBIMH  COCTOSHMSIMH ~ METHJIMPOBAHUS,  CO3JaBacMble
PECTPUKLMOHHBIM  (PEPMEHTOM, pPACIIEIUISFOINUM  METHJINPOBAHHbIE W HEMETWJINPOBAHHbBIE
mouekyisl JIHK ¢ mocnenyromum JurupoBaHueM (YTO MOTJIO Obl CO34aTh 4YacTh XHMEPHBIX
METHJIMPOBAHHBIX/ HEMETUINPOBaHHBIX MoJsiekyabl JIHK) ™moryr ObITh HCIONB30BaHBI IS
oOyueHHs MosieNel peacKa3aHus MiTH KJIaCCU(PUKATOPOB METHIINPOBAHUSL.

Tpancopmannss KHHETHYECKHX NATTEPHOB, BKIIOYAs KOHTEKCT IMOCJIEAOBATENbHOCTH,
MUIT u mmpuny wummnyiasca (IIIM), moker mnpencraBiasiTe coOoil 2-MepHYH MaTpumy,
COAEpKALIYI0 XapakTepuCcTUKU u3 uenedl YorcoHa u Kpuka 18 aHanusza COCTOSHHI
MetunupoBanus B caiitax CG, kak nokaszano Ha @ur. 15. JlaHHBIN MOAXOA MO3BOJIMII HAM TOYHO
YJIOBUTb TOHKHE KHUHETUYECKHE H3MEHEHWs], BbI3BAHHbICE METWJIMPOBAHHBIMH LUTO3UHAMH, a
TAK)K€ KOHTEKCT UX Onmkaiiineil nmocnenoareqbHOCTH. Kak 1 B ciydae Jr000ro U3 pa3indHbIX
crocoOOB, OMHMCAHHBIX B JAaHHOM JOKyMeHTe, ansd kKaxnoro CpQG, NPUCYTCTBYIOIIErO B
CyOnpoUTeHNH, OKHO M3MEpeHus (HampuMep, 3 OCHOBAHMS BBIIIE U HUKe LUTO3MHA caiita CpG)
MOKET OBITh HCIIOJIb30BAHO Il TOCJIEAYIOIINX AaHAJM30B, YTO NPUBOIUT K TOMY, YTO
COBOKYMHO 7 HyKJeoTHaoB (BKrouas uutoswH caiita CpG) aHammsupyroTcss BMecTe. Moryt
ObiThe Bbrumciaensl MUIT u IMIM nmiust kakAoro OCHOBAaHUS W3 3THUX 7 HYKJIEOTUOOB. UTOOBI
YJIOBUTb KOHTEKCT MOCJIEA0BATENbHOCTH, OTHOCSIIIUICSA K KHHETUYECKUM U3MEHEHUSIM, CUTHAJIbI
MMUII u TN MoryT OBITh CKOMIMJIMPOBAHBI B KOHKPETHBIN CHIHAJI OCHOBAHUSI, OTHOCHUTENIbHBIE
CEeKBEHHUPOBAHHBIC TMO3WIMU W WHPOPMALMIO O Lemu, Kak mnokazaHo Ha Pwur. 15 Takas
CTPYKTypa HaHHBIX Il POCTOTHI HA3BIBAETCS 2-MepHOH U(POBOI MAaTPUIIEH KUHETHUKH.

Takast 2-mepHass 1udpoBas MaTpulla AHAIOTHYHA «2-MEpHOMY LUPPOBOMY
nzoOpakeHnno». Hampumep, mnepBas crpoka 2-MepHOl 1M(QPOBON MaTpHLBI COAepIKaja
OTHOCHTEJIbHbIE TO3ULUH, OKpyKaromue LUTO3MH Jokyca CpG, KOTOpbIH ObLT MOABEPTHYT

AHAJIN3y METUJMPOBAHMs, C 3-HT BbIIIE€ W HIKE AAHHOro cairta uurosuHa. llozumusa O
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COOTBETCTBYET CaWTy LUTO3MHA, METUJIMPOBAHHE KOTOPOTO HEOOXOAWMO OBLIO OINpPENeNuTh.
OTtHocurepHbIe MO3ULKU -1 U -2 0003Ha4anu 1-HT U 2-HT BbIIE HUTO3WHA, O KOTOPOM HJIET
peub. OTHOcUTENbHBIE MO3uLMH +1 U +2 o0o3Hauanu 1-HT U 2-HT HIXKE LUTO3UHA, KOTOPBIH
OyayT ucnosb3oBarh. Kaxaas no3unus OyeT COOTBETCTBOBATH 2 CTOJIONAM, KOTOPBIE COIEPKAT
coorBercTByromne 3HadeHus MMUII wu IIIM. Kaxpas crpoka cooTserctByeT 4 THIaMm
Hykieotunos (A, C, G u T) B uensix Yorcona u Kpuka. 3anonnenne 3nauennii MUIT u 11U B
MaTpHlle 3aBHUCENI0 OT TOrO, KaKOH COOTBETCTBYIOIIWN THUI HYKJICOTHIA OBUI NMPENCTAaBJIEH B
pe3yJbTaTe CeKBEHUPOBAHUA (T.€. CYyONpOUTEHNH) B KOHKPETHOH MO3ULIHH.

Kak moka3ano Ha ®@wr. 15, B oTHocuTeabHOM no3uiuu 0, 3Hadyenuss MUIT u 1IN Oblan
nokaszaHsl B cTpoke «C» B menmu YOTCOHa, mpeanosnarasi, 4to ObUI CUTHAJ ILIUTO3WHA B TOM
no3unuu. Jlpyrue sdeiikun B CTOJOLE, KOTOPBIE HE COOTBETCTBYIOT CEKBEHHPOBAHHOMY
OCHOBaHMIO, OynyT komupoBaTbcs Kak «0». B kauecrBe mnpumepa wuHbopMamms o
MOCIIEIOBATEIBbHOCTH, COOTBETCTBYIOIAs 2-MepHOil mmdposoit marpuune (Pur. 15), Oyzmer
BbITJsIeTh chenyounm obpasom: S’ -ATACGTT-3" u 5’-TAACGTA-3’ nns neneli YoTcoHa u
Kpuka cooTrBercTBeHHO. B 3TOM KOHTekcTe OynyT pasHBIMH BOCXOJSINAs W HHUCXOISINAs
nocyiefoBarenbHoCTH, (rnaHkupyromue nuTo3uH calita CpG B memsix Yorcona u Kpuka.
ITockonpky merunmposanue no caiitaM CpG IOMKHO OBITh CUMMETPHYHBIM MEXIY LEMSMHU
Yotcona u Kpuka (Lister et al., 2009), kuHeTHKy B 00eUX LIEMSX UCIIOIB30BAIH s O0yUeHUs
MOJIeSI MPOrHO3UPOBAHUS METHJIMPOBAHMS B OJHOM IPEANOYTUTEIbHOM BapuaHTe. B npyrom
BapHaHTe OCYLIECTBJIEHUs], Llenu YOoTcoHa U Kpuka 1o oTneapbHOCTH MOTYT MCIOIb30BaThCs AJis
00y4eHHsT MOJIEJIH MTPOTHO3UPOBAHMS METHIINPOBAHMUS.

IIpyarMass BO BHHMAaHHE BBICOKYKO MPOMYCKHYIO CIIOCOOHOCTh CEKBEHHPOBAHUS
OTIEJIbHOW MOJIEKYJIbl B peajbHOM BPEMEHHU, B OJHOM BapUaHTE OCYLIECTBIEHUs, aJrOpUTM
riybokoro obyuenust (Hanpumep, cBeptounbsle HeriporHbie cetu (CHC)) (LeCun et al., 1989)
MOJKET MOJAXOAUTh AJis pasnuueHus MetunnposaHHbix CpG oT HemeTunupoBaHHbIX CpG. Takoke
MOTYT OBITh MCITOJIb30BAHBI JPYrye aJrOPUTMBI B TOTIOJHEHHUE K WJIM BMECTO, HAIpUMEp, HO HE
OTPaHWYMBASACH JIUIIb STHMH. JIMHEHHON perpeccuu, JOTHCTUYECKOW perpeccuu, riayOoKoi
PEKYppPEeHTHOH HEWpPOHHOW ceTH (Hampumep, Aodras-KparkocpouHas mnamsts, LSTM),
OaifeCOBCKOMY  KiacCU(UKATOPY, CKpbITO Moxmenu Mapkoa (HMM), nuHeiHOMY
auckpuMuHaHTHOMY aHanu3y (LDA), kmacrepuzanun K-cpemHUX, IUIOTHOCTHOMY aJTOPUTMY
KJIACTEPU3aLNN TPOCTPAHCTBEHHbIX NaHHBIX ¢ mpucyrcTueMm myma (DBSCAN), anropurmy
CIy4allHOTO Jieca W MalluHe OMOpHBIX BeKTOpoB (SVM), um T.n. Ilpu oOydeHMH MOXKHO
UCTOJB30BaTh Ienmu YorcoHa U Kpuka mo oTmenbHOCTH WiM B CKOMOWHHPOBAHHON HOBOM
MaTpuLe, Kak OMUcaHo Ha Pur. 6-8.

Hpyroe mnpeoOpa3oBaHne KHHETHYECKHX IATTEPHOB MOKET IPEACTaBlsATb coboil N-
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MEpHYI MaTpuily. N MOKeT MmpenctaBisiTb codoi, Hanpumep, 1, 3, 4, 5, 6 u 7. Hanpuwmep, 3-
MepHas Marpuua OyneT TNpencTaBiATbh COOOH CTEeK 2-MEepHBIX MAaTpHL, pPacHpeAeseHHbIX
COTJIaCHO KOJMYECTBY TaHAeMHbIX caiitoB CG st ananusupyemoro ydactka JAHK, B koTopom
3-M u3MepeHueM Oyzaer kojmuecTBo TaHneMHbIX calitoB CG B mamnom yuactke JJHK. Cuia
UMIyJIbCA WM BEJIMYMHA UMITyJIbCa (HAIPUMeEp, U3MEPEHHAs MO BBICOTE MHKA UMITYJIbCa MU TIO
IUTOINAAH TOJT CHTHAJIOM HMIYJIbCA) TAK)K€ MOTYT OBITh BKJFOUEHBI B MATPHUIy B HEKOTOPBIX
BapHuaHTax ocymectsieHns. Cuna uMiyibca (oKasareiab aMIUIMTYAbl KA UMIysbca, Pur. 3)
MO3KeT ObITh OO NOOaBJIeHA B JOMOJHUTENBHBIN CTOJOEI] PSIIOM CO CTOJOLIAMU B ACCOLIMALIUU
co 3HaueHnssMu 11T u MUII nosepx uCXOgHOH 2-MepHON MaTpuilbl, MO0 nobasiieHa B 3-Tbe
u3MepeHue st GopMUpPOBaHUS 3-MEPHOI MaTPHULIBL.

B  kauecTBe  JONOJHUTENBHBIX  IPUMEPOB, 2-MepHas  MaTpula  pa3MepoM
8(ctpoka)x21(cTonberr) moxker ObITh mpeoOpazoBaHa B 1-MepHyIO Marpuny (T.e. BEKTOp),
copepxkauyro 168 snemeHToB. M MBI MOXKEM CKaHUPOBATH 3Ty 1-MEPHYIO MaTpULly, HAIPUMED,
s peanmzanun CHC wnm npyroro mozenupoBanus. B xadecTBe apyroro mpumepa, CrocoObl
MOTYT pa3OuTh 2-MepHyI0 MaTpuly 8x21 Ha HECKOJIbKO MEHBIIUX MAaTpHIL, HAmpumep, aBe 2-
MepHble MaTpuubl 4x21. O0bequHEHNE STUX OBYX MEHBIIUX MATPHUI] BMECTE B BEPTHUKAIBHOM
HAINpPaBJICHUHU AaeT 3-MepHyo Matpuuy (T.e. X = 21, y =4, z=2). CnocoObl MOTYT CKaHHPOBATh
l-yt0 2-MepHyIO MaTpully, a 3areM 2-yio 2-MEepHyK MaTpuly, uToObl CcHOpPMHUpPOBATH
NPEACTaBICHUE NAHHBIX JUII MalUHHOrO 0OyueHus. JlaHHbIE MOTYT OBITh OTIOJHUTENIHHO
pazzgeneHbl, 4ToObl chopMHUpPOBaTH MAaTPUIly OOJiee BBICOKOW pa3sMepHOCTH. J{OMOJHUTENBHO K
CTPYKTYp€ JAaHHBIX MOKET ObITh n0o0aBiieHa HHQOPMALHSI O BTOPHYHON CTPYKType, HalpuMep,
nonosHuTeNnbHast Marpuna (l-mMepHas wmarpuma) TmoBepx 2-MepHOH MaTpuibl  Takas
JOTIOJIHUTEIbHAS MaTPULIA MOXKET KOJUPOBATh TO, YYaCTBYET JIM Kak/l0€ OCHOBAaHUE B Mpeenax
OKHa U3MEpEHUs B BTOPUYHOH CTpPyKType (Hampumep, CTPYKTYpe «IeTJs-Ha-CTeOne),
HarpuMep, OCHOBaHHWE, 3aJeHCTBOBaHHOE B «cTeOie», koampyercst kak 0, a OCHOBaHHE,
3a/1eliCTBOBAHHOE B KIIETIIE», KOAUPYETCs Kak 1.

B oanoM BapuaHTe OCylIecTBJIE€HMs, cTaTyc MeTunuposaHus caiita CpG B mpenpenax
onHoi Monekyisl JJHK mMoxkeT ObITh BRIpaskeH Kak BEPOSITHOCTD IMOABEPTHYTCSI METHIIMPOBAHUIO
Ha OCHOBE CTAaTHUCTHUYECKOI MOJENH, a HE B BUJE MPENOCTaBICHUs KaUeCTBEHHOIO pe3ysibTara -
«METUJIMPOBAaH» WU «HEMETHJIHPOBaH». BeposTHOCTh, paBHas 1, ykas3plBaeT Ha TO, 4YTO Ha
OCHOBAaHHUU CTaTUCTHUeckol Monenu, caiit Cp(G MOXHO CUYUTaThb METUJIMPOBAHHBIM.
BeposTHOCTh, paBHas 0, yka3blBaeT Ha TO, YTO HA OCHOBAHUM CTAaTUCTUYECKOW MOJEIH, CAlT
CpG MOXHO cunTaTh HEMETWIMPOBAHHBIM. B mocienyronemM HUCXOIALIEM aHAIN3€ MOPOroBOe
3HaYEHHE MOXKHO HCIOJB30BATh I KIACCU(UKALIH TOTO, KIACCU(PUIIPYETCs T KOHKPETHBIN

caiit CpG kak «METWJIMPOBAHHBIN» WM «HEMETHWJIMPOBAHHBIN» Ha OCHOBE BEPOSTHOCTH.
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Bo3MoskHbIe 3HaUEHUsT TIOpora BKIIFOYAIOT B ¢e0st 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% wumu 95%. IlporHozupyemas
BEPOSITHOCTb MOJIBEPrHYTCA MeTuinupoBaHuio i caiita CpQG, mnpesblmarolnas 3apaHee
OTIPENIEIICHHOE MOPOrOBOE 3HAYEHHE, MOXKET ObITh KJIACCU(UIIUPOBAHA KaK «METUIMPOBAHOY, B
TO BpeMs KaK BEpPOSITHOCTb MeTuiupoBanus s caiita CpG He Bbllle 3apaHee ONpPeNeIeHHOTO
MIOPOTOBOTO 3HAYEHHsT MOXET ObITh KJAacCU(PUIIMPOBAHA KaK «HEMETUJIMPOBaHO». JKemaemoe
NOPOrOBOE 3HAYEHHE MOXKET OBITh MONy4yeHO U3 Habopa oOy4arImuxX MJaHHBIX C
HCIIOJIb30BaHHEM, HaIllpUMep, aHajlu3a KPUBOW OINEpallMOHHBIX XapaKTePUCTUK NpPHEMHHUKA
(ROC).

@ur. 16 neMoHCTpHUpYET OO0 MpoLEeaAypa KIacCUu(PUKALUN COCTOSTHUI METHIIUPOBAHHS
HEu3BeCTHOTO oOpasma u3 uenedd Yorcona u Kpuka. OOpaszer; ¢ HEM3BECTHBIM COCTOSIHHEM
METHJIUPOBaHUA OBLI TOABEPTHYT CEKBEHHPOBAHHMIO OTAEIBHOH MOJIEKYJbI B PEaJbHOM
BpeMeHu. CyOnpouTeHHst CEKBEHHPOBAHUS MOTYT OBITh BBIPOBHEHBI C STAJIOHHBIM T'€HOMOM HJIH
APyr C APYroM, Kak U C TMOMOIUBI0 JPYTHUX CHOCOOOB, IJISi OIpENeNeHUs] KOHCEHCYCHBIX
3HaYeHWH (HampuMep, CPEAHEro, MEeIUaHbl, MOJbl WM APYrOro CTATUCTHYECKOTO Iapamerpa)
ons gaHHOM mnosunmu. Kak 1oka3aHO, W3MepeHHble 3HaueHus Ui JBYX Leneil MOKHO
O0OBEIMHUTD B €IUHYIO 2-MEPHYIO MaTPHLY.

Jnsa murosuHa caiita CG B pe3ynbraTe BBIPABHUBAHUS MOXKHO ObLIO monyuuts MUIL,
I 1 KOHTEKCT MOCJIEeNOBATENbHOCTH M3 LEMH YOTCOHA C UCIOJIb30BAHMEM CONOCTABUMOIO
OKHa W3MepeHus (3-HT Bble M Hke LuTo3uHa cahita Cp(G), Kak NPUMEHSIETCS B CTaIuH
obyuerns (®ur. 16), CBA3aHHHOIO C TEM OCHOBAaHHEM, 4Ybsl MOIU(PHUKAIMSA TOAJIEKATA
OTPEEeNIEHUIO, XOTsI MOTYT MCIIOJIb30BaThCsl OKHA pa3HOro pasMepa. Takyro 2-MepHyI0 MaTpUIly
TECTOBOrO 00Opa3lla MOJKHO CpPaBHHUTh C OSTAJOHHBIMH KHHETHYECKUMH IaTTEPHAMH,
nokasaHHbIMU Ha Dur. 16, Ay onpeneneHnst COCTOSHUNA METUIIUPOBAHMS.

1. IPUMEP OBYUYEHUS MOJEJIN JJIsL OBHAPY)XKEHHUA
METHJINPOBAHUA

Uro0Obl MPOBEPUTH OCYLIECTBUMOCTh M TNPABWIBHOCTH IMPEIUIOKEHHBIX IMOAXOIOB, MBI
nogrotoBunn  6mbmmoreky JIHK rmmamentsr ¢ oOpaborkoit M.Sssl  (MeTmnmpoBaHHas
oubmmoreka) wu  ammumdukauued TP  (HemerunupoBaHHast  OubmuoTeka)  mepen
CEKBEHUPOBAHUEM OTIEIbHON MOJIEKYJIbI B peallbHOM BpeMeHUu. Mbl noayuunu 44799736 u
43580452 cyOmpouTeHMH AN METHJIMPOBAHHOM M HEMETHJIMPOBAHHOW  OMOJHOTEK,
COOTBETCTBEHHO, 4TO cooTBeTrcTByeT 421614 n 446285 KOJIBLUEBBIM KOHCEHCYCHBIM
nocnenosarenbHocTsiM (KKIT). B pesynprate kakagass MoJiekyjia Obljla CEKBEHUPOBAaHA B
cpenHeM 34 u 32 pa3a B METHJIMPOBAHHOW M HEMETHJIUPOBAaHHOHN Oubnmuorekax. Habop maHHBIX

obu1 monyden u3 JIHK, moarorosnenHoii ¢ momompbio Habopa Sequel Sequencing Kit 3.0 ot
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Pacific Biosciences. DT1or Habop ObuLT pa3padoTaH UIsi UCTIOJNB30BAHUS C OPHUTHHAIBHBIM
cexBeHatopoM Pacific Biosciences Sequel. UroOs1 oTnmunth Sequel ot ero npeemumnka, Sequel

II, B nmaHHOM pokyMeHTe MbI OyneM o0Oo3Hadare ucxonxHblii Sequel kak Sequel L

,
CnenosarenpHo, Habop Sequel Sequencing Kit 3.0 Oyner ynmoMuHaThCsl B JaHHOM JOKYMEHTE
kak Sequel I Sequencing Kit 3.0. Habopsl ansg cekBeHHUpOBaHUWs, pa3pabOTaHHBIE IS
cexBeHaropa Sequel II, Bxmouarot B cebst Sequel II Sequencing Kit 1.0 u Sequel II Sequencing
Kit 2.0, KoTOpBIE TaK)Ke OMUCAHBI B JAHHOM PACKPBITUU H300PETEHMSI.

Mbr  ucnons3oBamu  50%  CEKBEHMPOBAHHBIX  MOJIEKYJl, CTE€HEPUPOBAHHBIX U3
METHJIMPOBAHHON U HEMETUIIMPOBAHHOW OMONNOTEK, ISt OOYYeHUsI CTATUCTHYECKONH MOAeNH (U
UCTIOJB30BaH ocTaBimecs 50% st MpOBEPKH), KOTOpasi B JAHHOM CIIy4ae SIBJISIETCS] MOJIENBIO
ceeprouHoli HeliponHoit cetu (CHC). Hampumep, momens CHC moxker uMeTh OIWUH WU
OoJpIIee KOJMYECTBO CBEPTOUYHBIX CJIOEB (Hampumep, |-MepHBIH WM 2-MepHBIE CJION).
CBepTOYHBIH CJIOH MOXKET UCIOIB30BATh ONH WM OOJIbLIee KOJTUIECTBO PA3IHMUHBIX (PHIIBTPOB,
npudeM KaKObld (UIBTP HUCIONB3YET sIIPO, KOTOpoe padoTaer ¢ 3HAYCHUSMH MATPHIIBL,
JOKAJIbHBIMU  (HampuMep, COCEOHMMH WM OKPYXKAIOIMUMH) JUIi KOHKPETHOTO 3JIEMEHTa
MaTpHIIbl, TEM CaMbiM OOecreurBasi HOBOE 3HAYEHHE JJIs1 KOHKPETHOTO 3JIEMEHTa MaTpuilpl. B
OJITHOM BapHaHTE OCYIIECTBJIEHHS, MCIOJIb30BAINCH J1Ba |-MEPHBIX CBEPTOUHBIX CIOS (KA KIbIi
co 100 ¢punsrpamu ¢ pasmepom siapa 4). @PUIbTPBI MOKHO MPUMEHSATH MO OTAENBHOCTH, & 3aTEM
KOMOHMHHUPOBaTh (HampuUMep, C HCIOJB30BAHMEM B3BEIIEHHOrO CpeaHero). Pesymbrupyromas
MaTpHULa MOKET ObITh MEHbBIIE BXOXHOW MATPHULIBL.

3a CBEPTOYHBIMH CJIOSIMH MOXeT cienoBarb cinod ReLU (Gmox  nuHeiHOHN
pekTuduKalnm), 32 KOTOPBIM MOXKET CIENOBAaTh CIOH oTceBa ¢ BennmunHOH otceBa 0,5. ReLU
SABJISIETCSI TPUMEPOM (PYHKLHM aKTHBALMM, KOTOpash MOXET paboTaTh C OTAEIbHBIMU
3HAYEHUSIMH, B Pe3yJIbTaTe HEro MOJy4aeTcs HOBasl MaTpuia (M300paskeHue) u3 CBEPTOYHOTO
cnosi(cnoeB). Takke MOXHO HCHONB30BaTh ApPyrue (YHKOUM aKTUBALUUHM  (Hampumep,
CUTMOUAJIbHYIO0, MHOTOIIEPEMEHHYIO JIOTUCTHUYECKYIO (softmax) u T.1.). MOKHO HCIONB30BaTh
OIMH WM OOJbIiee KOJUYECTBO Takux ciioeB. CION OTCeBa MOXKET HCIOJB30BATHCS HA CIIOE
ReLU wunm Ha cnoe MakcMMyMa NOIBBIOOPKH (CyOAMCKpPETH3alMHy, MYJUHTa), U CIYXKHUTb IS
peryJsipuzauuu uid npeaoTBpaneHus nepeodyuenus. Croil oTceBa MOYKET HCIOJB30BATHCS B
nporecce oOy4eHusi, 4ToObl HTHOPUPOBATH pa3jM4Hble (HANpUMep, CIydaiHble) 3HAYEHUS BO
BpeMsI Pa3IMYHBIX UTEPALHi Mpouecca ONTUMHU3ALNH (HAIIpUMeEp, ISl YMEHbIIEHUs! (PyHKINU
3aTpaT/moTeph), KOTOPHIH BBITOIHIETCS KaK 4aCTh OOyUYEHUSI.

ITocne cnos ReLU MoXeT UCToNb30BaThCs CIIOH MakCMMyMa MOJABBIOOPKH (Hampumep,
pasmep moxasbidopku 2). Croli MakcuMyma TOABBIOOPKH MOXKET NEWCTBOBATH AHAJOTHYHO

CBCPTOUYHOMY CJIOKO, HO BMECTO CKaJIIPHOIO NPOU3BEACHHA MECKAY BXOAHBIMU JAHHBIMH U
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SOPOM MOXET OBITh B3AT MAKCHMyM OOJIACTH M3 BXOJHBIX JAHHBIX, MEPEKPBIBAEMBIX SIIPOM.
MoskeT HCIONIb30BaThCs IOTOJHUTEIBHBIN CBEPTOUHBIN choii(cnon). Hanmpumep, nanHble H3
CJIOSI TIOJIBBIOOPKU MOTYT MPENCTABJIATh COOOH BXOIHBIE HAHHBIE IJIsI APYTHX IBYX |-MEpHBIX
CBEPTOYHBIX CJIOEB (HampuMep, Kaxnblid co 128 ¢umpTpamu ¢ pasMepoM siapa 2, 3a KOTOPBIM
cnenyer cioki ReLU), NOmoOJTHUTENBHO HCHOJB3Ysl CIIOH OTCeBa C 3HaueHueM otceBa O,5.
Hcnonp3oBancs ¢Ioi MakCUMyMa IMOABBIOOPKH € pasMepoM moaebiOOpkH 2. HakoHen, moxker
OBITH MCTOJIB30BAH MOJHOCBS3HBIN clioi (Hampumep, ¢ 10 HelfipoHamu, 3a KOTOPBIMU CIIEIyET
cioit ReLU). 3a BBIXOAHBIM CJIOEM C OTHUM HEHPOHOM MOJKET CIIeIOBaTh CUTMOHIAIbHBIN CJIOH,
U KaK pe3yJbTaT TMOJy4arOT BEPOSATHOCTb METWJIMPOBAaHUSA. MoOryr ObITh aJanTHPOBAHBI
pa3NUYHBIE HACTPOWKM CIIOEB, (HIBTPOB U pasMepoB siapa. B maHHOM Habope oOydaromux
JaHHBIX Mbl HCHoOJb30BaIu 468596 u 432761 calitoB CpG U3 METHIMPOBAHHON W
HEMETUJIMPOBAHHON OHOIHNOTEK.

A. Pesynomamur obyuarowgux u mecmosux nabopos OaHHwvIX

Qur. 17A neMOHCTpUpYyeT BEPOSATHOCTb METWJIMpOBaHMs 1Js kaxnoro caiita CpG B
kaxnoil ormenpHOl Monekyne JIHK B Habope oOyuarommx pmaHHBIX. BeposiTHOCTH
METHJIUPOBaHUA OblJa HAMHOTO BBIIE B  METHJHPOBAHHOH OuOnuoreke, dYeMm B
HemeTunupoBaHHoH. Ilpu noporosom 3HaueHuu 0,5 nas BeposiTHOCTH MeTuinupoBaHus, 94,7%
HEMETUIMPOBaHHBIX caliToB CpG ObUIM MPaBHIIBHO MpPEACKa3aHbl KaK HEMETHIIMPOBAHHbBIE, a
84,7% merunupoBanHbIx CpG ObUIH MPABUIIBHO MPEACKa3aHbl KAK METHIIUPOBAHHBIE.

@ur. 17B nemoHcTpupyer 3(QeKTHBHOCTP TecTOBOTO Habopa HaHHBIX. MBI
UCTIOJIB30BAII MOJeNb, OOY4eHHYI0 Ha oOydaromieM HaOope HaHHBIX, AJISi MPOrHO3UPOBAHHS
cocTostHUA MeTmmpoBaHus 469729 u 432024 caiitoB CpG B HE3aBUCHMOM TECTOBOM Halope
JAaHHBIX U3 METHJIMPOBAHHON M HEMeTHIIMpPOoBaHHOHN Onbnmnotex. s moporosoro 3uadenus 0,5
I BEPOSATHOCTU MOJABEPTHYTCS MeTuiaupoBaHuto, 94,0% HemerunupoBaHHbIX caiitoB CpG
OBUIHM MPAaBWJIBHO MPENCKA3aHbl KaK HEMETWINpOBaHHbIE, a 84,1% mermnupoBanHbix CpG ObLIH
MPaBWJIbHO TMpeAcKa3aHbl KaK METHJIHMPOBAaHHbIE. OJTH pe3yJbTaThl MPEAIONAraloT, 4YTO
UCTIOJB30BAHHE HOBOTO MpeoOpa3oBaHUs KUHETUKM B KOMOMHAIMM C  KOHTEKCTOM
MOCJIeIOBATEIbHOCTH MOXKET CAENAaTh BO3MOJKHBIM ONpPENEIECHUE COCTOSIHUN METHJIMPOBAHUS B
JIHK (Hampumep, y Jrozaeii).

Mpr oueHn 3¢ (HEeKTHBHOCTD KKAOH XapaKTePUCTUKU (KOHTEKCT MOCIE0BATEIbHOCTH,
MUIT u HIM) B nporHo3UpOBaHUHM COCTOsiHUS MeTwiupoBaHuss CpG myTeM BKIFOUEHUS
MOJIMHO’KECTBA XapKTEPUCTUK B MOneNb. B oOydaromem Habope MaHHBIX MoneH C (1) TONBKO
KOHTEKCTOM TMoclienoBaTesnbHocTH, (i) Tombko MMUMIT wm (ii1) tomeko 1M mamm 3HaueHHS
mwiomanu nox kpusoit (AUC), cocrasmstomue 0,5, 0,74 u 0,86 coorBercTBerHHo. Toraa kak mpu

koMOuHUpoBaHun MMUIT u KOHTEKCTa TOCIENOBATENBHOCTH 3(PPEKTUBHOCT YIyUININIACH, C
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AUC, cocrapnmsromeii 0,86, KoMOWHUpOBaHHBINM aHAJIM3 KOHTEKCTA TOCIENOBATEIBHOCTH
(«Seq»), MUIT n TN cymecreenno ynyummn d¢dextusHocts, ¢ AUC, cocrasmsromeit 0,94
(®ur. 18A). Db dexTUBHOCTD A HE3ABUCUMOTO TECTOBOIO HabOpa NaHHBIX ObLjIa COMOCTaBUMA
C TaKoOBOM 1uis1 oOy4aromero Hadbopa naHHbIX (Pur. 18B).

Mpsbr onpemenvnu  rayouHy cyOmpoureHust cahita CpG Kak cpenHee KOJHYECTBO
CyOmpoYTeHH, MOKPBIBAIOIINX €ro U okpyskatomue ero Ha 10 m.H. Kak nokazano Ha @ur. 19A u
@ur. 19B, gem Oonbme riaybuna cybmpourenmii cafita CpG, Tem OoJiee BBICOKOW TOYHOCTH
oOHapy>KeHHsI METHIMPOBAHUS Mbl MOIJIM NOCTHYb. Hampumep, Kak TNOKa3aHO B TECTOBOM
Habope naHHbIX (Pur. 19B), ecim ryduHa kaxnporo caiita CpG cocTasisiyia IO MEHbLIEH Mepe
10, AUC npencka3aHusi COCTOSIHUM METHIIMPOBaHus coctaBiisuia Ob1 0,93, Xots, ecnu riyOnHa
cyompoutenuit kaxxnoro caiita CpG cocrasisier mo menbineit mepe 300, AUC npexnckasaHus
cocrosiuii MetmmpoBanus oyaet 0,98. C npyroit CTOpoHBI, Aake s TIyOUHBI, COCTABJISIFOLIEH

1, met mormu goctuab AUC 0,9, mpenmonarasi, 4TO Hall TOIXOJ MOKET OOeCHeqnTh

)
npeacKa3aHne METHIIMPOBAHMS C UCTIOJIb30BAHUEM MaJIOH ITyOHMHBI CEKBEHHPOBAHMUSI.

Urobbl mpoBepuTh BAMsHUE HHGOpMAIMKM O Lenud Ha 3(PQPEeKTHBHOCTh aHAIU3a
METUJIMPOBAHMSI, UCIIONb30BAIN KOHTEKCT nocienosarensHocty, MUII u U, nony4yeHHsle u3
nenei YorcoHa u Kpuka, gama oOyueHHs COTJIaCHO BapHaHTaM  OCYIIECTBJIEHHUS,
NPEACTABICHHBIM B JAHHOM PAacKpPBITHU M300peTeHus, coorBercTBeHHO. Pur. 20A u @ur. 20B
JEMOHCTPUPYIOT, YTO MO>KHO HCIIOJIb30BaTh OHY LieNb, & UMEHHO Lenb YorcoHa uiau Kpuka,
sl OOy4eHHs] U TECTHPOBAHUS, MOCKOJBbKY MoxkeT ObITh mocturayra AUC, cocrasisrormast
BioTh 70 0,91 m 0,87 B oOywarommx U TecTOBBIX Habopax AaHHBIX. Mcmonp3oBaHue 00emx
nenel (Hampumep, Kak onucaHo Ha Pur. 6-8), Bxmouas nenu Yorcona u Kpuka, obecriednio
ob1 ayumyro 3¢ dexkruBHOCT (AUC: 0,94 1 0,90 B 00yyaromux U TeCTOBbIX HAOOpax AaHHBIX,
COOTBETCTBEHHO), MpearnoJjaras, 4To WHPOpPMAIMs O LeMsiX OyAeT BaKHOU MJs NOCTHKEHUS
ONTUMAJIbHON 3P PEKTHBHOCTH.

MBI AOMONHUTENBHO MPOTECTUPOBAIM PA3IUYHOE KOJMYECTBO HYKJIEOTHIIOB BbILIE U
Hiwke caiita CpG, 4toObl M3y4HTh, KaK 3TOT MapaMeTp BiMsAeT Ha 3(PPEKTHBHOCTH COTJIACHO
BAPMAHTAM  OCYIIECTBJICHHUS, TMPEICTABJIEHHbIM B JAaHHOM PACKPBITHH H300peTeHus,
pa3paboTaHHBIM B gaHHOM wu3oOpereHnn. Pur. 21A u @ur. 21B neMOHCTPUPYIOT, HYTO
KOJIMYECTBO HYKJIEOTHAOB BbIll€ WU HIDKE LUTO3MHAa B KoHTekcTe Cp(G MoOXeT BIUATL Ha
TOYHOCTb MpeJCKa3aHus MeTunuposanus. Hanpumep, B LiensX WUTIOCTPALUMK, pacCMaTpUBasi, HO
HE OTPaHUYMBASACH JIUIIb 2 HykKjieoTunamu (HT), 3 HT, 4 HT, 6 HT, 8 HT, 10 HT, 15 HT U 20 HT
BbIIIE U HIDKE aHanu3upyemoro nuto3naa, AUC cnocoba, NCHOB3YIOMEro 2 HT BbIIIE U HIXKE
UCCJIEyeMOro LIMTO3WHA, KOTOPBIH TMONBEpraercss aHaimsy, Oyder cocTaBisiTh Tojbko 0,50 B

oOy4aromeM U TeCTOBOM Habopax naHHbIX, Torna kak AUC crmocoba ¢ ucrnonb3oBanueM 15 HT
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BBIIIE M HIKE MCCIeNyeMOro LuTo3nHa Oyner yBennuuBaThes 10 0,95 u 0,92 B ofyvaromem u
TECTOBOM HabOpax HaHHBIX. OTH pPe3yJbTaThl NPEAINONIAral0T, YTO H3MEHEHWE JJIMHBI
BOCXOZSIINUX U HUCXOOSIHUX oOnacTel, GIaHKUPYIOIMUX aHATU3UPYEMbIe [IUTO3HHBI, TO3BOJIUT
OTPEIEeNIUTh ONTUMANBHYIO 3 ()EeKTHBHOCTh. B OTHOM BapuaHTE OCYIIECTBIICHUS, KaK TOKa3aHO
Ha @ur. 21B, MokHO ObLIO ObI MCMONB30BATh 3 HT BBILIE U HIDKE [TUTO3MHA IS OTPEIeNICHUS
COCTOSTHUH MeTHiupoBanusi, uto Moo Obl nate AUC, cocrasmsitomiee 0,89.

B oaHOoM BapuaHTe OCYLIECTBJIEHUS MOKHO  HCIOJIb30BATh  ACUMMETPUYHBIE
MOCJIEOBATEIbHOCTH, (DJIAHKUPYIOIINE HWCCIEAYEeMbIH IIUTO3WH, JJisi BBITIOJHEHUS aHAJIN3A,
COTJIACHO BapHUaHTaMH OCYIIECTBJICHUS, TIPEICTABICHHBIMU B JAHHOM PaCKPBITHE U300PETeHHUSI.
Hamnpumep, MOryT UCHIONB30BATLCS 2 HT BbIlIe, CKOMOWHUPOBaHHBIE ¢ 1 HT, 3 HT, 4 HT, 5 HT, 6
Hrt, 7 T, 8 HT, 9 HT, 10 HT, 11 =HT, 12 HT, 13 HT, 14 HT, 15 HT, 16 HT, 17 HT, 18 HT, 19 HT, 20 HT,
25 ut, 30 Hr, 35 HT, U 40 HT HH)XE LUTO3UHA, MOTYT HCHOJIB30BaTbCA 3 HT BBILIE,
ckoMOuHUpOBaHHbIE ¢ 1 HT, 2 HT, 4 HT, 5 HT, 6 HT, 7 HT, 8 HT, 9 HT, 10 HT, 11 HT, 12 HT, 13 HT, 14
HT, 15 HT, 16 HT, 17 Hr, 18 HT, 19 HT, 20 HT, 25 HT, 30 HT, 35 HT, U 40 HT HWKE UUTO3UHA, MOTYT
UCIIOJIb30BATLCS 4 HT BhIlE, CKOMOMHUPOBaHHBIE C | HT, 2 HT, 3 HT, 5 HT, 6 HT, 7 HT, 8 HT, 9 HT,
10 g1, 11 HT, 12 HT, 13 HT, 14 HT, 15 HT, 16 HT, 17 HT, 18 HT, 19 HT, 20 HT, 25 HT, 30 HT, 35 HT, *
40 HT HIKe uuTo3nHA. Hampumep, MOTyT MCHOIB30BATHCS 2 HT HIDKE, CKOMOMHUPOBAaHHBIE C |
HT, 3 HT, 4 HT, 5 HT, 6 HT, 7 HT, 8 HT, 9 HT, 10 HT, 11 HT, 12 HT, 13 HT, 14 HT, 15 HT, 16 HT, 17 HT,
18 ur, 19 HT, 20 HT, 25 HT, 30 HT, 35 HT, U 40 HT BBILIE UUTO3WHA, MOTYT UCHOJb30BATHCSA 3 HT
HUXKe, CKOMOMHUpOBaHHbIe ¢ 1 HT, 2 HT, 4 HT, 5 HT, 6 HT, 7 HT, 8 HT, 9 HT, 10 HT, 11 HT, 12 HT, 13
HT, 14 BT, 15 HT, 16 HT, 17 HT, 18 HT, 19 HT, 20 HT, 25 HT, 30 HT, 35 HT, U 40 HT BbIIIE [TUTO3HHA,
MOTYT HCIIOJIB30BAThCS 4 HT HIKE, CKOMOMHUPOBaHHbBIE C | HT, 2 HT, 3 HT, 5 HT, 6 HT, 7 HT, 8 HT,
9 mt, 10 HT, 11 AT, 12 HT, 13 HT, 14 HT, 15 HT, 16 HT, 17 HT, 18 HT, 19 HT, 20 HT, 25 HT, 30 HT, 35
HT, 1 40 HT BbIIIE HUTO3UHA. Mcnonp3oBanue npeumyiiects MULI, 1IN, nadopmanmu o memnu u
KOHTEKCTa TMOCJIEAOBATEIbHOCTH B KOMOMHALIMK ¢ N-HYKJICOTHIAMU BBIIIE U M-HYKJICOTHIAMU
HUKE LUTO3MHA MOKET OOECHeunuTh TOBBIIIEHHYID TOYHOCTb OMNpPENeNeHUs] COCTOSHHN
METHJIMPOBAHUSA B HEKOTOPBIX BApHAHTaX OCYLIECTBJAEHUs. Takue pa3uyHble OKHA U3MEPEHUS
MOTYT MPUMEHSITHCS K APYTUM THINAM aHan3a MoaudUKaiuii OCHOBaHWM, TakuM kKak ShmC,
6mA, 4mC u oxoG, wim Kk 000 MoaudpuKanuy, ONMMCAHHOW B JNaHHOM JNOKyMeHTe. Takue
pa3jMyYHble OKHA HM3MEPEHUs MOTYT BKJIOYAaTh B ce0si aHanu3 BTOpWYHOH cTpykTypbl JIHK,
HaTmpuMep, CTPYKTYpbl G-KBaAPYIUIEKC U meTisi-Ha-crebne. Takoi mpuMep OOBSICHSIETCS BBIIIE.
Takyo WHGOPMALMIO O BTOPUYHOU CTPYKTYpe MOXKHO Tak:ke HOOABUTh B KA4eCTBE NPYroro
CTOJIOIA B MATPHILY.

Qur. 22A u Qur. 22B 1eMOHCTPUPYIOT, YTO BO3MOXKHO OINPEAENUTb COCTOSHHS

MCTUJIMPOBAaHHUA C HCIOJb30BAHUEM KHHCTHYCCKHUX TATTECPHOB, CBA3AHHBIX TOJIBKO C
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HUCXOASIIUMHU OCHOBAHHUSIMH, COCTAaBJSIIOIIMMU O MeHblle Mepe 3 ocHoBaHus. CoriacHo
BAPUAHTAM OCYIIECTBICHMS, TMPENCTABJIEHHBIM B JAaHHOM pPAacKpPBITUH HW300peTeHus, ¢
HCTOJIb30BAHUEM XapPAKTEPUCTHUK, CBA3AHHBIX C LIUTO3MHOM U €ro Hucxoasmumu 3, 4, 6, 8 u 10
ocHoBaamusiMu, AUC onpeneneHus: COCTOSHUI METWJIMPOBaHUS B oOy4aromeM Habope NaHHBIX
cocrasyisiu 0,91, 0,92, 0,94, 0,94 u 0,94, cooTBeTCTBeHHO, B 00yUaromem Habope nanHbix, AUC
cocrasyisiu 0,87, 0,88, 0,90, 0,90 u 0,90, COOTBETCTBEHHO, B TECTOBOM HAa0OpE NAHHBIX.

Qur. 23A u Qur. 23B 1eMOHCTPUPYIOT, OJHAKO, 4YTO, €CJIM HCIOJb30BaTh TOJBKO
XapaKTePUCTUKH, CBS3aHHBIC C BOCXOISIIMMH OCHOBAHHUSMH, 3((HEKTUBHOCTh KJIACCU(UKALINY,
NO-BUAMMOMY, YMEHBIIAETCS B CHOCOOHOCTH pa3n4aTh COCTOSIHUS MeETHIIHpoBaHHs. Bce
3HaueHuss AUC B obydaromemM HaOOpe MaHHBIX M TECTOBOM Habope maHHBbIX cocTaBysuiu 0,50
1151 OT 2 10 10 BOCXOAAIIMX OCHOBAHUM.

Qur. 24 u Qur. 25 HEMOHCTPUPYIOT, YTO PA3JTUYHbIE KOMOWHAIIMHM BOCXOASINUX U
HUCXOSIIIUX OCHOBAHUH TMO3BOJAT JOCTUYh ONTUMAJBHOU 3(P(EKTHBHOCTH KJIACCU(PUKALIUU
MPU OMNPENENICHUH COCTOSIHUNM METHIMpOBaHUsA. Hampumep, XapakTepUCTHKH, CBSI3aHHbBIE C 8
OCHOBAaHUSIMH BBbIIIE W 8 OCHOBAHUSIMH HIDKE LWUTO3WHA, OYAyT WMETh HAWIYYIIYIO
s¢dexTuBHOCTH B 3TOM Habope aaHHbIX ¢ AUC, cocrasisromeii 0,94 u 0,91 B obydaromeM u
TECTOBOM Ha0OPax JaHHBIX, COOTBETCTBEHHO.

Qur. 26 OEMOHCTPUPYET OTHOCUTEJIBHYI) BAKHOCTh XAPAKTEPUCTUK B OTHOLICHHH
KJIaccupuKay coCTosAHUN MeTnianposanus B caiitax CpG. «W» u «C» B ckoOkax 0003Ha4ar0T
uHpopmauuio o uenu, «W» i nenu YorcoHa u «C» mia uenu Kpuka. BakHocTh Kaxmoit
XapaKTePUCTUKH, BKJKOYass KOHTeKCT nocienosarenpvHocty, MUII u IIIH, ompenpensnace ¢
HCIIOJIb30BaHHEM alrOpPUTMA CIy4aiHOro jeca. AHalu3 C MOMOUIBIO aJrOpUTMa CIy4aiHOIro
jleca mpOAEMOHCTPUPOBAJ, YTO 3HAUYMMOCTh xapaktepuctuk MUII u 1IN nocturaer nuka Huxe
UCCIIENyeMOro LIMTO3MHA, MOKa3bIBast, YTO OCHOBHOW BKJIAJ B CIIOCOOHOCTB K KJIACCHU(PHUKALIIH
BHOCsST MUII u 1IN Huxe uccienyeMoro HUTO3HHA.

CnyvaliHil Jiec COCTOsUI U3 HECKOJIbKUX JepeBbeB pelieHuil. Ilpu moctpoeHun nepesa
peleHnul UCTIONB30BAIHN MpuUMech JKUHU, 4TOOBI OMpPeNeNuTh, Kakas MOJDKHA ObITh MPUHSITA
JIOTHKA PELICHUs Ui Y3JIOB pelIeHud. BakHble XapakTepUCTHKH, KOTOpPble MMEIOT OOoJbliee
BJIMSIHME HAa OKOHYATEJIBHBIN PE3yJbTaT KJIACCHU(PHUKALMH, BEPOSTHO, ObLTH B y3Jax OJmke K
KOPHIO JIEpEeBa PELICHUI, B TO BPEMsI KaK HEBAXKHBIE XaPAKTEPUCTUKH, KOTOPbIE UMEIOT MEHbLIIEE
BJIMSIHME HAa OKOHYATENbHBbIA PE3yJbTaT KiIacCHU(PHUKAIMM, CKOpPee BCEro, HaXONATCS B y3Jax
Janplne OT KOpHSA. TakuM oOpa3oM, BaXKHOCTh XapaKTEPUCTHKH MOXKET OBbITh OLIEHEHAa MyTeM
BBIYUCJICHUS] CPEAHEr0 pAacCTOSHUs OTHOCHUTENIBHO KOPHEHW BCEX JEPEeBbEB pEIICHUH B
CIy4aiiHOM JIECY.

B HEKOTOPBIX BapHaHTaX OCYLICCTBJICHUA, KOHCCHCYC CUTHAJIOB MCTUJIMPOBAHUA B
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caiirax CpG mexny nernsimu Yorcona u Kpruka mMoxkeT ObITh JOTIOJHUTENBHO HUCTIOIB30BAH IS
ynydmenuss cneuududHoctd. Hanpumep, wMoxker mnorpeboBaThCs, UYTOOBI 00€ 1emwy,
JIEMOHCTPUPYIOLINE METWJINPOBaHHE, O00O3HAYAINCh KaK METHJIMPOBAHHOE COCTOsIHHE, a o0e
LNy, JEMOHCTPUPYIOIIME HEMETWIMPOBaHHE, O0O3HAYAINCh KAaK HEMETHJIHPOBAHHOE
coctostHUAA. [1OCKOJIBKY M3BECTHO, YTO MeTuinpoBaHue B caiiTax CpG 0ObIMHO CHUMMETPUYHO,
MOJTBEPKIEHUE U3 KAXKAOH e MOXKET YIYULIUTh CIIeU(PUIHOCTb.

[0020] B pa3nuuHBIX BapuaHTaX OCYLIECTBJIEHHS, COBOKYIIHblE KHHETHUYECKUE
XapaKTepUCTUKH BCEM MOJIEKYJbl MOXHO MHCIIOJb30BaTh JJIsi OMNpeAesieHUus] COCTOSHUI
MetrnupoBaHus. Hampumep, MeTunrpoBanue Bcel MOJEKYNbI OyJeT BIUSTh HA KHHETHKY BCEH
MOJIEKYJIbI BO BpeMsl CEKBEHHPOBAaHMsI OTAENBHON MOJIEKYJbl B peajibHOM BpeMeHu. Mozaenupys
KMHETUKY CeKBEeHHpoBaHMs Bcell Mozexkynbl JAHK-matpunel, sximrouas MUIIL 1M, pasmepsl
¢parMeHTOB, WHPOPMALMIO O LEMH M KOHTEKCT MOCIEeNOBATEIBHOCTH, MOXKHO IOBBICHTH
TOYHOCTb KJIACCH(PHKALIMM B OTHOIIEHWH TOrO, METUJIMPOBAHA JIM MOJIEKYJa WM HeT.
Hanmpumep, okHa wu3MepeHHs MOTYT MPEIACTABJATbH COOOH BCHO MATPUYHYIO MOJIEKYIY.
Craructudeckue mapamMeTpbl (HallpuMep, CpefHee 3HAa4YeHUe, MeIuaHa, MOJa, MPOLEHTWIb U
T.4.) mst MUIL M wnmu gpyrux KUHETHYECKUX XapaKTEePUCTHK MOTYT HCIOJIB30BATBHCS IS
OTpereNeHNs] METUINPOBAHUSI BCEH MOJIEKYJIbL.

B. Oepanuyuenus opyeux Memooos aHanu3a

Coobmanocek, uto obHapyxenne metmnnpoBanus Ha ocHoBe MUII nist korkperHoro C B
KOHKPETHOM MOTHUBE ITOCJIEIOBATENIbHOCTH OBIJIO OY€Hb HU3KUM, HAIPUMEp, YyBCTBUTEIBHOCTD
cocraisia Bcero 1,9% (Clark ef al., 2013). MblI Takke MOMBITAJIHCh BOCIPOHM3BECTH TAKOU
aHaU3, KOMOMHUPYS pa3IuYHbIE MOTUBBI mocienoBaTenbHocTet ¢ MUIIL Ge3 mcmonb30BaHuUs
metpuku M, u mpocto ucnons3ys noporosoe 3HaueHue 1 MUIL, a He CTPyKTypbl NaHHBIX,
KaK OINHCAaHO B JaHHOM JAOKyMeHTe. Hampumep, ObmM H3BJIE€YEHBI 3-HT BBIIE W HIDKE,
¢nankupyromue uccnenyemsiii CpG. MUII storo CpG Obutn pasneneHbl Ha pasHBIE TPYIIIBI
(4096 rpynn gnma 6 TO3WMLMI) B 3aBUCHMOCTH OT KOHTEKCTa  (DIAHKHPYIOLIUX
NOCNIeIOBAaTeIbHOCTEH 13 6-HT (T.e. 3 BOCXONAIIMX M HHUCXOMSIIUX HYKJIEOTHHA,
COOTBETCTBEHHO), AJIi KOTOPBIX wLeHTpoM Obutl 3ToT CpG. MMUII nmist METHIMPOBAaHHBIX H
HeMmeTuupoBaHHbIX CpG B mpeaenax OJHOTO U TOTO K€ MOTUBA MOCJIEN0BATEIbHOCTH U3ydalu
¢ nomoupio ROC. Hampumep, cpasauBaiu MHUII CpG B HEMETHIMPOBAHHOM MOTHUBE
«AATCGGAC» wu wmerwmpoBanHoM MotuBe «AAT"CGGAC», moxkasemBas AUC,
cocrapisiromee 0,48, Takum 00pa3oM, HCIONB30BAHHE MOPOTOBBIX 3HAYEHWH B KOHKPETHOM
TPYIIE MOCIEA0BATENBHOCTEH paboTalo IIIOXO 10 CPABHEHHIO C BAPHAHTAMH OCYILIECTBJICHUS, B
KOTOPBIX UCTIOJB3YIOTCSI pa3JIUUHBbIE.

@ur. 27 nemoHCcTpUpyeT 3P PEeKTUBHOCTL BhIEynoMsiHyToro aHanmmsza MUII Ha ocHoBe
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motrBoB (Beckmann et al. BMC Bioinformatics. 2014) nns oOHapy:keHHsT METUITHPOBaHUS Oe3
UCTIOJIb30BAHUSl CHTHAJA INHPHHBI HMMITyJbca. JlmarpaMMbl C BEPTHKAJIbHBIMH CTOJIOMKAMH
MPENCTaBISIIOT coOoi ycpenHeHHbie 3HaueHus AUC nans pa3iuyuHbIX K-MepHBIX MOTHBOB,
¢nankupyromux u3ydaemsble caiitbl CpG  (T.€. KOJMYECTBO OCHOBAHMUH, OKPYIKAIOLIUX
uccnenyemole caiitel CpG). @ur. 27 nmpoaeMOHCTpUpOBaia, 4ToO ycpeaHeHHble 3HadeHnst AUC
U TUCKPUMHUHHUPYIOIUX CriocoOHocTed Ha ocHoBe MMUII mexny MeTWIMpPOBAaHHBIMU U
HEMETUJIMPOBAHHBIMU LIUTO3WHAMH CPEIH PA3IUUHBIX K-MEpHBIX MOTHBOB (Hampumep, 2-mep, 3-
mep, 4-mep, 6-mep, 8-mep, 10-mep, 15-mep, 20-mep, okpykaromuii 3arparuBaemslie caiitel CpG)
oKazanuch MeHbllle yeM 60%. DT pe3yabTaThl IpeAnosiararoT, 4yro paccmorpeHne MMII
HYKJICOTHAA-KaHAWIAaTa B JAHHOM KOHTeKcTe MoThBa 0e3 yuera MUII cocenHuxX HYKJICOTHIOB
(Flusberg et al., 2010) Oymer MeHee BBIMIPBHIIIHBIM, Y€M CIOCOOBI, ONMHCAHHBIE B JAHHOM
JOKYMeHTe AJis onpeaeneHus metunuposanus CpG.

MpI Takke MPOTECTHPOBAIH CIIOCOO, TpeACTaBIeHHbINH B nccaenosanuu Flusberg ef al.
(Flusberg et al., 2010). Mb1 npoanamuzupoBaju B odmeit cinoxHoctu 5948348 cermentos JIHK,
KOTOpBIE€ HAXOIMJINCh 2-HT BbIIE€ U O-HT HW)KE LUTO3WHA, KOTOPBIA MOIBEPrajicsi aHAJU3y
merrnupoBaHusa. beuio 2828848 cermeHToB, KOoTOphIe OBUIM MeTHHMpoBaHbl, W 3119500
CerMeHTOB ObuUTH HemeTwaupoBaHbl. Kak mokazano Ha @ur. 28, OblI0 OOHAPYKEHO, YTO
CUTHAJIbL, BBIBEICHHBIC U3 aHAJIN3a TJIABHBIX KOMITOHEHTOB ¢ ncnojb3oBannem MUII u 11U, B
3HAYUTENbHONW CTEMEeHH TMEePeKPBhIBAOTCA MEXKAY (parMeHTaMH ¢ METHIMPOBAHHBIMU
muro3uHamu (mC) U HeMeTHIMpPOBaHHBIMU [UTO3WHAMH (C), 4TO TO3BOJIAECT MPEATIONOKHUTE,
yro crnocoOy, ommcanHoMmy Flusberg ef al. HemocTaeT COOTBETCTBYIOIIEH TOYHOCTH. OTH
Pe3yJIbTAThl CBUACTENBCTBYIOT O TOM, YTO aHAJH3 IJIABHBIX KOMIIOHEHTOB, KOTOPBINA JIMHEHHO
koMOuHupyet 3HaueHus LI 1 MUIT no oCHOBaHUSM U COCETHUM OCHOBAHUSIM, UCTIONb3YEeMbIH
B nccienosanuu Flusberg ef al. (Flusberg ef al., 2010), He MOXeT HagEKHO WM JOCTOBEPHO
middepeHunpoBaTh S-METHILUTO3HUH U HEMETHIINPOBAHHBIE [INTO3UHBI.

Qur. 29 nemonctpupyer, uro AUC cmocoba, OCHOBAHHOTO HAa aHAJM3€ TJIABHBIX
KOMIIOHEHTOB, 1Js1 Kotoporo B wuccienosanmu Flusberg er al. (Flusberg er al., 2010)
HCIIOJIb30BAJIUCh JBA OCHOBHBIX KOMIIOHEHTa, BKouaromux B cebs MUIT u I, Obum
HamHOTO MeHee TouHbIME (AUC: 0,55), yeM moaxon Ha OCHOBE CBEPTOYHOW HEHPOHHOW CeTH,
ucnons3yrouieii MUII u [N, a Tak’ke KOHTEKCT MOCIEA0BATENBHOCTH, KaK MOKA3aHO B HAaLIEM
uzobperenun (AUC: 0,94).

C. Jpyaue mamemamuueckue/cmamucmuyeckue Mooeu

B npyrom BapmaHTe OCyLIECTBIIEHHS, APYTHEe MAaTEMaTHUECKNUE/CTATUCTHUECKUE MOJIEIH,
HAIpUMep, BKJIIOYANOIKE B ce0s, HO HE OTPaHMYECHHBIC CIIyYaiHBIM JIECOM M JIOTHCTHYECKOM

perpeccueii, MOTYyT ObITb OOyYEHBI MyTEM aNanTallid XapaKTePUCTHK, Pa3paOOTaHHBIX BBIIIE.
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Uro kacaercss mogenu CHC, oOydaromue M TeCTOBble HaOOPBI NAHHBIX ObUTH MOCTPOEHBbI M3
JHK c o6pabotkoit M.Sssl (mernnuposanHast) u amrummdukanuei [P (HemeTnnnpoBaHHas),
KOTOPBIE UCTIONB30BAIHCH It 00yUeHHs anroputMa ciydaiiHoro yeca (Breiman, 2001). B stom
aHaJIU3€ CIy4alHBIM JIECOM Mbl ONMMCANIM KaXIbli HykjeoTun c¢ 6 xapakrepuctukamu: MUIIL,
IITN u 4-KOMIOHEHTHBIN OMHAPHBIN BEKTOpP, KOAUPYIOIIMH 0O0O3HAaYeHHe OCHOBaHHS. B Takom
ounapuom Bektope A, C, G u T 6putn 3akoaupoBansl ¢ momomsio [ 1,0,0,0], [0,1,0,0], [0,0,1,0] u
[0, 0,0,1], coorBerctBeHHO. [y kaxxgoro anajusupyemoro caiita CpG Mbl BKIFOUMIA
uHpopmauuio o ero 10 HykJI€OTHIAX BbIIE U HIDKE B 00enXx Hersix, popmupys 252-pa3mMepHbIi
(252-mepHBIH) BEKTOp, TIHe KakKAas XapaKTePUCTUKA TPEACTaBIsIET OJHO H3MEPEHHe.
Obyuarommii HaOOp [aHHBIX, OMHCAHHBIA BBIIIE C IOMOINBIO 252-MEpPHBIX BEKTOPOB,
UCTIOJIB30BAJICS ISl OOYUEHHUs] MOJENU CIIy4alfHOro Jjieca, a TakKe MOJENU JIOTHCTHYECKOH
perpeccun. OOydeHHass Mojenb OblJa HCHOJBb30BaHA JMJISI IPOTHO3MPOBAHUS COCTOSHUH
METHJIMPOBAHUS B HE3aBHCHMOM TeCTOBOM HaOope maHHbIX. CiyuaiiHblii nec cocrosut u3 100
nepeBbeB peuieHnid. llpu mocTpoeHNMM nepeBa HCHOJB30BATUCH OyTCTpan-BbIOOpKH. Ilpu
pa3OueHnn y3na KaXIOro JAepeBa peLIeHWH IS ONpeAeNeHHs Hauydliero pa3sOueHus
UCTIOJb30BaNIach NpuMech JDKMHM, M B KaKAOM pPa3OMEHUH YYHUTHIBAIOCH MakCUMyM 15
xapakTepucTik. KpoMe TOro, KaXKablil JIUCT JAepeBa pelleHWi OOJDKeH ObLT comepikaTb He
MeHbIe yeM 60 00pa31oB.

@ur. 30A u Pur. 30B nemoHCcTpUPYOT 3((PEeKTUBHOCTH criocoba ¢ UCTONIb30BAHUEM
CJIy4alfHOrO Jieca M JIOTUCTUYECKOM perpeccuu Ajsl MPOrHO3UpPOBaHUSA MeTWUIMpoBaHMs. Pwur.
30A nemonctpupyer 3Hadennss AUC B oOydaromem Habope nannbix st CHC, ciayuaiinoro neca
u soructuueckor perpeccun. @ur. 30B nemoncrpupyer 3HaueHuss AUC B TecTOBOM Habope
nanaeix st CHC, cnyualinoro nmeca wu joructuueckod perpeccun. AUC cmocoba ¢
UCTIOJIB30BaHUEM ClydaiiHOTro Jeca nocturano 0,93 u 0,86 B oOy4aromem u TeCTOBOM Habopax
JAHHBIX, COOTBETCTBEHHO.

ObGyuarommii HabOp JAHHBIX, OMUCAHHBIA C TIOMOLIBIO TE€X K€ 252-MEpHBIX BEKTOPOB,
UCTIOJIB30BAJICS ISl OOyYEHUs] MOJENH JIOTUCTHUECKOH perpeccun. OOydeHHass Mozenb ObLia
UCIIOJIb30BaHa JAJIsl MPOTHO3UPOBAHMSI COCTOSHUN METHJIMPOBAaHMs B HE3aBUCHMOM TECTOBOM
Habope maHHBIX. Monenb JorucTuieckoi perpeccuu ¢ perymsipusanuen L2 (Ng and Y., 2004)
ObUTa MOJOTHAHA ¢ MOMOIIBIO O0yyaromero Habopa nanabix. Kak nmokaszaHo Ha @ur. 30A u Owr.
30B, AUC cnocoba, UCTOJIB3YIOIIEro JOrHCTU4Yeckyo perpeccuto, nocturHer 0,87 u 0,83 B
o0yHaromemM U TeCTOBOM Ha0Ope JaHHBIX, COOTBETCTBEHHO.

Takum oOpa3oM, 5TH pe3yJabTaThl MPEANOJAraroT, YTO OINPENEIeHHbIE MOACIH
(HarpumMep, HO He Oe3 OTrpaHMYEHUSs], CIYYalHBIN JIEC M JIOTUCTHYECKAs] PEerpecchsi), OTIINIHbIE

oT CHC, MOTYT OBITb HMCIIOJIb30BAHbI AJid  aHajin3da METUIUPOBAHHA C HUCIOJb30BAHUEM
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NPU3HAKOB U AHAIMTUYECKHX MPOTOKOJIOB, KOTOPBIE MBI pa3padoTaiy B JaHHOM H300pETeHUU.
Ot pe3ynbTaThl Takke mpenmojararoT, uro CHC, peamuzoBaHHasi B COOTBETCTBUH C
BapUAHTAMHK OCYINECTBJICHUS B JaHHOM u3o0pereHuy, ¢ 3HaueHueM AUC, coctasisiromum 0,90
B TeCTOBOM Habope nanHbIx (Pur. 30B) mpeBocxoamna kak ciydaitasiii gec (AUC: 0,86), Tak u
noructudeckyro perpeccuto (AUC: 0,83).

D. Onpeoenenue 6mA mooughurayuii HyKIeUHOBbIX KUCTION

ITomumo metunmupoBanHoro CpG, omucaHHbIE B JAHHOM JOKYMEHTE CIIOCOOBI MOTYT
Takke OOHapyxkuBaTh napyrue moaudukauuu ocHoBanuii JIHK. Hanpumep, Mosker ObITh
oOHapy’KeH METHJIIMPOBAHHBIN aIeHUH, B TOM YHCie B (hopme 6mA.

1. Oo6napy:xeHue 6mA c HCMOJIb30BAHHEM KHHETHYeCKHX
XAPAKTEPHCTHK H KOHTEKCTA CEKBEHHPOBAHMS

Uro0b! onieHUTh 3P PEKTHBHOCTD U TMOJIE3HOCTh BAPHAHTOB OCYIIECTBICHHS, PACKPBITHIX
KacaTeJbHO OTpeaeTIeHNs MOIU(pUKALIII OCHOBAHUI HYKJIEHHOBBIX KHCIIOT, Mbl JOTIOJHUTEIBHO
NPOAHATU3UPOBAIN MeTHIMpoBaHHe NO-aneHnHa (6mA). B onHOM BapuaHTe OCYLIECTBIIECHHUS,
npumepro | Hr JIHK denoBeka (Hampumep, SKCTPAarMpOBaHHOW W3 TKaHEW IUIALICHTHI)
amrutndunposanu ¢ noaydeHueMm 100 vr npoaykra JAHK nmytem ammumgukanum Bcero reHoma
C  HEMEeTWIMPOBAHHBIM  aieHWHOM  (uA), HeMmeTwiupoBaHHbIM  1uro3uHoM  (C),
HEMETUJIMPOBAHHBIM r'yaHuHOM (QG) 1 HemeTupoBaHHBIM THMUH (T).

Qur. 31A neMoHCTpUpYeT MpUMep OJHOINO NOAXOAAa A TeHepalud MOJIEKyJl C
HEMETUJIMPOBAHHBIMU aJCHUHAMHU MyTeM aMIummpuKkauu Bcero resoma. Ha durype «uA»
0003HaUaeT HEMETWJIMPOBAHHBIH aJeHUH, a «mMA» 00O03HAYaeT METHWJIMPOBAHHBIA AJCHUH.
[TonHOT€HOMHYI0  aMIUIM(QUKALIMIO  BBIMOJHSJIM C  HCIOJBb30BAHUEM  YCTOHYMBBIX K
9K30HYKJIeazaM TuodochaT-MoAn(PUIPOBAHHBIX  CIYYAaHHBIX TIeKCAMEPOB B  KadyeCTBE
npaiiMepoB, KOTOpPbIE CIIy4alHbIM 00pa30OM CBSI3bIBAIOTCS 10 BCEMY T'€HOMY, YTO MO3BOJISIET
nosumepase (Hanpumep, JHK-nommumepasze Phi29) ammmmduumposate JJHK (Hanpumep, myrem
U30TEPMHUUECKOW  JuHeWHoW  ammumdukaumu). Ha  cragum 3102 geHatypupyroT
nsyxuenoueunyro JIHK. Ha cragum 3106 WHUIMUPYIOT peaknuio aMIUIM(UKALIAN, KOTHA Psif
ciy4daiiHbIX rekcamepoB (Hampumep, 3110) omxwuraercs ¢ peHarypuposannoil JIHK-marpuneit
(r.e. ogHouenovyeunori JIHK). Kak mokazano B 3114, korma omocpenoBaHHBIM reKkcaMepoM
cunte3 JJHK nenu 3118 mpoposxancst B HampaejieHUH OT S’ 10 37 ¥ JOCTUTAN CIENYIOLIErO
caiita cunresa JIHK, onocpenoBaHHOrO rekcamMepoM, MOJIMMEpPas3a BBITECHSAJA BHOBb
cuntesupoBannyro tenb JIHK (3122) u npoposokuia yyiuHeHUEe 1enu. BhiTeCHEHHbIe Henu
CHOBa CTAaHOBWJINCH oOpHouenodedHbiMu Matpuuamu JIHK pana  cBsA3bIBaHMS — Ciy4alHBIX
reKCaMepoB U MOIau MHULMUPOBAaTh HOBbIA cuHTe3 JIHK. IloBTOpHBIN OT:KMI rekcamepa H

BBITCCHCHHUEC LECIMKU B HU30TECPMHUYCCKOM TIPOLUECCEC MOXKET IMPUBCCTH K BbICOKOMY BBIXOOY
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amruindunpoBanHbix npoaykros JIHK. DT1o ammumdukanus, onucaHHas B JaHHOM JOKYMEHTE,
MOJKET OBITh HACTHBIM CIIy4aeM METOa aMIUTM(UKALIUTH MHOKECTBEHHOTO BbhITeCHEHUs1 (MDA).

Ammundunmposansasie npoayktsl JIHK nomonHutensHO QparMeHTHpOBaNN, HampuMmep,
HO 0e3 orpaHudeHui, Ha pparmMeHTsl ¢ pasmepom 100 m.o., 200 m.o., 300 m.o., 400 m.o., 500 m.o.,
600 m.0., 700 m.o., 800 m.o., 900 m.o., 1 T.m.o0., 5 T.m.o., 10 .m.o., 20 .o, 30 T.1.0., 40 T.1m.0., 50
T.0.0., 60 T.mo., 70 t.mo., 80 T.mo., 90 T.mo., 100 T.m.o., UK C APYTUMH KeJATEIbHBIMU
nuamnasoHamu pasmepoB. Ilporecc gparmMeHTanmu MOXKeT BKJIIOUATh B ce0si (hepMEHTaTUBHOE
pacuierieHne, — pacmbUIEHHe,  THAPOJUHAMHYecKoe  (parMeHTHpoBaHue,  oOpaboTKy
yIBTPa3BYKOM U T.A. B pesynprare, McxonHele MOOU(HUKAIMM OCHOBAHHWH, TakMe Kak OmMA,
MOryT OBITh TOYTH TIOJHOCTBIO YCTPAHEHBI TIyTeM AaMIUIM(QUKALUH BCEro TIeHoMa C
HEMETUIMPOBaHHBIM A (UA). @ur. 31A nemoHCTpHUpyeT BO3MOKHBIE pparmeHTs! (3126, 3130 u
3134) mpoaykros JAHK, mpuuem obe Lenu mMeEOT HeMeTWIHpOoBaHHbIM A. Takwe mpomyKThl
JHK ammm¢ukamun Bcero reHomMa 0e3 mMA TIOABEPrajd CEKBEHHPOBAHUIO OTIENBbHOM
MOJIEKYJIbl B PEAIbHOM BPEMEHHU ISl CO3aHMs Habopa JaHHBIX UA.

@ur. 31B neMOHCTpUpyeT NpUMEpP OAHOIO MOAXOMA JUIsl T€HEPUPOBAHUS MOJIEKYJ C
METHJIMPOBAHHBIMA aJCHUHAMHM TyTeM aMiummpukauuu Bcero remoma. Ha durype «uA»
0003HaUaeT HEMETWJIMPOBAHHBI aJeHUH, a «mA» 00O03HayaeT METWIMPOBAHHBIA AJCHUH.
IIpumepro 1 ar JIHK uenoseka amrmmmduuupoBamu ans nonydenuss 10 vr mpoaykra JIHK
nyTeM amruiuuKanuu Bcero reHomMa ¢ 6 MA u HemerwiupoBaHHeiMH C, G u T.
MeTunupoBaHHbIE aI€HUHBI MOTYT OBITh MOJIYYEHBI MOCPEICTBOM Psiia XUMUYECKUX peakiuid (J
D Engel ef al. J Biol Chem. 1978;253:927-34). Kax mnpommmocrpupoBaHo Ha Pwur. 31B,
aMIUTH(UKALIIIO BCEr0 T€HOMa MPOBOIMIN C HCIOJB30BAHMEM YCTOHYMBBIX K 3K30HYKJI€a3aM
THodochaT-MOINPUIIIPOBAHHBIX CIYYaHHBIX T'€KCAMEPOB B KAdeCTBE IPaiiMEpOB, KOTOpbIE
CIIy4ailHBIM 00pPa30OM CBSI3bIBAIOTCS O BCEMY I'€HOMY, UTO IMMO3BOJIET MOJMMepase (Harmpumep,
JHK-nonmumepasze Phi29) ammmuduuuposate JAHK (Hampumep, myTeM H30TEPMHUYECKOH
JTuHeHo! amrutndukaumn), anagoruano Our. 31A. Ycrolyusblie kK Sk30HyKIeazam Tuodocdar-
MOIU(UIIMPOBAHHBIC CITyYaiHble reKcaMepbl YCTOHYMBBI K 3'—5' 5K30HYKJICA3HOH aKTHMBHOCTHU
koppektupyromux JIHK-nonmumepas. Takum oOpa3om, BO Bpemsi aMIDTU(PHUKALUN CIy4daiiHbIe
rekcaMepsl OyayT 3alHUIIEeHbl OT AeTPagaliu.

Peakuus ammumgpukauyn HHULTUHPOBAJIACh, KOTTA PSA CIYYalHBIX T€KCAMEPOB OTKUT AN
¢ nenarypupoBannoii JIHK-marpuneit (t.e. omnonenoueunoii JIHK). Korma omocpenoBaHHbIN
rekcamepoMm cunrte3 JJHK npomomwkancs B HampasieHuu otT 5™ 10 3’ ¥ AOCTUTAN CIENYIOLIETO
caiita cunresa JIHK, onocpenoBaHHOrO rekcamMepoM, MOJIMMEpPas3a BBITECHSAJA BHOBb
cuHtesuposanHyro uens JIHK u mnpopomkana yanuHeHue Lenu. BbiTecHeHHble IeNu

CTAaHOBUJIUCH OfHOUenovYeuHbiMu Matpunamu JIHK nnst cBsisbiBaHUA ClydallHBIX M€KCAMEPOB H
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MOTJIM MHULMUPOBATh HOBBIN cuHTe3 JIHK. IToBTOpHBIN OTKUT rekcaMepa U BBITECHEHUE LIETTH B
U30TEPMHUYECKOM TPOLIECCE MOJXKET TPUBECTH K BBICOKOMY BBIXOAY aMIUTM(YULIHUPOBAHHBIX
npoaykros JIHK.

Ammundunmposansasie npoayktsl JIHK nomonHutensHO QparMeHTHpOBaNN, HampuMmep,
HO 0e3 orpaHu4eHui, Ha pparMeHTsl ¢ pasmepom 100 mo., 200 m.o., 300 m.o., 400 m.o., 500 m.o.,
600 m.o., 700 mo., 800 m.o., 900 m.o., l Tm.o., ST1mo., 10 T.mo., 20 Tm.o., 30 Tmo., 40 r.1.0., 50
T.1.0., 60 T.m.o., 70 T.m.o., 80 T.mo., 90 T.mo., 100 T.m.0., WK ¢ OPYyrUMH KOMOWHAIUSIM TIO
muHe. Kak mokazaHo Ha @ur. 31B, ammumduiuposanssie npoaykrsl JJHK OyayT Bxmouars B
ceOs1 pasnuuHble (POPMBI MATTEPHOB METWIMPOBAHHUS MO CaWTaM aJeHWHA B KaXIOH Lenu.
Hanpumep, o0e nenu AByXLENOYEUHOH MOJEKYIbl MOTYT OBITh METHJIMPOBAHBI TI0 OTHOIIEHUIO
k ameHuHaM (Mogekyna I), kotopbie OynyT oOpa3oBBIBATHCS, KOTNA JBE LEMU TMOJYYalOT B
pesynbrate cuaTe3a JJHK Bo Bpems amminukanny BCero reHoMa.

B xauecTBe npyroro npumepa, OJHa LEeNb JBYXLENOYEUHON MOJIEKYJIbl MOKET COAEPKATh
yepenyrmuecs: MaTTepHbl METWIMPOBaHUS Mo caiWtam aneHuHa (Momnekyna II). Ilarrepn
YepenyroIEerocss METHINPOBAHUS ONPENeNAeTCsl KaK MaTTePH, KOTOPBIN BKIIFOYAET B ce0sl CMeCh
METUJIMPOBAHHBIX M HEMETWIMPOBAaHHBIX OCHOBaHuUH, npucyrcreyromux B nenu JHK. B
CIeNYIOIUX MPUMEPAX Mbl HCHOJb3YEM YEPEAYIOIIMICS MaTTepH METUIMPOBAHUS aACHUHA,
KOTOPBI BKJIIOHaeT B ce0s CMEChb METHJIMPOBAHHBIX M HEMETWJIMPOBAHHBIX AJCHUHOB,
npucyrctByromux B nenn JHK. 3ror Tun asyxuenoueuHodt Monekynbl (Monekyna II)
BO3MOJKHO OBLIO TE€HEpUPOBaTh MOTOMY, YTO HEMETHJIMPOBAHHBIA TeKcaMep, COIep KallHii
HEMETWJIMPOBAaHHbIE aleHuHbI, ObuT cBsidaH ¢ uenblo JIHK u mamimumposan yamunenue JJHK.
Mor ObITh cekBeHUpOBaH Takoi amruuduimposannbiii npoaykt JAHK, conepskamuii rekcamep ¢
HEMETWJIMPOBAHHBIMU AJ€HUHAMH. B albTepHAaTUBHOM BapHaHTE, 3TOT TUN JBYXLENOYEYHOU
mostekysbl (Monekyna II) mor OwbiTe mHHULIMMpOBaH (pparmeHTupoBaHHo JIHK w3 mcxomHoi
JHK-matpuupl,  copepskamedl  HEMETUIMPOBAHHBIE  QJA€HUHBL,  MOCKOJBKY  TaKylO
¢dparmenTupoBannyro JIHK moxkao Obuto cBszath ¢ nensio JJHK B kadectBe mpaiimepa. Mor
OBITh CEKBEHHPOBAH Takol amrutudunrposanneiii mpoaykr JHK, coneprxammuii yacTb HCXOAHOM
JHK ¢ HemerunupoBaHHBIMM aJeHMHamMu B Lenu. I[IOCKONBKY HEMETWJIHPOBAHHBIE
reKcaMepHble TpaiiMepbl COCTABJISIFOT JIMINL HEOOJBINYI 4YacTh obOpasyrommxcst uened JTHK,
OO0JBIIMHCTBO (PParMeHTOB BCE PaBHO OyAyT comep:kaTh OMA.

B kxadecTBe npyroro npumepa, oHa Lemnb AByXienouedHoi Mojiekynbl JJHK mMoxeT ObITh
METHJIMPOBaHA IO CalTaM aJeHWHa, HO Jpyras Lemb MOXeT ObITb HEMETHIMPOBAHHOU
(Monexkyna IIT). 3TOT THI OBYXLENOUYEYHON MOJIEKYJIBI MOKET OBITh MOJIYYEH, KO UCXOIHAS
nens JTHK 0e3 MeTHnMpoBaHHBIX aJ€HUHOB MpPEAOCTaBisieTCsl B KadecTBe Mosekynsl JIHK-

MaTpULbI AJId MMOJIYUCHUA HOBOM nenu ¢ METUJINPOBAHHBIMU aJCHUHAMU.
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Ob6e mnemu wmoryr ObiTh HeMeTwiupoBaHHBIMH (Monekyna 1V). 3Ortor THn
ABYXLETIOYEYHOH MOJIEKYJIbI MOXET OBITh PE3yJIbTATOM IMOBTOPHOTO OT)KUTA JIBYX HCXOIHBIX
nene JIHK Ge3 MeTniMpoBaHHBIX aIEHUHOB.

IIpouecc ¢parMeHTan MOXKET BKIIOYAaTh B ceOs (EepMEHTATUBHOE pacIIeIUIeHHE,
pacrbuieHHe, THAPOIUHAMUYECKOe (pparmMeHTHpOBaHue, 0OpPadOTKY yIbTPa3BYKOM H T.1. Takue
npoaykrel JIHK ammmudukanum Bcero reHoMa MOTYT OBITh IOYTH LEIUKOM METHUIIHPOBAHBI
kacaemo caiitoB A. Oty JIHK ¢ mA noasepraiu CeKBEHUPOBAHUIO OTHEJNBbHON MOJIEKYNbI B
peasbHOM BpPEMEHH JUTsI CO3/IaHUs Hadopa JaHHBIX MA.

s Habopa maHHBIX UA MbI CEKBEHHpOBaIH 262608 Moyekyn co cpenHei miamHON 964
I1.0. C UCTIOJIb30BAHIEM CEKBEHHPOBAHUS OTAEIBbHONW MOJIEKYJIb B peaJIbHOM BpeMeHH. Menuana
ryOnHbl cyOnmpoureHuii cocraBimsuia 103x. 48% cyOnpoureHnii MOXHO OBLIO BBIPOBHSATBH C
STAJIOHHBIM T'€HOMOM YeJIOBEKa C TIOMOLIbI0 nporpaMmbl BeipaBHuBaHus BWA (Li H et al.
Bioinformatics. 2009;25:1754-60). B kadecTBe npumepa MOKHO uCob3oBath Sequel II System
(Pacific Biosciences) misi BBIMOJHEHUs] CEKBEHHUPOBAHHS OTHEJNBHOW MOJIEKYJIBI B PEaJbHOM
BpeMmeHu. PparmeHTrpoBanHbie Mosekynbl JJHK Obutn monBeprHyThl MOCTPOCHUIO MAaTpPHLBI
IUI CEKBEHUPOBAHMS OTAEIBHON MOJeKysbl B peanbHoM BpeMeHH (SMRT) ¢ ncnonbs3oBannem
SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences). OTxur mnpaiimMepoB mms
CEeKBEHHPOBAaHUA W YCJIOBHUS CBSA3BIBAHHS IIOJIUMEPA3bl  PACCUMTHIBAIH C  TOMOIIBIO
nporpammuoro obecrieuennss SMRT Link v8.0 (Pacific Biosciences). Bkparue, npaiimep v2 st
CEeKBEHHPOBAHMS OTXKHUTAJIN C MAaTPULIEH AJI1 CEKBEHUPOBAHUS, a 3aT€M TOJUMEPa3y CBA3BIBAIIH
¢ marpunamu ¢ ucnons3oBaHueM Sequel II Binding and Internal Control Kit 2.0 (Pacific
Biosciences). CexsenmpoBanue BoimonHsuin Ha Sequel II SMRT Cell 8M. ®unbMmbl
cexBeHHpoBaHMs Obutn cobpanbl Ha cucreme Sequel II B Teuenue 30 vacoB ¢ momompio Sequel
II Sequencing Kit 2.0 (Pacific Biosciences).

s HaOopa maHHBIX MA MbI cekBeHHpoBanu 804469 monekyn co cpenHeil nimHON 826
I1.0. C UCTIOJIb30BAHIEM CEKBEHHPOBAHUS OTAEIBbHONW MOJIEKYJIb B peaJIbHOM BpeMeHH. Menuana
ryOnHBl CyOmpouTeHni coctaBisiaa 34x. 27% cyOmpouTeHHH MOXKHO OBLIO BBIPOBHSTH C
STAJIOHHBIM T'€HOMOM YeJIOBEKa C MOMOINbI0 mporpammbl BeipaBHuBaHUus BWA (Li H ef al
Bioinformatics. 2009;25:1754-60).

B onHOM BapuaHTE OCYIIECTBJICHUS, KHHETHUYECKHE XapaKTEPUCTHUKH, BKIIIOYAs, HO HE
orpannumBascb, MUII u 1M, 6pun npoaHaNIU3UPOBAHBI CHEUM(UUHBIM ISl LEMH CIIOCOOOM.
JInst pe3ynbTaTOB CEKBEHWPOBAHUS, TMOJYYEHHBIX M3 Ienu YoTcoHa, 644318 calitoB A 0Oes
METHJIUPOBAHUA, CIy4alHO BBIOpaHHBIX M3 Habopa maHHBIX UA, m 718586 caiitoB A ¢
METHJIMPOBAHUEM, CITy4ailHO BBIOPAHHBIX W3 Ha0Opa AAHHBIX MA, OBLIM HCIONB30BAHBI IS

co3ganust oOy4aroriero Habopa manHbIX. Takoi oOy4aromuii HaboOp MAHHBIX UCTIOJIB30BAJICS AJISI
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HAJQXKUBAHUA MOJETEeH KJIacCU(PUKALMN W/WIM TOPOTOBBIX 3HAYEHWUH U1  pa3IHueHHs
METHJIMPOBAHHBIX U HEMETHJIMPOBAHHBIX a€HUHOB. TeCTOBbII HaOOp HaHHBIX OBUT COCTaBIIEH
u3 639702 caiitoB A Ge3 MmermnupoBanHus U 723320 caliToB A C METHIMpOBaHHEM. Takoil
TECTOBBI HAOOP MAaHHBIX WCMOJB30BAICS I TPOBEPKH 3(P(PEKTUBHOCTH MOAETH/TIOpOra,
YCTAHOBJIEHHBIX C TIOMOIIBIO O0y4aro1mero Hadbopa TaHHbBIX.

MBI npoaHanu3UpOBaNN PE3yJbTaThl CEKBEHUPOBAHUS, MOJyUYeHHbIE U3 Lienell YOTCcoHa.
@ur. 32A neMOHCTpUpYeT 3HAYeHHs MeXUMIyJIbcHOTrO nepuona (MUIT) B oOyuaromem Habope
TaHHBIX 17151 HaOopoB maHHBIX UA 1 mA. Jlns oOyvatomero Habopa naHHbIX 3HaueHnss MUIT st
CEeKBEHHPOBAHHBIX CAHTOB A ObUIM BhIIE B HaOOpe maHHBIX MA (MexnaHa: 1,09; nuanaszoHn: O -
9,52), uem B Habope nanHbIX UA (Meamana: 0,20; nuamazon: 0-9,52) (3nauenue P < 0,0001; U-
Kkputepuii MaHHa- YUTHR).

@ur. 32B nemoncrpupyer MUII mis TectoBoro Habopa AaHHBIX HAOOPOB MAHHBIX UA H
mA. Korga mbr nzyuyanu 3HaueHust MUII nist ceKBEHHPOBAaHHBIX CaTOB A B TECTOBOM Halope
TAaHHBIX, MbI 3aMeTHIH, 4To 3HaueHnss MUII Obln BeIle B HAOOpe AaHHBIX MA, yeM B Halope
naHHbix UA (Meamana 1,10 B cpaBrenuu ¢ 0,19; 3Hadenue P < 0,0001; U-kpurepuit ManHa-
Yuran).

@ur. 32C peMoHCTpHpyeT OONAaCTh NOJ KPHUBOW OINEPALMOHHBIX XapaKTEPHUCTHK
npuémunka (ROC) ¢ wucnonb3oBanmem mnoporosoro 3HaueHuss MMIL. Yacrora ucTmHHO-
MOJIOKUTEJIBHBIX ~ PE3yJIbTATOB  NPEACTABJIEHA HAa OCH OpAMHAT, a 4YacToTa JOXKHO-
MIOJIOXKUTENIbHBIX Pe3yJbTaTOB - Ha ocHu adcumcc. Ilnmomans mon KpUBOHW ONEpariMOHHBIX
xapakrepuctuk npuémauka (AUC) mpu pasnuueHWH CEKBEHHPOBAHHBIX OCHOBAaHMHA A B
MarpuuHbIx MoJiekyiax JIHK ¢ mermnupoBaHmeM u 0e3 METHIIMPOBAHHS C HCIOJIb30BAHHEM
cooTBercTBytomux 3HaueHun MMUIT cocraBnsima 0,86 kak mist oOydaromero, Tak HW JUIs
TECTOBOTO HAOOPOB TAHHBIX.

IToMuMo pe3ynbTaToB MO LeNsM YOTCOHA, Mbl IPOAHAIU3UPOBAIM PE3YJbTaThl
CEeKBEHUPOBaHUsl, nosydeHHble no uensm Kpuxa. @ur. 33A nemonctpupyer 3HaueHus MUII
s obyqaromero Habopa naHHbIX UA 1 mA. g obyyaromero Habopa naHebx 3HadeHnss MUTT
1Tl CEKBEHUPOBAHHBIX CAHTOB A ObLIH BBILIE B HAOOpe maHHbIX MA (MexuaHa: 1,10; nuamasoH:
0 - 9,52), uem B Habope maHHBIX UA (MenuaHa: 0,19; muanason: 0 - 9,52) (3nauenue P < 0,0001;
U-kpurepuiit ManHa-YUTHH).

@ur. 34B nmemonctpupyer 3Hauenuss MUII nns tectoBoro Habopa DaHHBIX HaOOPOB
naHHbIX UA 1 mA. Takxe Habmomanu Oonee Boicokne 3HaueHust MUIT nist ceKBEHUPOBAHHBIX
CaiTOB A 1151 TECTOBOrO HabOpa MaHHBIX, IO CPABHEHHUIO ¢ HAOOPOM maHHBIX UA (Menuana 1,10
B cpaBHeHuH ¢ 0,19; 3Hauenue P < 0,0001; U-kpurepnit ManHa-YuTHH).

Qur. 33C npemoHcTpupyer miowmwaab mnox kpusoi ROC. Yacrora uCTUHHO-
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MOJIOKUTENIbHBIX ~ PE3yJIbTaTOB NPEACTaBJI€HA HAa OCH OpAMHAT, a 4YacToTa JIOKHO-
MOJIOKUTEIBHBIX PE3YJIbTATOB - Ha ocH abcmuce. 3Hadenne romann nox kpusoit ROC (AUC)
IpU  pa3IMueHUH CEKBEHMPOBAHHBIX OCHOBaHMII A B Mojekynax JHK-matpuusr c
METHJIMPOBAHUEM U 0€3 METHJINPOBAHHSI C UCIIOJIB30BAHUEM COOTBETCTBYOLTNX 3HaueHnid MUIIT
cocrasisiio 0,86 u 0,87 mist obydaroimero u TeCTOBOro HabopOB JaHHBIX, COOTBETCTBEHHO.

Qur. 34 neMOHCTpUpyeT WJUIIOCTpaLUIO Ui ompeaeneHus OmA nenu YoTcoHa C
UCTIOJIb30BAHNEM OKHA M3MEPEHHS COTJIACHO BAPHAHTAM OCYLIECTBIIEHHS JAHHOTO N300pEeTEeHUsI.
Takoe OKHO M3MEpeHHs] MOKET BKJIIOUATh B Ce0sl KHHETUYECKHE XapAaKTEPHCTUKH, TaKHE Kak
MUIT u 1IN, u xoHTEKCT ONu3neskaeil nocnenosareapbHocT. OnpeneneHne 6mA MOXKeT ObITh
BBITIOJTHEHO TaK JKe, Kak onpeneneHue metuianposanaoro CpG.

Qur. 35 neMOHCTpUpPyeT WIUIIOCTpaLui0 i omnpeaeneHuss 6mA nenu Kpuka c
UCTIOJIb30BAHMEM OKHA M3MEPEHHS COTJIACHO BAPHAHTAM OCYIIECTBIIEHHS JAHHOTO H300pEeTeHUsI.
Takoe OKHO M3MEpeHHUs] MOKET BKJIIOYATh B C€0sl KHHETUYECKHE XapaKTEPUCTHUKU, TaKHE Kak
MMUII u 1IN, 1 xoHTeKCT Oau3neskalieii mociea0oBaTeNbHOCTH.

Hamnpumep, 10 ocHoBaHUI C KaXIOHl CTOPOHBI CEKBEHHMPOBAHHOIO OCHOBaHUS A B
uccnenyemoii JIHK-marpune Obuti MCTIOIB30BaHBI I CO3MAAHMSI OKHA WU3MEPEHUs. 3HAuYeHUs
xapakrepuctuk, Bkarodas MUIIL, IIIM u KOHTEKCT MOCIEAOBATENBHOCTH, HCIHOJB30BANIMU IS
oOydeHusT MOIeNu ¢ UCIOJb30BaHUEM CBepTouyHOU HeliponHoit ceru (CHC) cormacHo
pPacKpeITBIM B IaHHOM JOKYMeHTe crocodaM. B npyrux BapmaHTax OCYIIECTBIICHHS,
CTaTUCTHYECKHE MOJIEIM MOTYT BKIIFOYATh B ce0st, HO 0€3 OrpaHMYeHHs], IMHEHHYIO PErpeccHro,
JIOTUCTUYECKYIO PErpeccrio, TIyOOKYIO0 PEKYPPEHTHYIO HEHPOHHYIO CeThb (Hampumep, IOJTrasi-
KpaTkocpouHasi mamsath, LSTM), OaitecoBckmii kiaccu(UKATOp, CKPBITYIO Mojaesb Mapkosa
(HMM), nuselHbpli auckpuMuHaHTHBIN aHamm3 (LDA), knacrepmsammoo — k-cpenHux,
IUIOTHOCTHBIM aJrOpUTM KJIACTEpU3ALMU MPOCTPAHCTBEHHBIX JAHHBIX C MPUCYTCTBHEM LIyMa
(DBSCAN), anroput™ CiIy4aifHOTO Jieca U MAIllMHY OTIOPHBIX BEKTOPOB (SVM).

®Qur. 36A u ®@ur. 36B 1eMOHCTPUPYIOT BBIACHEHHYIO BEPOSTHOCTb METUIIMPOBAHUS IS
CEeKBEHHMPOBAHHBIX OCHOBaHMH A mermu YOTCOHa MeXAy HabopamMM AaHHbIX UA U mMA ¢
HCIIOJIb30BaHNEM OKHa u3MepeHusi Ha ocHoBe mojenu CHC. ®ur. 36A neMOHCTpHUpYET, 4TO
monens CHC Obuta obyuena Ha oOydaromem HaOope nanHbix. Hampumep, monens CHC
UCTIOJIb3YET ABa |-MEpPHBIX CBEPTOYHBIX CJIOS (KaXKAbIid ¢ 64 ¢uibTpamMu ¢ pasmMepom siapa 4, 3a
koTopeIM crienyer cioii ReLU), ¢ mocienyrommum cioeM oTceBa ¢ 3HaueHHeM oTceBa 0,5.
Hcnonp3oBancss ca0H MakCUMyMa TOABBIOOPKH C pasMepoM MoOABBIOOpkH 2. 3aTreM OH
Nepexoany B 1Ba 1-MEPHBIX CBEPTOUHBIX €105 (Kaxablid ¢ 128 ¢unsrpamu ¢ pazmepom siapa 2,
3a KotopbiMH cienoBan cioii ReLU), nanee mcrnonb30Bajcs CIOH OTCEBA C 3HAYCHHEM OTCEBA

0,5. Wcnonp3oBajics CIOW MakCUMyMa MOABBIOOPKH C pasMepoMm moaBbiOopku 2. Haxownerr,
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MOJIHOCBSI3HBIN ¢Joi ¢ 10 HelipoHamu, 3a KOTOpbIM cieaosan cinoi ReLU, ¢ BBIXOHBIM CJIOEM C
OJIHUM HEHPOHOM, 32 KOTOPbIM CJIe10Bajl CUTMOMAAJIbHbIN CJIOH, TEM CaMbIM JaBasi BEPOSTHOCTD
METHJIUPOBaHUA. MoOryT OBITh alanTHPOBAHbI APYTHE HACTPOWKU CIIOEB, (PHIBTPOB, pasMepoB
Spa, HaIpUMep, KaK OMMCAHO B JAHHOM IOKYMEHTE JJISl IPYroro METHIMPOBAaHUs (HAIpUMED,
CpG). B atom obyuarorem HabOpe NaHHBIX, KACAOIIEMCs Pe3YJIbTaTOB CEKBEHHPOBAHUS IISTH
Yorcona, mbl ucnosb3oBanmu 644318 u 718586 ocHoBaHuN A W3 HEMETWIMPOBAHHON U
METHJIMPOBAHHON OMOIHOTEK.

OcHopeiBasicb Ha Moaenu CHC, nns pgaHHBIX, CBS3aHHBIX C IENb0 YOTCOHAQ,
CEeKBEHHPOBaHHbIE OCHOBaHUS A B Mojekynax JIHK-matpuiiel n3 Habopa JaHHBIX MA CITY>KUIH
HUCTOYHHUKOM ropaszo 6oiee BHICOKOH BEPOSTHOCTH METHIIMPOBAHUS Kak B 00yJaromem, Tak U B
TECTOBOM Ha0Opax MaHHBIX MO CPABHEHHIO C OCHOBAHUSMH A, MPUCYTCTBYIOIIMMHU B Habope
naHHbIX UA (3Hauenme P < 0,0001; U-kpurepmii ManHa-YutHn). s ofyvaromero Habopa
JAHHBIX CPENHSS BEPOSTHOCTh METHIIMPOBAHMS MO calTax A B HaOOpe NaHHBIX UA COCTaBIIsLIA
0,13 (mexxBapTmibHblil auanason, MKJ: 0,09 - 0,15), Torma kak 3TO 3HaueHue B Habope
naHHbIXx mA cocrasisiio 1,000 (IQR: 0,998 - 1,000).

@ur. 36A 1eMOHCTPUPYET BEPOSITHOCTh METHJIMPOBAHUS, ONPEAEIEHHYIO AJIl TECTOBOTO
Habopa manHbIX. J{ns oOydaromero Habopa MaHHBIX CPEAHSST BEPOSITHOCTb METHIIMPOBAHUS TIO
caiitax A B Habope manHbIX UA cocraeisuia 0,13 (MeskkBapTuinbHbid auanason, MKJI: 0,10 -
0,15), Torga kak 3To 3HaueHue B Habope maHHbIX MA coctassuio 1,000 (IQR: 0,997 - 1,000).
@ur. 36A u 36B nemonctpupyror, uro monens CHC Ha oCHOBE OKHa M3MEpPEHHs] MOXKET ObITh
oOyueHa 0OHapYKEHUIO METHIIMPOBAHHUS B TECTOBOM HaOOpe NaHHBIX.

@ur. 37 npeacrasisier coboit kpuByro ROC mnst oOHapyxkeHns 6mA ¢ UCTIONb30BaHUEM
moaenu CHC Ha ocHOBe OKHa M3MEpeHMUsl JUlsl CEKBEHHPOBAHHbBIX OCHOBaHUI A 1enu YOTCOHa.
YacTtoTa MCTHHHO-TOJOKUTENBHBIX PE3YyJbTaTOB IpPEACTaBIeHAa MO OCH OpAMHAT, a 4acToTa
JIOXKHO-TIOJIOXKUTENBHBIX - 10 ocu abcuucc. Purypa nemoHcTpupyeT, uro 3HaueHne AUC s
pa3NIUYEeHUs] CEKBEHHPOBAHHBIX CANTOB A C MeTHJIUpOBaHMEM U 0€3 METUJIMPOBAHHUS C
ucnosibzoBanneM moaenu CHC coctassiio 0,94 u 0,93 mist o0y4aromiero u TeCToBoro Habopos
JAHHBIX, KOTOPbIE COCTOSTIM U3 PE3YJIbTATOB CEKBEHUPOBAHUS LIEMH Y OTCOHA, COOTBETCTBEHHO.
310 mpeanosiaraeT TO, YTO OBLJIO BO3MOXKHO HCIOJB30BATH PACKPBITHE M300PETEHUS B JTAHHOM
JOKYMEHTEe [Jisl OIpenesieHUs] COCTOSHUN METUJIMpPOBaHUS B caiiTax A C HCIOJb30BaHHEM
OaHHBIX 1enu YorcoHa. Ecmu Obl MBI  HUCHONB30BAIM  ONPEAENIEHHYIO BEPOSTHOCTH
METHJIUpPOBaHUA ¢ 3HaueHHeM 0,5 B KauecTBe mopora, MoxHO Obuto Obl moctmub 99,3%
cneunuaHOCTH U 82,6% YyBCTBUTENBHOCTHU I OOHApYkeHUs1 6mA. @ur. 37 NeMOHCTPUPYET,
yro monenb CHC Ha oCHOBE OKHA U3MEPEHHsI MOJKET MCTIOIb30BAThCS sl OOHApY)KeHUs: 6mA ¢

BBICOKOM CHeL[I/I(I)I/ILIHOCTbI-O U YyBCTBUTCJIIBHOCTBIO. TogHoCTb MOACIN MOXHO CpPaBHUTH C
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METOJIOM, UCTIOJIb3YIOLIMM TOJIbKO nokasatesns MHUIL

@ur. 38 nemoHCTpHUpyeT cpaBHeHHE 3((EKTUBHOCTH MeXAy OOHapykeHHeM OmA Ha
ocHoBe mokazarenss MUWII u oOHapykeHnmeM OmA Ha OCHOBE OKHA HW3MEPEHUSL
UyBCTBUTEIBHOCTh OTJIOXKEHA MO OCH OPAMHAT, a CIEeUU(UIHOCTD OTJIOKEHA 10 OCH a0CIHCC.
@ur. 38 nemoHcTpupyeTr, 4TO 3(P(PEeKTUBHOCTH C HCHONB30BAHHEM KiaccHpUKauu 6mMA Ha
OCHOBE OKHa M3MEPEHHsI COTIIACHO PACKPBITHIO N300peTeHus B naHHOM aokymeHTe (AUC: 0,94)
NPEBOCXOUT 3TOT TPATULHOHHBINA CrIOCO0, MCTONB3YIOMUN Tobko mokasarens MUIT (AUC:
0,87) (3nauenune P < 0,0001; tect [Henonra). Monmens CHC Ha OCHOBE OKHa H3MEpEHHS
npes3onuia 0OHapykeHne Ha OCHOBe nokasarenss MUIL

@ur. 39A u 39B neMOHCTPUPYIOT BBISICHEHHYIO BEPOSTHOCTb METHJIMPOBAHUSA AN TEX
CEeKBEHHPOBaHHbIX OCHOBaHMH A wnenu Kpuka wmexay HaOopamu HaHHBIX UA U mMA ¢
ucnonp3oBanneM wmonenu CHC nHa ocHoBe oxHa wusmepeHus. Pur. 39A nemoHcCTpupyeT
oOyuaromuii Habop naHHbIX, a Our. 39B nemMoHCTpHUpYET TeCTOBBIN HaOOp maHHBIX. Ha obounx
durypax mo ocu OpIMHAT OTJIOXKEHA BEPOSTHOCTh MeTuimuposanus. ®@ur. 39A u Pur. 39B
JEMOHCTPUPYIOT TO, 4To Ha ocHoBe Mojenu CHC, nis maHHBIX, cBsi3aHHBIX ¢ Lenbio Kpuka,
CEeKBEHHPOBaHHbIE OCHOBaHUS A B Mojekynax JIHK-matpuiiel n3 Habopa JaHHBIX MA CITY>KUIH
HCTOYHHUKOM ropaszo 0oiee BHICOKOH BEPOSTHOCTH METUJIMPOBAHUS Kak B 00y4aroIleM, TaK U B
TECTOBOM Ha0Opax MaHHBIX MO CPABHEHHIO C OCHOBAHUSMH A, MPUCYTCTBYIOIIMMHU B Habope
naHHbIX UA (3HaueHne P < 0,0001; U-kpurepuit Manna-YurtHn).

@ur. 40 nemoHCcTpUpYeT 3P PEKTUBHOCTD ONpeneeHnss OMA ¢ HCIIOJIb30BAHUEM MOACIH
CHC nHa ocHOBe OKHa M3MEpeHMsI Ha CEKBEHUPOBaHHbIX OocHOBaHUsAX A nenu Kpuka. Yacrora
HCTHUHHO-TIOJIOJKUTEJIbHBIX PE3yJIbTaTOB IPEACTaBleHa Ha OcCH opauHar. Yactora JOXKHO-
MOJIOXKUTENIbHBIX PE3YyJbTaTOB MpeAcTaBieHa Ha ocu adcumcc. Dur. 40 IEMOHCTPHUPYET, UYTO
3HaueHne AUC mnpu pasiuueHUN CEKBEHHPOBAaHHBIX CANTOB A C METWIMPOBaHHEM U 0e3
MeTUIHPOBaHus ¢ ucnosb3oBannem moaenu CHC cocrasisuio 0,95 u 0,94 mist obydaroimero u
TECTOBOTO HAOOPOB JAHHBIX, KOTOPBIE COCTOSUIM M3 PE3YyJIbTATOB CEKBEHHUpOBaHMs Lenn Kpuka,
COOTBETCTBEHHO. Takke ObUIO TOKa3aHO, 4TO 3((HEKTHBHOCTH C WCMOJIB30BAHHEM TOIXOMAA
CHC, packpeitoro B manHoMm nokymente (AUC: 0,94), mpeBOCXOOUT TakKOBYKO crocoda ¢
UCTIOJb30BaHuEM ToJibko mokazatens MMIT (0,87) (3Hauenme P <0,0001). Pesynbrars
CBUJETEJNbCTBYIOT O BO3MOXHOCTH HCIHOJB30BaHUS PACKPBITOTO B JAHHOM JIOKYMEHTe
n300peTeHusT U OIpENeNieH!s] COCTOSIHMI METUJIMPOBAaHUS B caliTax A C HCIOJIb30BAaHUEM
nanHbIxX nenu Kpuka. Ecny Obl MbI HCITONTB30BANIN OTIPENENIEHHYIO BEPOSITHOCTh METHIIMPOBAHUS
¢ 3HaueHneM 0,5 B KauecTBe MOPOTa, MOKHO ObLIO Obl mocTHub 99,3% cnermduunoctu u 83,0%
YyBCTBUTEJIBbHOCTH Asi oOHapykeHHst 6mA. ®@ur. 40 memonctpupyer, uro monenb CHC Ha

OCHOBE OKHA W3MEpPEHHs] MOJKET HCIOJb30BaThCsd MIsi OOHapykeHHs OmA ¢ BBICOKOM
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cneun(PUIHOCTHIO U YYBCTBUTEIBHOCTHIO.

®dur. 41 neMOHCTpUpPYeT NPUMEPbl COCTOSHUII METUJIMPOBaHHUS IJI1 OCHOBaHUN A B
MoJieKyJe, BKIouaromed B cebs uenm YorcoHa u Kpuka. benble Toukm mnpeacTaBisoT
HEMETWJIUPOBAaHHbIE aJleHUHBbl. YepHble TOYKU MPEACTABIAIOT METHUJIMPOBAHHbIE AaJE€HUHBL
I'opu3oHTaNbHBIE JTHHUM C TOYKAMH MPEACTABILIOT COOOH Lenb ABYXLEMOUYEHHON MOJIEKYJIbI
JIHK. Mounekyna 1 nemoHcTpupyeT, uto obe - nenu YorcoHa u Kpuka, Kak ompeneseHo,
SIBJISIFOTCSl HEMETHJIMPOBAHHBIMU MO OCHOBaHUsIM A. Mouiekyna 2 Je€MOHCTPUpPYET, YTO LEMb
Yorcona Oblta MOYTH TOJHOCTBIO HEMETWJIMPOBAHHOH, Torna kak Henb Kpuka Obuta moutu
MOJTHOCTBIO METHIIMPOBaHHON. Mosekyna 3 neMoHCTpHpyeT, uto ode - neru YotcoHa u Kpuka,
KakK OBUIO YCTaHOBJICHO, MOYTH MOJIHOCTHIO METHIIMPOBAHBI [0 OCHOBAHUSM A.

2. PacminpenHoe o0ydeHue ¢ HCHOJb30BaAaHHEM BbIOOpPOYHOro Hadopa
AAHHBIX

Kaxk mokazano Ha @ur. 36A, 36B, 39A u 39B, Habmonanu OUMOAaNbHOE pacrpeneacHue
BEPOSITHOCTH METUJIMPOBAHUS MO CEKBEHUPOBAHHBIMM OCHOBaHMsMM A B monekynax JIHK-
marpull B Habope maHHbIX MA. JIpyrumu cjoBamu, B HaOOpe HaHHBIX UA CYIIECTBOBAJIU
HEKOTOpblE MOJIEKYJIbl C CUTHajJaMd UA. DTO AOMOJHUTEIBHO MOJATBEPIKIAETCS HaIU4YHEeM
MIOJTHOCTBEO HEMETHIIMPOBAHHBIX MOJIEKYJ U MOJYMETHJINPOBAHHBIX MOJIEKYJ B HaOOpe NaHHBIX
mA (@ur. 41). OnHa 13 BO3MOKHBIX PUYUH MOKET 3aKIIFOUATHCS] B TOM, YTO MOJIEKYJIBI C UA B
JHK-MaTpunax mno-npexHeMy OyOyT COCTAaBJIATh 3HAYUTENBHYIO 4YacTb HaOOpa JaHHBIX MA
nocjie aMIIMQUKaud BCErO T'€HOMA, TOCKOJBKY MOJIEKYJIBl ¢ 6MA MPHUBEOYT K CHUKEHHIO
s¢pdexruBHocTn ammumdukaumu JHK Ha cragum ammudukanuy BCEero reHoMa. JTO
oObsicHeHue ObLIO  moaTBep:kAeHOo Tem  (aktom, uro 1 wHr renomuoi JIHK,
aMIuTHUIIMPOBAHHBIN ¢ 6MA, B pesynbrare aact Toiapko 10 Hr npoaykros JJHK, Torga kak 1 Hr
renomuo# JIHK, amrmnduumpoBaHHbIi ¢ HEMETHINPOBAHHBIM A, IpUBeneT K oOpasosanmto 100
Hr nponykroB JIHK mpu Tex ke ycnopwsx amrmumpukaumu. CnenoBarenbHO, Ayl Habopa
IaHHBIX MA, ucxoansle Mosekysbl JJHK-marpun, aneHnHbI KOTOPBIX OOBIMHO HEMETHIIUPOBAHBI
(marmpumep, 0,051%) (Xiao CL ef al. Mol Cell. 2018;71:306-318) OyayT coCTaBisATh MPUMEPHO
10% ot o01mero KOJIM4ecTBa aJeHIHOB.

B oxgHOM BapuanTe ocyiiecTBieHus, Mpy nonbitke o0yunts Moaens CHC pasnuuate mA
U UA, MOXKHO BBIOOPOYHO HCIOJB30BATh T€ OCHOBAHUS A C OTHOCHUTENBHO 0OJiee BBICOKMMHU
3HaueHnssMu MUIT B Habope nmaHHBIX MA Tak, 4TOObI YMEHBIIUTH BJIMSHHE AAHHBIX UA Ha
oOyueHne Mopenu ajsi oOHapyxeHus mA. MOTryT HCIONb30BaThCS TOJBKO OCHOBaHUS A CO
3HaueHussMu MMII Beile omnpeneneHHOro MOPOroBOrO 3HAYEHMs. 3HAUYEHHE IOPOra MOXKET
COOTBETCTBOBATb MPOLIEHTUJIIO. B OTHOM BapuaHTe OCYLIECTBJIEHMS], MOXHO HCIOJIb30BATh 3TH

ocHOBaHMsA A B Habope maHHbIX MA co 3HaueHHsiMu MUII, npespnuaroniiMu 3HadeHue B 10-m
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npoueHTuie. B HEKOTOphIX BapHaHTax OCYIIECTBIEHUS, MOXHO MCIIOJNb30BaTb Te A CO
3HaueHusiMu MUII, npesbimarominmu 3Hauenue B 1-m, 5-M, 15-m, 20-m, 30-m, 40-Mm, 50-m, 60-M,
70-m, 80-M, 90-m mwimm 95-m mponeHTWIAX. [IpoueHTHIIE MOXKET OBITh OCHOBAH Ha JAHHBIX IO
BCEM MOJIEKYJIaM HYKJIEHHOBBIX KHCJIOT B 3TAJOHHOM O0pasle WM MHOXECTBE 3TaJOHHBIX
0o0pasios.

@ur. 42 npemoncTpupyer 5(PQPEKTHBHOCTb € VYJIYULIEHHBIM OOy4eHMEM 3a CYeT
BBIOOPOYHOIO HCIOJBb30BAaHUSI OCHOBAaHUM A B HaOope maHHBIX MA co 3HaueHusimu MUIIL,
npesblarouMu - ero  10-i1  mpoueHTunb. @ur. 42 [EeMOHCTPUPYET YacTOTy HCTHUHHO-
MOJIOKUTEIIbHBIX PE3YJIbTaTOB MO OCH OPAMHAT U HaCTOTY JIOXKHO-IOJIOKUTEIIbHBIX Pe3yJIbTaTOB
no ocu abcumcc. Purypa AEMOHCTPUPYET, YTO MPHU HCIOJIB30BAHUH OCHOBaHUI A B Halope
naHHbIX MA co 3HaueHussMu MUII, npepinaronmu 10-i mporeHTb 171t 00yYeHHs] MOIEIH
CHC, AUC npu pasnauueHud OcHOBaHMM mA u uA yBemuuutcs 10 0,98, uTo mpeBoCXoauT
monens (AUC: 0,94), oOydeHHyr0 Ha naHHbIX Oe3 oTOopa Ha ocHoBaHuu 3HadeHuit MUII no
oOy4yeHHs. BbpUIO BBICKAa3aHO MPENOJIOXKEHHE, YTO BBIOOP CANTOB MA C HCHOJB30BAaHHEM
3HaueHnit MMWII nmns cozmanmst  oOywarommero HaOopa JaHHBIX TOMOXKET — YIYYIIUTh
Pa3IMYUTENBHYIO CIOCOOHOCTb.

Uro0Obl NONMOTHHUTENBHO MOATBEPANTH CYIIECTBOBAHUE MOJIEKYJ C OCHOBAaHMSAMH UA B
HaOope MaHHBIX MA, Mbl MPEANOJIOKIIN, YTO MPOLEHTHOE ConepkaHne UA B HaOOpe MaHHBIX
mA Oyner oboramieHo B siueiikax ¢ OONBIIUM KOJUYECTBOM CyONpPOYTEHUH, MOCKOJIbKY OmMA,
NPUCYTCTBYIOLINE B MOJIEKYJIe, OyIyT 3aMeIUISITh JIOHTALMIO MOJUMEPAa3bl MPH CO3IaHUU HOBOM
LIETTH, TI0 CPABHEHHIO ¢ MOJIEKYJIOH 6e3 6mA.

@ur. 43 pemoHCTpHpyeT TpaduK NPOLEHTHOrO CONEP’KAHUS HEMETHJINPOBAHHBIX
aJleHUHOB B HaOOpe MaHHBIX MA B 3aBUCHMOCTH OT KOJM4YecTBa cyOrpoureHuil (subread) B
Kaxoi stuefike. Och OpIMHAT MOKa3bIBaeT MpoLeHT UA B Habope nanHbIx mA. ITo ocu aberuce
MOKA3aHO KOJUYECTBO CyOmpouTeHUH B KakIoW sdeiike. TecTOBBI HAaOOp NAHHBIX ObLI
MOBTOPHO MPOAHAIM3UPOBAH C UCTIOJIB30BAHNEM PACIIMPEHHON Mozenu, Kotopas Obuta oOy4ueHa
C HUCHOJIB30BAHHEM CaWTOB MA mocne ymajgeHus caitoB A, 3HaueHuss MUII kotopeix ObLin
Huke 10-ro mpouentunsi. Ilocremennoe ypenundenwe UA (T.e. poct ¢ 14,6 mo 55,05%)
HaOJIIOIAIN IO Mepe YBEIHMUYSHHsI KOJMYECTBA CyONPOUTeHUH Ha OAHY siUelKy, BKJIIOYast oT 1 110
10 cyOnpoureHuii Ha OnHY stueiiKy cekBeHHpoBaHus, oT 10 no 20 cyObnpouTeHnii Ha UKy, OT
40 no 50 cybnpouTenwmii Ha stuetiky, oT 60 no 70 cyOnpoureHuit Ha stueiiky u 6onbime 70. Takum
o0OpasoM, STYeHKH ¢ OOJBIIUM KOJIMYECTBOM CYOIPOUYTEHUH OOBIMHO UMEIOT HU3KOE COIEpIKaHUe
mA. MerunupoBanue A MOXET 3aMeUINTh I[POXOXKJIEHHE pEeaklUHd CEeKBEHUPOBAHUS.
CnenoBarenpHO, OoJiee BEPOSATHO, UYTO SUYEHKH CEKBEHUPOBAHHUS C OOJBLIONH TiyOWHOM

cyOmpouTeHus: OyAyT HEMETHUIMPOBAHBI B OTHOIIEHHH A. DTO TIOBEJIEHUE MOYKHO HCIIOJIB30BATh
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11l OOHAPYKEHUsT HEMETHIIMPOBAHHBIX MOJIEKYJI C UCIOJIB30BAHHEM MOPOTOBOTO 3HAYECHUS IS
KOJINYEeCTBA CYONPOUTEHMH, CBA3aHHBIX C MOJIEKYJIOH, Hampumep, Oosbme uem 70
cyOmpouTeHHii  MOTYT OBITh  WACHTU(ULHMPOBAHbI KAk OoJblmas 4acTh  SIBISIETCS
HEMETHJINPOBAHHOM.

@ur. 44 neMOHCTPUPYET METUIIAICHUHOBbBIE MATTEPHBI MeXAY Lensamu YorcoHa u Kpuka
nsyxuernouednoil Mosiekynel JIHK B TecroBom HaOope maHHBIX. MeTHIMpOBaHUE A SIBIISETCS
ACUMMETPUYHBIM, U MIO3TOMY OBEIECHHUE STHUX ABYX LENel pa3andaercs. bonbIIMHCTBO MOJIEKyJT

ObLIH MCTUJINPOBAHbI u3-3a BKJIFOYUCHUA mA C HEKOTOPbIMHU OCTAaTOYHBIMU

>
HemeTunupoBaHHbIMU A. Ilo ocu opauHat nokasaH ypoBeHb MeTunaaeHuHa B nenu Kpuka. Ilo
ocH abcumce MoKa3aH YpOBEHb METWIAACHUWHA B Lienmu YorcoHa. Kaxknmas Touka mpencraBiisieT
cO0OM IBYXIEOYEUHYIO MOJIEKYNy. MCrIoNb3ysl pacIiMpeHHy0 MOAETb, KOTopasi Obuta o0y4ueHa
C TIOMOLIBIO BBIOPAHHBIX CAaliTOB MA, ABYXLIEITOUYEYHBIE MOJIEKYJIBI MOJKHO Pa3JesuTh Ha Pa3HbIe
IPYIIIBI B COOTBETCTBUHU C YPOBHEM METHIIMPOBAHUS KAXKIOW LIEMTH CIEAYIOIUM 00pa3oM:

(a) Jnsa asyxuenodyednoit moJsiekysisl JIHK ypoBHUM MeTUnaneHnHa B LEMsIX Y OTCOHA
u Kpuka Oputn Bbimme vem 0,8. Takas aByxuenoueuHass MoJieKyja ObLIa OIpenesneHa Kak
MIOJTHOCTBEO METHUJIMPOBAHHAS MOJIEKYJIa B OTHOLICHHWH aJ€HUHOBBIX caiitoB (Pur. 44, obnacts
A). YpoBeHb MeTWJIaIeHHHA B LENH ONPEAeIsUTH, KaK IPOLIEHT CAWTOB A, KOTOpble ObLIH
OTIpENIEJICHbI KaK METWJINPOBAHHbBIE, CPEeNH O0IIEro KOJNUECTBa CAHTOB A B 3TOH LIETIH.

(b) Hns neyxuenodeunoin mojekynsl JIHK ypoBeHb MermnaneHWHa B OJHOM LEnu
Obu1 Gombine ueMm 0,8, Torna kak B Apyroi uenu Obu1 MeHbine yem 0,2. Takast Mojekyna Oblia
oTpesieNieHa KaK MOJIyMETUJIUPOBAHHAS MOJIEKyJia B OTHOIICHHU CaiiToB aaeHnHa (Dur. 44,
obnactu B1 u B2).

(©) Jnsa asyxuenodyednoit moJsiekysisl JIHK ypoBHM MeTunaneHnHa B Lemsx Y OTCOHA
u Kpuka Obutn Menbme uyem 0,2, Takas nByxuenodedHas MoOJieKysia Obuia OIpenesieHa Kak
MIOJTHOCTBEO HEMETHJIMPOBAHHAsI MOJIEKYJIa B OTHOIICHUH aIeHUHOBBIX caliToB (Pur. 44, obnacts
O).

(d) Hns neyxuenoueunoit monekynsl JJHK ypoBHM MeTunanennna B uensx YOTcoHa
u Kpuka He npuHamnexanu rpynmaMm a, b um c. Takas aByxuernodedHas MOJIEKyna Oblia
OIpenesieHa Kak MOJIEKyJAa C YepeayHLIUMUCA NaTTepHAMU METUJIMPOBAHUS B OTHOLICHHUH
caiitoB aneHnHa (Pur. 44, obmacte D). Upenyrommecs maTTepHbl METHIUPOBAHHUA OBLIH
OIpenesieHbl KAK CMECh METUIIMPOBAHHBIX U HEMETUIMPOBAHHBIX aICHUHOB, IPUCYTCTBYIOIINX B
uenu JIHK.

B HeKkOTOpBIX ApYrUxX BapuaHTax OCYILECTBJIEHUs, IMOPOrOBbIE 3HAYEHUS YPOBHEHN
METHJIAIEHUHA JJIs1 OTIPENIEICHNS] HEMETHIIMPOBAHHON LIENTH MOTYT IMPECTaBIATE coO0M, HO Oe3

orpanndenusa, menblue yem 0,01, 0,05, 0,1, 0,2, 0,3, 0,4 u 0,5. Iloporosbie 3Ha4EHUsI YPOBHEM
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METHJIAIEHUHA JJIsl OTIPEICTICHNs] METHIIMPOBAHHOM I MOTJIM NPEACTAaBIAThL cOO0H, HO Oe3
orpanudenusi, 6onbine yem 0,5, 0,6, 0,7, 0,8, 0,9, 0,95 u 0,99.

Qur. 45 mnpencrasisier co0oOil  TaONMIy, TMOKAa3bIBAIOINYID MPOLEHT IOJHOCTHIO
HEMETHJINPOBAHHBIX MOJIEKYJI, MOJIYMETHINPOBAHHBIX MOJIEKYJI, MOJHOCTBIO METHJINPOBAHHBIX
MOJIEKYJ U MOJIEKYJI C YepenyOIIUMHUCS METHJIAJIEHUHOBBIMH NAaTTEPHAMH B OOydYaromeMm U
TECTOBOM HabOpax MHaHHbIX. MOJIeKyJbl B TECTOBOM Ha0Ope HaHHBIX MOIYT OBITh
KJIacCU(UIIMPOBAHBl HA TMOJHOCTBIO HEMETHIMPOBaHHbIE MOJeKynbl (7,0%) B OTHOIIEHUH
CaiTOB aJIeHHMHA, IOJYMETHIINPOBAHHBIE MOJEKyJIbl (9,8%), TOJHOCTBIO METHIMPOBAHHBIC
MoJTeKyJIbl (79,4%) 1 MOJIEKYJIbI ¢ YepeayIOUIUMUCS maTTepHaMu MeTwianeHuHa (3,7%). Otu
pe3yJbTaThl OBUIM CONOCTaBUMBI C PE3YJIbTATAMH, MPOJEMOHCTPHUPOBAHHBIMH B OOydaroIeM
HaOope MaHHBIX, I KOTOPOTO MPENCTAaBJICHbl MOJHOCTBI0 HEMETHJIMPOBAHHBIE MOJIEKYJIbI
(7,0%) mo OTHOWIEHWIO K calTaM aJeHHWHA, NOJyMeTUIHpoBaHHble MoJekynbl (10,0%),
MIOJTHOCTBEO METHJIMPOBaHHBIE MOJIEKYJIBI (79,4%) U MOJIEKYJIbI ¢ YePEAYIOIINMHUCS MaTTEPHAMHU
meTunaneHuHa (3,6%).

[0021] ®dur. 46 wWUIOCTPUPYET TNOKA3ATENbHBIC NPUMEPbI MOJIEKYJ C TOJHOCTBIO
HEMETHJINPOBAHHBIMU MOJIEKYJIAMU B OTHOLIEHUH aJIeHUHOBBIX CANTOB, MOJIYMETHIHPOBAHHBIX
MOJIEKYJ, TOJHOCTBKO METWJIIMPOBAHHBIX MOJIEKYJ] M  MOJIEKYJ C YepeayoLIUMUCS
METHJIaJIECHUHOBBIMU TNaTTepHaMu.benble TOUKM MPEACTAaBIISIIOT HEMETHUJIMPOBAHHBIE aJ€HUHBI.
UepHble TOUKH MPENCTABISIIOT METUJIMPOBAHHbIE aIeHUHbI. | OpH30HTANbHbIE TUHUM C TOUKAMU
MPEICTABIISIFOT COOOM Lenb AByXIenodedHon mojyekyisl JIHK.

B BapmaHTax OCYLIECTBIEHHs, MOKHO VIy4IIUTh 3((EKTUBHOCTD Pa3IUYCHUS
METUJIMPOBAHHBIX U HEMETHJIMPOBAHHBIX aJICHUHOB 34 CUET YBEJIMUYEHUS YHCTOThl OCHOBAaHMM
6mA, KoTOpble UCTOIB30BATUCH Tt 00yueHus: mogenu CHC. C 3Toil 11e/ibio MOKHO YBEJIHYUTD
NPOAOIDKUTENBHOCTD peakiun amrumidukaunn JIHK Ttak, 4To0B! yBeIHUEHHE KOJUYECTBA BHOBb
npoayuupyemeix nponaykroB JAHK morno ocnaburh 3¢¢exkT HeMeTHIMpOBaHHBIX aJAEHHUHOB,
npuBHeceHHbIX U3 ucxoaHbix JHK-marpun. B napyrux BapuaHTax OCYIIECTBJIEHHS, MOXHO
BCTAaBJIATh OMOTHHIJIMPOBaHHBIE OCHOBaHMA BO BpeMs amrumndukanmu JJHK ¢ 6mA. BHoBb
npoayuuposansbie poayktsl JJHK ¢ 6mA MoryT ObITh M3BI€UEHBI U OOOTAIIEHbI C TIOMOLIBIO
MarHUTHBIX HIAPUKOB, MOKPBITEIX CTPENTABUANHOM.

3. Hcnoab3oBanue npoduneiit MeTuMpoBanus 6 mA

Mopudukamus JIHK 6mA npucyrcTByeT B reHoMax OakTepuil, apxei, MPOTHCTOB U
rpuboB. (Didier W et al. Nat Rev Micorbiol. 2009;4:183-192). Takxke coo0Omanoch, 4Tto B
reHOME 4YeJioBeKa MPUCYTCTBYIOT 6mA, cocrapmsomue 0,051% ot obmero koiudectBa
anenuHoB (Xiao CL ef al. Mol Cell. 2018;71:306-318). YuuTsiBas HU3KO€ conep:kaHue O6mA B

TEHOME 4YeJIOBEKAa, B OJHOM BAapHaHTE OCYIIECTBJICHHS, MOXKHO CO34aTh OOyYarouIuii Habop
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JAaHHBIX, OTperyJupoBaB cooTHomeHne ©OmA B cmecu aHT® (H mpencrasnser
HemonuduuupoBanuele A, C, G u T) Ha srane amrmumdukauuu Bcero reHoma. Hampumep,
MOKHO HCIONB30BaTh cooTHoimeHne O6mA k aHT®, cocraemstomee 1:10, 1:100, 1:1000,
1:10000, 1:100000 wmm 1:1000000. B ppyrom BapuaHTe OCyLIeCTBJIEHHUs, aaeHuH-/{HK-
merunTpaHcdepaza M.EcoGIl moxeT ucnonp3oBaThCs Ui CO3AaHUsl oOydaromero Habopa
JaHHBIX 6MA.

KonmnuectBo 6mA ObIIO HMKE B TKAHSX paka sKeIylKa U MEUeHH, U 3TO NoAaBJIeHne 6mA
KOppeIupoBajIo ¢ moBbiieHHbIM OHKOreHe30M (Xiao CL ef al. Mol Cell. 2018;71:306-318). C
OPYrod CTOPOHBI, COOOINANIOCH, YTO B MIMOOIACTOME MPUCYTCTBOBAIH OOJiee BBICOKHE YPOBHU
6mA (Xie et al. Cell. 2018;175:1228-1243). Takum 00pazoM, pacKpbITbIH B JAHHOM TOKYMEHTE
noaxox Uit 6mA MoskeT ObITh MMoJie3eH A u3ydeHus: reHoMukn paka (Xiao CL ef al. Mol Cell.
2018;71:306-318; Xie et al. Cell. 2018;175:1228-1243). Kpome Toro, Obuto 0OHApy:KEHO, YTO
6mA Oojiee pacmpoCTpaHEH W INIHPOKO TMpeacTaBiieH B MutoxoHapuanbHoit JIHK
MJICKOITUTAIOLINX, YTO CBsA3aHo ¢ rumokcuer (Hao Z ef al. Mol Cell. 2020;
doi:10.1016/;.molcel.2020.02.018). Takum oOpa3om, moaxox K OOHApPYKEHHIO OMA B 3TOM
packpeiTu u300pereHus: OyneT TOJe3eH ISl HM3YYeHHUS MHUTOXOHIPHUAIBHOW CTPECCOBOH
peaKuMU B Pa3IUYHBIX KIMHUYECKUX YCIOBHSIX, TAKUX KaK OEpEMEHHOCTh, paK U ayTOMMMYHHBIE
3aboseBaHusl.

Iv. PE3YJIBTATBI U IPUMEHEHUSA

A. Obnapyicenue Memuruposanus

OOnapyxeHne merwnmupoBanusi B calitax CpG ¢ HCMONBb30BAaHHEM OIMCAHHBIX BBILIE
crocoOoB OBLIO BBITIOJHEHO JJIsI PA3MYHBIX OMOJNOrHYecKux oOpasuoB u obnacrell renoma. B
KauecTBe NMpUMeEpa, ONMpEAesIeHUE METHIMPOBAHUSA ¢ NoMolublo BHekJeTouHol JIHK B mnasme
OepeMEeHHBIX JKEHIINH C UCTOJIb30BAHUEM CEKBEHHPOBAHMS OTHEIBbHOW MOJIEKYIJBI B PEAJbHOM
BPEMEHHU OBLJIO NMPOBEPEHO B CPABHEHUHU C OTPEACTICHUEM METWJIMPOBAHUS C HCIOJIb30BAHHUEM
OUCYIB(UTHOTO CEKBEHMPOBAHUS. Pe3ynbTaThl METHIHPOBAHHS MOTYT HCIOJB30BATHCS IS
Pa3NIUYHBIX MPUMEHEHUH, BKIIOYAsl OIpEIesieHHe YMCiIa KOMHH M JAMACHOCTHKY HapyIIEHHH.
OmnwucanHple HIDKE CrIOCOObI HE orpaHndYuBaroTCs caiitaMu CpG 1 Takke MOTYT NMPUMEHSATHCS K
000t MoandUKaLNK, OMMCAHHON B TaHHOM JOKYMEHTE.

1. O0HapyxeHune MeTuaupoBaHusi JIHHHBIX MoJiekyJa /JIHK B Tkanm
MJIALEHTHI

CexBeHHUpOBaHUE OTHENBHOW MOJIEKYJBl B PEAJbHOM BPEMEHU MOJKET CEKBEHHPOBATh
mounekyibsl JJHK nnusHON B Heckonbko Thicsiu map ocHoBaHuii (Nattestad er al, 2018).
PacmugpoBka cocrossHuil MeTrnpoBanus st cailtoB CpG ¢ UCTONB30BAaHUEM OIMUCAHHOTO B

AAaHHOM OOKYMECHTC I/1306peTeHI/I$I MO3BOJIUT MOJYYUTH I/IH(I)OpMaLII/II-O o rarjoTuIiy COCTOSTHUH
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METHJIUPOBAHUS NYyTEM CHHEPTreTHYECKOTO MCIOIb30BaHUs HHYOPMALIUHN U3 IOJTUX MPOYTEHUH
CEeKBEHHPOBAHMUS OTHENBbHOW MOJIEKYJIbI B PEabHOM BpeMeHH. UTOOBI MPOAEMOHCTPUPOBATH
BO3MOJKHOCTB TIOJIYUEHUs BBIBOAA O COCTOSIHUSX METHJIMPOBAHUS JJIMHHBIX IPOUTEHHH, & TaKKe
uHpOpPMALMK TIO €ro TarIoTHIy, Mbl cekBeHupoBanmu JIHK TkaHW mMianeHTsl NMPU HAJTHYUH
478739 wmoumnekyn, Kotopele oxBaTeiBaduch 28913838 cyOmpoureHumsiMu. bbuto 7 Momnexy
pa3mepoM Oosiee 5 T.m.o. B cpenHem kasknmas u3 HUX OBLIO OXBATHIBAIACH 3 CyONPOUTEHUSIMH.

@ur. 47 neMOHCTPUPYET COCTOSIHUS METWJIHMPOBAHUS BIOJIb JIIMHHOW MoJiekyJsbl JIHK
pazMepoM 6265 m.o. (T.e. ramoTUHOrO OJioKa), KOTOpas Oblia cekBeHWpoBaHa B ZMW ¢
HOMepoM stueiikn ZMW m54276 180626 162240/40763503 u kapTUpoBaHA B T€HOMHOM
nokyce chrl:113246546-113252811 B denoBedeckOM TeHOME. «-» mpencraBisier He-CpG
Hykineotun;, «U» mnpexncraBiaseT HeMETWIMpPOBaHHOe cocrosiHue B caiite CpG;, u «M»
MPeCTaBIIsIeT MeTUINpOBaHHOe cocTosinue B calite CpG. O6macth 4710, BhIIENEHHAS KENITHIM
[[BETOM, yKa3biBaeT Ha oOmacte octpoBka CpG, KOTOpBIH, Kak M3BECTHO, B LEJIOM
Hemetuinposan (@ur. 47). beuio ycraHosieHo, yro OonpmuHCTBO caiitoB CpG B 3TOM
octpoBke CpG HemetmnpoBanbl (96%). Hamporus, Obuio chenaHo BeiBOA, 4TOo 75% cailToB
CpG 3a npenenamu octpoka CpG HEMETHIIMPOBAHBI. DTH PE3YJIbTAThl CBUIAETEIBCTBYIOT O TOM,
YTO YpPOBEHb METHJIMPOBaHMA 3a mpenenamu octpoBka CpG (Hampumep, «Oeper/menbghy»
octpoBka CpG) Obut Beime, yem y octpoBka CpG. Cmech MeTHIMPOBAHHBIX U
HEMETUJIMPOBAHHBIX COCTOSTHUI B KOMITOHOBKE TAIUIOTHIIOB B OOJIACTSIX 32 NpPEAENaMH 3TOTrO
CpG-ocTpoBka MOTJa yKa3blBaTh Ha BapHaOENbHOCTh NATTEPHOB METWJIMpOBaHMs. Takue
HaOJIONIEHNs B LIEJIOM COOTBETCTBOBAJIM HbIHEIIHeMY nmoHuMaHuro (Zhang ef al., 2015; Feinberg
and Irizarry, 2010). Takum oOpazom, 3TO H300peTeHHE CleNajo BO3MOXKHBIM IOJIy4eHHE
CHUTHAJIa pAa3JMYHBIX COCTOSHUH METHJIMPOBAHUS BJAOJb JUJIMHHOM MOJIEKYJbI, BKJFOYAs
COCTOSIHMSI METUJIMPOBAHUS M HEMETWJIMPOBAHHS, YTO TMOJAPAa3yMEBAET TO, YTO MH(POPMALHS O
rarjIoTUNAax COCTOSIHMHA METHJIMPOBAHUS MOXeT ObITh oumeHeHa. MHopMmaiwst o ramiorunax
OTHOCHTCSl K TPHUBSI3KE COCTOSIHUN MeTwinpoBaHus caiitoB CpG K HenmpepbIBHOMY Y4acTKy
JHK.

B onHOM BapumaHTe OCYIIECTBICHHS, Mbl MOTJIA Obl B JTAHHOM JTOKYMEHTE HCIOJb30BAThH
STOT TMOAXOJ Ul aHAJHM3a COCTOSIHMHA METHJIMPOBAHUS BIOJb TaluyioTHUNA JJisi OOHApY>KEHHUs U
aHanmu3a obnacreld umnpuHTUHTa. OOJAaCTH MMIPUHTUHrA IOABEPTAIOTCS SMUTCHETHUECKON
peryisinuu, Kotopas oOyClaBIMBAeT COCTOSHUS METWUJIMPOBAHUS IO THITY POAUTENBCKOTO
npoucxoxaenus. Hanpumep, onHa BakHas1, 001aCTh IMIIPUHTHHIA PACTIONOXKEHA HA XPOMOCOME
11p15.5 genoBeka m comepkuT noaBep:keHHble uMnpuHTUHry rewsl IGF2, H19 u CDKNIC
(P57°P2), koTOpBIE ABIAKOTCS CUILHBIME peryisTopamu pocta mioga (Brioude ef al, Nat Rev

Endocrinol. 2018;14:229-249). T'enernueckue W >UUreHeTHUYeckne adeppannu B 00IacTAx
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UMITPUHTHUHTA MOTYT OBbITh CBsi3aHbl ¢ OonesHsmu. Cunapom beksuta-Bunemana (BWS) - 310
CHUH/APOM YpE3MEPHOIO pOCTa, NPU KOTOPOM MALUEHThl YacTO MPOSIBIISIIOT MaKpOTJIOCCHIO,
nedekTbl OpIOIIHON CTEHKH, FeMUTHIEPIUIA3HI0, YBEIHMUEHHBIE OpPraHbl OPIOIIHOM MOJIOCTH U
NOBBIIIEHHBI PUCK SMOPHOHANBHBIX omyxosied B paHHeM nercrBe. Cumraercs, uro BWS
BBI3bIBAETCS] TEHETHUECKUMHU WM 3THTreHeTHYeCKuMH nedektamu B obnactsix 11pl15.5 (Brioude
et al, Nat Rev Endocrinol. 2018;14:229-249). Obnacts, Ha3biBaemast ICR1 (o0nacte KOHTpOJIs
uMOpuHTHHTa 1), KOoTOpas pacrnojoxkeHa mexay H/9 u IGF2, BeIOOPOYHO METHIIMpPOBAHA MO
oruoBckomy amento. ICR1 ympaBnsier skcnpeccueit /G2, 3aBucsmeld OT POTUTEITBCKOTO
ucroynruka. Takum oOpasom, rererwdeckne M snureHerndeckne adeppauuu B ICR1 moryr
npuBecTH K abeppaHTHOHN skcripeccuu /G2, 4to sABNAETCS ONHOW M3 BO3MOXKHBIX TNPHYUH,
Bbi3pIBatOMX BWS. Takum o0pasom, oOHapy)keHHE COCTOSHHI METHIMPOBAHMS BAOJb
oOJacTeil MIMIIPUHTHHIa MOYKET UMETh KJIMHUYECKOE 3HAUEHHE.

Mp1 3arpy3uiu JaHHble 171 92 MoaBEpKEHHBIX HMIIPHHTUHTY T€HOB U3 OOIIEA0CTYITHON
0a3bl JMaHHBIX, B KOTOpOH coOpaHbl JHaHHBIE O TIOABEPIKEHHBIX MMIIPUHTHHTY T€HaX
(http://www.geneimprint.org/). O6macTu 5 T.ILO. BBIIE W HWKE OSTUX MOJBEPKEHHBIX
UMITPUHTHUHTY T€HOB UCTIOJIB30BAIH JJIsl TOTIOJHUTENbHOTO aHaiau3a. Cpenu sTux objiacrer 160
CpG-0cTpOBKOB CBsI3aHbl C 3THUMH TMOJBEPKEHHBIMH HMIPUHTUHIY TeéHaMHu. MBI NOJy4duIu
324248 KOJBLEBBIX KOHCEHCYCHBIX IOCIENOBATEIbHOCTEH u3 oOpasua maneHtsl. Ilocne
yAaJieHUs] KOJIbLIEBBIX KOHCEHCYCHBIX MOCJIeI0BATENbHOCTEN C HU3KUM Ka4eCTBOM U KOPOTKUMU
nepekpoiBatoluMucs obnmactsamu ¢ octpoBkamu CpG  (Hanmpumep, MeHbime 50% UIHHBI
coorBercTBytomero  CpG-oCcTpoBKa), MbI MONYyYMIH 9  KOJIBLIEBBIX  KOHCEHCYCHBIX
nocyefoBaTeabHOCTeH, nepekpbiBaromuxcsi ¢ 9 ocrpoBkamu Cp(, KOTOpble COOTBETCTBYIOT 8
MO/IBEPKEHHBIM UMIIPUHTUHIY F€HaM.

@ur. 48 mpexacrasisier coboil Tabnuny, mokaseBaromyr, uto 9 mosekyn JHK Obuim
CEKBEHHUPOBaHb! C MOMOIIBIO CEKBEHHUPOBAHUS OTIENBbHON MOJIEKYJIbl B peajbHOM BPEMEHH U
MEPEeKPBIBAIOTCSA ¢ OOJacTAMH HMMIIPUHTHHTA, BKIO4aromumu B cedst H19, WT1-AS, WTI,
DLKI1, MEG3, ATP10A, LRRTMI1, u MAGI2. Ilecroii cronben comepxkan ydactku JIHK,
nepekpsiBatomuecss ¢ ocrpoBkamu CpG, Bkirouas obnactu umnpuHTHHTa. «U» mpencrasiser
HEMETHJINPOBAaHHbIN UTO3UH B KOHTekcTe CpG; «M» npencraBiseT METHINPOBAHHbBIN LIUTO3UH
B koHTekcte CpG. «*» mpencraBisier cat CpG, KoTOphI He OBUI OXBAa4Y€H PE3YyJIBTATOM
CEKBEHHUPOBAHUS, «-» MpeAcTaBiseT HykjeoTun u3 He-Cp(G caliTOB;, M€HOTHUI yKa3bIBaeTCs B
cKOOKax, eciii MOJIEKYJIa YaCTUYHO COBMAJAET C OAHOHYKJIEOTUAHBIM nojuMopguzmom (OHIT).
B 7-m cronbue yka3zaHbl COCTOSIHUSI METHJIMPOBAHHS JJIs1 BCEH MOJIEKYJbl. MoeKyjia MOXKeT
ObITh Ha3BaHAa METWJIMPOBAHHOMW, eciM ObUIO MOKa3aHO, 4To OonpmuHCTBO caitoB CpG

(Hanpumep, Oosbiie uem 50%) METHJIMPOBAHBI COTJIACHO BapHAaHTAM OCYIIECTBIICHUS,
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NPEACTABICHHBIM B IaHHOM H300pETEeHHH;, B TNPOTHBHOM Clydae OHa ObLla Obl Ha3BaHa
HEMETHJINPOBAHHOM.

Cpenu 9 monexyn JJHK 5 monexkyn JIHK (55,6%) Obutn Ha3BaHbI METHUIMPOBAHHBIMU,
YTO HE3HAUUTEJbHO OTKJIOHSJIOCH OT OXKHIAeMOro, corjacHo kotopomy 50% wmonexyn JJHK
OyayT metunupoBaHHbiME. Kak mokazaHo B 6-M cronOie Tabmuiel Ha @ur. 48, ObLIO TOKa3aHO,
910 60BIIMHCTBO caiiToB CpG METHIUPYIOTCS UM HEMETHIIUPYIOTCS COTIACOBAHHBIM 00pa3oM,
TO €CTb KaK rarjaoTun MeTuiupoBanus. OUH BapUaHT OCYIIECTBJIEHHUS 3aKII0UAETCs B TOM, YTO
MoOJIeKyJa OyIeT Ha3bIBaTbCs METHJIMPOBAHHOH, eciu OyAeT MOKa3aHo, 4YTO OOJBLIMHCTBO
caiito CpG (mampumep, Oospme dem 50%) METHIMPOBAHO COTJIACHO BapHaHTaM
OCYIIECTBIIEHHs, MPEICTABJIEHHBIM B JaHHOM HM300peTeHHMH, B NMPOTHBHOM Cllydae OHa Oyaer
HA3bIBaTbCS HEMETHIIMPOBAHHON. MOTYT OBITh MCIOJB30BAHBI APYTHE MMOPOTOBBIC 3HAYSHUS JISI
ONpeJeNieHNsl TOro, SIBJSETCS JU MOJIeKyJa METHJIHPOBAHHON MM HeET, HalpuMep, HO He
OTPAHUYHBAIOIINECS JINIIb 3TUMU: 10 MeHbinel mepe 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% u 100% catitoB CpG B MoJieKyJie, KOTOpPbIe ObLIH MPOAHATN3UPOBAHBI, MPU3HAIOTCS
METUJIMPOBAHHBIMU.

B npyrom BapmaHTe OCYLIECTBIEHHs, MbI MOTJIM OBl HCIIOJNB30BATH MOJIEKYJIbI,
OJIHOBpPEMEHHO cofepxainue no Mesbliueil Mmepe oguH OHII u no MeHblell Mepe OHY OLIEHKY
caiita CpG, 4To0BI OmpenenuTb, MOKET JIU 00J1acTh ObITh CBs3aHAa C OOJACTHIO UMITPHHTUHTA,
WIM MOXET JIU U3BECTHBIN MOJBEPKEHHBIH UMIPUHTUHTY T'eH ObITh adeppaHTHBIM (Hampumep,
noTepst UMIPUHTHHTA). B niensax wumoctpanuu @ur. 49 1eMOHCTPUPYET, YTO TepBasi MOJIEKYJia
u3 00jacTH HMMIIPUHTHHra Hecla aienb «A», W BTOpas MOJIEKyla W3 3TOH olmacTtu
UMIpPUHTHHTA Hecna atenb «Gy. [lpeanonaras, 4To 006nacT UMNPUHTHUHTA OblIa IOABEPTHYTA
OTLIOBCKOMY HMIIPUHTHHTY, IEpBas MOJIEKyJa MATEPUHCKOrO TamjioTUNa ObLIa TOJHOCTBIO
HEMETUJIMPOBAHA, & BTOPAask MOJIEKYJIa OTLIOBCKOTO raruioTHIIA ObLIa MTOJTHOCTBIO METHIIMPOBAHA.
B oxHOM BapmaHTe OCYIIECTBICHMs, TAaKO€ MPEANOJOXKEeHHe obecrednsio Obl JaHHBIE O
COCTOSIHMSIX METHJIMPOBAHMSI, Aejasi BO3SMOKHBIM HccienoBanne 3¢gpdekrnBHOCTH 0OHApYKEHUs
MOU(UKALIIN OCHOBAHMS COTJIACHO BapHUaHTaM OCYIIECTBJICHUS, MPEACTABICHHbIM B JaHHOM
PaCKpPBITHU U300PETEHMUS.

@dur. 49 neMOHCTPUPYET MPUMEP ONpPENEeNIeHUs] NMaTTEPHOB METUIMPOBAHUSA B OOJNACTH
umnpunTrara. JIHK u3 Ononornueckoro odpasia Oblia n3BiieueHa U JIUTHPOBAHA C alalTepamMu
B BuAe wmmwiek s (GopmupoBanus kosbrebix Mosekyn JHK. Hadopmamus o
MIOCIIEIOBATEIBHOCTSIX 1 MOANGUKALIMN OCHOBAHUH (HAIpUMep, COCTOSIHUAX METHIIMPOBAHUS B
caiirax CpQG) B OTHOIIEHUH 3TUX KOJbLIEBbIX Mosekys JIHK Obutn Hem3BeCTHBI. DTH KOJBIIEBbIE
mouiekyibsl JIHK Obui monBeprHyThl CEKBEHHPOBAHHMIO OTHENBHOW MOJIEKYJBI B PEaJbHOM

Bpemenu. MMUII, IIIM u KOHTEKCT MOCHENOBATENbHOCTEN [JI1 OCHOBAHUH B KaXXIOM
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CyOpOUYTEeHHH, MPOUCXOIAINEM U3 3THX KoJbleBbix MoJiekyn JIHK, Obumn ompeneneHsl mocie
TOro, Kak cyOmpodTeHusi ObUIM COMOCTABJIEHbI C 3TaJOHHBIM reHomMoM. Kpome Toro, Obumn
onpeneneHbl reHotunsl 3Tux mojekyia. MUIL IIIM u koHTEKCT MOCIen0oBaTeNbHOCTH B OKHE
u3MepeHusi, cs3aHHOM ¢ caiitamu CG, OyayT CpaBHHUBATHCS C STAJOHHBIMU KUHETHYECKHUMHU
naTTepHaMHU COTJIaCHO BapUaHTaM OCYLIECTBJIEHMs], MPEACTABIEHHbIM B JaHHOM pAacCKpBbITHH
n300peTeHus], ISl ONpEeneNieHus] COCTOSHUI MerwnmpoBanus anst kaxzporo CpG. Ecmu nase
MOJIEKYJIbI C Pa3HbIMHU aJUIeNsIMH JAEMOHCTPHUPYIOT pa3Hble MAaTTepHbl METUIMPOBAHUS TaKUM
0o0pa3oM, 4YTO OJHA MOJHOCTBIO HEMETHIJIMPOBaHA, a JApyras IOJHOCTBIO METHUINPOBAHA,
TeHOMHast 00JIaCTh, CBA3aHHAS C 3TUMH JIByMs MOJIEKyJaMH, OyaeT o0nacTbio UMIpUHTHHra. B
OJHOM BapHaHTE OCYLIECTBJIECHUs, €CJIN Takas TI'eHOMHas OO0JaCTb OKa3ajach H3BECTHOMN
00J1acThI0 UMIIPUHTHHTA, HAIPUMED, KaK MOoKa3aHo Ha Pur. 49, marTepHbl METUIMPOBAHUS IS
STHUX JIBYX MOJIEKYJ] COOTBETCTBOBAIM OXHIAEMbIM TaTTEPHAM METWINpOBaHUS (T.€.
HaOJogaeMoe) B HOPMAaJIbHON CUTYaIluH. JTO MOXKET CBHIETEIbCTBOBATh O TOYHOCTH CIIOCOOO0B
KJIacCU(pUKALIMM  COCTOSIHUH  METHJIMPOBAHHs ~ COIJIACHO  BapHaHTaM  OCYILIECTBJICHHUS,
NPEACTaBICHHBIM B JJaHHOM H300peTeHnu. B OIHOM BapHaHTe OCYIIECTBJICHUS, PACXOXKIECHUE
MeXy OIpENeNeHHbIMU MaTTepHaMU METHJIMPOBAaHUs COTJIACHO BapHUaHTaM OCYLIECTBJICHU,
NPEACTaBICHHBIM B JAHHOM H300pETEHHH, U OKUAAEMbIMH MATTEPHAMH METHJIMPOBAHUS OyaeT
yKa3bIBaTh Ha adeppanuy UMIPUHTHUHIA, HATIPUMED, TIOTEPIO0 MMIIPUHTHHTA.

@ur. 50 neMOHCTpUpPYET MPUMEP ONPEAETCHUs NATTEPHOB METHIMPOBAHUS B OOJNACTH
UMIPUHTHHTa. B OZHOM BapWaHTe OCYIIECTBJICHHs, NATTEPH HMIPUHTHHIA MOXET ObITh
TOMOJHUTENIBHO OIPEeseH MOCPEICTBOM aHaIN3a NAaTTePHOB METIIINPOBAHUS NAHHOI obnactu
B TIpeJeNiax OMpPEeAeIeHHOr0 POAOCIOBHOTO AepeBa. Hampumep, MoxkeT ObITh BBIMOJIHEH aHAJIN3
NATTEPHOB METWJIMPOBAHUS U aJJIENIbHOW MH(POPMAIIMKM B OTLIOBCKOM, MaTEPHHCKOM T'€HOMAax H
noroMcTee. Takoe ApeBO POAOCIOBHON MOXKET AOMOJHHUTENBHO BKIIFOUATh B Ce0sl TEHOM JIefia 110
OTLIOBCKOW WJI MAaTEPHHCKOHN JHHWH, 0a0YIIKH MO OTLOBCKOW WMJIM MAaTE€PUHCKOH JIMHUH, WIH
Apyrue COOTBETCTBYIOLME T'eHOMBL. B pyrom BapuaHTe OCyLIEeCTBIEHUs], TAKON aHalU3 MOXKET
OBITh pacIIUpeH [0 Ha0OpPOB MAAaHHBIX TPEX UJIEHOB CeMbH (MaTh, OTel] U pPeOEHOK) B
OTIPENIEICHHOW TOMYJISALNHN, HAMPHUMEp, Moy4yas WHPOPMALUI0 O METHJIMPOBAHUUA M T€HOTHUIIE
IUI KaXJIOTO MHIMBMJIA COTJIACHO BapHaHTaM OCYIIECTBJEHUs, MPEACTaBJICHHbIM B JaHHOM
JOKYMEHTE.

Kak mokaszaHo mocie knaccU(UKALMM, MOXKHO OIpPEAENHTh KaK TeHOTHN (ajuienb B
paMKe), Tak M CTaTyC METWIHPOBaHUA. [ KakKooW M3 MOJEKYJ, MOXKET ObITh NMPEAOCTaBIIEH
NaTTePH METUJIMPOBAHUS B KaXAOM caiite (Hampumep, BCE METWIMPOBAHHBIE WM BCE
HEMETUJIMPOBAHHBIE), YTOOBI HIEHTH(GHUUHPOBATH OT KAKOro M3 POAMTENEH YHACIEeNOBaHA

Mosiekya. Mnu mMoskeT ObITh OmnpenesieHa TUIOTHOCTh METHIIMPOBAHUS, W OJHO WJIM OOJIbIee
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KOJINYECTBO TOPOTOBBIX 3HAYEHUH MOTYT KJIACCU(HUIMPOBATD, SIBJISETCS JH MOJIEKyJa
THIePMETHINPOBaHHON (Hanmpumep, >80% wmu apyro % M OT OXHOTO POAMTENS) WIIH
THITIOMETHIMPOBAaHHON (Harpumep, <20% wm apyroi % u OT APyroro poauTes).

2. Oo6napy:xeHue mertuuposanusi mojexkyJ Bg/JIHK

B xauectBe npyroro npumepa, merunrposanne BHeknerouHoi JIHK (Bk/IHK) Taxke Bce
yalle MPU3HAETCS KAK BAXKHBIM MOJIEKYJISIPHBIM MPU3HAK JJIsI HEMHBA3UBHOIO NPEHATAJIBbHOTO
TectupoBanus. Hampumep, Mbl mokasanmu, urto Mojiekyiabl BKJIHK w3 obOnacreidi, Hecymux
TKaHeceun(UIeckoe  METWIMPOBAHHE, MOTYT  HCIIOJBb30BAThCS  JJSl  OINpPEHeNIeHHs
NPONOPLHMOHAIBHOTO BKJIAJa U3 Pa3IMYHBIX TKaHel, Hanpumep, HelTpoduios, T-numdonnTos,
B-numdoruTos, nedeHy, MmianeHTsl, B Iua3My OepeMeHHbIX skeHIIuH (Sun ef al., 2015). Takxke
ObUla TIPOIEMOHCTPUPOBAHA BO3MOXKHOCTb HCHOJNB30BaHUs MeTwinpoBanus JIHK mma3zmer
OepeMeHHBIX KEeHITNH U1t oOHapyxerus Tpucomun 21 (Lun ef al., 2013). Monekyner Bk IHK B
MaTEepUHCKON T1a3Me ObLIN (parMEeHTHPOBAHBI CO CPENHUM pasMepoM 166 1m.o., YTO HAMHOTO
KOpoue, ueM HcKyccTBeHHO (parmentuposanHas JJHK L. coli ¢ pasmepom nmpumepno 500 m.o.
Coobmanocsk, uto BkJIHK ¢parmeHTHpOBaHA HECIy4aitHO, HampuMmep, KoHIeBbie MOTHBLI JIHK
B IJIA3MeE CBSI3aHbI C TKAHEBBIM IIPOUCXOXKACHUEM, HAITPUMED, IPOUCXOAAT U3 IUIALCHTHI. Takue
xapaktepHble  cBoiicTBa BHekjerouHod JIHK  pmaroT  COBepUIEHHO HMHOM  KOHTEKCT
MIOCIIEIOBATEIBHOCTH 10 CPABHEHUIO C UCKyccTBeHHO (parmeHTupoBanHoi JIHK F. coli. Takum
0o0pa3oM, OCTaeTCsl HEU3BECTHBIM, MO3BOJHT JIM TaKas KMHETHUKA TOJHMMEPas3bl KOJHMYECTBEHHO
ONpPeNeNuTb YPOBHM METWIHPOBAHUS, TUIIWYHBIE [l BHEKJIETOUHbIX Mojekyn JIHK.
[IyOnukyembple B JaHHOW TATEHTHOW 3asBKE CBEACHHUS MOTYT NPUMEHSTCS B, HO He
OrPAaHUYMBAIOTCSL JIMIIb OSTHUM. aHalu3e MeTwinpoBaHus BHekjerounod JHK B mmasme
OepeMeHHBIX JKEeHIIHMH, HAIpUMep, ¢ UCIOJIb30BAHUEM MOJENH MPEICKa3aHus METHJINPOBAHHUS,
oOy4yeHHOH Ha ocHOoBe MoJiekys JJHK 13 yrmoMsiHyThIX BBIIIE TKAHEH.

[0022] Hcnonb3ysi CeKBEHHUPOBAHUE OTHEIBHOW MOJIEKYJIBI B PEalbHOM BPEMEHH ObLIO
cekBeHHPOBaHO IecTh oOpasuos JIHK u3 mirasmbl OepeMeHHBIX JKEHIIUH C IJIOOM MYKCKOTO
1oJia ¢ MEMAaHHbIM 3HaueHneM, cocTaisromuM 30738399 cyOnpourennii (quanaszon: 1431215-
105835846), u4TO COOTBETCTBYET MEOHUAHHOMY 3HadeHHIo, coctaBmomemy 111834 KKII
(muanaszon: 61010-503582). Kaxnoe JIHK mmasmbl CeKBEHUPOBAJIH TaKOE€ KOJIHYECTBO pas,
KOTOpOE MMeJI0 MEAMAaHHOE 3HAaYeHHe, COCTaBistomee 262 pasa (muamason: 173-320). HaGop
naHHbIX ObuT osyueH u3 JIHK, npurorosnennoii ¢ momomnsio Sequel I Sequencing Kit 3.0.

Urobb1 oneHuTh OOHapykeHHe MeTwinpoBanust moiekyn BkJIAHK, mbl mcnonszoBanu
oucynbputHoe cekBeHupoBanue (Jiang efr al., 2014) nna aHamM3a METHJIUPOBAHUS
BBIIIEYNOMSHYThIX 6 00pa3nos JJHK miasmbl OepeMEeHHBIX JKEHIMUH. MBI MOJYYMIIN B CPETHEM

66 MMJUIMOHOB TPOYTEHHUH C OAMHAKOBBIMH KoHLAMH (58-82 MmyumMoHa mnpoyTeHHH ¢
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OIMHAKOBBIMH KOHLIAMH). MennuaHa COBOKYIIHOTO METHJIMpOBaHHs cocraBmia 69,6% (67,1-
72,0%).

@ur. 51 1eMOHCTPUPYET CPABHEHHE YPOBHEN METUIMPOBAHMS, MOJYUYEHHBIX C IIOMOLIBIO
HOBOTO TOAXOJAa U OOBIMHOTO OMCYIb(PHUTHOTO cekBeHMpoBaHUsA. [Io OCH OpOMHAT OTJIOKEHBI
YPOBHU METWJIMPOBAHUs, MNPEACKA3aHHBIE B COOTBETCTBUM C BAapHUAHTAMM OCYILECTBIICHMUS,
NPEACTAaBICHHBIMI B JAaHHOW mareHTHOH 3asBke. [lo ocm abcuucc OTIOXKEHBI YPOBHH
METHJIUPOBAHUSA, TMOJYYEHHbIE C TIOMOLIBI0 OHMCYJNB(UTHOIO CEKBEHHpPOBaHUsS. bpima
npoaHanusupoBaHa Menuana 314675 caiitoB CpG (mmamason: 144 546-1 382 568) nmus
pesynbraroB u3 JIHK mnmasmel, monydeHHBIX C NOMOILIBIO CEKBEHHUPOBAaHMS OTHEIBbHOMN
MOJIEKyJIbI B pealbHOM BpemeHH. MeauanHas gonas  CpG-caiiToB, KOTOpble, Kak
MPEnoiarajsoch, OyayT METWIMPOBaHBI, cocTaBwia 64,7% (muamaszon: 60,8 - 68,5%), uto
OKa3aJloCh ~ COMOCTABUMBIM  C  pe3yJbTaTaMM, I[OJYYEHHBIMH TpU  OUCYIbHUTHOM
cexkBeHnpoBaHnU. Kak mokazaHo Ha @ur. 51, HaOmonanace Beicokast koppensuus (r: 0,96, p-
3HaueHne = 0,0023) Mexny COBOKYNHBIMH YPOBHSIMH METHJIHPOBAHHS, PACCUUTAHHBIMH C
MOMOILBK CEKBEHUPOBAHUSI OTAEJIBHON MOJIEKYJBI B PEAJIbHOM BPEMEHHM U IPENCTABJICHHOIO
MIOJIXO/1a TIPEAOPEAETICHHISI METHIIMPOBAHUS, U OUCYIB(PHUTHOTO CEKBEHUPOBAHUSL.

Uz-3a wmanoit rayOuHBl OUCYIB(QHUTHOTO CEKBEHHUPOBAHHMS OHO MOXKET OKa3aTbCs
HEHAJE)KHbIM /ISl ONPEAeNieHUs YPOBHEH MeTHIMpoBaHus (T.€. 1o cekBeHHpoBaHHBIX CpG,
KOTOpbIe ObLTH MeTenupoBaHbl) st kKaxkaoro CpG B reHoMe dejioBeka. BMecTo 3TOro Mbl
paccuyMTa M YPOBHU METHJIMPOBAHUS B HEKOTOPBIX 00JIACTAX ¢ MHOKECTBOM caiitoB CpG nyTem
arperupoBaHUsl CUTHAJIOB MPOYTEHUH, MOKpbIBaromux caitel CpG B reHOMHOU oOnactu, B
KOTOpOH JroOble ABa mocienosarenbHbix caiita CpG HaxonaTcs B mpenenax SO HyKJICOTHIOB, a
konuuectBo caiitoB CpG cocrasisier no MeHbinell Mepe 10. IIponeHT CcekBEHHPOBAHHBIX
LIUTO3UHOB CPEIU CYMMbI CEKBEHMPOBAHHBIX LIUTO3WHOB M TUMHUHOB B caiitax CpG B oOnactu
YKa3blBa€T HAa YPOBHHU METWJIHMPOBaHUS 3Toi obmactu. Obnactu ObuiM pasneneHbl Ha pasHbIe
IPYIIBI B COOTBETCTBUH C YPOBHSIMH METHJIMPOBAHUS OOnacTeil. BeposTHOCTh METHIINPOBAHMUS,
NpefCcKa3aHHas C TOMOINBI0 MOAENH, OOYYeHHOH Ha mpeaplaymux oOydarommx Habopax
nanHbIxX (T.e. TkaHeBod JIHK), cOOTBETCTBEHHO MOBBIIANACH MO MEPE YBEJIWYECHUS YPOBHEH
merrnupoBaHus (Pur. 52A). DTH pe3ynabTaThl TaKKE MNOATBEPXKIAIOT BO3MOXKHOCTh H
00OCHOBaHHOCTb HCITIOJIB30BAHUS CEKBEHHPOBAHUS OTACIBHON MOJIEKYJIbI B PEATBHOM BPEMEHH
IUIS IPOTHO3MPOBAHUS COCTOSIHUN MeTwinpoBaHus Mojekyn Bk/IHK y GepeMeHHBIX >KEHIIUH.
@ur. 52B npoaeMOHCTpUPOBAJa, YTO YPOBEHb METUIMPOBAHNS B TEHOMHOM OKHE pasMepom 10
MJIH.I1.O., OLICHEHHBIH C HCMOJb30BAHUEM CEKBEHHUPOBAHUS OTHAEJIBHON MOJIEKYJBl B PEaIbHOM
BPEMEHH B COOTBETCTBMM C BAapUAaHTAMM OCYLIECTBIEHUs, MPEACTABICHHBIMH B JaHHOM

u300peTeHn , ObUT XOPOIIO CKOPPEKTUPOBAH ¢ MOMOIIBI0 OUCYTBGUTHOTO CEKBEHUPOBAHMUS (I =
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0,74; p-3nauenne <0,0001)

@ur. 53 npomeMoHCTpupoBana, 4to reHomHble npeacrasieHus (GR) Y-xpomocomer B
MaTepUHCKON IIa3Me OEepeMEHHBIX JKEHINUH, OIpeIeNieHHble C TOMOLIBI CEKBEHHPOBAHUS
OTIENbHOW MOJIEKYJIbI B PEaJbHOM BPEMEHH, XOPOLIO KOPPEIHPOBAIU C TEMH, YTO OBLIH
omnpenenenbl ¢ nomompblo bC-cexB. (r = 0,97, P-3magenne = 0,007). Dtm pe3ynbraThl
CBUJETEJIBCTBYIOT O TOM, YTO CEKBEHMPOBAaHME OT/ENbHON MOJEKYJbl B peajbHOM BPEMEHU
TaK)K€ TIO3BOJIMJIO TOYHO OImpenenuts konudectBo wMousekyn JHK, npoucxopsmux us3
HEreMaTOMOITHUECKUX TKaHEW, TaKuX Kak IulaleHta, 4bsi npuBHeceHHas JIHK oObruHO
COCTaBJsJIa MEHBUIYIO YacTh. JIpyruMu cliOBaMH, 3TO H300peTEeHHE MPOIEMOHCTPHUPOBAIIO
BO3MOXKHOCTb OJTHOBPEMEHHOTO aHau3a adeppauuii Yucyia KOMUH U COCTOSTHUN METHIIUPOBAHUS
IUIl HATUBHBIX MOJIEKYJ 0e3 Kakux-nu0o mpeoOpa3oBaHui M aMIUIM(UKALUNA OCHOBAHHWH IO
CEKBEHUPOBAHMUSI.

3. Cnoco6 Ha ocHoBe 0s10k CpG

B HexkoTOpbIX BapuaHTax OCYILECTBJIEHHUS, MOXXHO BBINOJHUTh aHAJIN3 METHJINPOBAHMUS
psima TeHOMHBIX oOJjacTel, comepskammx MHoxkecTBO caiitoB CpG, Hanpumep, HO 0Oe3
orpanuuenus, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100 caitroB CpG u T.41. Pasmep Takoil reHOMHOM
o0JlacTH MOKET COCTaBJIATh, Hampumep, HO Oe3 orpanudenws, 50, 100, 200, 300 u 500
HYKJIEOTHOB H T.7. Paccrostane mexnay caiitamu CpG B 3TOH 00NacTH MOXKET COCTaBISTh,
Hanpumep, HO Oe3 orpanudenus, 10, 20, 30, 40, 50, 100, 200, 300 Hyk/I€OTHAOB U T.1. B ogHOM
BApHAHTE OCYIIECTBJICHUS, MBI MOTJIH Obl OOBEIMHUTH JIOOBIE JIBA MMOCIIENOBATENbHBIX caiiTa
CpG B mpenenax 50 nykjieotunos, 4ToObl chopmupoBath 6jok CpG Tak, 4TOOBI KOJIHYECTBO
caiiroB CpG B 3TOoM Onoke Obuio Gonpme uem 10. B takom cmocobe Ha OCHOBE OJIOKOB,
MHOJKECTBO 00JIacTel MOTYT OBITh OOBEIUHEHBI B OJTHO OKHO, NPEACTABJICHHOE B BUIE €AMHOM
Matpuiel, 3¢dekTuBHO 00padaThiBast 001aCTH BMECTE.

B xauecTtBe npumepa, kak mnokazaHO Ha Dur. 54, And aHaIU3a METUIUPOBAHUS
UCTIOJIB30BAI KUHETHUKY BCEX cyOmpouteHmii, cBsi3aHHBIX ¢ OnokoMm CpG. IlpenckazaHHbie
npodmm MHUIT Bocxomdmux ¥ HUCXOMAMHX (PraHKUPYIOIUX 10 HYKJICOTHIOB MO KaKIAOMY
CpG B 3TOM 0ONOKE OBLTH MCKYCCTBEHHO BBIPOBHEHBI OTHOCUTENBHO calitoB CpG ans pacdera
cpennero nmpoduinst MUIT (@ur. 54). CnoBo «CIpOeHUPOBAHHBINY» 03HAYAET, YTO MbI BHIPOBHSUIH
KUHETHYECKHE CUTHAJBI CYOPOUTEHHH C KaXKIbIM COOTBETCTBYIOIUM PACCMATPUBAEMBIM CAHTOM
CpG. Cpemnue npodpunn MUIT pns 6noxa CpG wcmonbp3oBaivuCh At OOyYeHHS] MOJIENH
(HampuMep, € HCIMOJB30BAHMEM MCKYCCTBEHHOW HeWpoHHOU cern, cokpaumenno WHC) s
OTIpENIEJICHNs] COCTOSIHMN METHJIMPOBaHMA Ut Kakaoro Omoka. Anann3 MHC Bxiowan B cedst
BXOJIHOH CJIOH, ZBa CKPBITBIX CJIOSl U BhIxomHOU ciiol. Kaxawiii 0ok CpG xapakTepr3oBajics

BEKTOpPOM XxapakTtepuTuk u3 21 snauenus MUII, kotopeiii BBoauics B UHC. IlepBriii ckpbIThIi
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cioit Bkirouan B cebs 10 Hediponos ¢ ReLu B kauecTBe (yHKIMU akTHBaLMU. BTOpPOH CKpBITHIH
cioit Bimoyan B ceOs 5 HelipoHoB ¢ RelLu B kauectBe ¢yHkimm aktuBauun. Haxower,
BBIXOJHOW CJIOH BKIFOUad B ceOs 1 HelpoH ¢ curMoumpgHOW (yHKUMEH B KadecTBe (PyHKIHH
aKTUBAIMM, KOTOpas BbIgaBasa BeposiTHOCTh MerwnupoBanus. Caitt CpG, mokasbIBaIOIMN
BEPOSATHOCTh MeTHNHpoBaHus > 0,5, CUMTATN METHIMPOBAHHBIM, B TMPOTHBHOM CJy4dae OH
cunTancss HemeTwianpoBaHHbIM. Cpenauii npoduias MUIT MOXKHO MCTIONB30BATh AJIST aHAJH3a
COCTOSIHMS ~ METWJIMPOBAHUS LEJOH MOJIeKyJnbl. Bcsg  MoJekyna MOXKET — CUHTaThCs
METHJIMPOBAHHOM, €CIM ONpEAENICHHOE KOJMYECTBO CAHTOB BBbIIE MOPOrOBOTO 3HAYEHHS
(marmmpumep, O, 1, 2, 3 ¥ T.A.) METHIMPOBAHO WM €CJIIM MOJIEKYJa HUMEET OINpPeNeCHHYIO
IUIOTHOCTH METHIIUPOBAHHSL.

B HemeTmnnpoBaHHOHN 1 METHIIMPOBaHHOH OubnroTekax Obu10 9678 1 9020 610K0B CpG,
KOKABIA W3 KOTOPBIX coaep:kan mo MeHblnedr mepe 10 caiitoB CpG. Otu Omoxu CpG
oxpaThiBatOT 176048 u 162943 caiita CpG 1o HEMETHIMPOBAHHOW W METUJIUPOBAHHOM
oubnuotek. Kak nmoka3zano Ha ®@ur. 55A u ®@ur. 55B, Mbl Morjiu Obl qocTH4b OoJibine yeM 90%
oOmiell TOYHOCTH B NPOTHO3UPOBAHMM COCTOSIHMH METHUJIMPOBAaHUS Kak B OOy4aroIleM, Tak |
TECTOBOM Habope maHHbIX. OIHAKO, TAKOW BapHUaHT OCYIIECTBJIEHHs, OCHOBAHHBIM Ha OJoKax
CpG, 3HaunrensHo cHU3MN Obl kommdecTBO CpG, KoTOpble MOXKHO ObUIO OBl OmeHuTh. Ilo
OTIpenieNIeHnIo, TpeOOBaHNe B BUAE HAUMEHbLIEro KojudecTBa caiitoB CpG OrpaHUYHUT aHAIH3
METHJIUPOBAHUS 0 HEKOTOPBIX KOHKPETHBIX 0oOJjacTeil reHoma (Hampumep, MpeanoYTHTENBHO
1o ananu3a octpoBkos CpG).

B. Onpedenenue UCMOYHUKA UIU HAPYULEHUS

IIpodunm MeTHIUPOBaHHUS MOTYT HCIIOJB30BATHCSA IJISI ONPENENIeHUS] TKAHU-ICTOUYHHKA
WIA OTpeneseHns Kiaccuukauuu 3a0ofeBaHMs. AHAINW3 NMPO(HIST METUIMPOBAHUS MOXKET
UCTIOJIB30BATHCS B COUETAHMU C APYTUMH KIMHWYECKHMMH JIaHHBIMH, BKJIOUas H300paskeHus,
CTaHIApPTHBIE AHAIW3bI KPOBU M JPYIYI0 MEAMLIMHCKYI JUArHOCTHYECKYK) HH(OPMALHUIO.
IIpodunn mermnupoBaHus MOTYT ObITh ONpPEAENeHbl C HCIOJb30BaHHEM JFOOOro crocoda,
OTIMCAHHOTO B TAHHOM JIOKYMEHTE.

1. Omnpenenenue adeppauun YuCJaa KOMUA

[0023] B stom pasnpene nokazaHo, uto SMRT sBisieTcst TOUHBIM 111 OTIPEAENICHUsT YnuCiia
KON, ¥, TakuM o0pa3oMm, npoduib METHIMPOBAaHHS W NPOQHIb YHUCIA KOMUH MOKHO
aHAJM3UPOBATh OTHOBPEMEHHO.

brimo mokazano, uto abeppanuu YHCia KOMHHA MOTYT OBITh OOHApy)KEHBI IMyTeM
cekBeHHpoBaHMA omnyxoseBbix TkaHedl (Chan (2013)). B paHHOM JOKyMEHTE MBI
IEMOHCTPUpPYEM, HYTO CBsS3aHHbIE C pakoM aleppaluM 4YWCIa KOMHUH MOryT ObITh

UICHTUQUIMPOBAHbI MyTeM CEKBEHHUPOBAHUS OMNYXOJEBBIX TKAaHEH C HCIOJIb30BAHUEM



76

CEKBEHUPOBAHUs OTAEIBHON MOJIEKYJIbI B peaibHOM BpeMeHnu. Hanpumep, ansa ciydas TBR3033
Mbpl monyumd 589435 w 1495225 KOHCEHCYCHBIX IOCIIEAOBATENbHOCTEH (MHHHUMAJIBbHOE
TpeOOBaHHE MO CYONPOUYTEHHSM, HCIOJb3YEMBIM Ui TMOCTPOEHHUsS] Ka)XXIOH KOHCEHCYCHOU
MOCJIEAOBATEIbHOCTH, cocTaBsuio 5) g onyxonesor JIHK wu JJHK mpuneraromeii
HEOITyXOJIEBOH TKaHH IEYEeHHU B Tape ¢ HeH, coOTBeTCTBeHHO. Habop maHHBIX ObLT CreHepupoBaH
u3 JIHK, monydennoii ¢ momompbto Sequel II Sequencing Kit 1.0. B omaom BapmaHTe
OCYILIECTBIIEHHsI, TEHOM ObLIT pasnelieH, in silico, Ha OKHa pa3MepoM 2 MIIH.IL.O. bbul paccunTan
MPOLIEHT COINOCTABJIEHUs] KOHCEHCYCHBIX IMOCJIEAOBATEIbHOCTEH C KaXKABIM OKHOM, 4YTO [ajio
reHoMHoe mnpencraesienue (GR) ¢ paspemenwem 2 muH.1m.0o. GR MOXHO omnpenenuts TO
KOJINYECTBY CYONpOYTEHHH B TMO3WLIMH, HOPMAJIN30BAHHOMY IO COBOKYITHOMY KOJIMYECTBY
CyOnpOUTEHHH MOCIENOBATEIBHOCTH 110 BCEMY T€HOMY.

®ur. 56A nemoHcTtpupyet cootHowenne GR ana JJIHK onyxonu u IHK npuneratoieit
HEOIyXOJIEBOM TKaHU B Mape C HeH, C UCMOJb30BAHUEM CEKBEHUPOBAHMS OTACIBHON MOJIEKYJIbI
B peambHoM BpemeHu. CooTHomenue umcina komuit Mexnay omnyxonesort JIHK u JHK
HOPMAaJIbHON TKaHU B Mape ¢ Hel MOKa3aHO Ha OCH OPAMHAT, MHIEKC T€HOMHOIO IPYINITHPOBAHUS
JUIsl KaKAOTO OKHA pa3sMepoM 2 MIIH.ILO., BKJIIOYas XpOMOCOMBI ¢ 1 mo 22, mokas3aH Ha OCH
abcuucc. Jns sTolt purypsl, odnacts, umeromas cootHomenne GR Boime 95-ro nmponeHTws
BCEX OKOH pPa3MepoM 2 MJIH.II.O, Oblia Ki1acCU(UIMPOBAHA KaK UMEIOINAs PUPOCT YHCIIa KOUH,
TOrAa Kak o0xacTe, uMeromias cootHomenne GR Huke 5-ro mpoLeHTHIIs BCEX OKOH pa3MepoM 2
MJTH.T1.0, ObLJ1a KJIacCH(PUUMPOBAaHA KaK UMEFOINAs MMOTEPI0 YUCa KOMUH. MbI 3aMETUJIH, UTO Ha
xpoMmocome 13 HabmromaeTcst moTepst Yhcia KOMHi, a Ha XxpoMocoMe 20 - MPUPOCT YUCia KOTTHHN.
Takue nNpUpOCTEI U MOTEPH - IPABUJIBHBIN PE3yNbTAT.

Qur. 56B npemoHcTpupyer cootHomieHne GR ang omyxoiaum M mpuierarouiei
HEOIyXOJIEeBOW TKaHW B Mape C HeW C HUCIOJb30BaHHEM OHCYIB(UTHOIO CEKBEHHPOBAHUS.
CootHomenue uncia konuit mexxay omnyxosiesoit IHK u JIHK HopmanbHOl TkaHu B nape ¢ Hel
MOKa3aHO HAa OCH OPAMHAT, & UHJEKC T€HOMHOIO IPYNIUPOBAHUS JIs1 KAKJIOTO OKHA pa3MepoM 2
MJTH.TL.O., BKJIFO4Yasi XpOMOCOMBI ¢ 1 1o 22, moka3aH Ha ocu abcumcce. M3MeHeHus yncia KOmuH,
UICHTU(QUIMPOBAHHBIE C TIOMOLIBK) CEKBEHUPOBAHHMSA OTHENBHOW MOJIEKYJbl B PEAJbHOM
BpeMeHHU Ha Pur. S6A ObLIH MOATBEPKACHBI PE3yJIbTaTaMU COOTBETCTBYIOIIETO OUCYIbYUTHOTO
CEeKBEeHUpOBaHus Ha Pur. S56B.

Hnsa  cnysas TBR3032 wme1 nomyunnm 413982 u 2396054  kKOHCEHCYCHBIX
MIOCIIeIOBATEIbHOCTEH (MUHHMabHOE TpeOOBaHHE MO CYONPOYTEHUSIM, HCIOJIb3YEMBbIM JUIS
MOCTPOCHUS KaJKJO0W KOHCEHCYCHOH TOCIeA0BaTEIbHOCTH, COCTABIISUIO S5) aist onyxojesoit [IHK
u JIHK npuneraromeil HEOMyxoJIeBOM TKaHU B Mape ¢ HEH, COOTBETCTBEHHO. B OTHOM BapuaHTe

OCYILIECTBIIEHHsI, TEHOM ObLIT pasnelieH, in silico, Ha OKHa pa3MepoM 2 MIIH.IL.O. bbul paccunTan
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MPOLICHT COMOCTABJICHHUs] KOHCEHCYCHBIX IMOCIEAOBATEIbPHOCTEH C KAXKIbIM OKHOM, 4 UMEHHO
reaoMHoe npencrasieHue (GR) ¢ paspemenuem 2 MitH.IL.O.

®@ur. 57TA pnemonctpupyet cootHowenne GR nnsa JIHK onyxonu u JIHK npuneratoieit
HEOIyXOJIEBOM TKaHU B Mape C Hel, C UCMOJb30BAHUEM CEKBEHUPOBAHUS OTAEIBHON MOJIEKYJIbI
B peambHoM BpemeHu. CooTHomenue umcna komuit Mexnay omnyxonesort JIHK u JHK
HOPMaJIBbHOW TKAaHM B Mape C HeW MOKAa3aHO HAa OCH OpAUHAT, a HWHAEKC T€HOMHOIO
TPYyNNUPOBAHUS Ul KaXAOrO0 OKHA pa3MepoM 2 MIIH.ILO., BKJIOHas XPOMOCOMBI ¢ 1 mo 22,
nokasaH Ha ocu abcuucc. s 1ol puryper, obnacts, nmeromas cootHomenue GR Boite 95-ro
IPOLEHTUIS BCEX OKOH Pa3sMepoM 2 MIIH.I.O, Oblla KJIacCU(UIIMPOBAHA KaK MMEIOLIast IPUPOCT
qrciia KOMui, Torma kak obmacts, umeromas cootHoueane GR Hmke 5-ro mpoueHTHIIsT Beex
OKOH pa3MepoM 2 MIIH.IL.O, ObUTa KiaccH(pULUMpOBaHa KaK UMEIOINas MOTEPI0 YHCia KOMUH. MBI
3aMEeTHIIH, 4TO Ha Xxpomocomax 4, 6, 11, 13, 16 u 17 nabmogaercst moTepsi 4uciaa KOMHA, B TO
BpeMs KaK Ha XpOMOCOMax 5 U 7 - IPUPOCT YUCIIA KOMUH.

[0024] ®ur. 57B nemoncrpupyer cootHomenue GR pna JIHK onyxonn u JIHK
NpUJIeraroInell HEOMyXOJIEBOH TKAaHM B Mape C HeH, C HCIMOJb30BAHHEM OHUCYIb(PHUTHOTO
cekpeHupoBanusi. CootHomenne uncina komuit mexay JHK onyxomu um JAHK nopmanbpHOIM
TKaHU B Mape ¢ Hel MOKAa3aHO HAa OCU OPAMHAT, 4 MHAEKC N'€HOMHOIO TPYHNIHPOBAHUS [JIs
KaXXJIOTO OKHA pa3MepoM 2 MITH.ILO., BKJIOYast XpOMOCOMBI ¢ 1 mo 22, moka3aH Ha ocu abcuce.
U3sMmeHeHust umciaa KOMUi, MASHTU(QULMPOBAHHBIE C TOMOIIBIO CEKBEHHPOBAHUS OTHEIBHON
MOJIEKYJIBl B peaJbHOM BpeMeHHn Ha Pur. S57A ObUIM MOATBEPXKAEHBI PE3yJIbTATAMU
COOTBETCTBYIOIIEr0 OUCYIB(PUTHOTO CekBeHUpOoBaHus Ha Dur. 57B.

CooTBeTCTBEHHO, TPOQPIIb METWIMPOBAHUS W TPOQMIbL YHCIA KOMUH MOXKHO
AQHAJM3UPOBATh OJHOBPEMEHHO. B 3TOM mpumepe, MOCKOJIbKY YUCTOTA OMYyXOJU ONyXOJIEeBOHN
TKaHH Kak TpaBUio He Bcerma cocraBimier 100%, ammmmduuupoBaHHble oOJacTH OyayT
OTHOCHTENIbHO yBenu4nBath Bkjan omyxosiesod JIHK, B To Bpemst kak ynaneHHbIe OONacTH
OyOyT OTHOCUTENbHO yMeHbIIaTh BKjan omyxojeBoi JIHK. Tlockoibky reHOM OIMyXoJin
XapakTepusyercss rioOaIbHBIM THUIIOMETHIIMPOBAHUEM, aMIUH(ULIupoBaHHbIe obmactu OymyT
JOTIOJIHUTENPHO CHI)KATh YPOBHU METHIIMPOBAHMS 110 CPABHEHUIO C YAAJICHHBIMH oOnacTsimu. B
KauecTBe wumocTpaumy, ans ciaydas TBR3033 ypoBeHb MeTHIMPOBAHUS XPOMOCOMBI 22
(mpupoct umcna Komuil), U3MEPEHHBIH C HCIMOJb30BAHUEM JAHHOTO H300PETEHUs, COCTaBUII
48,2%, 4TO HMXKE, YeM y XPOMOCOMBI 3 (TOTepsi 4ucja Komwii) (YpOBEHb METHIHMPOBAHWS:
54,0%). Hast cnygas TBR3032 ypoBeHb METHIIMPOBAHUS TI€Ya XPOMOCOMBI Sp (IIPUPOCT YHCIa
KOMUI), U3MEPEHHBINA ¢ WCIMOJIb30BAHUEM JaHHOTO H300peTeHus, cocTaBui 46,5%, 4TO HIKE,
4eM y Iuieda XpoMOCOoMBI 5q (TIoTepst yrcia konuil) (ypoBeHb MeTHIIUPOBaHUs: 54,9%).

2. Kapruposanue IHK u3 njiazmMbl no TKaHsAM y 0epeMeHHOI KeHIIUHbI
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Kak mnokaszano nHa @ur. 58, Mbl 0OpUIIIM K BBIBOAY, YTO TOYHOCTb AaHaIN3a
METHJIMPOBAHUS TIO3BOJIUT HaM cpaBHUTb mnpoduian merwmmpoBanus JHK w3 mmasmer
OepeMEeHHOHN KEHIIMHbI ¢ NPOQWIIMH METHIMPOBAHUS pAa3JMYHBIX pPe(EPEeHCHBIX TKaHEH
(HampuMmep, medeHu, HEUTPOoPMIoB, TUM(POLUTOB, TALEHTHI, T-muMdoruToB, B-mumdponuros,
cepaua, mosra u T.4.). Takum obOpasom, Bkiax JIHK B myn JJHK u3 mnasmel OepemeHHOMN
JKEHIUHBI M3 Pa3HbIX THUIOB KJIETOK MOYKHO OBLJIO OMpPENENUTh C TMOMOIIBID CIENYIOLIUX
npouenyp. Yposuu wmetmmpoBanus CpG cmecu JIHK (wanpumep, JIHK mnmasmbr),
OTIpEeNIEICHHbIE B COOTBETCTBHU C BAPHAHTAMH OCYIIECTBIJICHUS, MPEICTABIEHHBIMH B JaHHOM
packpeITUN M300peTeHus, ObLIM 3amicaHbl B BekTope (X), M MOJIYYEHHbIE 3TaJOHHBIE YPOBHH
METHJIMPOBAHUS B PA3JIMYHBIX TKAHSAX OBLIN 3amucaHbl B Marpune (M), KOTopble MOKHA OBLIO
KOJIMYECTBEHHO OTPENEeNNTh OMCYNb(UTHBIM CEKBEHUPOBAHHEM, HO HE OrPAaHHUYHBASChH JIUIIb
uM. IIponopunonanpHble BKIans! (p) U3 pa3Hbx TkaHed B cMech JIHK MoryT ObITh paccunTaHbl
C MOMOIIBIO KBAJIPATUYHOTO MPOTPAMMHPOBAHHUS, HO HE OTPAaHUYUBAIOTCA JIMIIb UM. B maHHOM
JOKYMEHTE MbI HCIOJIb3yeM MaTeMaTHYECKHe YpPaBHEHHs, YTOOBI MPOUJUTIOCTPUPOBATH
BBIUMCJIEHUE MPOTIOPIIMOHAIBHOTO BKJIaa Pa3IMYHbIX OPraHoB B aHanmsupyemyro cmech JIHK.
MaremaTudeckasi B3aHMMOCBS3b MEKAY IUIOTHOCTSIMH METHIIMPOBAHUS PAa3IMYHBIX CAHTOB B
cmecu JIHK u muioTHOCTSIMH METHIITMPOBAHHS COOTBETCTBYIOIIMX CAWTOB B Pa3HBIX TKAHSX

MOJKET OBITh BBIpAJKEHA KaK:
X =2 X My,
rae X, mpeicTaBisieT IUIOTHOCTb Meruiauposanus caiita CpG 7 B cmecu JHK; p,

npeacTaBisieT NMPONOPLHOHANBHBIN BKIajg Tuma kiaetok k& B cmech JIHK; M mpencrasiser

IUIOTHOCTHh MeTuinposanus caiita CpG i B Tune xietok & Korma konudecTBo caliToB Takoe xe

U1 6OJ'II:;H_I6, UEM KOJHUYCCTBO OPraHOB, MOTYT OBITh ONpECACIICHbI 3HAYCHHUA OTACIIBHOIO Pi

Jlns moBbieHus MHQOPMATUBHOCTH UCKIIOYaU cailtbl CpG, KOTOpBIE MPOIEMOHCTPUPOBAIIH
HeOOJBINYID BapuaOeNbHOCTh YPOBHEH METUJIMPOBAHUS CPEOU BCEX THUMOB pedepeHCHBIX
TKaHel. B 0JHOM BapHaHTe OCYIIECTBIICHHUS], Mbl UCTIOJB30BAIN KOHKPETHBIN Habop caiitoB CpG
IUT BBITIOJTHEeHUs aHanmmu3a. Hanpumep, stu calitel CpG xapakrepuzoBanuch O6onbmum dem 30%
koaddurmentTom Bapuanuu (CV) ypoBHeH METHIMPOBAHHS CPEIH PA3HBIX TKaHEW, U OOJbIIen
yeM 25% pasHuLel MeXIy MaKCUMaJIbHbIM U MUHUMAJIbHBIM YPOBHSIMH METHUJIUPOBAHUS CPEAH
TKaHel. B HEKOTOpBIX APYruxX BapUaHTaX OCYIIECTBJICHHS, MOXKeT ObITh ucmoib3oBaH CV,
cocrasysirouii 5%, 10%, 20%, 30%, 40%, 50%, 60%, 80%, 90%, 100%, 110%, 200%, 300% u
T.J.; U MOKET OBITh MCIIOJIb30BaHA PA3HUIIA MEKAY MAKCHMAJIbHBIM U MUHUMAJIbHBIM YPOBHIMU

METHJIHPOBAHUSI Cpeau TKaHel Oosbimast uem 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%,
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70%, 80%, 90%, 100% u T.1.
2 2 2
B anropurm Moryt OBITh BKJIFOUEHBI IOMOJIHUTEJIbHBIE KPUTEPHH JUIS TOBBILICHUS

TouHoCcTU. Harpumep, COBOKYNHBIN BKJIaZ BCEX TUIOB KJIeTOK OyneT orpanudeH 100%, 1.e.

Y. Py = 1009,

Kpowme Toro, Heo6xoauMo, 4TOOBI BKJIAJT BCEX OPraHOB ObLIT HEOTPULIATEIBHBIM:

P = 0¥k

U3-3a Omomornveckux BapwalWii HAOJMFOJaeMbIil COBOKYITHBIM MATTEPH METHIMPOBAHUS
MOXET H€ TOJHOCTBIO COBMNAJAaTh C MAaTTEPHOM METUIUPOBAHUS, YCTAHOBJIEHHBIM IO
METHJIMPOBAHUIO TKaHEH. B Takux oOCTosITeIbCTBaX MOTPeOyeTcss MaTeMaTHYECKUN aHATU3 ISt
ompeneNeHnss Hanboee BEPOSTHOTO MPOMOPLHUOHAIBHOTO BKJIAA OTHAENBHBIX TKaHell. B sTom
OTHOILIEHWH, pa3HUIA MeXAy HaOmomaeMblM marrepHoM MerwinpoBanuss B JHK #u

NPEeANnoJaraeMbIM MaTTEPHOM METHIIMPOBAHUS U3 TKaHeH o0o3Hauaercs W

W= X, _Z(T»‘kx My
4

Haubonee BepoOsATHOE 3HAYEHHE KAXKAOIO 7, MOKET OBITb ONpPENEIEeHO IyTeM

MUHUMU3aud W, 9TO TpeacTaBisieT CcoOOH  pasHUIly MexAy HaONIoJaeMbIMU |

>
NPEANoJaraeMbIMH MAaTTEPHAMH METHJIMPOBAHHUA. JTO YpPAaBHEHHE MOXKET OBITh PEIICHO C
HCIIOJIb30BAHUEM MATEMAaTUYECKHUX aJIrOPUTMOB, HATPUMED, HO HE OTPaHUYMBASCh JIUIIb STUMU:
C HCIOJBb30BAHUEM KBAJIPATUYHOTO MPOrPAMMHPOBAHUS, JHHEHHOW/ HENMHEHHON perpeccum,
aNropuT™Ma MakcuMuzauuu oxkumanus (EM), anroputmMa MakCHMAaJbHOTO TMPaBAONONOOHS,
MaKCHUMAaJIbHON arloCTEpUOPHON OLIEHKH M CIIOc00a HAUMEHBINNX KBAPATOB.

Kak mnokazano na @Pur. 59, mbpl HaOmonmanu, uro Bkjian rmianentapuoii JIHK B
MAaTePUHCKYI0 IUla3My OepeMEeHHBIX JKEHINWH, HEeCyUIMX IUIOA MYXKCKOrOo 1oy, C
UCIOJIb30BaHUEeM MeToaa kaptuposaHusa JJHK u3 nmnasmel no TkaHsAM, NpeACTaBIeHHOro Ha Pur.
58, xopomo koppenuposan ¢ ¢ppakuusmu JIHK miona, KoTopble OLEHUBAIN 110 MPOUYTEHUSIM Y-
XPOMOCOMBI. DTOT pe3yJibTaT CBUIETENBCTBYET O BO3MOXKHOCTH MCIOJIb30BAHUS KHHETHUECKUX
XapPaKTEPUCTHK JJIs1 OTCIEKUBAHUs TkaHeBoro nmpoucxoxaeHust JJHK u3 mmazmer y OepeMeHHbIX
SKEHIIUH.

3. KosanyecTBeHHasi OlleHKA YPOBHSI METHJIMPOBAHUSA MO 00J1aCTAM

B 3TOM paspene onucaHbl METOABI ONPENEIEHUST XaPAKTEPHOIO YPOBHSI METWINPOBAHUS
I BbIOpaHHBIX OOJacTell T€HOMa, KOTOPBIE MOTYT OBITh pEeaJM30BaHbl C HCIOJIb30BAHHUEM
OTHOCHTEJIbHO HHU3KOTO YPOBHS CEKBEHUPOBAHUS. YPOBHH METHJIMPOBAHUS MOTYT OBITh
OTIpeNeNeHbl Ul KKIOW Lenu WIM AN KOKIOW MOJEKYNbl, WM I KaKIOW oOnacT,

HCIOJIb3ysd KOJUYCCTBO MCTUIIHMPOBAHHBIX CaliToOB U 06Luee KOJINMYECTBO MCTUIIMPOBAHHBIX
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caiitoB. Takke aHAIU3UPYIOT YPOBHU METUJIMPOBAHUS PA3INUHBIX TKAHEH.

Mpur cexBenupoBaiu 11 TkaHeBbpix oOpasuoe JIHK yenmoBeka ¢ cpemHUM KOJIHMUECTBOM
cyonpourenwuii - 30,7 muH. (ananaszon: 9,1 - 88,6 MuH.) AN Kaxaoro oOpasna, KOTOPbIe MOYKHO
OBLJIO BBIPOBHSTH C ATAJIOHHBIM reHOMOM 4esioBeka (hgl9). CybnpoureHus u3 kaxmoro odopasua
ObuTH creHepupoBaHbl U3 B cpenHeM 3,8 muH. siueek Pacific Biosciences Single Molecular Real-
Time (SMRT) Sequencing (amamason: 1,1 - 11,5 muH.), Kaxnas U3 KOTOPBIX COAEpKajia Mo
MeHbIIEeH Mepe OIUH (ParMeHT, KaKIblH U3 KOTOPBIX MOXXHO OBLJIO BBIPOBHSTH C 3TAJIOHHBIM
reHOMOM desnioBeka. B cpenneM kaxnmas monekyna B siuefike SMRT Obuia cexkBeHupoBaHa B
cpenHeM 9,9 pasa (nmamasoH: 6,5 - 13,4 paza). Tkanesbie oOpasusl JJHK uenoBeka Bkirouaiu B
cebs 1 marepwHCKHIl oOpaser JEWKOUMTApHOTO CcJios OepeMeHHOro cyobekTa, 1 obOpasen
IJTALeHTHI, 2 00pasia OMyXOoJIeBhIX TKaHel renatone/urossipHoit kapiuHomsl (I'LK), 2 obpasua
MPUIETAOIINX HEOMyXOJIEBBIX TKAHEH B mape ¢ 2-ms paHee ynoMsHyTeiMu TkaHamu ['1IK, 4
oOpas3na JEHKOLUTAPHOTO CJIOSl 3[OPOBBIX KOHTPOJBHBIX CyObekToB (M1 m M2 Obutn u3
cyOobekToB Mykckoro noja; F1 u F2 O 3 cyOBekToB skeHCKoro nona), 1 obpasen u3 JuHUH
kietok I'TIK (HepG2). ITonpoOHOCTH UTOrOB MO NaHHBIM CEKBEHHPOBAHMSI TIOKa3aHbI Ha Dwur.
60.

@ur. 60 TEeMOHCTPUPYET pa3IMYHbIE T'PYMIIbI TKAHEH B MEPBOM CTOJIONE M HAa3BAHHS
obpa3oB BO BTOpoM croyOre. «COBOKYIMHOE KOJMYECTBO CyOmpouTeHui» o0o3HavYaeT
COBOKYITHOE KOJIMYECTBO MOCJEN0BATENbHOCTEHN, creHepupoBaHHbiXx U3 ssiueek SMRT, Bxmouas
TakoBbIe U3 Leneil YorcoHa n Kpuka. «KaprupoBanHble CyONpOYTEHUT» NPUBOASAT KOJIHMUYECTBO
CyOmnpouTeHH, KOTOpble MOXKHO BBIPOBHATH C  JTAJOHHBIM T'€HOMOM  YeJIOBEKa.
«KapTupoBaHHOCTh CYyONpPOYTEHUI» OTHOCUTCA K J0Jie CyONpOYTeHHH, KOTOpPble MOXKHO
BBIPOBHSTH C STAJOHHBIM I'€HOMOM uejioBeka. «Cpenssis riayOMHa CyOnmpodTeHUil Ha SUEHKy
SMRT» yka3pIBaeT cpenHee KOJIUYECTBO CYONPOUTEHHH, M€HEPUPYEMBIX W3 KKIOHW siUeHKH
SMRT. «KonuuectBo siueek SMRT» otHocurca k konuuectBy siueek SMRT, kotopsie
NPOM3BENIHN NETEKTUPYEeMble CyOmpouTeHHs. TepMUH «KapTHpyeMble sS4YeHkn» o0O03Ha4daer
KOJINYECTBO STYEEK, COACPIKALINX IO MEHBLIEH Mepe OIHO BBIPABHMBAEMOE CyOIpOYTEHHE.
«IIpoueHT kapTupyembix stueek (%)» - 3TO MPOLEHT siUeeK, KOTOPbIE COAEep KU M0 MEHbIIEH
Mepe OJTHO BBIPABHHBAEMOE CyONpOUTEHHE.

aj Memoowr ananusa ypoeus u nammepna Memunupoeanis

[0025] B omHOM BapuaHTe€ OCYIIECTBJCHHS, MOKHO H3MEPHUTh  IUIOTHOCTh
METHJIMPOBAHMSI ONHON Henu HykjenHoBou kuciothl (Hanmpumep, JIHK wmu PHK), kortopas
ompesensercs Kak KOJHWYECTBO METHJIMPOBAHHBIX OCHOBAHWN B LEMH, pa3felleHHOe Ha
COBOKYITHOE KOJMYECTBO METHJIMPYEMBIX OCHOBAHUI B Mpeaenax JaHHOH Lenu. JTO U3MepeHue

Takke 0003HAYAIOT KaK «YPOBEHb METHJIMPOBAHHUSI ONHOU LEMmuy». ITO M3MEPEeHUEe OTIENbHOMN
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LIENH B YaCTHOCTH OCYIIECTBUMO B KOHTEKCTE NAHHOTO PACKPBITHS H300PETEHUs], MOCKOJbKY
ruiatopma Al CEKBEHUPOBAHUS OTIENbHON MOJIEKYJIbI B PEATbHOM BPEMEHU MOJKET IOJIy4aTh
WH(POPMALIUIO O CEKBEHUPOBAHUHU U3 KAXKIOW U3 ABYX Lenel AByxienouedHon mojexyisr JJHK.
DTOMy CrOCOOCTBYET HCIOJB30BAHUE AANTEPOB B BUAE LIMIIBKH MPU MOATOTOBKE OMOIHOTEK
CEeKBEHHPOBAHMA, Tak 4To nernu YorcoHa W Kpuka nsyxunenoueunoit monexyinsl JHK Oynyr
oObpenuHeHsl B (hopMaTe KOJIbLA U CEKBEHHPOBAaHbI BMecTe. PaKTUUECKH, 3Ta CTPYKTYpa TaKxKe
MO3BOJIIET CEKBEHUPOBATh HAXOASIIMECS B mape uenu YorcoHa U Kpuka OnHOM M TOH ke
asyxuenodedyHont Mmosexyibl JIHK B oqHON M TOM ke peakuuu, Tak 4TO CTaTyC METHUIMPOBAHUS
COOTBETCTBYIOIMX KOMIUIEMEHTapHbIX CaWTOB Ha wemsax YorcoHa u Kpuka moOoit
nsyxuenoueqHoil JIHK mosexynbl MOXXeT OTHENbHO OINpenessTCs U HalpsMyH) CPaBHUBATHCS
(manmpumep, @ur. 20A u 20B).

OTH aHaANW3bl METWJIMPOBAHHUS HAa OCHOBE LIETIEHl HE MOTYT OBITh JIETKO BBIMOJIHEHBI C
MOMOIIBI0 APYrux TexHoJoruil. Ilockonbky 0e3 HCrmonp30BaHMs crocoda MPsSMOro aHaIn3a
METHJIMPOBAHUS, PACKPBITOTO B HAHHOW 3asBKe, HEOOXOAMMO ObLIO OBl MPUMEHHTH APYIHE
cpeactBa ans  auddepeHIHaMi METHIHPOBAHHBIX OCHOBAHUN OT HEMETUJIMPOBAHHBIX,
HampuMep, ¢ TMOMOLIbID mpeobpasoanus Oucynbdurom. IlpeoOpasosanue OucynbhuTom
Tpebyer obpadotku JIHK Oucynbpurom HaTpusi, 4YTOObI METHJIMPOBAHHBIE ITUTO3UHBI U
HEMETUJIMPOBAHHBIC IIUTO3WHBI MOXHO OBbUIO Pa3IMYUTh KaK LUTO3MHbBI W  THMHHBI
COOTBETCTBEHHO. B HeHaTypHpyOIIUX YCIOBHSIX MHOTUX MPOTOKOJOB MPeoOpa3oBaHMUS
oucynbpuToM nBe 1enu AByxuenoueyHod mozekynsl JJHK nuccommmpyrot apyr ot apyra. Bo
MHOTHX TPUMEHEHUSX CEKBEHMPOBAHUS, HANPUMeEP, C MCHOJb30BaHUEM IuitaTtdopmel Illumina,
npeoOpaszoBannyo Oucynbpurom JIHK 3atem aMrmuduuupyrOT ¢ MOMOIIBIO MOJUMEPa3HOU
uenHoi peakunu (ITL[P), xotopas BkimouaeT B cebst aucconumanuio neyxuenodeynoi JIHK Ha
OTeJIbHbIE LIETH.

[0026] IIpu cexBernmpoBanuu Illumina MOXHO TPUrOTOBUTH OHOIHOTEKH IS
cexkBeHnpoBaHus ©Oe3 [ILIP, wncnonp3ys MeTHIMPOBAaHHBIC amamlTepbl 1O TNPEoOpa3OBaHUS
oucynbdurom. Jlaxke npu ucmonbp3oBaHUK 3TOH cTpaternn kaxaas uens JJHK neyxuenodeynoi
mosiekysbl JIHK Oynmer cnmydalineiM oOpa3om BbiOpaHa i MOCTHUKOBOH aMruindukanuu B
MPOTOYHOMU sA4elike. M3-3a ClIydalilHOro XapakTepa CEeKBEHHPOBAHUs MAJIOBEPOATHO, UYTO KaKAas
Lenb OAHOM U TOH ke MoJiekybl JIHK cekBeHupyeTcs B OHON U TOM ke peakuuu. laxe eciu B
OJTHOM U TOM K€ LHMKJIE aHATM3UPYIOT OOJIBIIE YeM OJHO CYONpPOUYTEHHE IMOCIENOBATEIbHOCTH
U3 OAHOTO W TOTO K€ JIOKyCa, He CYyINEeCTBYET MPOCTBIX CPEACTB ISl OINpPENeseHUs TOro,
MPOUCXOAAT JIM 3TH [1Ba MPOYTEHUsS M3 KAXKAOW W3 mapbl Heneil Yorcona u Kpuka u3 ogHoi
aByxuenouedHoi Monekynbl JJHK, unu npoucxoasar U3 AByX pa3HbIX JBYXLETIOYEUHbIX MOJIEKYII

JHK. Takune ¢paxTopbl BaXKHBI, IOTOMY YTO B HEKOTOPBIX BAPHUAHTAX OCYIIECTBJICHUS AAHHOTO
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n300peTeHus 1Be Lenu AByxuenoueyHoi monekysbsl JJHK MoryT nposiBisTe pa3Hble MaTTEPHBI
MeTunuposanus. Koraa onpenensiroT IUIOTHOCTH METUJIMPOBAHUS OJHOM LENH MHOKECTBA
nenel HykyienHoBbIX kuciaoT (Hanpumep, JAHK wnmm PHK), Taxke MOKHO ONpenenuTs «ypOBEHb
METUJIMPOBAHUSI MHOXKECTBA LIETIEe» HA OCHOBE KOHLENILIMM U YPABHEHUs, KAaCAIOLUXCsl «yPOBHS
METHJIMPOBAHMS HHTEPECYIOIEeH TeHOMHO obnactn» Ha Pur. 61.

Qur. 61 neMOHCTpUPYET pasNUYHbIe CHOCOOBI aHaM3a MATTEPHOB METHIIUPOBAHUS.
Heyxuenoueunas monekyiaa JJHK (X) ¢ Heu3BecTHOH MOCnen0BaTeNbHOCTEIO U HHPOPMALHEH O
METHJIMPOBAHUU JIMTUPYETCSI C afanTepaMu, KOTOPbIE B OJHOM IpuMepe GOPMUPYIOT CTPYKTYPY
mnuiabka-netas. B pesynsrare ase otaenbHble nenu monekyiasl JAHK, Bxkmrouas nenn Yorcona
X (a) u Kpuka X (b), ¢pmsudeckn oObequHSIOT B Mapy B BUIE KOJbLEBOH (POpPMBI B TaHHOM
npumepe. CtaTychl METHIMPOBAHHMSA CalTOB B obenx memsix YorcoHa u Kpuka moryt ObITh
MOJIYY€HbI C HCIOJIB30BAHHEM CIOCOOOB, ONHMCAHHBIX B JAHHOM pPAaCKPBITUH H300pETEHHS
(HampuMep, ¢ UCTIONBb30BAHUEM KHHETHUYECKHUX, HJIEKTPOHHBIX, 3JIEKTPOMArHUTHBIX, ONTHYECKUX
CHUTHAJIOB WJIM IPYTUX THIIOB (PM3MUECKUX CUTHAJIOB OT cekBeHcopa). Llemn Yorcona u Kpuka B
konbLesor Monekyie JIHK moxHO uccnenosaTb B TOH ke peakuuu. Ilocne cexBeHupoBaHUs
NOCIIEIOBATEIBHOCTH aIANITEPOB OOPE3aAr0TCS.

PaznuyHbIe yPOBHU METHIIMPOBAHHS MOTYT OBbITH OMPEeNieHbl C TIOMOLIBI0 aHanmu3a. B (1)
Ha @ur. 61, MOXHO NpPOAHATU3UPOBATH MATTEPH METWJIMPOBAHUSA TOJBKO OJHOLENOYEYHOHN
MoJiekyibl, Takoil kak X (a) mmu X (b). DTOT aHa/IM3 MOXHO HAa3BaTh AHAJIHM30M IATTEpHA
METHJIMPOBAHUA OJHON wLemu. AHajiu3 MOXET BKJIOYaTh B ceOs, HO HE OrpaHHYMBAETCS
ONpeaesIeHueM CTaTyca METWINPOBAHUSA CAWTOB WM maTrepHa MeTtunupoBaHus. Ha dwur. 61,
OJlHOLIETIOUeYHas MOJieKyJa X(a) JeMOHCTPUpYeT naTrepH Metunuposanus 5’ -UMMUU-3’, rae
«U» obOo3HauaeT HeMETWJIMPOBAHHBIA CalT, a «M» o0o3Ha4aeT METWJIMPOBAHHBIN CAaWT, B TO
BpeMsl KaK KOMILUIEMEHTapHasi onHolenodeuHas Mmosiekyna X(b) neMoHCTpupyeT mNaTTepH
mermnupoBanue 3’-UMUUU-5". Takum o6pasom, X(b) mmeer narrepH MeTWINPOBAHUS,
ornuuHblid 0T X(a). COOTBETCTBYIOIINE YPOBHH METHINpOBaHUs ofaHoH nernu s X(a) u X(b)
coctapisitoT 40% u 20%, COOTBETCTBEHHO.

Hamnporus, kak mokazano B (II), MOXXHO aHanmM3MpOBaTh MATTEPHBI METWJIMPOBAHUS HA
ypoBHe oxHOH nByxuenodeyHoii moiekynel JIHK (T.e. mpuHUMare BO BHHMaHHUE MaTTEPHBI
MeTHaupoBaHusa obenx wneneil YorcoHa um Kpuka. DTOT aHann3 MOXHO Ha3BaThb aHAIH30M
MaTTepHa METWJIMPOBAHMS OJHOW MoJsiekyJibl AByxuenodeunon JJHK. Yposens meTunupoBanus
onHolt monekynbl AByxuenoudeyHoi JIHK monexynsl X ganHoro npumepa coctasiser 30%. B
OJITHOM M3 BapUAHTOB 3TOTO aHAJIN3a KUHETUYECKHE CUTHAJBI U3 obenx ueneil Yorcona un Kpuka
MOryT ObITh OOBEAMHEHBI Ul aHaiIW3a MOAU(HUKAMK. B  9acTHOCTH, TOCKOJIBKY

MerraupoBaHue no caiitax CpG OOBIYHO CHMMETPUYHO, KUHETHYECKHUE CHTHAJIBI OT Lenei
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Yorcona u Kpmka ™oryr ObITb OObeAMHEHBI aisl caliTa [0 ONpEAeNeHUs CTaTyCOB
METHJIUPOBaHUA caliToB. B HekoTopeix  cutTyanusx, 3(QeKTHBHOCTD  OmpeneneHHs
MOIU(UKALIMI OCHOBAHWH C HCIOJB30BAHMEM KHHETHYECKUX CHTHAJIOB, OOBEIUHEHHBIX H3
nerned YorcoH u Kpuka monexysbl, OyAer Jydine, 4eM OINpenesieHHue, KOTOPOe HEe3aBHCHMO
UCIIOJIb3yeT KUHETUYECKHe CUrHasibl onHoW uenu. Hanpumep, kak mokasaHo Ha Pur. 20B,
KOMOWHUPOBAHHOE HCIIONb30BAHNE KWHETHYECKUX CHTHAJIOB M3 00euX Lemnel, BKIIoUas Ienu
Yorcona u Kpuka, npusener k ysemmueHuro AUC (0,90) B TecroBoM HaOope HaHHBIX IO
CPaBHEHHIO C HE3aBUCUMBIM HCIONIb30BaHueM onHol nern (AUC: 0,85).

B (III) va @ur. 61, ompenensiOT ypOBEHb METHJIUPOBAHHS HMHTEpecyroleld obmactu
reHoma, rnae passHble moJsiekysasl JIHK, umeromue pasHble pasMepbl MOJIGKYJ W pasHOE
KOJINYECTBO METHIIMPYEMbIX calToB (Hampumep, caiitoB Cp(G), MOTyT BHOCHTH BKJAI B
UHTEPECYIOIYI0 O0NacTh TreHoMa. OJTOT AaHajlu3 MOJKHO Ha3BaTh AaHAJIM30M  YPOBHS
METUJIMPOBAHUsI MHOXECTBa Lenell. TepMHMH «MHOXKECTBO LENe» MOXKET OTHOCHUTBCS K
MHOXECTBY ofHouenodeuHbrx Mmojekyn JHK, uiaum MHOXECTBy ABYXLENMOYEYHBIX MOJEKYJI
JHK, wmu gjrobodi ux koMOuHaimu. B ngaHHOM mnpuMepe UMEEeTCsl TPHU  MOJIEKYJIbI
nsyxuenoueynoil JIHK, nokpriBaromye HHTEPECYIOIYI0 00J1acTh T€HOMa: MOJIEKYJIBI «X», «Y»
U «Zy», Kaxmas U3 KOTOpbIX uMeeT uenn «a» u  «b». COOTBETCTBYIOIIUH YpPOBEHb
METHJIMPOBAHMSI TaHHOU obnmacTu cocrapisier 9/28, T.e. 32%. Pasmep aHanmuzupyemoi odnactu
reioma moxer coctaisate 1 Hr, 10 Hr, 20 HT, 30 HT, 40 HT, 50 HT, 100 HT, 1 KHT
(KUJIOHYKJIEOTUOB, T.€. OOHY THICSAYY HYKJIEOTUIOB), 2 KHT, 3 KHT, 4 KHT, 5 kHT, 10 kHT, 20 KHT,
30 kHr, 40 xHT, 50 kHT, 100 KHT, 200 KHT, 300 KHT, 400 KHT, 500 KHT, 1 MHT (MEraHyKJI€OTHUIOB,
T.e. | MmnoH HykieoTuaos), 2 Mut, 3 MuT, 4 MHaT, 5 MHuT, 10 MHT, 20 MHT, 30 MHT, 40
Mut, 50 Mut, 100 MuaT unun 200 MuT. ['eHOMHasi o0NacTh MOXKET TPENCTaBJsITH COOOH
XPOMOCOMHO€ IIJIEY0 WJIM BECh T€HOM.

ITaTTepH METUIMPOBAHUS TAKXKE€ MOKET OBITH OMpEAEIICH IOCHE ONPENEIeHUs] CTaTyCOB
METUJIMPOBAHUsl CAUTOB B MoOJekyne. Hanpumep, B OJHOM CLEHApHUM, TJ€ HUMEETCS TpH
nocnefosarenpHbix caiita CpG Ha oaHol paByxuenodeuHoil wmonekyine JHK, narrepn
METWJIMPOBAHMSI Ha KaxaoW w3 memneidl - YorcoHa u Kpmka Moxker ObITb OmpenesieH Kak
metmaupoBaHo (M), mHemermnmpoaHo (N) u MeTunupoBaHo (M) sl yKa3aHHBIX TPEX CAWTOB.
Oror marrepH, MNM, Hanpumep, Aisl niend Y OTCOHA MOXKeT ObITh 0O03HAYEH KaK «TaruIOTHIl
METHJIUPOBAHUS) ISl Lenu YOTCOHA Al AaHHOH oOmactu. M3-3a mpUCYTCTBHS aKTHBHOCTH
noanepxkanus Merunuposanus JHK, natrepHsl MmetunupoBanus nenu YorcoHa u uenu Kpuka
naByxuernodueqHoil mosekysel JJHK moryt Obite komruiemMeHTapHbIMH. Hampumep, ecnu caiit
CpG merunupoBaH Ha 1enu YoTcoHa, komruieMeHTapHblll calit CpG Ha nenu Kpukxa taxke

MokeT ObIThb MeTwimpoBaH. llomoOHbIM 0Opasom, HemerwnupoBaHHbIH caiit CpG Ha wenw
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YoTrcoHa MOXKeT OBbITh KOMIUIEMEHTaPHBIM HeMeTnpoBaHHoMy caiity CpG Ha nenn Kpuka.

B opHOM BapuaHTe OCYLIECTBJIEHHS, MOXKHO H3MEPUTb YpPOBEHb METHJINPOBAHMUS
otaenbHON Mouiekynbl JIHK, koTopblil omnpepensercs Kak KOJIMYECTBO METUIMPOBAHHBIX
OCHOBAaHHUH MJIM HYKJIEOTHUIOB B MOJIEKyJie, pa3feIeHHOE Ha COBOKYIHOE KOJHUYECTBO
METUJIMPYEMBIX OCHOBaHMM MM HYKJIEOTHUJOB B JaHHON MOJIeKyJe. DTO U3MEpEeHHE Takke
Ha3bIBAIOT «YPOBHEM METUJIMPOBAHUS OTHENbHON MOJEKYJIbD». IJTO H3MEpeHHe OTAEIbHOU
MOJIEKYJIBI MOKET OBITh OCOOEHHO MOJIE3HBIM B KOHTEKCTE JAHHOTO PACKPBITHS H300pETEHUS 13-
3a OOJIBIION IJIMHBI MPOYTEHUS, YTO BO3MOXKHO C TIOMOIIBIO TUIAT(GOPMBI ISl CEKBEHUPOBAHUS
OTIEJbHOW MOJIEKYJbl B peanbHOM BpemeHH. Korma H3MepslOT YpPOBHU METHJIMPOBAHMUS
OTIeJbHOW MoJseKynbl U3 MHoxkecTBa Mojeky’d JIHK, mMoxHO Takke ompenenuTb «ypOBEHb
METUJIMPOBAHUSI MHOXKECTBA MOJIEKYJ» HAa OCHOBE KOHUENUUH W ypaBHeHMss Ha Dur. 61
Hanpumep, «ypoBeHb METHJIMPOBAHUS MHOXECTBA MOJIEKYJ» MOXKET OBITh CPEIHUM WU
MeAMaHHbIM YPOBHSIMH METUIIUPOBAHUS OTAENBbHBIX MOJIEKYI.

B HeKOTOpBIX BapHaHTaX OCYLIECTBJIEHUS, OAMH WIN OOJIblIee KOJMYECTBO T€HETUYECKIX
nosuMopu3MoB  (Hampumep, OAHOHYKJIEOTHAHBIX mnoiauMmopdmmoB (OHII)) moryr ObiTh
npoaHanausupoBassl B MoJiekyne JJHK BMecTe co craTrycoM MeTUIMpPOBaHUs caliTa B MOJIEKYJIE,
TAKUM OOpPa30M BBISBIISISI KAK T€HETUYECKYIO, TaK U 3MUTE€HETUYECKYI0 MH(OPMAIIUIO O TaHHOU
Mosiekyse. Takol aHanmu3 MOKaXeT «OLEHKY TraljloTUNa METHWIMPOBAHUS» aHAJIU3UpyeMOoi
monekynsl JIHK. Ananus3 OLEHKM TamjoTUna MeTWUJIMPOBAHHUsS IIOJIE3€H, HaIlpuMmep, IpH
UCCJIEIOBAHMM TIE€HOMHOI'O MMIIPUHTUHIA U BHEKJIETOYHBIX HYKJIEMHOBBIX KHCIOT B
MaTEepUHCKONW Tuia3Me (comep:kameld cMechb BHekJeTouHblx MoJiekyn JHK, wHecymmx
TEHETHYECKUE U SITUTeHETUYECKIE CUTHATYPbI MAaTEPHU U IUIOA).

b) Cpasnenue pe3ynsmamos Memuiuposansl

[TnoTHOCTH METHUJIMPOBAHUS HA YPOBHE BCETO T€HOMA JJIsl TKaHel B Tabmuie Ha Dur. 60
OTIpENENICHbl C HCIOJIb30BAaHUEM OHCYJb(UTHOIO CEKBEHHPOBAHUS M  CEKBEHHUPOBAHHS
OTHEJbHOU MOJIEKYJIbl B PEaIbHOM BPEMEHH, KaK OMUCAHO B JaHHOM m300pereHun. @ur. 62A
JIEMOHCTPUPYET TUIOTHOCTh METUJIMPOBAHUS, KOJWYECTBEHHO OIpPENENICHHYI0 OUCYIb(QHUTHBIM
CEeKBEHHMPOBAHHUEM, MO OCH OPAMHAT W TUN TKaHHU Mo ocH adcuucc. Pur. 62B nemoHcTpupyer
IJIOTHOCTb METUIIMPOBAHUS, KOJMYECTBEHHO ONpEeNeHHYIO ITyTeM CEeKBEHUPOBAaHHUS OT/EIbHON
MOJIEKYJIbl B pPEaJIbHOM BPEMEHH, KaK ONHMCAHO B JAaHHOM H300PETEHHH, 0 OCH OPAMHAT M THII
TKAHH 110 OCH a0CIHCC.

[0027] Pur. 62A neMOHCTpUPYET IJIOTHOCTU METHJIMPOBAHUS B PA3JIMUYHBIX TKaHSIX C
UCTIOJIb30BAHUEM OHCYJIb(UTHOTO CEKBEHHUPOBaHHs (T.€. oOpasubl ObLTH MpeoOpa3oBaHbl C
NOMOIIBI0 OUCyNb(UTA, a 3aTeM noaBepraiuchk cekeHnposanuio [llumina) (Lister et al. Nature.

2009; 462: 315-322), sxmouas HepG2, onyxonesbie Tkanm [1IK, comocTaBjeHHblE C
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HOpPMAaJIbHOW TKaHbIO TmedeHH, npuieraromed k omyxomu LK (T.e. cocenmHue HOpMasbHbIE
TKaHW), 00pasubl IJIAIICHTAPHOW TKaHW W JeiikorurapHoro cios. HepG2 mokaszama cambrit
HU3KUH  ypOBEHb METIJIMPOBAaHMs, C ypoBHeM MermnupoBanus 40,4%. OOpasupl
JEMKOLMTApHOTO CJIOSI TIOKa3aldu CaMblii BBICOKMH YypOBEHb METWJIMPOBAHMS, C YpPOBHEM
MetunupoBanust 76,5%. CpenHsis TUIOTHOCTP METHJIMPOBaHUsA omyxoJieBbix TkaHedn [TIK
(51,2%) oka3zamach HW)KE, YeM Y COOTBETCTBYIOLIMX IMPHJIETAIONINX HOPMAJIbHBIX TKaHEH
(71,0%). D10 cornacyercs ¢ oxuganrem, 4to onyxoyu ['TIK sBIsIOTCS rHIOMETHIMPOBAHHBIMU
Ha YPOBHE BCETO reHOMA IO CPABHEHHIO C MPUJIETAIOIIUMH HOpMalbHbIMU TKaHsAMU (Ross ef al.
Epigenomics. 2010;2:245-69). Habop mannbix Obwn crenepupoBad u3 JIHK, momyuenno# c
nomortsio Sequel IT Sequencing Kit 1.0.

YacTtu OHUX U TeX ke TKaHel MojBepraiy aHajlu3y METHJIMPOBAaHMS C UCIOJIb30BAHUEM
CEeKBEHHPOBAHMS OTAEIBHONH MOJIEKYJIBI B PEAJIbHOM BPEMEHH U CIOCOOOB COMIACHO JAHHOMY
u3obpereHunro. PesynbraThl mokasansl Ha Our. 62B. AHaMH3 METHUIUPOBAHUS C UCIIOb30BAHUEM
crocOOOB CEKBEHHPOBAHMS OTIENBbHOW MOJIEKYJbl B PEAJbHOM BPEMEHU COIJIACHO TaHHOMY
n300peTeHnIo mokasaj, 4ro JuHus kietok HepG2 Obwia Hanbojee TMIIOMETHIIMPOBAHHOM, 3a
Hell criefoBania mpoaHanu3upoBaHHas onyxosesas TkaHb ['TIK, a 3aTem - muialieHTapHasi TKaHb.
OO6pazen mpuieraroiieil HEONMyxoJeBoH TKaHH NeueHH OblI OoJjiee METHIIMPOBAH, YeM Ipyrue
TKaHu, BKIrouas 'K v TKkaHM MianeHTsl, Npu 3ToM o0pasel JEHKOLUTHOTO ¢iiost ObLT Hanboee
TUIepMEeTUINPOBAH.

[0028] Pur. 63A, 63B u 63C neMOHCTPUPYIOT KOPPEJSALHI0 COBOKYIHBIX ypOBHEMN
METHJIMPOBAHUS, KOJMYECTBEHHO OMNpPEIENEeHHBIX OHCYJNb(UTHBIM CEKBEHHPOBAHUEM H
CEKBEHUPOBAHUEM OT/EIbHON MOJIEKYJIbl B peaIbHOM BPEMEHU COIJIACHO ONUCAHHBIM B JAHHOM
IOKyMeHTe criocobaMm. Pur. 63A neMOHCTPUPYET YPOBEHb METHIIMPOBAHMS, KOJHMUYECTBEHHO
OTIPENIEJICHHBIH C MOMOINBI0 OHCYJIB(UTHOrO CEKBEHHPOBAHUS, MO OCH abCLUCC, U YPOBEHb
METUJIMPOBAHMSI, KOJHMYECTBEHHO OIPEIENICHHbI C MMOMOLIBIO CEKBEHHUPOBAHUS OTIEIbHOMN
MOJIEKYJIbl B peajbHOM BpEMEHH, C HCIOJb30BAHHEM OIMCAHHBIX B JaHHOM JOKYMEHTE
cnocodoB, o ocu opauHat. CIUIONIHAS YepHAs JIMHUS - 3TO MOAOOpaHHAS JIMHUS PErPEeCCHH.
IlyHKTHpHAs TUHUSA COOTBETCTBYET PABHOCTH ABYX U3MEPEHU.

Habmromanach OuYeHb BBICOKas KOPPENSIIMA YPOBHEH METHIMPOBAHHUA MEXKAY
OUCYIb(UTHBIM CEKBEHHPOBAHHEM H CEKBEHHPOBAHHUEM OTIEJNBbHOW MOJEKYJbI B PEaJbHOM
BPEMEHHU COTJIACHO PACKPBITOMY B JAaHHOM NOKyMeHTe m3oOperenmto (r = 0,99; 3nauenue P
<0,0001). OTu naHHBIE TIOKA3aJM, YTO AHAJIU3 METWJIMPOBAHUS C HCIOJB30BAHHEM CHOCOOOB
CEKBEHUPOBAHUsI OTAEJIbHOM MOJIEKYJbl B peajlbHOM BPEMEHM, pPACKpPBITBIX B JaHHOM
IOKyMeHTe, OblT 3((EeKTUBHBIM HHCTPYMEHTOM JUISl ONPENEICHUS YPOBHEH METHIINPOBAHHUS

MECXKAY TKaHAMU U MO3BOJIAT CPAaBHUBATb COCTOAHUA U HpO(bI/I.]'II/I MCTUIIUPOBAHUA MEXIY STUMU
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TKaHsAMU. [ aByX ompeneneHuil ypoBHEH METHIMPOBAHUS Mbl OTMETHIIH, YTO HAKJIOH JIMHUU
perpeccunn Ha @ur. 63A OTKJIOHWICS OT EOWHULBL. DTH Pe3yJbTaThl MNPEANOJaratloT, YTO
CYIIECTBYET OTKJIOHEHHE MEXKAY IBYMs H3MEPEHUsIMH (B HEKOTOPOM KOHTEKCTE 3TO OTKJIOHEHHUE
MOKHO Ha3BaThb CHCTEMAaTHYECKOH OMMMOKOH), KOTOPO€ MOXKET MpPHCYTCTBOBATH IPH
OTIpENIENICHNH YPOBHEH METWIMPOBAHUS C HCIOJIB30BAHHEM CEKBEHUPOBAHHUS OTIEJBbHOM
MOJIEKYJIBl B PEabHOM BpPEMEHH COTJIACHO M300pPETeHHMI0 MO CPABHEHUIO C CTAaHAAPTHBIM
MacIuTaOHbIM MapajuIeIbHbIM OUCYIb(QUTHBIM CEKBEHUPOBAHUEM.

[0029] B onHOM BapuaHTe OCYIIECTBJICHHS, Mbl MOIJIM KOJIMYECTBEHHO OIIEHUTH
CMEIIeHHe, UCTIONb3Ys JTUHEHHY perpeccuro win perpeccuro LOESS (JokanbHO B3BelEeHHOE
crnaxkuBanue). B kadectBe mnpumepa, eciam Obl MBI CUHTAJIM STAJIOHOM MaciuTabHOe
napajuienbHoe  OucynbdutHoe cekBeHupoBanue (Illumina), pesynbTaThl, OmMpenejeHHbIE C
MIOMOIIBI0 CEKBEHUPOBAHUS OTIENBbHOW MOJIEKYJIBI B PEAJbHOM BPEMEHH COTJIACHO JAHHOMY
PACKPBITHIO U300pETeHMUs, MOKHO OBLJIO ObI peoOpa3oBaTh C UCMOJb30BAHUEM KO3 (PHUIINEHTOB
perpeccun, TakuM 00pa3oM COTIACOBaB CyONMpPOYTEHUS] MEXAY pa3iudHbIMU mardgopmamu. Ha
@ur. 63A dopmyna nmuHEHHON perpeccuu npeacTaBieHa kak Y = aX+b, rae «¥» mpencrasinsiio
YPOBHU METHJIMPOBAHMUSI, ONPEeNIeHHbIE C TIOMOLIBI0 CEKBEHUPOBAHUS OTIEIBbHON MOJIEKYJIBI B
peaJbHOM BPEMEHH COTJIACHO PACKPBITHIO H300peTeHus, «X» TNPEeACTaBIsLIO  yPOBHH
METHJIUPOBAHUSA, OINpPENeNIeHHbIE C MOMOINBI OHCYJNb(UTHOTO CEKBEHHPOBAHMS, «»
NPEACTABISsUIO HAKJIOH JIMHUM perpeccun (Hampumep, a = 0,62); «b» THPeACTaBIsLIO TOUKY
nepeceyeHrsi ¢ Ocblo opawHat (Hanmpumep, b = 17,72). B maHHOI cuTyanuu COTrjiacOBaHHBIE
3HAYEHHs] METHIIUPOBAHMS, ONPEACICHHbBIE C TIOMOIIBIO CEKBEHUPOBAHUS OTIEIbHON MOJIEKYJIbI
B peaJbHOM BpeMeHH, Oyny paccuuThiBaTh Kak (Y-b)/a. B apyrom BapuaHTe OCYIIECTBICHHS,
MOKHO HCIIOJIb30BaTh COOTHOIICHHE OTKJIIOHEHUS MeXAy AByMs wu3MepeHussmu (AM) u

COOTBETCTBYIOIlGE CpefHee 3HadeHue JABYX u3MepeHuil ( M ), KOTOpbIE ONpemensroTcs

dopmynamu (1) u (2) HIXKE:
AM = 5 — ObycrnoeneHHoe GucynbdHToM MeTwnuposanue, (1)

X4 DBVPCI0-ESEH HOE BUCFIB HTOM METHTHPIEAH HE

: ¥e)

M=

rae  «S» TpencTaBiseT YpPOBEHb METIJIMPOBAHMSA, OMNPEICNIEHHBIH C TOMOIIBIO
CEeKBEHHUPOBAHUS OTAEIBHON MOJIEKYJIBI B PEaJIbHOM BPEMEHHU COTJIACHO JAHHOMY H300PETeHHUIO,
a «0bycrioeiennoe dbuUcy1bhumom Memuaiuposanue» NPEnCTaBIsIeT YPOBEHb METHIINPOBAHMUS,
OTIPENIEIICHHBIH C MOMOIIBIO OUCYIB(YUTHOTO CEKBEHUPOBAHMSL.

[0030] dur. 63B gemoHcTpupyeT B3auMOCBs3b Mexny AM u M. CpenHee 3HaveHue
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IBYX U3MepeHui (M) OTJIOKEHO Mo OCH adCHMCC, a OTKJIOHEHHWE MEXIY IBYMsI U3MEPEHUSIMHU

(AM) otnoxeHo mno ocu opauHaT. IIyHKTHpHAs JUHUA TPENCTaBisAeT COOOH JIMHHIO,
MPOXOASIIYK) MO TOPU30HTAlM 4Yepe3 HOJAb, HAa KOTOPOM TO4YKA [AHHBIX YKa3blBa€T Ha
OTCYTCTBHE pAa3HHULbl MEXIy ABYMS H3MEPEHUsIMU. OTHU pe3yJNbTaThl MpPENroyaratoT, 4TO
OTKJIOHEHHE BapbUPOBAJIOCH B 3aBUCHUMOCTU OT YCPEIHEHHBIX 3HaueHUN. Uem Bellle cpenHee

3HaYeHWE JABYX HU3MEpeHui, Tem Oombme Oyaer OTKJIOHeHHWe. Menuana 3HaueHUd AM

cocraBysiia -8,5% (mmamasoH: ot -12,6% nmo +2,5%), moapasymeBasi TO, YTO CYIIECTBYET
PacXoXKIEHUE MEXY CITOCOOAMH.

@ur. 63C nemoHCTpUpYET cpeaHee nByx usMepenuii ( M ) mo ocu abcumcc u

OTHOCHUTEJbHOE OTKJIOHeHHe (KRD) mo ocu opanHat. OTHOCUTENPHOE OTKJIOHEHUE OTIPEessieTcs

1o GopMyJie HUXKE:
RD = %x 1009, (3).

[MyHKTUpHAS THHMS TPEACTABISET COOOU JIMHUIO, MPOXOSIIYIO O TOPH3OHTAIH Yepe3
HOJIb, Ha KOTOPOH TOYKAa [AHHBIX YKa3blBa€T Ha OTCYTCTBME pPa3HULIbI MEXAYy [AByMs
U3MEpEeHUsIMU. DTH Pe3yJbTaThl NPEANOJarawT, YTO OTHOCUTENbHOE OTKJIOHEHHE BapbUPOBAJIO
B 3aBHUCHUMOCTH OT yCPEIHEHHBIX 3HaueHuil. Uem Oojblne cpenHee ABYX OINpPENeNeHui, TeMm
OoJpie Mo BequUMHE OyAeT OTHOCHTENbHOE OTKJIOHeHHe. MenuaHa 3HaueHui RD cocTaBuna -
12,5% (muanaszon: ot -18,1% g0 + 6,0%).

Coolmanoce, YTO CTaHOAPTHOE TMOJHOTC€HOMHOE OUCYJIb(HUTHOE CEKBEHUPOBAHHUE
(Illumina) TPUBOAUT K 3HAYUTEIBHOMY OTKJIOHEHHIO BBIXOIHBIX TOCIENOBATEIBHOCTEN U
3aBBILICHUIO OLEHKH TIJIOOAJIBbHOTO METHJIMPOBAHUS, C CYLIECTBEHHbIMH BapHUaLlUsIMH B
KOJIMYECTBEHHOH OLIEHKE YPOBHEH METHJIMPOBAHHS MEXIy CIIOCOOaMH B KOHKPETHBIX 00JacTsX
renoma (Olova ef al. Genome Biol. 2018;19:33). PackpriTbie B TaHHOM JOKYMEHTE CIIOCOOBI
MOTYT OBITh BBIMOJIHEHBI Oe3 mpeoOpa3oBaHusl OUCYIbPHUTOM, KOTOPOE MOXKET 3HAYUTEIBHO
pazpyuuts JIHK, u moryT BeimonHAThes 6e3 amrmmndukauu [P, koTopas MOkeT yCIIOKHUTH
nporecc WJIM MOXKET BHECTH JOTOJHHUTENBbHYIO OIIMOKY B  OIpeneNeHHe ypPOBHEH
METUJINPOBAHUS.

Qur. 64A u 64B 1eMOHCTPUPYIOT MNATTEPHbl METWJIMPOBAHUS MpU paspelieHuu 1
MIIH.T1.O. Pur. 64A neMoHCTpUpyeT narTepH Meruinuposanus st JuHK kietok 'K (HepG2).
dur. 64B nemMoHCTpUpyeT MaTTEepPH METHJIMPOBAaHUS ANl oOpasua JIEHKOLUTHOTO CIOSI U3
3I0pPOBOTO KOHTPOJBHOTO CyObekTa. MpmeorpamMmbl XpOMOCOM (BHEIIHEE KOJNBLO Ha KaKAOH
¢urype) opraHM3OBaHbl OT KOPOTKOTO ILIeYa XPOMOCOMBI K JJIMHHOMY IO YacCOBOH CTpeEJIKe.
BTopoe konbLo OT BHEUTHETO (TakKe OMMCAHHOE KaK CPeaHee KOJIBLO) NEMOHCTPUPYET YPOBHU

METHJIMPOBAHHUS, OTIpeNieIeHHbIe ONCYIb(PUTHBIM cekBeHnpoBaHueM. CaMoe BHYTPEHHEE KOJIbLIO
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JEMOHCTPUPYET YPOBHHM METWJIHPOBAHUS, ONPEAEIEHHbIE C IOMOILIBIO CEKBEHHUPOBAHMS
OTHENbHOW MOJIEKYJbl B pPEaJbHOM BPEMEHH COIJIACHO MAAaHHOMY H300peTeHHI0. YPOBHH
METHJIMPOBAHUS MOIPA3IENSAIOT Ha S5 ypoBHeH, a umenHo: 0-20% (cBerno-3enensiit), 20-40%
(3enensrii), 40-60% (cunmii), 60-80% (cBerno-kpacHbiii) u 80-100% (xpacHbiii). Kak mokaszaHo
Ha @ur. 64A u 64B, mpodunu MeTHIMpPOBaHUS TpPU paspeuieHMd 1 MIH.ILO. ObUIH
COMOCTABUMBIMU ~ MEXIy  OWUCYIb(UTHBIM  CEKBEHUPOBAaHHMEM  (CpemHUI  Kpyr) H
CEeKBEHHMPOBAHUEM OTJEJbHOW MOJIEKYJIBl B pPEAIbHOM BpPEeMEHH (CaMblii BHYTPEHHHH KpyT)
COrJIaCHO JaHHOMY H300pereHuro. IlokazaHo, YTO ypPOBEHb METHJIMPOBAHUS MATEPUHCKOTO
obpasla JeHKOUUTapHOTO CJos Bhile, ueM y aguHun kietok I LK (HepG2).

dur. 65A u 65B neMOHCTPUPYIOT AMarpaMmbl pa3dpoca YpOBHEH METHIIMPOBAHMUS,
U3MEpEHHBIX C paspeiieHueM | MiH.m.0. Pur. 65A 1eMOHCTPUPYET YPOBHU METUIUPOBAHUSA AJIs
muann kietok 'K (HepG2). @ur. 65B neMOHCTpupyeT YPOBHU METHIUPOBAHUS IJisi 00pasna
JIEUKOIIUTHOTO CJIOSI U3 3IOPOBOTO KOHTPOJBHOTO cyObekTa. s obenx dur. 65A u @ur. 65B,
YPOBHU METWJIMPOBAHMS, W3MEPEHHbIE C TMOMOIIBI OHCYJb(UTHOTO CEKBEHHPOBAHMS,
NpUBEIEHBl Ha OCH alcIuce, a YpPOBHH METHJIMPOBAHHS, W3MEPEHHbIE C IOMOIIBIO
CEeKBEHHPOBAHMS OTNEIBHOIN MOJIEKYJIbI B PEATbHOM BPEMEHH COTJIACHO TaHHOMY M300pETeHHIO,
npuBeneHbl Ha ocu opauHar. CIUlOUTHAas JMHUS - 3TO MOJOOpaHHAas JUHHUA PErPecCHH.
IlynkTupHass JAUMHHS COOTBETCTBYET IOBYM MetonaMm usMepenus. [na nuHun kieroxk ITIK
YPOBEHb METHJINPOBAHUS, ONPEIETIEHHBIN C TOMOLIBI0 CEKBEHUPOBAHUS OTIEIbHON MOJIEKYJIbI B
peanbHOM BpPEMEHM C paspeuieHueM | MIH.I.0., XOpOLIO KOPPEeIUupOBAl C YPOBHEM,
U3MEPEHHBIM C TIOMOLIBI0 OHCYNbpUTHOrO cekBeHupoBanus (r = 0,99; P < 0,0001) (Pwur. 65A).
Koppensiuuio Takske HaOMIOAATN ISl TaHHBIX U3 obOpasua jeikouurapaoro cios (r = 0,87, P <
0,0001) (Pwur. 65B).

[0031] dur. 66A wu ©O6B neMOHCTPUPYIOT AWarpammbl  pazdpoca  ypOBHEW
METUJIMPOBaHMsI, U3MepeHHbIX ¢ paspeuieHueM 100 T.m.o. Pur. 66A AeMOHCTpUpPYeT YPOBHU
merunupoBanus it guHMKA kiaetok LK (HepG2). ®ur. 66B nemMoHCTpHpYeT YpPOBHH
METHJIUPOBAHUA Uil 00pasua JEHKOLMTHOTO CJIOSl U3 3J0POBOTO KOHTPOJILHOTO cyObekTa. s
obeux @ur. 66A u @ur. 66, ypOBHI METHINPOBAHHS, U3MEPEHHBIE C TOMOIIBIO OUCYIbHUTHOTO
CEeKBEHHPOBAHM, NMPUBEAECHbI Ha OCH alCIHMCC, a YPOBHH METHJIMPOBAHHS, H3MEPEHHBIE C
MOMOIIBK) CEKBEHHPOBAHMsI OTAEJIBHON MOJIEKYJIbl B PEAJbHOM BPEMEHH COIJIAaCHO JAHHOMY
n300peTeHni0, NpUBEACHbI Ha Oocu opauHar. CrulomHas JIMHUS - 3TO NOAOOpaHHAs JUHHS
perpeccun. IlyHKTHpHAs JUHUSA COOTBETCTBYET JBYM METOAAaM H3MepeHus. BbicOkas CTeneHb
KOppeslsALMN MeXAY KOJIMYECTBEHHbIMM HW3MEPEHUSIMH METHWIHPOBAHUS MEXAYy JByMs
criocobamu mipu paspemenuu 1 mutH..0. (i 1 MHT) Takke HaOMOganach, KOraa paspenieHue

aHaM3a YBEJIMYUBAIOCH A0 Kaxknoro okHa B 100 t.mo. (umu 100 xHT). Bee 3Tu nanHBIE
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YKa3blBalOT HA TO, YTO MOAXOA AJII OTAENbHOM MOJIEKYJNbl B PEaJbHOM BPEMEHH COIIACHO
JAHHOMY H300peTEeHUI0 MpeacTaBisieT co0or 3(h(HeKTUBHBIN MHCTPYMEHT ISl KOJUYECTBEHHOM
OLICHKH YpPOBHEH METHJIMPOBAHMS WJIM IUIOTHOCTH METWJIMPOBAHUS B T'€HOMHBIX OONACTSX,
PA3NUYAIOLIUXCS TIPU PA3HBIX MOPSAKAX paspeleHus, HanpuMep, npu | muH.mo. (uau 1 MHT)
wi 100 t.mo. (mmu 100 kHT). [laHHBIE Tak)Ke YKa3bIBAIOT HAa TO, YTO JaHHOE H300peTeHue
sBJsieTCst 3(Q(HEKTUBHBIM HHCTPYMEHTOM JJISl OLIEHKU Mo HIel METHIMPOBAHUS WIIH MTATTEPHOB
METHJIUPOBAHUS MEXKIY OOJIACTIMHU MITH MEXTy 00pa3Lamu.

Qur. 67A u 67B 1eMOHCTPUPYIOT MNATTEPHbl METWJIMPOBAHUS MpU paspelieHuu 1
MIH.o. Pur. 67A neMOHCTpUpPyeT NaTTepH MeTUIMpOoBaHUs omyxoneBo TkaHu I'TIK
(TBR3033T). @ur. 67B nemMoHCTpUpYeT MaTTepH METHIMUPOBAHUS MPHJIETAIOIIEH HOPMAJIbHOM
tkanu (TBR3033N). HpeorpamMmmbel XpoMocoM (BHELIHEE KOJBbIO Ha Kaxaod ¢urype)
OPraHU30BaHbl OT KOPOTKOIO ILI€Ya XPOMOCOMBI K JJIMHHOMY IIO 4acOBOM cTpenke. Bropoe
KOJIBLIO OT BHEIIHEro (Takke ONHMCAHHOE KaK CpenHee KOJbLO) AEMOHCTPHPYET YPOBHH
METHJIMPOBAHHUS, OTIpeNieIeHHbIe ONCYIb(PUTHBIM cekBeHnpoBaHueM. CaMoe BHYTPEHHEE KOJIbLIO
JEMOHCTPUPYET YPOBHHM METWJIMPOBAHUS, OIPEAENEHHbIE C TNOMOILIBI0 CEKBEHHUPOBAHMS
OTAENBHON MOJIEKYJbl B PEAJIbHOM BPEMEHH COTJIACHO MAAHHOMY H300peTeHH0. YPOBHU
METHJIMPOBAHUS MOIPA3IENSAIOT Ha S5 ypoBHeH, a umenHo: 0-20% (cBerno-3enensiit), 20-40%
(3enensrii), 40-60% (cunmit), 60-80% (cBerio-kpacHbIii) u 80-100% (kpacHbiii). Kak mokasaHo
Ha Qur. 67A, mMbl Mornu oOHapykuTh runoMermauposanne B JJHK omyxonesoit Tkanm I'LIK
(TBR3033T), kotopyro mMoxuo Obuto oTiimuuth oT JAHK mpuneraromeld HOpManbHOW TKaHH
neueHn (TBR3033N) na @ur. 67B. beun conoctaBUMbl YPOBHH U MATTEPHbI METHJIMPOBAHMUS,
OTIpEeNENICHHbIE C TMOMOINBI0  OUCYNbQUTHOTO  CEKBEHMPOBaHUS (CpemHUH Kpyr) W
CEeKBEHHPOBAHMUS OTHENIbHOW MOJIEKYJIbI B PEaJbHOM BPEMEHHU (BHYTPEHHUI KpYT) COTJIACHO
naHHOMy u3obOperenuto. IlokazaHo, 4To ypoeHb MetwimpoBanus JIHK npuneraromeit
HOpMasbHOU Tkanu Beie, yeMm y JIHK onyxoneson tkanu I TIK.

Qur. 68A u 68B neMOHCTPUPYIOT AMarpaMmbl pa3dpoca YpOBHEH METHJIMPOBAHMUS,
ONpeeNeHHbIX C pa3pelieHreM | miH.m.o. Pur. 68A neMOHCTpUPYET YPOBHU METHINPOBAHUS
onyxousieoit TkaHu ['TIK (TBR3033T). @ur. 68B neMoHCTpUpPYeT YPOBHU METHIMPOBAHUS IS
npuseraroiel HopmanbHol TkaHu. st o0enx @ur. 68A u @ur. 68B, ypOBHH METHINPOBAHHUS,
U3MEPEHHBbIE C MOMOIIBI OUCYIb()UTHOTO CEKBEHHWPOBAHUS, NMPUBEICHBI HAa OcH abcuuce, a
YPOBHU METUJIMPOBAHUS, U3MEPEHHBIE C MOMOIIBIO CEKBEHHUPOBAHUS OTAEIBHON MOJIEKYJIbI B
peanbHOM BPEMEHHU COTJIACHO JAHHOMY H300pEeTeHHI0, MPUBeAeHbl Ha ocu opAauHAT. CrutomHas
JMHHUSA - 3TO NOAOOpaHHast TMHUS perpeccud. [IyHKTHpHAS JUHUS COOTBETCTBYET ABYM METOIAM
m3mepenus. [ JIHK omyxonesoil Tkanu I'LIK ypoBeHb MeTHIMpPOBAHUS, ONPENENCHHBIA C

MOMOIIBK) CEKBEHUPOBAHUSI OTAEIBHON MOJIEKYJIBI B PEaJbHOM BPEMEHHU C paspelieHueM |
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MJIH.IL.O., XOPOILIO KOPPENUPOBAI C YPOBHEM, H3MEPEHHBIM C MOMOIIbI OUCYIbPUTHOTO
cekBeHnpoBanusa (r = 0,96; P < 0,0001) (®ur. 68A). anHble ans oOpasua NpHIIETraroLIe
HOpPMAaJIbHOW TKaHHU TMedeHu Taxke Obutn comoctaBuMel (r = 0,83, 3Hauenne P <0,0001) (¢ur.
68B).

dur. 69A u 69B neMOHCTPUPYIOT AMarpaMmbl pa3dpoca YpOBHEH METHIIMPOBAHMUS,
u3MepeHHbIx ¢ paspemieHueM 100 T.mo. @ur. 69A neMOHCTpUPYET YPOBHHM METHJIMPOBAHMUS
onyxosieoit TkaHu ['TIK (TBR3033T). @ur. 69B neMoHCTpUPYET YPOBHU METHIIMPOBAHUS IS
npuneraromell HopmanbHol TkaHu (TBR3033N). lnsa obenx ®@ur. 69A u ®@ur. 69B, ypoHH
METHJIMPOBAHUS, U3MEPEHHBIE C MOMOINBI0 OUCYIB(PUTHOTO CEKBEHHPOBAHUS, NMPUBEACHbI Ha
ocH adcumce, a ypOBHH METUIIMPOBAHUS, U3MEPEHHBIE C MOMOIIBIO CEKBEHHPOBAHUS OTAEIBHOM
MOJIEKYJIbl B PEaJIbHOM BPEMEHH COTJIACHO TAHHOMY M300PETEeHHUIO0, IPUBEACHBI HA OCH OPAMHAT.
CrutomHass nuHUA - 3TO momoOpaHHAas JUHMA perpeccud. IIyHKTUpHAs JTUHHS COOTBETCTBYET
IBYM MeTOAaM Hu3MepeHus. Takke HaONIogand TakKyl BBICOKYIO CTENEeHb KOPPEILUU
KOJINYECTBEHHBIX IAHHBIX 10 METHIMPOBAHUIO MEXAY OBYMs CIoco0aMM Ipu paspemeHuH |
MJIH.IL.O., KOTAAa H3MEpPEHHe YPOBHEH METHJIMPOBAHUS BBINOJHIN MpH OoJiee BBICOKOM
paspeuieHuu, Harpumep, ¢ okHamu B 100 T.11.0.

Qur. 70A u 70B n1eMOHCTPUPYIOT MNATTEpHbl METWJIMPOBAHUS MpU paspelieHun 1
MJIH.ILO. JUIsl APYrod OINyXoJeBOW TKaHU M HOpMaibHOHN TkaHu. Pur. 70A nemoHCTpuUpyer
narrepH MetwnupoBaHus omyxosieBoil Tkanu ['LIK (TBR3032T). ®@ur. 70B nemoHcTpupyer
NaTTepH METHJIMPOBaHMs mpuieraromeil HopmainbHOH Tkanu (TBR3032N). HMpeorpammel
XpOMOCOM (BHEITHEE KOJIbIIO Ha KakIoH (Urype) OpraHu3OBaHbI OT KOPOTKOTO ILIeYa
XPOMOCOMBI K JUIMHHOMY IO YacOBOH cTpenke. BTopoe KoJbIo OT BHEHIHETO (TakkKe OMHCAHHOE
KaK CpeJHee KOJIbIO) IEMOHCTPUPYET YPOBHH METHUIIMPOBAHUS, OTIPEAeTIeHHbIE OUCYIb(PUTHBIM
cekBeHupoBaHueM. (CamMoe BHYTpeHHee KOJbLO JAEMOHCTPUPYET YPOBHM METHINPOBAHUS,
OIPENEeNICHHbIE C IMOMOIIBK) CEKBEHMPOBAHUsA OTAEIBHOW MOJIEKYJbl B PEAJIbHOM BpPEMEHH
COTJIACHO JTAaHHOMY H300pEeTeHHI0. YPOBHU METIJIMPOBAHMS MOAPA3ACISIIOT Ha 5 ypOBHEH, a
umeHHo: 0-20% (cBeryo-3enensiii), 20-40% (3enensiii), 40-60% (cunwmii), 60-80% (cBeTo-
kpacHbiif) u 80-100% (xpacHsriii). Kak mokaszano Ha Pur. 70A, Mbl MOMIM OOHApPYXHUThH
runomernnposanne B JJHK onyxonesoit Tkanu I'LIK (TBR3032T), koTopyro MOKHO OBLIO
ormmuuth oT JIHK npuneratomeit HopmanbHo# Tkauu neueHd (TBR3032N) va @ur. 70B. beun
CONIOCTABUMBI YPOBHM W MAaTTEPHbl METWIHPOBAHHUsA, OINPEAECICHHBIE C  IMOMOIIBIO
OUCYIB(UTHOTO CEKBEHHUPOBAHMs (CPENHUN KPYr) U CEKBEHHUPOBAHUS OTHEIBHON MOJIEKYJBI B
pearpbHOM BpeMeHH (BHYTPEHHUH KPYT) ¢ HMCIOJb30BAaHMEM NaHHOro nzobperenus. IlokaszaHo,
yT0o ypoBeHb MerunupoBanus JIHK npuneraromeit HopmanpHOMH TkaHu Bbime, yeM y JAHK

onyxonesoi Tkanu I TIK.
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[0032] dur. 71A wu 71B neMOHCTPUPYIOT Auarpammbl  pazdpoca  ypOBHeW
METUJIMPOBAHMSI, ONPEeNIeHHbIX IpU paspeiieHun 1 MaH.m.o. @ur. 71A neMoHCTpUpyeT ypoBHU
merrnupoBanus onyxoneBod Tkanu ['LIK (TBR3032T). @ur. 71B nemoHCTpUpyeT YpPOBHH
METHJIMPOBAHMSI JJIsl TIPHJIETaroIiel HopMainbHOU TkaHu. s obeux @ur. 71A u @ur. 71B,
YPOBHU METWJIMPOBAHMS, W3MEPEHHbIE C TMOMOIIBI OHCYJb(UTHOTO CEKBEHHPOBAHMS,
NpUBEIEHBl Ha OCH alcouce, a YpPOBHM METHJIMPOBAHMS, HW3MEPEHHBIE C IOMOIIBIO
CEeKBEHHPOBAHMS OTNEIBHOIN MOJIEKYJIbI B PEAIbHOM BPEMEHH COTJIACHO JAaHHOMY M300PETEHHIO,
npuBeneHbl Ha ocu opauHar. CIUlOUTHAas JMHUS - 3TO MOJOOpaHHAas JUHHUA PErPecCHH.
IlyHkTUpHas TUHHUA COOTBETCTBYET ABYM Meroaam usMmepenus. Jua JIHK onyxonesoil TkaHu
I'IK ypoBeHb METHIMPOBAHUS, ONPEAECICHHBIH C IMOMOINBK) CEKBEHUPOBAHUS OTHEIbHON
MOJIEKYJIBI B PEAJIbHOM BPEMEHH C Pa3pelleHreM | MIIH.IL.O., XOPOILIO KOPPEIUPOBAI C YPOBHEM,
OTIPENIEICHHBIM € MOMOINbBI0 OHCYNb(GUTHOrO cekBeHupoBaHus (r = 0,98; P < 0,0001) (Pwur.
71A). Hannble s obpasna NpWIErarmoliedl HOPMAJIbHON TKaHM TMEYEHU TaKke ObLIH
conoctaBuMsl (r = 0,87, 3Hauenue P <0,0001) (Pwur. 71B).

@ur. 72A u 72B neMOHCTPUPYIOT AMarpamMmbl pa3dpoca YpOBHEH METHJIMPOBAHMUS,
omnpereneHHbIX ¢ paspemeHueM 100 T.mo. dur. 72A neMOHCTpUPYET YPOBHM METUJIMPOBAHUS
onyxousieoit Tkanu ['TIK (TBR3032T). @ur. 72B neMoHCTpUpPYeT YPOBHU METHIMPOBAHUS IS
npuneratomell HopmanbHol TkaHu (TBR3032N). lna obenx ®@ur. 72A u ®@ur. 72B, ypoHH
METHJIUPOBAHUS, U3MEPEHHBIE C MOMOIIBI0 OUCYIB(UTHOTO CEKBEHHPOBAHUS, MPUBEACHBI Ha
ocH adcumce, a ypOBHH METUIIMPOBAHUS, U3MEPEHHBIE C MOMOIIBIO CEKBEHHPOBAHUS OTAEIBHOM
MOJIEKYJIbl B PEaJIbHOM BPEMEHH COTJIACHO TAaHHOMY M300PETEeHHUIO0, IPUBEACHBI HA OCH OPAMHAT.
CrutomHass nuHUA - 3TO momoOpaHHas JHHUS perpeccud. IIyHKTUpHAs JHUHHUS COOTBETCTBYET
IBYM MeTOAaM Hu3MepeHus. Takke HaONIogand TakKyl BBICOKYIO CTENEeHb KOPPEILUU
KOJINYECTBEHHBIX IAHHBIX 10 METHJIMPOBAHUIO MEXKAY IBYMsI CIIOCOOaMM NpU paspemeHuH |
MJIH.IL.O., KOTAAa H3MEpPEeHHs] YPOBHEH METHJIMPOBAHMS BBINOJHUI MPH Oojiee BBICOKOM
paspeuieHuu, Harpumep, ¢ okHamu B 100 T.11.0.

4. Oo0sacTy ¢ pa3iMYHBIM METHJIHPOBAHMS MEXAY OMNMYXOJeBbIMH H
NMPHJIEralIiMH HOPMAJIBHBIMH TKAHSIMH

[0033] B obnacTsix reHOMOB 3JI0Ka4€CTBEHHBIX HOBOOOPA30BaHUI YaCTO OOHAPYKUBAIOT
MeTHJOMHbIe  aleppaumu. OpHMM M3 TPUMEpPOB  TakuxX  abeppauuid  sBJISETCS
THIIOMETHIMPOBAHUE W THUIEPMETHIMPOBaHUE BbIOpaHHBIX obnacrell reHoma (Cadieux et al.
Cancer Res. 2006;66:8469-76; Graff et al. Cancer Res. 1995;55:5195-9; Costello et al. Nat
Genet. 2000;24:132-8). [lpyroi#i npumep - aleppaHTHBIH NATTePH METHIMPOBAHHBIX H
HEMETUJIMPOBAHHBIX OCHOBAHHUHN B BBIOPAHHBIX T€HOMHBIX 00JacTsax. B 3ToM pa3pene nmokasaHo,

qTO0  MCETOABI ONPEACICHUA MCETUIHUPOBAHUSA MOTIYyT HCIOJIb30BATHCA TIPU  BbIMOJIHECHHUN



92

KOJIMYECTBEHHOI'O aHANN3a U AUATHOCTHKH IIPU aHAJIN3€ OMyXOJIEH.

dur. 73 peMOHCTpHpYEeT IpuMep aOeppaHTHOrO MATTEPHA METUIIMPOBAHUS PSIIOM C
reHoM-cympeccopom onyxonu CDKN2A. KoopauHatel, BeIACIEHHbIE CHHUM U MOTYEPKHYTHIE,
yka3biBaroT Ha ocTpoBku CpG. UepHble 3akpallieHHble TOYKH YKa3bIBAIOT HA METUJIMPOBAHHbIE
caifTbl. HezakpammeHHbIe TOUKH YKa3bIBAIOT HA HEMETHJIMPOBAHHbBIE CAWThL LIUQpbI B KPyribx
ckoOKax CIipaBa OT Ka)kKIOW rOPU30HTAIBHON JIMHUH ¢ TOUYKAaMHU 0003HAYa0T pasMep gparMeHTa,
IUIOTHOCTh METHJIMPOBAHMS OTHAENbHONW MOJIeKyJbl u konmudecTBo caiitoB CpG. Hampumep, (3,3
T.LH.,, [IM:17,9%, CG:39) o3Hadaer, 4TO pasmep 3Toro (parmMeHra cocrasiser 3,3 T.ILH.,
YPOBEHb METHJIUPOBaHUsl 3TOro (pparmenra cocrasiser 17,9%, a wommuectBo caiitoB CpG
cocrasisier 39. IIM npencrasnsieT coO0H MIIOTHOCT METUIIMPOBAHUS.

Kak mokazano Ha @ur. 73, ren CDKN2A (MHrHOUTOp LMKIMH3aBHUCUMOW KHUHA3bl 2A)
komupyer nBa Oenka, Bkimrodas INK4A (pl6) m ARF (pl4), meHcTByIOINX Kak OMyXOJIEBbIE
cymnpeccopsl. bruio e Monekybl (Mosiekyna 7301 u monekyna 7302), mokpsiBatroiue odacTb,
nepekpsiBatomyrocsi ¢ reHoM CDKN2A B HEonmyxoJieBOH TKaHH, MPUJIETaloIel K OMyXOJeBOH
TKaHU. YPOBHU METWIHPOBAHUs OTHAEIbHON AByxuenodedHol monekynbsl JJHK nns monexyinbr
7301 u wmonekyasl 7302 cocraBwin 17,9% wu 7,6% coorBercTBeHHO. HampoTtus, ObUIO
OOHapyKeHO TO, YTO yYPOBEHb METHJIMPOBAHMS OTHEJBHOHN IByXuLenodeuHor mosekyssl JJTHK
st MoJiekysibl 7303, PHUCYTCTBYIOLIEH B OMyXOJIEBOW TKaHU, COCTaBUI 93,9%, 4TO HAMHOTO
BBIIIE, Y€M Yy MOJIEKYJ, MPUCYTCTBYKOINUX B NPWIETAOMNUX HEONyXOJEBbIX TKAHIX,
MOCTaBJIEHHBIX B Napy ¢ omyxoseBoil. C Apyroil CTOpOHbI, MOXKHO TakXKe€ pacCYUTaTh YPOBEHb
METUJIMPOBAHUSI MHOXKECTBA LieNel, Ucnobp3ys Mojekyasl 7301 u 7302, npucyTcTByrOliue B
HEOIyXOJIEBOM TKaHW, NpPWIErarolmed K ONyxoJeBol TkaHW. Kak pesynbTaT, YpPOBEHb
METUJIUPOBAHUSI MHOXKECTBA Liere coctaBusl 9,7%, 4TO HHXKE, Ye€M TAKOBOU B OMYyXOJIEBOI
TKaHu (93,9%). Pa3nu4Hble yPOBHH METHIMPOBAHHUS MPEATIONATAIOT, YTO MOXHO HCIIOJIb30BATh
YPOBEHb METHJIMPOBAHHS OJHOW JBYXLEMOYEUHOH MOJIEKYJbl W/UIM YPOBEHb METHIMPOBAHUS
MHOJKECTBA LeTel A1l OOHAPYKEHHST MM MOHUTOPHHTA TAKUX 3a00JI€BaHHM, KaK pakK.

Qur. 74A u Pur. 74B nemoHCTPUPYOT 00JaCTH HEOAMHAKOBOTO METHJIMPOBAHHUS,
OoOHapy’>KEHHBIE C TOMOINBI0 CEKBEHHPOBAHMS OTHIENBHON MOJIEKYJIbI B PEAJbHOM BPEMEHH
COrJIACHO BapHaHTaM OCYILIECTBIEHHUs NaHHOro wu3zoOperenus. Pur. 74A nemMoHCTpUpyer
TUIIOMETHJIMPOBAHUE B TreHOME paka. dur. 74B neMOHCTpUPYET TUNEPMETUIIMPOBAHUE B TEHOME
paka. Ocp x oOo3Hauaer koopauHatbl caiitoB CpG. KoopauHaTel, BBIAENEHHbIE CHHUM H
NoA4YEepKHYThIe, yKa3biBaloT Ha ocTpoBku CpG. YUepHble 3akpallleHHblE TOUKHU yKa3bIBAIOT Ha
METUJIMPOBaHHble caiiTel. HesakpalleHHbIE TOYKH YKa3bIBAIOT HA HEMETHUJIMPOBAHHBIE CANUTBHI.
Hugpsl B KpyribIx ckoOKax Crpasa OT K10 rOPH30HTAIBHON JIMHUH ¢ TOUKAMU 0003HAYAIOT

pa3mep (parMeHTa, IIIOTHOCTh METHJIMPOBAHHS HAa YPOBHE (PparMeHTa, M KOJUYECTBO CAWTOB
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CpG. Hampumep, (3,1 t.m.u., IIM:88,9%, CG:180) o3Havaer, 4ro pasmep 3Toro (pparmeHra
cocraBisier 3,1 T.ILH., TUIOTHOCTb METWJIMPOBaHHUs 3TOro ¢parmeHrta cocraBisier 88,9%, a
koiuuecTBo caiitoB CpG cocrassier 180.

Qur. 74A nemoHcTpupyer obnactb, OMu3kyd K reHy GNAS, IeMOHCTPUPYIOIIYIO
0oJpIle TUIIOMETHIIMPOBAHHBIX (parMeHTOB B omyxosieBoil Tkanu I'LIK mo cpaBHeHHIo ¢
MpUJIETaloIell HOpMaJbHOH TKaHbIO TedeHn. Our. 74B nemoHcTpupyeT oOnacTh, ONH3KYHO K
reny FSRI, IeMOHCTPUPYIOLIYIO TUIIEpMETHIINPOBaHHbIH pparmenT B Tkaru I LIK, HO pparmeHT
JHK w3 nocraBneHHOW B mnapy NpPWIErarOlled HEONyXOJeBOH TKAHH, BBIPABHEHHOH C
COOTBETCTBYIOLIEH OOJNACThIO, BMECTO 3TOr0 IMOKa3au rHmrmoMerninpoBaHue. Kak mokasano Ha
@ur. 74B, npodunu METHIMPOBAHMS WIIM TAILUIOTHUIBl METUJIMPOBAHHUS OTHENBbHBIX MOJEKYJI
JHK Obutn mpuromsHsl Ajisl BBIABICHHS a0eppaHTHOrO CTaTyca METHJIMPOBAHUS JAHHBIX
TeHOMHBIX oOnacteit, a uMeHHO GNAS u ESR 1, xorna oOpasibl paka CpaBHUBAIOT C HEPAKOBBIMHU
obpa3uamu.

OTU JaHHBIE NTOKA3bIBAOT, YTO ONHCAHHBIN B JAHHOM JOKYMEHTE aHaJIu3 METUIIMPOBAHUS
C CEKBEHHPOBAHHUEM OTJEJIbHON MOJEKYJbl B PEAIbHOM BPEMEHH MOKET ONpPEAeNATh CTaTyC
METHJIUpPOBaHUA B KaxnoMm caiite CpG (METHIHMPOBAH WIM HE METHIHPOBAH) HA OTHENBHBIX
¢parmenrax JTHK. [InuHa npouTeHHs Al CEKBEHHPOBAHUS OTAEIBHOW MOJIEKYJBI B PEAbHOM
BpPEMEHH HaMHOTro Oouiplne (TOpsimka Kuioba3 B ANHMHY), 4eM y cekBeHupoBanus Illumina,
KOTOpoe 0ObrgHO MoskeT oxBatuTh 100-300 HykmeoTnnos 3a oxHo mpoureHue (De Maio ef al.
Micob Genom. 2019;5(9)). KomOunupyss cBOWCTBO OOJNBIIOH AJMUHBI  MPOYTEHUS
CEeKBEHHPOBAHMUA OTAEIbHOH MOJIEKYJBl B pEaJbHOM BPEMEHH C CIIOCOOOM —aHaim3a
METUJIMPOBAHMSI, KOTOPBIH Mbl PACKPBUIN, MOXKHO JIETKO ONpPEAEIUTh arioTUI METHINPOBAHUS
MHOKecTBa caiitoB CpG, KOTOpBIE MPUCYTCTBYIOT Ha Beell Mmoot oTnensHoil Monekyne JIHK.
IIpodune MeTUAMpPOBaHUS OTHOCHTCS K CTarycy MerTminupoBaHusi caiitoB CpG oT omHOH
KOOPZAMHATBI FEHOMA K JIpyroil koopanHaTe Ha HenpepbiBHOM y4actke JJHK (Hampumep, Ha TOi
K€ XpOMOCOMeE, HIIM B OakTepHaibHOW Tutasmuze, uin Ha omgHoM ydactke JIHK B BupycHOM
TreHOME).

IIockONbKY CEKBEHHPOBAHUE OTAEIBHON MOJIEKYJbl B PEAJbHOM BPEMEHU AHAIU3UPYET
kaxnayro Mmonekyny JHK ornenbHo 6€3 HEOOXOAMMOCTH B MpEABAPUTENbHON aMIUM(UKALINY,
npouIb METUITMPOBAHMSI, OTIPEEIeHHbIN 1Jis JTF000H otnenbHoM Mosekynbl JIHK, daktuyecku
SIBJISIETCS TaIlJIOTUIIOM METHJIMPOBAHMUs, YTO O3HA4YaeT CTaTyc MeTunupoBaHus caiitoB CpG or
OJTHOTO KOHIIa IO APYroro KoHma Toi ske mojexyibl JJHK. Ecnu ogra umu Gobinee KOJIUMYECTBO
MOJIEKYJI CEKBEHHPOBAHbI M3 OJHOH U TOH ke 00jacTu reHoma, % METHIIMPOBaHHS (2 UMEHHO
YPOBEHb METWJIMPOBAHUS WM IUIOTHOCTh METHIHpPOBaHMs) Kaxnoro caiita CpG mo Bcem

ceKkBeHHpPOBaHHbIM caiitaM CpG B TEHOMHOHW OONAaCTH MOXHO arperupoBaTb U3 JAHHBIX



94

mMHokecTBa (parmenroB JJHK ¢ mcmonb3oBanuem ¢GopMyibl, KOTopas nokasana Ha Pur. 61.
IIpouent wmermmmpoBanus kaxkporo caiita CpG wmoxer ObITh TNPEncCTaBICH Ui BCEX
cekBeHHpoBaHHbIX  caliToB  CpG, ¢ mpemoctaBieHueM  TOpoPuis  METHIMPOBAHHS
CEeKBEHHPOBaHHON oOmacTu reHoma. B anbTepHATHBHOM BapuaHTe, AAaHHBIE MOTYT OBITh
arperupoBaHbl M3 BCEX MPOUTEHHH U BCEX CAWTOB B CEKBEHUPOBAHHOH 00JACTH reHOMA, 4TOOBI
NPEAOCTaBUTh 3HAYCHNE % METWIMPOBAHUS O0JIACTH, a IMEHHO TaKUM ke 00pa3oM, Kak ObLIH
paccuyMTaHbl YPOBHU METHJIMPOBAaHUS A oOnacteil 1 MiH.1o. wim 1 T.1o., KaK MOKa3aHo Ha
@ur. 64-72.

S. Anann3 meTuauposanusi BupycHoi IHK

B sTOM paspene nmokazaHo, UTO METO/bl METHJIMPOBAHHUS COIJIACHO JAHHOMY PAaCKpPBITHIO
n300peTeHUs] MOTYT HCIOJIB30BAThCA ISl TOYHOTO ONpEAeNieHHsT YPOBHEH METHIMPOBAHUS B
supycHoit JIHK.

@ur. 75 nemoHncTpupyer narrepuel merunuposaHus JIHK Bupyca rematuta B mexny
nBymsi mapamu obpa3uoB TkaHu ['1IK u oOpasmamm mpueraromieil HEONMyXOJeBON TKaHU C
HCIIOJIb30BAHHEM CEKBEHUPOBAHUS OTHENbHON MOJIEKyNbl B peanbHOM BpemeHu. Kaxnas
CTpeJiKa mpencTasJsier coOoi anHoTanwo reHa B reiome HBV. Crpenku ¢ «Py», «S», «X» u «C»
0003HAYAIOT aHHOTALMIO TeHOB sl TeHoMa HBV: xonupyromue nonumMepasy, MOBEPXHOCTHBIH
aHTHUreH, X-0eToK U KOPOBBIH OEJIOK, COOTBETCTBEHHO. Mbl HeHTH(GULNPOBAIH OOUH PparMeHT
(monexyna 1) pasmepom 1183 m.o., IpOUCXOASIIUN M3 MPUJIETAIONINX HEOMYyXOJIEBhIX TKAHEH,
oxsareiBaromuii reHoM HBV ot 2278 no 3141, BbiaeneHHbIN MYHKTUPHBIM NPSAMOYTOJIBHUKOM,
MOKA3bIBAIOLINH YPOBEHb METHIIMPOBaHUs 12%. MblI Takxke uneHTH(GHUUUPOBAIN TpH PparMeHTa
(monexyner I, IIT u IV) ¢ 3215 mo., 2961 n.o. u 3105 mo., MPOUCXOASIINX U3 OMYXOJEBbIX
TkaHeil. Cpenu Hux nBa ¢parmenra (mosekyna III u IV) B onyxomsix I'LIK nepekpbiBaroTcs ¢
reHoMHbIMH oOnactsimu HBV, oxBarbiBaembiMH MoJekynod | B HeomyxosieBbIX TKaHsIX. B
OTJIMYHE OT HU3KOTO ypoBHs MeTripoBanus (12%) B oonactu HBV, BbneneHHOM MyHKTHPHBIM
NPSMOYTOJBHUKOM (To3uumu B reHome HBV: 2278 - 3141), ypoBHH MeTHIMPOBaHUS OBLIH
BbIIIE A1 AaHHbIX ¢parmenToB (Mosekynel III u IV) B Tkansx 'K (t.e. 24 % u 30%). Ot
pe3yJabTaThl CBUAETENbCTBYIOT O TOM, 4YTO MOAXOA C HCHOJB30BAHHEM CEKBEHUPOBAHUS
OTIENIbHOW MOJIEKYJIBI B PEaJbHOM BPEMEHH ObUI BBINIOJHUM U ONPEACICHHs IaTTEPHOB
METHJIUPOBAHUA B BHPYCHOM T€HOME U TO3BOJSUI HACHTU(PHUIMPOBATH HEOAMHAKOBO
mermnupoBannyo odmacte (HMO) HBV mexay I'LIK u me I'LIK tkamsamu. CrenosaresbHo,
ONpefieieHne COCTOSHMNM METUJIMPOBAHUS B BHUPYCHBIX T€HOMax C HCIOJb30BaHUEM
CEeKBEHHPOBAHMS OTACIBHOH MOJIEKYJIbl B PEATbHOM BPEMEHH COTJIACHO JAHHOMY HM300pETeHHI0
Moo Obl MPENOCTaBUTh HOBBIH HMHCTPYMEHT JUIsl HU3YYEHUS KIMHUYECKOW 3HAYMMOCTH C

UCIIOJIb30BAHUEM OUOIICUU TKAHU.



95

Orta obmacte HMO nepekpoiBanacek ¢ reHamu P, C u S. Coobmanoce, 4to 3Ta 001actsb
Takke Obla runepMmerninposana B TkaHsax [ TIK mo cpaBHeHHIO ¢ TaKOBOW B TKAaHAX IEYEHU C
undpexnueir HBV, Ho 6e3 paka (Jain ef al. Sci Rep. 2015;5:10478; Fernandez ef al. Genome Res.
2009;19:438-51).

Mpbl OOBEOVHMIM Pe3yJbTaThl OUCYIB(PUTHOTO CEKBEHUPOBAHHS TKAHEH MEYEeHU U3
YeThlpex MalueHToB ¢ uuppo3om, Ho 6e3 I'LIK, monyuus 1156 ¢pparmentos HBV nns ananuza
Metunuposanus. @ur. 76A nemoHcTpupyet yposHu mMetunuposanus JJHK Bupyca renatura B B
TKaHSX MMEYEHU MALMeHTOB ¢ nuppo3oM, Ho Oe3 I'LIK. Kpome Toro, Mbl OOBETUHIIIN PE3YIIbTAThI
oucynbPUTHOrO cekBeHUpoBaHUsl omyxoyebix TkaHed ['LIK u3 15 mamuenTos, momyuus 736
¢parmerroB HBV mns ananmmsza wmermnupoBanuss. Pur. 76B  neMoHCTpUpyeT ypOBHH
metunuposanus JJHK Bupyca renatuta B B onyxonesoil Tkanu I'TIK. Kak nokazano na @wur.
76A n @ur. 76B, MbI Takke Habmoxamn HMO-o6macte HBV (nmo3unmu B renome HBV: 1982 -
2435), xotopas umena 6oyiee BbICOKHH YpOBEHb MeTHINPOBaHUA B TKaHsx [ LK, 4eM B TKaHAX C
UPPO30OM  TEYeHH, C T[OMOINBI  MacmTabHOTO  MapajulebHOrO  OUCYIB(PUTHOTO
CEKBEHHUPOBAHUs. OJTHU pe3yJNbTaThl MpPENIoaratoT, 4YTO IOJAXOJ K OIpENEeNeHHUI0 CTaTyca
METHJIMPOBAHUS BUPYCHBIX TEHOMOB ObLT OOOCHOBAaHHBIM.

6. BapuaHT-acconMMpPOBAHHBIN AHAJIHW3 METHJIHPOBAHUS

Pazuble ammenn Moryt ObITh CB3aHBI C Pa3HBIMH MPOPWIAMUA  METHIHPOBAHMUS.
Hanpumep, nmoaBep:keHHbIE UMITPUHTHHTY T€Hbl MOTYT MMETh OJMH aJulelb C 0ojiee BBICOKUM
YPOBHEM METHJIMPOBAHMA, 4YeM JAPYrod ajuenb. B 3ToM paszmene mokasaHo, 4To HpoQuiu
METHJIMPOBAHUA MOXKHO HCIIOJB30BATh Ui PA3fMUeHHs ajuiesiell B ONpeneseHHbIX 00JacTsxX
reHoma.

OpnHa siuelika CeKBEHUPOBaHUs OTAEIbHON MOJIEKYJIbl B pEaJIbHOM BPEMEHHU, COJleprKalias
onny JIHK-maTtpuiy, MOXKeT TreHepupoBaTh MHOXKECTBO cybOmpoureHuidd. CymnpoureHus
BKJIFOYAIOT B Ce0s KHHETHYECKHE XapPaKTePUCTHKH [HAmpUMep, MEXHMITYJIbCHBIN IMepHOA
(MUIT) w mwmpuny wumnynbca (IIIM)] wm HykmeorugHbli coctaB. B ogHOM BapuaHTe
OCYILIECTBIIEHHs], CYyONPOUYTeHUsT M3 OJHOM SYEHKU CEKBEHHPOBAHHUS OTHEJNBbHOM MOJIEKYJbI B
peanbHOM BPEMEHU MOTYT HCMOJb30BaThCS AJIsI CO3AAHUS KOHCEHCYCHOM MOCIENOBATEIbHOCTH
(Taxke Ha3bIBAEMOW KOJBLIEBOM KOHCEHCYCHOH mocnenoBatenbHocThio, KKII), xoTopas moxer
3HAYUTEJIbHO YMEHBIIUTh OLTMOKH CEKBEHUPOBAHMS (HANpUMep, HECOBNAIEHUs, BCTABKU WU
nenernn). Jonomuurensable cBeneHust o KKII ommcansl B gaHHOM AOKyMeHTe. B omgHOM
BapHAHTE OCYIIECTBJICHHUS, KOHCEHCYCHAsI MMOCJIEA0BATENBHOCTD MOXKET OBITh CKOHCTPYHPOBAHA
C HUCIOJB30BAHHUEM 3THUX CyONPOUYTEHUH, BBIPOBHEHHBIX C 3TAJOHHBIM I'€HOMOM 4ejioBeka. B
APYroM BapHaHTe OCYLIECTBIIEHHs, KOHCEHCYCHas TMOCIEeNOBATEIbHOCTE MOJKET OBITh

CKOHCTPYHpOBAaHA MyTeM KapTUPOBAHUSI CYONPOYTEHHI HA CaMOM IJTMHHOM CYONpPOYTEHUU B
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TOM ke sTYeiKe CEKBEHUPOBAHUsI OTACIBHON MOJIEKYJIbl B PEAJIbHOM BPEMEHHU.

[0034] Pur. 77 neMOHCTpUPYET MPUHLIUI aHAINW3a OLEHKH TaryIOTUIAa METUJIMPOBAHMUSL
3akpalieHHble KPY)KKH Ha TMajouke MpeAcTaBisitoT caitel CpG, koTOpble KIacCH(pUIPOBAHBI
Kak MerunupoBaHHble. HesakpalleHHble Kpy:XKKH Ha TMajiouke MpencTasistoT caiitel CpG,
KOTOpBIE KJIACCH(PULINPOBAHBI KAK HEMETUIHMPOBAHHBIE.

[0035] Kak moka3aHO B OJHOM BapHaHTe OCyluecTBieHHs Ha Pur. 77, cybnpoureHus
ObUIM BBIPOBHEHBI C 3TAJOHHBIM T'€HOMOM 4YeJIOBEKAa. BBIPOBHEHHBbIE CYONpPOYTEHHUS M3 OJHOU
SYEHKN CEKBEHHUPOBAHMS OTIENbHOW MOJICKYJIBI B PEAJbHOM BPEMEHH OBLIM CJIOKEHBI, YTOOBI
copMHUpOBaTh KOHCEHCYCHYIO TMOCJIENOBAaTEIbHOCTh. KOHCEHCYCHYIO MOCHENOBATEIbHOCTD B
LIEJIOM MOJKHO OTIPENIEINTDh C UCIOJIb30BAHNEM HanbOJee 4aCcTO BCTPEUAIOLIUXCS HYKICOTHIIOB,
NPUCYTCTBYIOLIUX B CYONPOYTEHUSAX B KAXKAOH BBIPOBHEHHOH mno3unmu. ClenoBaTeNbHO,
BApPUAHTHI HYKJIEOTHIOB, BKJIKOYasi, MOMUMO IIPOYEro, OAHOHYKICOTHAHBIE BAPDUAHTBI, BCTABKU U
AeNenud, MOTYyT ObIThb HIEHTHQUUUPOBAHBI MO KOHCEHCYCHBIM IIOCJIEAOBATENBHOCTSIM.
Ycepennennple MUII u I B ogHOM M TOH K€ MOJEKyJe, NMOMEUYEHHBbIE HYKJICOTHAHBIM
BAPUAHTOM, MOTYT OBITb MCIIOJIb30BaHbI IJIs1 ONIPENENICHUS TATTEPHOB METHIIMPOBAHHS COTIIACHO
IaHHOMY n300peTenuro. Takum o0pa3oM, Mbl MOTJIH Obl JONOJHHUTEIBHO ONPENENUTh MaTTEPHBI
BapHAHT-aCCOLIMMPOBAHHOTO MeTunupoBaHus. COCTOSAHUS METWIMPOBaHUS B OAHOH M TOH ke
MOJIEKYJIE MOKHO PaCCMaTPUBATh KAK IaruIOTUIN METUIUPOBAHUS. | annoTun MeTUINPOBaHUs He
MOJKET OBITh JIETKO U HANPSIMYK0 CKOHCTPYHUPOBAH U3 ABYX WJIH OOJBINEr0 KOJMUECTBA KOPOTKUX
mosekysl JIHK, MmOCKOJbKy MOKET OTCYTCTBOBAaTb MOJIEKYJISIDHBIM Mapkep, MO3BOJISIOIIMMA
nuddepeHInpoBaTh, MPOUCXOAAT JIM ABE WM OOJbIIee KOJUYECTBO (PparMeHTHPOBAHHBIX
kopoTkux mosiekyasl JIHK w3 ucxogHON OAHOM MOJEKyJbl, WJIH OPOUCXOIAT U3 JBYX WU
OoJplIee pasHBIX HCXOOHBIX MOJIEKYJ. TEeXHOJOTMM CHHTETHYECKOrO IJIMHHOTO MPOYTEHHS
(TakMe Kak CEKBEHHUPOBAHHE C COCOMHEHHBIM NpouTeHHeM, paspadoranHoe 10X Genomics)
NPEIJIaraloT BO3MOXKHOCTh NMOMECTUTh OHY JIMHHYI Mosekyiay JHK B sueiiky (mampumep,
KaIlJIi0) U pa3MeTuTh KopoTkue moJsiekyisl JIHK, mpoucxonsiiue u3 3TOW ATUHHOW MOJIEKYJIbI
JHK, ¢ moMouipr0 OJMHAKOBBIX MOJEKYJSIPHBIX IOCIEAOBaTeNbHOCTEH Oap-konoB. OnHako,
3TOT 3Tanm OapKOAMPOBaHUS BKIO4YaeT B ceOs ammuudukanmo TP, xotopas He coxpaHseT
HCXOJIHBIE COCTOSIHUSI METUJIMPOBAHUS.

Kpome Toro, ecinm KTo-TO MBITAETCS MCIOJIB30BaTh OMCYIbGUT it 00paOOTKH ATMHHBIX
mouexya JTHK, nmepssiii mar nepen oOpaboTkoii Oucynb(pUTOM BKIIOUAET B ceOsl ACHATYPALIUIO
JIHK B necTpykTUBHBIX yCJIOBUSX, NpeBpamaromux apyxuenodeunyo JJHK B ogHonenoueunyro
JIHK, mockoJibky OHCYIB(PUT MOKET NeHCTBOBATh TOJBKO Ha oxHonenodeunbie JIHK mMonexy b
B OINpeAeNIeHHBbIX XUMHUYECKMX YCJIOBMsAX. Jta craaus paeHarypauuu JHK mnpusemer x

paspymenno amuHHBIX Monekyn JIHK Ha kopoTkme ¢parmMeHTB, YTO TpHUBENET K IMOTEepe
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uHpopMauuu 00 HCXOAHOM TaIIOTHIIE METHINPOBaHMA. BTOpoH HEOOCTaTOK aHajm3a
METHJIMPOBAHMS HA OCHOBE OHCYNb(UTA 3aKiIrouaeTcs B neHaTypanuu asyxuenodeynoin JJHK B
onnonenoyeunyto JIHK Ha cranuu mpeoOpaszoBanusi OuCyabhUTOM, a UMEHHO Lenu YOTCOHA |
Kpuxka. s monexynbl cymectsyeT S0%-Hasi BEpOATHOCTbh CEKBEHUPOBAHMS LT Y OTCOHA U
50%-Has BeposATHOCTh cekBeHupoBaHus Lenu Kpuka. Cpenn MWIIHOHOB Lienedl YoTcoHa U
Kpuka BEpOsTHOCTE OJHOBPEMEHHOIO CEKBEHMPOBaHUsA Lieneil Yorcona u Kpuka kpaiine mana.
Xots npenmnonaraercs, yto ode uenu, YorcoHa u Kpuka, B Monekyne OyAayT CEKBEHUPOBAHBI,
BCE €llle HEBO3MOXKHO OJHO3HAYHO ONPENeNNUTh, IPOUCXOAAT JU Takue 1enu YorcoHa u Kpuka
U3 OJHOTO MCXOAHOTO (PparMeHTa, WM MPOUCXOISIT U3 ABYX WM OOJbIIE Pa3HBIX MCXOIHBIX
¢parmentoB. Liu ef al HemaBHO mpeacTaBUIM Crocod CEKBEHHUPOBaHHUs Oe3 Oucynbdura s
OOHapy:KeHHs] METWJIMPOBAHHBIX IMUTO3UHOB U rHapokcuMmerwiiurosnHa (Liu er al. Nat
Biotechnol. 2019;37:424-429) ¢ ucnonp3oBaHueM (HepMEHTATHBHOTO Npeodpa3oBaHus OETKOM
TpaHciaokauuu necstb-onuHHanuath (TET) B Mrkux ycimoBHWsIX, YTO MPUBOAUT K MEHBIIEH
nerpagaunu  JIHK. Opnako oH BkiIouaeT B ceOsf  ABE IOCIEAOBATENbHBIE CTaIUH
¢depmenTaTuBHBIX peaknuii. Huskas ckopocte mpeoOpa3oBaHusT Ha KaKOOW CTaauU
(bepMEeHTaTUBHON peakInH 3HAYUTENBHO BJIHUSET Ha OOIIYI0 CKOPOCTh mpeodpasosanus. Kpome
TOro, Haxke ISl 3TOro crmocoda cexkBeHUpoBaHHs Oe3 Oucynbdura, s OOHApPYKEHHS
METUJIMPOBAHHBIX LIUTO3UHOB, BCE €Ille CYLIECTBYeT TPYAHOCTb B PAaclO3HABaHUU Iierel
Yorcona u Kpuka MOJIeKyJibl B pe3yJIbTaTaX CEKBEHUPOBAHUS.

Hamporus, B BapraHTax OCYIIECTBJICHHUS TAaHHOTO M300peTeHus, uenu YorcoHa u Kpuka
MOJIEKYJIbl KOBAJIEHTHO JIMTHPYIOT 4epe3 amanTtepbl B GopMe KOJOKOJbYMKA ¢ 0Opa3oBaHHEM
kosbLeBblx Monekys [IHK. B pesynpraTe, nenu YorcoHa u Kpuka MOJIEKyJbl CEKBEHUPYIOT B
OJTHOM M TOM K€ PEaKIMOHHON sYelKe, M MOTYT OBITh OIpENeNieHbl COCTOSHUSI METHIIUPOBAHHS
IUISL KQKAOM LEMH.

OnHUM Y3 TPEeUMYIIECTB BAPUAHTOB OCYIIECTBJICHHS NAHHOTO H300PETEHHS SIBJISETCS
BO3MOJKHOCTb TOJIYYHUTh HHPOPMALIUIO O METHIMPOBAHUH U T€HETUYECKYIO0 HHPOpMaLuio (T.€. 0
MOCIIEIOBATEIbHOCTH) W3 JUIMHHOW HempepbiBHONW Mosekynsl JHK (mampumep, ¢ AIMHOH,
COCTaBJISIIOIIEH KMJIOOCHOBAHMS WIIM KWJIOHYKJIeOTHAbl). CreHepupoBaTh TAKyH0 HWH(POPMALHIO
CJIOJKHEe, HCIIOJb3ysl TEXHOJOIMM CEKBEHUPOBAHUSA C KOPOTKUMU HpouTeHusMu [Jlns
TEXHOJIOTUH CEKBEHHUPOBAHUS C KOPOTKMMHU TNPOYTEHUSIMH HEOOXOAMMO KOMOWHHPOBATH
UHPOPMALMIO O CEKBEHHPOBAHUU JUISI MHOXKECTBA KOPOTKHX IMPOYTEHHUH C HCIOJIb30BAaHHUEM
KapKacoB T'€HETUYECKHX WM JIUTEHETHYECKHUX CHTHATYp JUI TOTO, 4YTOOBI YCTaHOBHUTH
UHPOPMALMIO O METENUPOBAHMM M TI'eHETUYECKYI0 WH(POPMAIMIO AJsl JJIUHHOTO y4acTKa.
OpHako 3TO MOXKET OKa3aThCsl CIOKHOHM 3ahayell BO MHOTMX CLEHApUsAX M3-3a pPacCTOSHUMN

MECXKAY TaKUMH I'CHETUYCCKUMU UM STTMTCHETUYCCKUMHU OPUCHTHUPAMU. Haan/IMep, B Cp€AHEM
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Ha 1 T.mo. mpuxoaurcs onud OHIIL, B TO BpeMst Kak COBpeMEHHbIE TEXHOJOTHH CEKBEHHUPOBAHHS
C KOPOTKUM MPOUYTEHHEM OOBIYHO MOTYT CEKBEHHPOBATh BIUIOTH 10 300 HT 3a OJHO MPOYTEHHE,
yro naet 600 HT naxe B popMaTe MapHBIX KOHIIOB.

B onHOM BapmaHTe OCYINECTBJICHHUS, aHAJIHM3 TaIUIOTHUIIA METUJIMPOBAHUS, CBSI3AHHOTO C
BapUAHTAMH, MOKHO HMCIOJIB30BATh ISl U3YUEHHSI TIATTEPHOB METHIMPOBAHUS B MTOJIBEPKEHHBIX
UMIOPUHTHHTY TeHax. [loaBep:keHHbIE WMIPUHTHHTY OOJACTH MOMJIEKAT SMUTCHETHYECKON
perymsinuu (Hanpumep, MeTmnpoBaniio CpQG) Mo NPUHLUITY POAUTEIBCKOTO MPOUCXOMKACHUS.
Hanpuwmep, ogun obpazen JIHK neiikouurapuoro cios (M2) B tabmuie Ha Pur. 60 Obut
CEeKBEHHUPOBAH, YTOOBI TOJY4YUTh OKOJIO 152 mummonoB cybnpourtenuit. s sToro obpasmna
53% sA4eek CEeKBEHHMPOBAHMS OTAEIbHONW MOJIEKYJIbI B PEAJIbHOM BPEMEHH T'€HEPHUPOBAIH IO
MeHbIIEH Mepe OOHO CyONpouYTeHHe, KOTOPOE MOTJIO OBITh BBIPABHEHO C STAJIOHHBIM F€HOMOM
yenoBeka. Cpenusisi riyOuHa cyOmpoureHuid s kaxknoi siaeiiku SMRT cocrasmsina 7,7x.
COBOKYmHO MbI TIOJYYHJIM OKOJIO 3 MHJUTHOHOB KOHCEHCYCHBIX IIOCIIENOBATENbHOCTEH.
KoHceHcycHBIE TOCIENOBATENBHOCTH MO MEHBIIEH Mepe OAMH pa3 OXBaThIBAIH OKOJO 91%
STAJIOHHOTO TeHoMa. [l oxBaueHHBIX oOyacTell riyOMHAa CEKBEHHPOBAHUs cocTamBisuia 7,9 X.
Habop nanubix 61 crenepuposan u3 JAHK, nonyuennoit ¢ momometo Sequel IT Sequencing Kit
1.0.

dur. 78 AEMOHCTPUPYET pacHpelneseHue pa3MepoOB CEKBEHHPOBAHHBIX MOJIEKYIL,
OIPENENIEHHOE Ha OCHOBE KOHCEHCYCHBIX MOCJIEN0BATEIbHOCTEN, ¢ MEIHAHHBIM pa3MepoM 6289
n.0. (nuanaszoH: 66 - 198109 n.o.). Pasmep ¢parmenTa (11.0.) moxasaH Ha OCH aOCLIMCC, a YACTOTa
(%), cBsi3aHHas ¢ pa3MepoM (parMeHTa, oKa3aHa Ha OCH OPJIHUHAT.

Qur. 79A, 79B, 79C u 79D peMOHCTpUPYIOT NpUMEpbl MaTTEPHOB aJIeNbHOIO
METHJIUpPOBaHUA B obnactsax ummnpuHTHHra. Ock X obOo3Havaer koopauHathl caiitoB CpG.
KoopaunaTel, BeIIeNeHHbIE CHHUM U TOAYEPKHYTHIE, yKa3biBatoT Ha ocTpoBku CpG. YUepHbie
3aKpalIeHHbIE TOYKM YKa3bIBaIOT Ha MeTuimpoBaHHble caiiTel CpG. HesakpaimeHHble TOUKH
YKa3blBalOT Ha HeMmeTuianpoBaHHble calTel CpG. DBykBbl, NOMEIIEHHbIE MEXAY KaXAOH
TOPU3OHTAJILHOW Cepuell 3aKkpallleHHbIX W He 3akKpalleHHbIXx Todek (T.e., caiitoB CpQG),
obo3Hauator amnenp B caiite OHIL. Lludper B KpyrubIx ckoOKax crpaBa OT KaxIOH
TOPU30HTAJIBHON CEpUHU TOYEK 0003HAYalT pa3Mep (PpparMeHTa, MIIOTHOCTh METUIIMPOBAHUS HA
ypoBHe (pparmenta, u konmuectBo caiitoB CpG. Hampumep, (10,0 T.mH., [IM:79,1%, CG:139)
mpeamnoyiiaraer, 4rto pasmep odTtoro (parmenra cocraBiasier 10,0 T.LH., IUIOTHOCTB
METHJIUPOBaHUA 3TOTO (parmeHta coctasysier 79,1%, a xomuuectBo caittoB CpG cocrasnsieT
139. IIlyHKTHpPHBIMH TPSIMOYTOJIbHUKaAMH OO0O3Ha4deHbl Haubojee nudQepeHIpPOBaHHO
METHJIMPOBaHHbIE 00JIACTH B Mpeesax KaKAoro reHa.

[0036] @ur. 79A nemoHcTpupyer 11 CcexkBeHUPOBaHHBIX (PPArMEHTOB CO CPEAHUM
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pazmepom 11,2 T.m.H. (muanason: 1,3 - 25 T.n.H.), npoucxoasmux u3z reaa SNURF. I'en SNURF
ObUT TIOABEPrHYT MATEPUHCKOMY HMIIPHHTHHTY, 4YTO O3HA4aeT, 4YTO KONHsS TEHa,
yHaclieZJoBaHHasl 4eJIOBEKOM OT MaTepH, METHJIMPOBaHA M 3arjyllleHa TPaHCKpUMIHMOHHO. Kak
noka3aHo Ha @ur. 79A, B MyHKTUPHOM NPSMOYTOJIbHUKE, (PparMeHThl, CBsi3aHHbIe ¢ ajuteneM C,
ObUIM KpaliHe METHJIMPOBAHBIL, TOTJAa Kak (pparMeHThl, CBsi3aHHbIE ¢ aieneM 1, Obutn KpaitHe
HEMETHJIMPOBAHBI. 3HAYUTEIBHOE METHIIHPOBAHIE MOKET 0003Ha4aTh TO, 4To Oojnee 70%, 80%,
90%, 95% wmm 99% caiiToB MeTHJIMpOBaHbBL.  llaTTepHbl  ajutenb-crenu(UIecKoro
METHJIUPOBAHUA MOKHO ObLIO HAOMIONATh B APYTUX IMOABEPKEHHBIX HMMIIPUHTHUHTY TEHAX,
Bkimouass PLAGLI (®ur. 79B), NAPIL5 (®ur. 79C) u ZIM2 (®Pur. 79D). Pur. 79B
nemoHcTpupyert, uto ans PLAGLI gparMeHTsl, acColMupoBaHHbIe ¢ ajuieneM 1, ObuH KpaitHe
HEMETUJIMPOBAHBL, B TO BPeMs Kak (PparMeHThI, aCCOLMMPOBaHHbIe ¢ ajueneM C, ObLIHM KpaiiHe
metrnupoBansl. Pur. 79C nemoHcTpupyeT, uto it NAP /L5 ¢parMeHTsl, acCOIMUPOBAHHbBIE C
anneneMm C, ObUIM KpailHe HEMETUJIMPOBAHBL, B TO BPEMs Kak ()parMeHThI, aCCOLMUPOBAHHbBIE C
anmnenem 1, Obutn KpaitHe MerwiupoBaHbel. Pur. 79D pemoHcTpupyer, uro ans ZIM?2
¢dparmenTsl, acconurpoBannblie ¢ auteneM C, ObUTH KpaliHe HEMETHJIMPOBAHBL, B TO BpeMs Kak
(bparMeHTbl, aCCOLMMPOBAHHBIE C ajuteieM 1, ObLIN KpaiiHe METUIIMPOBAHBI.

Qur. 80A, 80B, 80C u 80D peMOHCTpUPYIOT NpUMEpbl MAaTTEPHOB AaJUIEIbHOIO
METHJIMPOBAHUS B HE MOABEPIKEHHBIX UMIIPUHTUHTY 00sacTsax.Och X 0003HAUaeT KOOPAUHATHI
caiitoB CpG. KoopauHathl, BbIIEJIEHHbIE CHUHUM U MOAYEPKHYTHIE, YKa3bIBaIOT HA OCTPOBKU
CpG. UepHble 3akpallleHHble TOYKH YKa3blBalOT Ha MeTuiupoBaHHble caiitel CpG.
HesaxpaineHHble TOUKM yKa3blBalOT Ha HeMeTuinupoBaHHble caliTel CpG. BykBbl, noMelieHHbIE
MEXIY KaKIOW TOPU30OHTAIBHON CepHel 3aKpalleHHbIX U HE 3aKPAIICHHBIX TOUYeK (T.€., CAlTOB
CpG), obo3HavaroT ajuenb B caliTe onHOHyKieoTHaHOro mnomumopdusma (OHIT). Hudpsr B
KPYIJIBIX CKOOKax cCrhpaBa OT KaXIOH TOPH3OHTAJIBHOW CEpUH TOYEK O003HAUAIOT pasMep
¢dparmMenTa, MJIOTHOCTh METUJIMPOBAHUS Ha ypoBHE (parmMeHTta, u koxmdectBo caiitoB CpG.
[IyHKTHpHBIE TNPSIMOYTOJBHUKH OOO3HAYAIOT CIy4ailHO BBIOpaHHBIE OONACTH Ui pacyuera
IUIOTHOCTEH METUJIMPOBAHUS, YKa3aHHBIX B CKOOKax. B oTimume ot pesynsraroB Ha Pur. 79A-
79D, He ObUIO OOHAPYKEHO TAKHX HAONOJAEMbIX NMATTEPHOB AJUICIBHOTO METHJIMPOBAHHS B HE
MO/IBEPKEHHBIX UMIIPUHTUHTY reHax. @ur. 80A neMOHCTpUpPYyeT TO, YTO HET HEOAMHAKOBOIO
NaTTEepPHA AJUIENIbHOTO METHIINpoBaHus B obmactu chr7. @ur. 80B nemoHCTpUpyeT TO, YTO HET
HEOJMHAKOBOTO TATTEPHA aJUIEJIbHOTO MeTuiaupoBaHuss B obmactu chrl2. @ur. 80C
JIEMOHCTPUPYET TO, YTO HET HEOAMHAKOBOTO MAaTTepHA AJUIEIBHOIO METUIIMPOBAHUS B OOJNACTH
chrl. @ur. 80D nemMoHCTpHUpPYeT TO, YTO HET HEOJMHAKOBOIO TATTEPHA AJUICIBHOTO
METHJIUPOBaHUs B oOnacTu chrl.

@ur. 81 nemMoHCTpupyeT TabAMIy C YPOBHSIMH METHJIMPOBAHUS aJljIeNb-CrelH(PUIHBIX
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¢parmenToB. B nepBoM crondue yka3aHbl KaTETOPUH «ITOABEPIKEHHBIE NMIIPUHTUHTY TE€HBD» H
«CIy4aiiHO BbeIOpaHHBIE OOMacTH». Bo BTOpOM crosdue yka3aH KOHKPETHbIH reH. B Tperbem
cronbie ykazan nepsbiii amnens B OHIT rena. B uerBepTom cronOrie yka3aH BTOPOU ajliesib B
OHII rena. B msatom cronlue moka3aH ypOBE€Hb METHIUPOBaHHUSA (DPArMEHTOB, CBSI3aHHBIX C
nepBbIM ajuiesnieM. B mecrom crondue mMoKasaH YpOBEHb METHIIMPOBaHHA (PParMEeHTOB,
CBSI3aHHBIX CO BTOPBIM ajuiesieM. Y pOBHH METHJIUPOBAHUSA (PParMeHTOB, CBSI3aHHBIX C ajuiesieM 2
(cpennee 3Hauenue: 88,6%,; nmuamazon 84,6 - 91,1%), HamHOro BbIIIE, YeM (PparMeHTOB,
cBs3aHHBIX ¢ amnenem 1 (cpenHee 3Hauenue: 12,2%; mmamazon 7,6 - 15,7%) nmns atux
NOJIBEPKEHHBIX UMIIPUHTUHTY reHOB (3HadeHne P = 0,03), 4yTo yKa3bIBaeT Ha HAJIWYHE aJjIelb-
cnenn(PUIHOro MeTWIMPOBaHUs. HampoTwB, HET 3HAYUTENBHBIX OTJIMYHA B  YPOBHSX
METHJIUPOBAHUA MEXIy 3THMHU CIIy4allHO BBIOpaHHBIMH oOjacTsMu (3HaueHue P = 1), uro
YKa3bIBa€T HA OTCYTCTBUE AJJIENb-CIIEU(PHUIHOTO METHINPOBAHMUS.

7. Anann3 BHekJeTouHoil /IHK npu 6epemennocTn

B 3TOM mpuMepe mokaszaHo, YTO PaCKPBIThIE B JTAHHOM JOKYMEHTE CIIOCOOB! MPUMEHHUMBI
JUIs aHaJIM3a BHEKJIETOUYHBIX HYKJIEHMHOBBIX KHUCJIOT B IUIa3Me WM ChIBOPOTKE, MOJYYEHHBIX OT
JKEHIIUH, OEpEeMEHHBIX IO MEHBLIEH Mepe OIHUM TUIoAoM. Bo Bpemsi GepeMeHHOCTH MOJIEKYJIbI
BHeksieTounor JIHK u BHekserounoii PHK u3 kiieTok marneHTh 0OHApy:KUBAIOTCS B KDOBOTOKE
Matepu. Takue BHEKJIETOUHbIE MOJIEKYJIbI HYKIEUHOBBIX KUCIOT, IPOUCXOASIINE U3 IUIALIeHTHI,
TaK)K€ Ha3bIBaIOT BHEKJIETOUHBIMM HYKJIEMHOBBIMM KHCJIOTaMH IUIOJA B IIa3Me MaTepu WU
LUPKYJIUPYIOIIMMH BHEKJIETOUHbIMU HYKJIEHMHOBBIMH KHCIOTaMM IUIOAA. BHekjeTouHble
HYKJIEHHOBbIE KHCJIOTBI TUIOJA MPHUCYTCTBYIOT B MAaTEPUHCKON Ila3Me Ha (pOHE MaTepUHCKUX
BHEKJIETOUHBIX HYKJIEHMHOBBIX KHCJIOT. Hanmpumep, LupKynIupyoolile BHEKJIETOUHbIE MOJIEKYJIb
JHK myioma mpuCYTCTBYIOT B KaueCTBE BTOPOCTENIEHHBIX BUAOB Ha (DOHE BHEKIETOYHOM
marepuHckoil JIHK B miazme u CBIBOPOTKE MaTepHu.

H3BecTHO, 4TO AJist TOTO, YTOOBI OTIMYUTH BHeKJIeTouHylo JIHK miona oT BHEKJIETOUHOM
matepuHckoi /IHK B nnazme unu ChIBOPOTKE MaTepy, MOXKHO HMCIMOJb30BaTh T€HETHYECKUE WU
SMUTEHETHYECKHE METOABI, WM MX KoMOuHanmio. COrJlaCcHO IeHeTHKE, F€HOM IUIOIa MOJXKET
OTJIMYATBCSI OT MATEPUHCKOTO I'€HOMAa HACIEOYEMBIMH IO OTLY CHeHU(pHUECKUMH JUIS IJI0AA
amnenssmu OHII, HacnegyeMbpIMU MO OTIY MYyTaUMsSMU HJIU MyTanusiMu de novo. CoriacHo
SMUTeHEeTUKE, METHJIOM IIALEHThl B II€JIOM TMIIOMETHJIMPOBAH MO CPaBHEHUIO C METUJIIOMOM
kietok MarepuHckoil kpoeu (Lun ef al. Clin Chem. 2013;59:1583-94). ITockonbKy muianeHra
SIBJISIETC OCHOBHBIM MCTOYHMKOM BHekslerouHod JIHK mnnonma, B To Bpemsi Kak KJIEeTKH
MaTEpUHCKON KPOBH SIBJISIFOTCSI OCHOBHBIM HMCTOYHUKOM BHeKjeTouHoW marepuHckod JIHK B
KPOBOTOKE (IJIa3Me€ WJIM CBIBOPOTKE), MOJIeKysbl BHekjerouHoi JIHK muoma B wmemom

TUIIOMETWJIMPOBAHbl IO CPAaBHEHUIO BHeKJeTodyHONW Marepunckonl JIHK B mnasme wm
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cpiBOpoTKe. CymecTByrOT crneuupuyeckue TEeHOMHbIE JIOKYChbl, B KOTOPBIX IUIALIEHTa
rUIepMeTUINPOBaHa 10 CPaBHEHUIO C MaTEPUHCKUMU KJleTkamMu Kposu. Hampumep, nmpomotop u
obnactp 5k30Ha 1 RASSFIA Oonee MeTHIMPOBAaHbI B IUIAICHTE, YeM B MAaTEPUHCKUX KJIETKAX
kpoBu (Chiu ef al. Am J Pathol. 2007;170:941-950). Takum oO0Opa3om, LUPKYJIUPYIOIIAs
BHekyietouHass JIHK rtuoma, mnonydeHHas w3 gaHHOro Jiokyca RASSFIA, Oyner
TUNIEPMETUINPOBAHA N0 CPABHEHMIO C LIUPKYJIUPYIOIIEed BHeKknIeTo4uHON MarepuHckon [IHK u3
TOrO e JIOKyCa.

B Bapuantax ocymectBiaeHus, BHekJerouHyro JIHK mnioma MOXHO OTIMYMTH OT
BHEKJIETOUHBIX MoJiekyn MarepuHckod JIHK Ha oOcHOBaHMM cCTaTyca HEOJUHAKOBOIO
METUJIMPOBAHUS MEXAY ABYMs IyJaMH LUPKYJIUPYIOIIUX HYKJIEWHOBBIX KucioT. Hampumep,
obHapyxkeno, uro cadtel CpG Bnmomp BHekjerouHout wmouekynbl JIHK B OCHOBHOM
HEMETUJIMPOBAHBL, U 3Ta MOJIEKYJIA, BEPOSITHO, MPOUCXOoAuT u3 mona. Eciu Oyner oOHapyskeHo,
yro cailitel CpG Bposp BHekjerodHoM Mosekyibel JIHK B OCHOBHOM MeTMIMpPOBaHBI, 3Ta
MOJIEKYJIa, CKOpee BCero, MmpuHamnexuT marepu. CrenuaniucraM B AaHHOW OONAaCTH TEXHHUKH
U3BECTHO HECKOJBKO CIIOCOOOB, TIO3BOJSIFOIIUX YCTAHOBHUTbH, IEHCTBUTENBHO JIM TaKHe
MOJIEKYJIbl MpPUHAJJIeKAT Moy uiau martepu. OAMH U3 MOAXOAOB COCTOUT B CpPaBHEHHUH
naTTepHa  METWJIMPOBAHUS  CEKBEHMPOBAHHOW  MOJIEKYJIBI C  HM3BECTHBIM  INpoduieM
METUJIMPOBAHMsI COOTBETCTBYIOILErO JIOKYCa B KJIETKAX IJIALIEHTbl WM MATEPUHCKHUX KJEeTKax
KPOBH.

@ur. 82 neMOHCTPHUPYET NPUMEP ONpeAeNeHHs IaleHTapHoro npoucxoxaenus JHK u3
IUTa3MBI BO BpeMsi O€pEMEHHOCTH € HCIIOJIb30BaHUeM npoduneit MmetuiarpoBanus. KoopauHarsl,
BblIeJIEHHbIE CUHUM U TOJYEPKHYTbIE, yKa3blBatloT Ha ocTpoBku CpG. YUepHble 3akpalleHHbIE
TOYKM YyKa3blBAIOT HA METUJIMpOBaHHble caiiThl. HesakpallleHHble TOYKHM YKa3blBalOT Ha
HEMETUJIMPOBAaHHBIE CalThl. L{U(pbI B KPyribIx CKOOKax BO3JE KKIOH FOPHU30HTANIBHON JIMHUH
C TOYKaMH 0003HAYarOT pazMep (parMeHTa, IIOTHOCTh METHIIMPOBAHUS OTACIBbHON MOJIEKYJIbI 1
KoJimyecTBo caiitoB CpG.

[0037] Kak nmokazano Ha Dwur. 82, ecnu BHekierouHas mosekyna JHK u3 marepunckoit
IUTa3MBl BBIPABHUBAETCSI C MpPOMOTOpHON oOnacteio RASSFIA (obnacThio, KOTOpas, Kak
U3BECTHO, CIELU(PUUECKH METWJIMPOBAHA B TKAHSAX IUIALIEHTHI), U JaHHBbIE CEKBEHUPOBAHUS,
MOJIYY€HHBIE C HCIOJB30BAHUEM CHOCOOOB COTJIACHO AaHHOMY H300pETEHHIO, VKAa3bIBAlOT Ha
TUNIEPMETWINPOBAHNUE, 5TA MOJIEKYJA, BEPOSTHO, MNPOUCXOAUT H3 IUIOJAA WM IJIALEHTBL
Hamnpotus, Momnekyibl, A€MOHCTPUPYIOLINE TMIOMETUIUPOBAHUE, BEPOATHO, MPOUCXOAAT U3
marepuHckol ¢ponosoli JIHK (mpenmyiecTBeHHO reéMaToNno3THIECKOTO MPOUCXOKICHHS).

@ur. 83 WUTIOCTPUPYET MOAXOA AJIA aHAIU3a METUIMpOoBaHus moxaa. [longxon Bkmodaer

B ce0sl MCMOJIb30BAHHE CEKBEHHPOBAHHOW MOJIEKYJIbI, KOTOPas COACPKUT CHeUM(DUIHBIA IS
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wiona ayutens OHIT wmn cnenmduveckyro Ui TIofa MyTaluio (HampuMmep, HacleAyeMyro o
oruy win de novo mo ceoeil mpupoxne). Korma mneHTUPUIHMPYIOT Takue Crernu(puyuHbIe IS
IJ10J]a FeHeTUUeCKUe MPU3HAKH, CTATYyC METHJINPOBAHMsI OCHOBAHMM, NPEJCTABICHHbBIX B OJJHOM
u Toi# ke BHekseTouHOH Mmosekyse JTHK, oTpakaer mpoduib METUIMPOBAHUS BHEKIETOYHOM
JHK mona wnu mMerunoma rutaneHTel. Crienuduueckue Uil IIoga TeHETHYECKHe MPH3HAKH
MOryT OBITH OOHApYKeHBI, Koraa cekBeHupoBanue BHekyerounoil JIHK BeisBIsier ayuenu uim
MYTallH, OTCYTCTBYIOIINE B MAaTEPHUHCKOM IeéHOMeE (HampuMep, MyTeM aHajiu3a MaTePUHCKOM
reroMuoii JIHK), win nyrem ananu3sa oruockoi JIHK wim miist KOTOpbIX M3BECTHA Mepenavya B
cembe (Hampumep, nytem aHanusa JIHK npobanna).

MetunupoBanue crnermmdpuaabix s 1wona moiekyn JIHK moxer ObITh ompeneneHo
nyreM aHanm3a Ttex (Qparmentos JIHK, Hecymux amnenu, KOTOpblE OTJIMYAIUCH OT
FOMO3UTOTHBIX ajulefiell B MaTepUHCKOM TIeHoMe. MOXKHO O0XXHIAaTb, YTO METHJIHPOBaHUE
mounekya JIHK mona Gyner Huxe, yem y mosiekyn marepurckoi JIHK.

B xauectBe mnpumepa, Obutn cekBeHupoBanbl JIHK neilikorurHOrOo Ciiost OgHOU
OepeMeHHOU KEHINWHbI W COOTBETCTByIOINas e TtwaneHtapHas JHK nns monydenus
rarIoOnAHOTO reHoMa 59x u 58X cooTBeTCTBEHHO. MBI MACHTU(UIIMPOBAIN COBOKYIHO 822409
uHpopmatuBHbIx OHIL, mo KOTOPbIM MaTh OblJIa TOMO3UIOTHOH, a IUIOJ - T€TEPO3UTOTHBIM. MBI
oOHapyxmm 2652 crnenuduuHblx s wioaa ¢pparmeHToB u 24837 obmmx (parmMeHTOB (T.€.
(parMeHToB, HeCyIIHX OOILINI ajieNnpb;, MPEeUMYyIIeCTBEHHO MAaTEPUHCKOTO MPOUCXOKIACHUS) B
MatepuHckoi miasme (M13160) ¢ MOMOIIBI CEKBEHHUPOBAHUS OTAEIBHOW MOJIEKYJIBI B
peanbHoM Bpemenu. @pakuus [JHK miona cocrasmna 19,3%. CorinacHo JaHHOMY H300PETEHHIO
ObUIM TOJIY4EeHbI TPOPIIN METHIHUPOBAHUS STHX CHEUU(PUYHBIX U IUI0Aa (PparMeHToB H
obmmx ¢parmenToB. Kak pe3ynbTaT, ypOBEHb METHIMPOBAHUS CHEUU(UYHBIX Ui ILJIOAA
(dparmenToB cocraBun 57,4%, a ypOBeHb METHJIHPOBaHUs oOmMX (parMeHToB - 69,9%. DT0
OTKPBITHE COTJIACYeTCs C TEKYLIUMHU 3HAHUAMHU O TOM, 4TO ypoBeHb Metunuposanus JJHK mona
HIwke, yeM MmarepuHckoil JIHK B mmasme Gepemennoit sxeHmuHbl (Lun ef al., Clin Chem.
2013;59:1583-94).

ITatTepHbl METHJIHPOBAHMUS MOTYT MHCIIONB30BAThCS Ul LieJiell TUArHOCTUKU HWIH
MoHuTOopuHra. Hampumep, mpodmip MeTwinpoBaHHs oOpasna MaTepPHHCKOH IUIa3Mbl ObLI
HCIOJIb30BaH ISt OTpeseNeHus recTalllOHHOTO BO3pacTa
(https://www.ncbi.nlm.nih. gov/pubmed/27979959). OnHo npuMeHeHUE NPEACTABISIOT COOOMU
STan KOHTpossd KadecTBa. Emme OAHO TNOTEHLUANbHOE NPUMEHEHHWE - MOHUTOPUHI
«OHOJIOTHYECKOTO» BO3PACTa MO CPABHEHUIO C «XPOHOJIOTHYECKUMY» BO3PACTOM OEPEMEHHOCTH.
OTO mNpUMEHEHHE MOKeT MCMOJb30BaTbCsl  JUJIsl  BBIIBJIEHHS WM OLIEHKH  pHUCKa

NPEKACBPEMCHHBIX POIOB. I[I)YFI/IG BAPHUAHTBI OCYLIECTBJICHUA MOT'YT OBITb UCIIOJIB30OBAHBI JJIA
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aHaJM3a KJIETOK IUI0/Ia B MATEPUHCKOM KPOBH. B ele npyrux BapuaHTax OCYIIECTBICHUS, TAKHE
KJIETKH TUI0JIa MOTYT OBITh HACHTU(HUIIUPOBAHBI C MOMOIIBIO TIOAXOI0B HA OCHOBE AHTUTEI WUJIH
CEJIEKTUBHOIO OKPAIIMBAaHUS C HCIOJb30BAHUEM KIIETOYHBIX MapKepoB (HampuMep, Ha
MOBEPXHOCTU KIJETKH WJIM B LHTOIUIA3Me), WM OOOrameHbl € TOMOLIBI0 MPOTOYHOM
LIUTOMETPUY, MHUKPOMAHHITYJUPOBAHUS, MHUKPOAMCCEKUUUN WIH (PU3HYeCKnx CcrocoOoB
(HampuMmep, MOTOKOM ¢ Au(pdepeHInaTbHON CKOPOCTBIO Yepe3 KaMepy, MOBEPXHOCTb WU
KOHTEHHep).

C. Obnapysicenue MEMUTUPOBAHUSL C UCNONLIOBAHUEM PAZTUYHBIX PEALEHO08

[0038] B sTOoM pa3zpene moka3aHO, YTO METOIbl METUJIMPOBAHHUS HE OTPAHUUHBAIOTCS
KOHKPETHON CUCTEMOH PEareHTOB.

AHanmu3 METHJIMPOBaHUS ObLT BBINMOJHEH C UCIOJBb30BAHUEM PA3JUYHBIX CHUCTEM
peareHToB, 4TOOBl OATBEPAUTh BO3MOXKHOCTh NMpuMeHeHus1 MertonoB. Hanpumep, SMRT-ceks.
ObUTO BBITIOJHEHO ¢ ucnonb3oBanueM cuctemsl Sequel II (Pacific Biosciences) ms peannzannu
CEeKBEHHPOBAHMUA OTHECNBbHOW MOJIEKYJBl B peaJbHOM BpeMeHH. (DPparMeHTHPOBAHHBIE
THOPOAMHAMHUYECKUM caBUroM MoJiekysbl JJHK Obuti mopBeprayThl MOCTPOSHUIO MAaTPULIBI IS
CEeKBEHHPOBAHMUs OTHENbHOH MOJeKysabl B peanbHoM BpemeHu (SMRT) ¢ ucnosnb3oBanuem
SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences). OTxur mnpaiimMepoB ms
CEeKBEHHPOBAHUA M YCJIOBHUSA CBS3BIBAHHS IOJIMMEPA3bl PACCUUTBHIBAIIM C  [TOMOIIBIO
nporpammuoro obecrieuennss SMRT Link v8.0 (Pacific Biosciences). Bkparue, npaiimep v2 st
CEeKBEHHPOBAHMS OTXKHUTAJIN C MAaTPULIEH ISl CEKBEHUPOBAHUSI, & 3aT€M TOJUMEPa3y CBA3BIBAIIH
¢ marpunamu ¢ ucnons3oBaHueM Sequel II Binding and Internal Control Kit 2.0 (Pacific
Biosciences). CexsenmpoBanue BoimonHsuin Ha Sequel I SMRT Cell 8M. ®unbMmbl
cexBeHHpoBaHMs Obutn cobpanbl Ha cucreme Sequel Il B Teuenne 30 yacoB ¢ momompbio Sequel
IT Sequencing Kit 2.0 (Pacific Biosciences). B npyrux Bapuanrtax ocyuectienus, aiusi SMRT-
CEKB. MOTYT HCIIOJIb30BATHCS IPYyrUe XUMUYECKHE PEareHThl H peakoHHbIe Oydepbl. B onHoM
BapHaHTE OCYINECTBJICHUS, MOJUMEpa3a OyAeT MMETh pa3Hble KHHETUYECKHE XapaKTePUCTUKU
BKJIFOYEHUS HYKJIeoTHnoB B Marpuunyro uenb JIHK B 3aBucumoctu oOT ee craryca
mermnupoBanus (Huber ef al. Nucleic Acids Res. 2016;44:9881-9890). B sToM packpbIThu
n300peTeHus], Pe3yJIbTaThl MOJYYEHbl C HCIIOJIb30BAaHUEM MpakiMepa v1 Ui CEeKBEHUpPOBAHMS,
€CITH He YKa3aHO UHOE.

[0039] UToOBI NPOAEMOHCTPUPOBATH HCIIOJB30BAaHUE H300pETEHHs] B  PACKPBITUH
n300peTeHNs], ONMMCAaHHOM B JAHHOM JIOKYMEHTE, C HCIIOJIb30BAHUEM PA3IMYHBIX PEAr€HTOB, MBI
npoaHanusupoBanu naHHble SMRT-cekB., mosyueHHbIE Ha OCHOBE Pa3UYHBbIX HAOOPOB IS
CEeKBEHHPOBAHMS, BKJIIOYAOIINX B ceOs, HO He orpanmumBarommxcs, Sequel I Sequencing Kit

3.0, RS 11, Sequel II Sequencing Kit 1.0 u Sequel II Sequencing Kit 2.0. RS II Bkirouaer B cebs
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150000 ZMW Ha cexumro SMRT. B Sequel ucnonesyercss 1000000 ZMW Ha cexumo SMRT. B
Sequel II ucnonssyerca 8 mmumonoB ZMW Ha cexumro SMRT ¢ aBymst HaGopamu st
cexBeHnpoBanus (1.0 u 2.0). JToT aHanu3 BKIrOUYaN B ceOs aBa Habopa naHHbIX. [lepBriil HabOP
naHHbIX Obu1  moaroToeieH Ha ocHoBe JIHK mocne ammimdukamuum Bcero reHOMa,
NPEACTABISIOIUNA HEMETUIINPOBaHHbIN cTtaTyc. Habop maHHBIX BTOpPOro Tuma ObUT MOATOTOBIIEH
Ha ocHoBe JIHK mocne oOpaborku wmeruarpancdepazoii M. Ssssl, mpencTaBisFOImii
METHJIMPOBAHHBIN CTaTyC. DTH JAaHHBIE OBLTH MOJy4eHBI ¢ ncnosp3oBanneM Sequel Sequencing
Kit 3.0 B cexBenatrope Sequel; u Sequel II Sequencing Kit 1.0, u Sequel II Sequencing Kit 2.0 B
cekBeHarope Sequel II. Takum oOpa3zom, MblI OJTyUWIH TpH HAOOpPa NAHHBIX C KHHETHYECKUMHU
npodmIsIMH, CTr€HEPUPOBAHHBIMH C HCIOJB30BAHHUEM pPAa3IMYHBIX PEAreHTOB (HAIpUMED,
nosmMepas). Kaxnbriit Habop maHHBIX ObLT pa3zgesieH Ha oOydaromuil Hadop JaHHBIX U TECTOBBIH
Ha0Op maHHBIX UIA oueHku 3¢dexruBHOCTH ¢ mcnonb3oBanueMm wmozneneii CHC cormacho
TAaHHOMY H300PETEHHIO.

1. Oxkna onpeneenust

[0040] Dwur. 84A, 84B u 84C neMoHCTpHUPYIOT 3G (HEKTUBHOCTD Pa3HBIX Pa3MEPOB OKOH
U3MepeHus sl pa3sHbIX HaOopoB peareHToB misi SMRT-cekB. B oOy4aromux HabOpax NaHHBIX,
COIep KAIUX JaHHbIE BCEro aMIUTM(QULIIMPOBAHHOTO TeHoMa (HeMeTuiupoBaHHble caiiTel CpG) u
naHHble Tpu oOpabotke M.Ssssl (MmerunmpoBanHbie caiitel CpG). Yacrora HCTHHHO-
MIOJIOXKUTENIbHBIX PE3yJIbTATOB OTJIOXKEHA MO OCH OPIUHAT, a YaCTOTa JIOSKHBIX-TOJIOKUTEbHBIX
pesyibratoB - 1o ocu abcumcc. Pur. 84A nmemonctpupyer naHHele SMRT-ceks.,
creHepupoBaHHbie Ha ocHOBe Sequel Sequencing Kit 3.0. @ur. 84B nmemoHCTpUpyeT HaHHBIE
SMRT-cekB., crenepupoBanHble Ha ocHoBe Sequel II Sequencing Kit 1.0. ®ur. 84C
nemoHcTpupyet nanubeie SMRT-cekB., cremepupoBannbie Ha ocHoBe Sequel II Sequencing Kit
2.0. Ha ¢urypax «-» 0003Ha4aIOT CHTHAJBI BhIIIE aHAIU3HpPyeMoro caita uutosuHa CpG. «+»
0o003HAauaeT CHUrHAJBl HIDKE aHajdu3upyemoro caiita umrtosmHa CpG. Hampumep, «-6 HT»
npeacTasisier coOOl curHanbl 6 HT BblEe aHamu3upyemoro caita nurosuHa CpG. «+6 HTY
npezncrasisier coOoil cUrHaibl 6 HT HIDKE aHaam3upyemoro caiita uuto3mHa CpG. «+ 6 HT»
0003HauUaeT BKIIOUEHUE KaK CUTHAJIOB O HT BBILIE, TAK U CUTHAJIOB O HT HUKE aHAJIH3UPYEMOTO
caiita nutosnHa CpG (T.e. Bcero 12 HT mocienoBaTeNbHOCTD, (PIAHKUPYIOMIAs CAHT LIUTO3MHA
CpG).

[0041] dns obyuaromero Habopa nmaHHbIX Ha ocHOBe Sequel Sequencing Kit 3.0, kak
nokasaHo Ha @ur. 84A, HCIONB3yss OKHO H3MEPEHHUs, BKJIOUaroliee B ceOs CHUTHAIbI OT
aHamusupyemoro 1uro3uHa CpG wu curHamel 6 HT Bhime (Hampumep, MMII, TN,
OTHOCHTENIbHbIE TIO3UIMH U COCTaB IMOCIENOBATENbHOCTEH) MOAHHOTO caiita IMTO3WHA

(obo3HauenHoro -6 Hr), 3HaueHne AUC 0,50 mpeamnosaraer OTCyTCTBUE CIIOCOOHOCTH OTJIMYATH
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MeTHJINpOBaHHble UTO3UHBI CpG OT HeMeTunupoBaHHBIX. OAHAKO Ui OOy4arOIINX HaOOPOB
nanHbix Ha ocHOoBe Sequel II Sequencing Kit 1.0 u 2.0, coorBercrByromue 3nadenus AUC
cocraBsun 0,62 (Pur. 84B) u 0,75 (Pur. 84C). DT naHHBIE NPOJEMOHCTPUPOBAJIH, HYTO
CYIIECTBYIOT pa3Hble KHHETUYECKHE MPOQUIIH, TPUCYIITNE PA3HBIM peareHTaM, UCIOJIb3YEMbIM B
SMRT-cexB. DTH NaHHBIE MOKA3bIBAIOT, YTO PACKPBITHIE B JAHHOM JOKYMEHTE CIOCOOBI JIETKO
alanTHPOBATh K MCIOJB30BAHHIO PA3IMYHBIX peareHToB. KpoMe TOoro, TOUHOCTb OOHAPYKEHHS
MOIU(pUKALIMI  OCHOBAHWH  TOTEHIMAJIBHO MOXET OBbIThb  yIy4IIeHa C  [OMOLIBIO
JOTIOJIHUTENBHBIX AOPa0OTOK PEareHTOB, HANpPUMEP, NMPHUMEHSS pPa3JIMYHble MOJHMEpa3bl H
APyrue XUMHYECKHE PEareHThl.

[0042] B xauecTBe mpyroro mpumepa, st oOydaromero Habopa IaHHBIX Ha OCHOBE
Sequel Sequencing Kit 3.0, kak mokazaHo Ha ®ur. 84A, HCHOJB3YsS OKHO H3MEpPEHUS,
BKJIFOHaroiee B cedst curHanbl 10 HT BhIle OT aHanusupyemoro cairta murosuHa CpG
(obo3znauennoro -10 ©r), 3HaueHue AUC 0,50 mpemamosaraer OTCYTCTBHE CIIOCOOHOCTH
OTJIMYATh METWJIMPOBaHHbIE IUTO3UHBI CpG OT HeMeTmnpoBaHHBIX. OgHAKO s 00yYaroImuX
HabopoB nanHbIXx Ha ocHoBe Sequel II Sequencing Kit 1.0 u 2.0, cOOTBETCTBYIOIINE 3HAYCHUS
AUC cocraBmsum 0,66 (Pur. 84B) u 0,79 (Pur. 84C), kortopele, Kak OBLIO MOKa3aHO,
YIIYUIIHINCH 110 CPABHEHHIO ¢ OKHOM M3MEPEHUsI, BKIFOYAIOLINUM B C€0s1 CHTHAJIBI BOCXOSIIUX 6
HT. DTH JaHHBIC MONTBEPIMIN, YTO CYIIECTBYIOT pa3Hble KMHETHYECKHE MPOQIIIH, MPUCYIINE
pa3HBIM peareHTam, ucroyib3yeMbiM B SMRT-cexB. DTu naHHBIE IOKA3BIBAIOT, YTO PACKPBITHIE B
JAHHOM JIOKYMEHTE CIIOCOOBI JIETKO aJalTHPOBATh K UCTIOJIb30BAHUIO PA3TMYHBIX PEareHTOB.

B ornnume oT OKHa WM3MEPEHHs C BOCXOASALIMMH CHTHAJIAMH, OKHO OIpEneNieHHe C
HUCXOMSIIIUMH CUTHAJIAMH MOKET JaTh OoJibliee yiyulneHne 3¢p¢GeKTUBHOCTH KiacCU(UKALINH.
Hampuwmep, mis oOywarommero Habopa nmanHbix Ha ocHoBe Sequel Sequencing Kit 3.0, kak
nokas3aHo Ha ®@ur. 84A, ucnonp3ys OKHO M3MEPEHHs, BKIIIOUaroIee B ceOs CUrHAJBI O HT HIKE
caita murosuHa CpG (+6 ut), 3Hauenne AUC 0,94 Obuio HamHOro OoJjbIne, YeM MpH
UCTIOJBb30BaHUU cUrHaioB Bocxomsamux 6 HT (AUC: 0,5). Jlnst oOy4arounx HaOOpOB TaHHBIX HA
ocHoBe Sequel II Sequencing Kit 1.0 u 2.0, coorsercTBytomue 3Hauenuss AUC coctasisimu 0,95
(@ur. 84B) u 0,92 (Dur. 84C), COOTBETCTBEHHO, NEMOHCTPHUPYS YIyUIIEHHE IO CPABHEHUIO C
OKHOM U3MEpPEHHUs, BKJIIOYAIOIIMM B Ce0sl CHTHAJNBl BOCXONAIMHMX O HT. OTH JaHHbIE
NPEANOJarafoT, YTO  KHHETHYeCKHE  XapaKTEePUCTHKH,  CBS3aHHbIE C  KOHTEKCTOM
MIOCIIEIOBATEBHOCTH, YJYYINAT KJIACCU(PHUKALMOHHYI CIIOCOOHOCTh TMpPH  HCIOJIb30BAHUH
moneneii CHC, HO He OrpaHMYMBAsCh JIUIIb HAMU. JTH AAaHHBIC TaKXKe MPEAINOJArarT, YTO
ONHMCAaHHOE B JaHHOM JOKYMEHTe wu3o0pereHne OyneT NpPUMEHMMO K HabopaM MJaHHBIX,
MIOJIYY€HHBIM C MOMOINBIO Pa3HBIX PEareHTOB M YCIOBUH CEKBEHHPOBAHUS (HAmpUMep, PasHbIX

nojuMmepas, APYrux XUMHYCCKUX PpPEarcHTOB, HX KOHLIeHTpaLII/Iﬁ U MapaMeTpoOB pCaKlun
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CEeKBEHHPOBAHMS (HAPUMEP, MPOJOJIKUTEIBHOCTH)) TIOCPEACTBOM HACTPOWKH OKHA U3MEPEHUSL.
AHaNOTUYHBI BBIBOA MOXHO CIENaTh W3 aHaIM3a C MHCIOJb30BAHMEM OKHA HW3MEPEHHs,
BKJIFOHArOLIEero B ceOst curaansl 10 HT Hipke oT caiita uuto3nHa CpG (Pur. 84A, 84B u 84C).

[0043] B mpyrom BapuaHTe€ OCYILIECTBJIEHUS, MOXHO HCIIOJIB30BATb OKHO HM3MEPEHUS,
coeprKalee CUrHaJbl aHAJIM3UPYEMOTO [IUTO3MHA, U CUTHAJBI KaK BbIIIE, TAK U HU)KE JAHHOTO
uuro3nHa. Hampumep, kak mokazaHo Ha Dur. 84A, 84B u 84C, ucnosp3ysi OKHO U3MEPEHMUS,
BKJIFOHAKOIIee B ce0sl CUTHAJIBI BOCXOSIIUX 6 HT U CUTHAIIBI HUCXOISIIUX 6 HT (0003HAUEHBI KaK
+ 6 HT), OO onpeneneHHo, uto 3HadeHust AUC cocraswmm 0,94, 0,95 u 0,92 ans obydaromero
Habopa maHHbIx Ha ocHOoBe Sequel Sequencing Kit 3.0, Sequel II Sequencing Kit 1.0 u 2.0,
COOTBETCTBEHHO. MCronb3ysi OKHO U3MEPEHHs], BKIIOHaroImee B cedst curHaimbl Bocxoasamux 10
HT ¥ curHaibsl HECXomsmux 10 Bt (o6o3Ha4yens! kak £ 10 HT), OBLIO ONpeneNeHHo, YTO 3HAYEHHS
AUC coctrasmu 0,94, 0,95 u 0,94 nns obOydaromero Habopa HaHHBIX Ha ocHOBe Sequel
Sequencing Kit 3.0, Sequel II Sequencing Kit 1.0 u 2.0, cOOTBETCTBEHHO. OJTHU HaHHBIE
NPEAINOJaraoT, YTO OMMCAHHOE B JTAHHOM JIOKYMeHTe n3o0pereHue Oyzaer Oosiee MPUMEHUMO K
HaOOpaM JaHHBIX, IOJYYEHHBIM C TIOMOIIBIO PA3HBIX PEAreHTOB U MapaMETPOB CEKBEHUPOBAHMUS.

@ur. 85A, 85B u 85C mpoaeMOHCTPUPOBAIH, YTO PE3YJbTaThl OBUIM IOJYy4YEHB U3
TECTOBbIX HAOOpPOB MAaHHBIX C pPa3HbIMH OKHAMH W3MEpPEHHs C pasHbIMU Habopamu
cexkBeHHpoBaHus npu npuMeHeHun moaeneir CHC, oOyueHHBIX Ha OCHOBE 00y4aroIux HaOOpOB
IaHHBIX. HacToTa NCTUHHO-TIONOKHUTENBHBIX PE3YJIBTATOB OTJIOJKEHA TI0 OCH OPAMHAT, a 4acToTa
JIOXKHBIX-TIOJIOXKUTEIBHBIX pe3yJabTaTOB - NO ocu abcuucc. OOO3HaueHUsT B ONMHMCAHUU
SKBUBAJIEHTHbI O00O3HAauUeHUsIM, HUCMONb3yeMbiM Ha @ur. 84A, 84B u 84C. dur. 85A
nemoHcTpupyet nanabie SMRT-cexB., creHepupoBaHHbie Ha ocHOBe Sequel Sequencing Kit 3.0.
@ur. 85B nmemoncrpupyer nanaele SMRT-cexs., creHepupoBanHble Ha ocHoBe Sequel 11
Sequencing Kit 1.0. ®@ur. 85C nemonctpupyer naHasle SMRT-cekB., creHepupOBaHHbIE Ha
ocHoBe Sequel II Sequencing Kit 2.0. Bce BrIBOABI, CIeNaHHBIC HA OCHOBE 00yUarOmUX HA0OPOB
TaHHBIX, MOXHO ObLIO MPOBEPHUTH B 3TUX HE3aBUCHMBIX TECTOBBIX HA0OpaX NaHHBIX, KOTOPBIE HE
ObUIH 3a7€HCTBOBaHbI B Tpouiecce oOyueHus. Kpome Toro, cpeam Tpex He3aBUCHMBIX TECTOBBIX
HaOOpPOB JAHHBIX, aHAIHM3 ABYX HA0OpOB maHHBIX (2/3) ¢ ucnonpzoBarneM Sequel II Sequencing
Kit 1.0 u 2.0 mponeMOHCTpUPOBaJ, YTO MPUMEHEHHE OKHA M3MEPEHMs, BKJIIOYAIOIEro B ceOs
CHUTHAJIBI BOCXOMIIMX W Hucxomamux 10 HT (oOo3HaueHHBIX Kak = 10 HT), mokaszano cels
Jy4ILIe IPYTUX.

2. CpaBHeHHe ¢ OUCYJIb(PUTHBIM CeKBEHHPOBAHHEM

Qur. 86A, 86B u 86C aeMOHCTPUPYIOT KOPPENSLUI0 COBOKYIHBIX YPOBHEH
METHJIMPOBAHUS, KOJMYECTBEHHO OIPENEIIEHHBIX C MMOMOIIBI0 OUCYIB(PUTHOTO CEKBEHHUPOBAHMS

u SMRT-cexB. (Sequel II Sequencing Kit 2.0). ®ur. 86A neMOHCTPUPYET YPOBEHb
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METHJIMPOBAHUS B BUIE MPOLEHTA, KOJUYECTBEHHO ONpeneleHHOro ¢ nomoibo SMRT-ceks.,
Ha ocu opauHar. Pur. 86B neMOHCTPUPYET YpPOBEHb METUIMPOBAHUS B BHUAE IMPOLIEHTA,
KOJIMYECTBEHHO OMPEIENIEHHOTO C TIOMOIIBIO OUCYIb(QUTHOTO CEKBEHUPOBAHUS, HA OCH aOCIIHCC.
UepHast TUHUS - 3TO NIoAoOpaHHast TUHUA perpeccud. [IyHKTUPHAS JHHHSA - 5TO IUArOHAJIbHAsS
JUHUS, Ha KOTOpOW nBa ompenesnenust paBHbl. Dur. 86B nemoncTpupyer rpaduk brnannma-
Anbrmana. Ilo ocm abcumcc TOKa3aHO cpenHee YpPOBHEH METHIIMPOBAHMS, OIpPEIeNIEHHBIX
KOJIMYeCTBEHHO ¢ moMomibio SMRT-cekB., cornacHO maHHOMY H300peTeH 0, 1 OUCYIBb(PUTHOTO
cexBeHHpoBaHUA. OCh OpIMHAT MOKA3BIBAET PA3HUIY B YPOBHE MeTUinpoBanus mexny SMRT-
CeKB. COMIACHO JaHHOMY H300peTeHn0 MW OUCYJIb(QHUTHBIM CEKBEHHpPOBaHHEM (T.e.
mermnupoBanueM Pacific Biosciences - OOycnoBieHHbIM OHCYJNBOUTOM METHIUPOBAHHUEM).
IlyHKkTHpHAs TUHUA COOTBETCTBYET MOPU3OHTAIBHOMN JIMHUH, IPOXOASILEH Yepe3 HOJIb, KOTopas
0003HaUaeT OTCYTCTBHE pPAa3HUIBI MEXAYy ABYMs OIpeleNeHUsMH. TOYKHM  JaHHBIX,
OTKJIOHMBIIHMECS OT MyHKTUPHOHN JIMHUH, MPEIONaraoT, YTO CYIECTBYIOT OTKIOHEHHS MEXKIY
onpeneneHussMu. @ur. 86C HeMOHCTPHUPYET NMPOLEHTHOE U3MEHEHHE OTHOCHTENbHO 3HAYEHUS,
KOJIMYECTBEHHO OMPEENIEHHOTO C IOMOIIBI0 OucynbduTHOTO cekBeHupoBanus. [1o ocu abcumce
MOKAa3aHO CpefHee YPOBHEHW METHJIMPOBAHMS, OMNPEACTICHHBIX KOJWYECTBEHHO C IOMOIIBIO
SMRT-cekB., COTJIaCHO TaHHOMY H300pETeHUr0, W OHCYNb(pUTHOro cexkBeHupoBaHus. llo ocu
OpPAMHAT MOKa3aH MPOLEHT Pa3HHULIbI B YPOBHIX METHIIMPOBAHHS MEXKIY OBYMS OINpPEAeIEHUSIMHU
[0 CPaBHEHHIO CO CPEAHUM YPOBHEM METHIHpOBaHUA. IIyHKTUpHAs JIMHUS COOTBETCTBYET
TOPU3OHTAJILHON JIMHHUHM, MPOXOISLIEH depe3 HOJb, KoTopas 0003HAYAET OTCYTCTBHE PAa3HHLIBI
MEXIY IBYMS ONpeIeNeHHsMH. TOYKM MaHHBIX, OTKJIOHUBIIMECS OT IYHKTUPHOH JIMHUH,
NPEANOJaratoT, YTO CYIECTBYIOT OTKIOHEHHUS MEKAY OIPEaeICHUS M.

Ha ®wur. 86A ¢dopmyna nuHeiHON perpeccun mpexncraBieHa kak Y = aX+b, rme «I»
NPEACTABIsIET YPOBHH METHIIMPOBAHMS, OmpeneneHHble ¢ momoubto SMRT-ceks., cormacHo
PACKpBITHIO H300peTeHus; «X» TMpPeACTaBIseT YPOBHU METUJIMPOBAHUS, OIpEIeNIeHHbIE C
MOMOIIBI0 OUCYIB(PUTHOTO CEKBEHUPOBAHUS, «» NPEACTABISsIET HAKJIOH JIMHUHM PErpeccuu
(marmpumep, a = 1,45); «b» npencTaBiseT TOUKY NEPECEUSHNs C OChIO OPAMHAT (Hampumep, b = -
20,98). B sToii cuTyauuu, 3Ha4eHUsT METHJIMPOBAHMS, orpeneneHHble ¢ moMoibo SMRT-cexs.,
OynyT paccuutsIiBaThCS Kak (Y-b)/a. ITOT rpaduk AEMOHCTPUPYET, YTO YPOBHH METHIINPOBAHMS,
onpeneneHHble ¢ nomompbld  SMRT-cexkB.,, Moryr ObiTh mnpeoOpa3oBaHbl B YPOBHH
METHJIUPOBAHHUS, OTIPENEIEHHBIE C TOMOLIBIO OUCYIB(PUTHOTO CEKBEHUPOBAHUS, U HAOOOPOT ISt
Sequel II Sequencing Kit 2.0, kak u gy Sequel 1T Sequencing Kit 1.0.

@dur. 86B mnpencraBisier coboit rpadpuk bnaHma-AnpTMaHa, KOTOPBI TOKa3bIBaeT
CMeIlleHHe KOJMYECTBEHHOW OLIEHKH MeTuiaupoBaHus mexay SMRT-cexB. coriacHo AaHHOMY

u300peTeHnI0 U OUCYNb(PUTHBIM CEKBEHHPOBAHUEM, HAa KOTOPOM OCh aOCLHCC TIOKa3bIBAET
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CpenHee ypOBHEW METHJIMPOBAHUSA, KOJMYECTBEHHO OMpenesieHHbIX ¢ momombio SMRT-ceks.
COrJIACHO JaHHOMY H300peTeHur0 W OWUCYIb(UTHOrO CEKBEHHPOBAHUS, a OChb OpAWHAT
MOKA3bIBAET PA3HHUIY B YPOBHSAX METHJIMPOBAHUS, KOJHMUYECTBEHHO OMPEIENIEHHBIX C IMOMOIIBIO
SMRT-cekB. cOryiacHO JaHHOMY M300peTeHHI0 U OMCYIb(GUTHOTO CEeKBEHUpOBaHUs. MennaHHas
pa3HUIA MEXKAY IBYMsS H3MEpEeHUssMH cocTaBmia -6,85% (muanason: -10,1 - 1,7%). MenuaHHbIi
NPOLEHT W3MEHEHHE YPOBHS METWIMPOBAHUS, KOJHYECTBEHHO ONPEAETICHHOTO COTJIACHO
JAaHHOMY H300pETeHHIO, MO CPaBHEHHMIO CO 3HAYEHHWEM, TIOJyYeHHBIM C IOMOIIBIO
ONCYyNb(PUTHOTO CEKBEHHPOBaHWs, cocTaBmi -9,96% (mamamazon: -14,76 - 3,21%). Pasuuna
BapbHPOBAJIACHh B 3aBUCUMOCTH OT YCPEAHEHHBIX 3HA4eHUH. UeM Bbllle CpefHee 3HAUeHUE ABYX
OTIpENIEJICHNH, TEM BBILIE CMEIEHUE.

[0044] Pur. 86C neMOHCTpUpYET Te ke AaHHble, uTO U Ha Pur. 86B, HO ¢ pazHULElN B
YPOBHSIX METWJIMPOBAHUS, Pa3fesieHHON Ha cpelHee 3HAYeHHE ABYX YPOBHEH METHIIMPOBAHUS.
@ur. 86C Taxke JEMOHCTPHPYET, YTO YeM OOJIbIIe CpeHee 3HAUEHHE JABYX OINpeNeNeHUH, TeM
Oosblie CMelIeHue.

Omnbka Moxer ObITh CBsA3aHa C OWUCYIB(QHUTHBIM CEKBEHHPOBAHHEM M HE CBS3aHA C
cnocobamu ¢ SMRT-ceks. CooOmanoch, 4T0 CTaHIAPTHOE MOJHOTEHOMHOE OuCyNb(pHUTHOE
cekBeHnpoBanne (Illumina) npuBOAMT K  3HAYUTEIHHOMY OTKJIOHEHHIO  BBIXOIHBIX
MIOCIIEIOBATEIBHOCTEH U 3aBBIIIEHUIO OLIEHKH TNI00AJbHOTO METUIIMPOBAHUS, C CYIECTBEHHBIMHU
BapHALMSIMU B KOJMYECTBEHHOH OLICHKE YPOBHEH METHJIMPOBAHUS MEXKAY CIoco0amMu B
KOHKpeTHBIX obnactsax reHoma (Olova ef al. Genome Biol. 2018;19:33). PackpriTeie B JaHHOM
JOKYMEHTE BapUAHTHI OCYIIECTBJICHUS] UMEIOT Psifi MIUTFOCTPATUBHBIX MPEUMYLIECTB, Oaromapst
KOTOPBIM UX MOXKHO BBITIOJIHSTH O3 mpeoOpa3oBanusi OUCYIbPUTOM, KOTOPOE MOTJIO ObI Pe3KO
pa3pyuuts JJHK, 1 moryT Ob1Th BhinonHeHbI Oe3 [TIP-ammmudukanmm.

3. TkaneBoe NpoNCxXoKAEHHE

Mpbl BBINOJHWIM aHATU3 METWIMPOBAHHUS U1 PA3JMYHBIX THUIIOB paka COTJIACHO
BApPUAHTAM OCYIIECTBJICHUS B JAHHOM DPACKPBITUH H300PETEHHs], MCIOJb3Yysl CEKBEHHPOBAHHUE
OTIENbHOW MOJIeKyJbl B peanbHoM Bpemern (SMRT-ceks., Pacific Biosciences). Tumbl paxa,
ucnojb3oBaHHble 151 SMRT-cekB., BKIFOUain B cedsi, 0e3 orpaHMUeHHs], KOJOPEKTAIbHBIA paK
(n = 3), pak nueBona (n = 2), pak rpyau (n = 2), OYEUHO-KIETOUHYIO KapIuHOMY (n = 2), pak
aerkux (n = 2), pak su4HUKOB (n = 2), pak mpocrtatel (n = 2), pax kenynka (n = 2) u pak
noukenyno4Hoi skene3pl (n = 1). COOTBETCTBYIOLIME MPHIIETAIONINEe HEOIMYXOJIEBble TKaHU
takke Obum BKIrOUeHBl it SMRT-cexB. Habop mannbix Obl1 creHepupoBaH u3 JIHK,
nostyueHHoU ¢ momomibio Sequel IT Sequencing Kit 2.0.

Qur. 87A u 87B NEeMOHCTPUPYIOT CpaBHEHHME COBOKYIHOIO YPOBHsS METHUJIMPOBAHUS

MCXKAY pPa3IMYHbIMH ONYXOJEBBIMHU TKAHAMHW W MPUIICTAIOIHUMU HEOIMMYXOJICBBIMU TKAHAMH B
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nape ¢ HUMH. Y POBEHb METHJIMPOBAHHUS B MIPOLICHTAX OTJOXKEH 1o ocu opauHaT. Ha ®ur. 87A,
YPOBEHb METUJIMPOBAHUS KOJUYECTBEHHO ormpexaensiercs ¢ nomombio SMRT-cexB. Ha ®wur.
87B, ypOBHHM METWJIMPOBAHUS KOJHYECTBEHHO ONPEACTCHb C MOMOINBI OHCYIB(PUTHOTO
CEeKBEHHPOBaHMA. THIT TKaHHM (T.€. OMyXOJIeBask TKAHb WJIHM MPUJIETAr0INas HEOMyX0JIeBasl TKaHb)
obo3HaueHa Ha ocu abcumcc. PasnuuHble CUMBOJBI  0003HAYAIOT pPa3HBIE TKAHH IO
MIPOUCXOXKACHUIO.

Qur. 87A nHEeMOHCTPUPYET, UYTO COBOKYIIHbIE YPOBHH METHJIMPOBAHUsS OIyXOJIEBBIX
TKaHeH, BKJIIOYasl PaK MOJIOYHOM >KeJe3bl, KOJOPEKTAJIbHBIN paK, pak MUINEBOJA, PaK MEYEHHU,
pak JIErKOro, paK sSIMYHUKOB, PaK MOJXKEIyIOYHOU >KeJe3bl, MOUYEYHO-KIETOYHYI0 KapLUHOMY U
pak >Kenynaka, ObUTM 3HAYUTENBHO HIDKE, YeM COOTBETCTBYIOLIUX HEOIYXOJIEBBIX TKaHEH
(3Hauenue P = 0,000, 3HAKOBBIN KpUTEPUH Y UIKOKCOHA MAapPHBIX BEIOOPOK), BKIIFOYAsT MOJIOUHYIO
JKeJe3y, TOJICTYIO KHIIKY, MUINEBOJ, NEeYeHb, JIETKOE, SIUYHUKH, MOJKEIyAOYHYH KeJesy,
MPEACTATENBbHYIO JKeJe3y, MOYKH U KEeJyJ0K, COOTBETCTBEHHO. MenuaHHas pasHULIA B YPOBHE
METUJIMPOBAHMS MEX]y OMyXOJbIO U HEOMyXOJEeBbIMU TKaHSMHU B Mape ¢ Heil cocrasisina -2,7%
(IQR: -6,4 ~ -0,8%).

@ur. 84B nonrepxknaer Oojiee HU3KME YPOBHU METHJIMPOBAHUS B OIMYXOJIEBBIX TKAHSX.
Takum o00pa3oMm, B5TH pe3yJNbTaThl MPEANOJAaratoT, YTO MATTEPHbl METHIIMPOBAHHUSA JUIS
Pa3IMYHBIX THIOB paka W TKaHEH MOryT OBITh TOYHO omperneseHbl ¢ nomornbio SMRT-cexs.
COrJIACHO JAaHHOMY HM300peTeHMIO, YTO TMOAPa3yMeBaeT LIMPOKOE TNPUMEHEHHE STOro
n300peTeHus Ui paHHero OOHApPYKEHHsI, TPOTHO3UPBOAHMS, TUATHOCTUKH U JICUSHHs paka, Ha
OCHOBE OMOIICUH TKaHU. Pa3nuyHble BETMUNHBI CHHXKEHHSI YPOBHSI METHIIMPOBAHUS B PA3JIMYHBIX
TUTAX OIyXOJIeH, BEPOSATHO, MPEATONArarT, YTO MATTePHBl METWJINPOBAHHUS OBLIH CBSA3aHBI C
THUIIAMU PaKa, 4TO MO3BOJISIET ONPEAESIUTh TKAHEBOE TPOUCXOKICHHUE PAKA.

D. Vyuwenue obnapyscenusn u opyaue memoont

B HexoTOpBIX BapHaHTax OCYLIECTBIEHHS, aHAIN3 MOAU(DHUKALIMA OCHOBAHUs (HAIpuMep,
METHJIMPOBAHUS) MOKET OBITh BBINIOJHEH C UCTMIOJIb30BAHUEM OJTHOTO MIIH OOJBLIETO KOJMYECTBA
W3 CIAEAYIOLIUX MapaMeTpoOB. KOHTEKCT nocieaosarenpnoctu, MUIT u [T, MUIIT u TN moxHO
OTIPENIEINTDh U3 PEAKLUN CEKBEHUPOBAHMS O€3 BBIPABHUBAHUS C STAJIOHHBIM T€HOMOM. ACIEKThI
MOAXOAA CEKBEHUPOBAHUS OTAENBHOW MOJIEKYJbl B PEAJbHOM BPEMEHHU MOTYT AOMOJHUTEIBHO
MOBBICUTh TOYHOCTb OIpenesieHus] KOHTekcTa nocienosarensHocty, MUIL u M. Oaun u3
aCTIEKTOB TPECTABIAECT COOOH BBIMOJHEHHE KOJIBLEBOIO KOHCEHCYCHOTO CEKBEHHPOBAHUS, MPH
KOTOPOM KOHKPETHAas 4aCThb MAaTPHIBl CEKBEHHPOBAHUS MOXKET OBITH ONpEAeIeHa MHOXKECTBO
pas, 4To JAenaeT BO3MOKHBIM OMNpenefeHne KoHTekcra nocinenosareiapHoctu, MUIL u 1N Ha
OCHOBE CPEIHEro WM PaclpeneseHusl 3HAYeHUH C MOMOLIBI0 5TUX MHOKECTBEHHBIX MPOYTEHUI.

B HekoTOphIX BapuaHTaxX OCYIIECTBJICHMs, aHAJIN3 MOAU(HUKAIMM OCHOBaHMs Oe3 mpouecca
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BbIPABHUBAHHS MOXET MOBBICHTD 3((EKTUBHOCTb BBIYHCICHHH, COKPATUTH BpeMst 00pabOTKU |
MOJKET CHU3HTb 3aTPaThl HA aHAJH3. XOTS BAPHAHTBI OCYIIECTBJICHUS MOTYT OBITh PEa30BaHbI
0e3 mpolecca BbIPABHUBAHMS, B e€I[e APYrUX BAaPUAHTAX OCYLIECTBIEHHS MOXET ObITh
UCTIOJB30BAaH M MOJKET OBITh MPEANOYTUTENbHBIM IPOLECC BBIPABHUBAHUS, HANPUMED, €CIH
NPOIIECC BBIPABHUBAHMS WCIIONB3YETCS ISl YCTAHOBJICHUS KIMHHYECKHX WM OMOJIOTHYECKUX
NIOCIIEICTBUI OOHAPYKEHHOH MOIU(UKAIIE OCHOBAHUS (HATIPUMED, €CIIU CYIIPECCOp OMyXOJe
THIEPMETWIMPOBAH), WM €CJIM TPOLECC BBIPABHUBAHMUS HCIIOJNB3yeTCsl AN BbIOOpa
MOJIMHOKECTBA JIAHHBIX CEKBEHUPOBAHHS, KOTOPOE COOTBETCTBYET OIPENENIEHHBIM OOJIACTSIM
UHTEpeca Te€HOMa ISl TOTIOJHUTENBHOTO aHanu3a. /s BaprHaHTOB OCYLIECTBJIEHUS, B KOTOPBIX
JKeJaTeJIbHbl TaHHbIE U3 BBHIOPAHHBIX O0JacTel reHOMa, 3TH BAPHAHTHI OCYINECTBJICHUS MOTYT
BKJIFOYATh B ceOsl HAalleMMBaHME HA Takue OOJACTH € HCIIOJB30BAHUEM OIHOTO WM OOJBLIETO
KOJIM4YecTBa (PEPMEHTOB, WJIM METOAOB Ha OCHOBE (PEpMEHTOB, KOTOPBIE MOTYT DPACIIEILISTH
obnlacTh MHTEpeca reHoMa, HarpuMep, pecTpUkioHHro ¢pepmenta uimn cucreMbl CRISPR-Cas9.
Cucrema CRISPR-Cas9 mosker ObITh mpenmoutuTeNbuee crnocoda Ha ocHose [P, mockonbky
amrutndukanys [P o6er4a0 HE coxpanser nHpopMmanuo o Moaudukauusax ocaoBanuii JIHK.
YPOBHH METHJIMPOBAHUS TaKUX BbIOpAHHBIX (MO0 OMOMH(pOPMATUYECKH [HAIIPUMEpP, MyTeM
BbIpAaBHUBAHMs|, OO ¢ MOMOIIBIO Takux criocobos, kak CRISPR-Cas9) obmacreit moryT ObITh
NPOAHATU3UPOBAHBI U TIOJIy4YeHUs] MHQOPMALIMH O TKAHEBOM IPOUCXOXKIEHHH, HAPYIIEHHUSIX

U014, HAPYIIEHHUSIX OEPEMEHHOCTH U Pake.

1. AHATH3 METWJIHPOBAHHS ¢ HCHOJIb30BAHHEM CyOmpoureHui 0e3
BBIPABHUBAHHUSA C ITATOHHBIM F'€HOMOM

B BapumaHTax OCYIIECTBJICHHS, aHAIN3 METWJINPOBAHUS MOXKET OBITb BBINOJHEH C
HCIIOJIb30BAHUEM OKOH M3MEPEHUs, COAEPIKAUX KUHETUYECKHE XapPAKTEPUCTUKU U KOHTEKCT
MIOCIIEIOBATEIBbHOCTH W3 CyOmpouTeHui, Oe3 BbIpaBHUBAHHS C OSTAJIOHHBIM reHOMoM. Kak
nokazaHo Ha Qur. 88, cyOnpouTeHHs, MPOU3BOIUMBIE BOJHOBOAOM C HyJeBOH Monoi (ZMW),
ObUIM HCIIOJIb30BAHBI ISl CO3/IaHUSl KOHCEHCYCHOW mocnenoBaTenbHOCcTH 8802  (Takxke
U3BECTHON Kak KOJbIeBass KOHCeHCycHas mnocnenoBaTenbHocTh, KKII). Beimm paccumransl
cpeAHue KUHeTHYecKue 3HaueHuss B kKaxaou nosuuuu B KKII, BrirOYas, mOMHUMO MPOYEroO,
s3nadyeHus: [IIU u MUIL Konrekct mocnaenoBarenbHOCTH, Okpyskaromieit caitt CpG, onpenensiu
n3 KKII Ha OCHOBaHMM MOCJIENOBATENBHOCTEH, PACHOJIOKEHHBIX BBIINIE U HIKE OTOrO caura
CpG. CnenoBarenbHO, OKHO M3MEPEHHUs, KaK yKa3aHHO B JAHHOM DAaCKPBITUH H300peTeHHs,
Oyzmer mocTpoeHo it OOy4YeHHUs, C OKHOM H3MEPEHUs, BKIOYAaImuM B cebs 3Hadenus 111U,

MMUII

2

N  KOHTCKCT TIIOCJHCIOBATCIIBHOCTH COIJIaCHO Cy6HpO‘{TeHH$IM ¢ KHHCTUYCCKHUMH

xapakrepuctiukamu otHocutenbHo KKII. Dta mpounenypa mo3Bosisier u3dexarh BbIpaBHHUBAHUS
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CyOIpPOUTEHHH C 3TATOHHBIM T€HOMOM.

UroObl MpOBEpHUTh MPUHLHI, MPOJAEMOHCTPUPOBaHHBIH Ha Pur. 88, Mbl HCMONB30BAIU
601942 HemermnupoBaHHbIX caiiToB Cp(, KOTOpBIE MPOUCXOMWIN U3 aMIUTM(UIPOBAHHON
JIHK Bcero renoma, u 163527 metumuposanHbix caiitoB CpG, koTopeie npoucxoaunu u3 JJHK,
obpabdorannoti CpG-meruntpanchepaszoit (Hampumep, M.Sssl), dopmupyst obyuaromuii Habop
naHHbIX. MBI ucnonb3oBaidn 546393 HemerunupoBanHbix caiiToB CpG, KOTOpbIE MPOUCXOIUIH
u3 ammnduuupoannoit JIHK Bcero renoma, u 193641 merunupoBaHHbIX caiitoB CpG,
koTopsle mpoucxoanau u3 JJHK, obpadorannoit CpG-merunrpanchepasoii (Hanpumep, M.Sssl),
dbopmupyst TecToBbIN HaOOp naHHbIX. Habop manHbIx Obul crenepuposan u3 JIHK, nongydyenHoM
¢ nomouteio Sequel II Sequencing Kit 2.0.

Kak nokaszano Ha @ur. 89, B O4HOM BapHaHTe OCYLIECTBIIECHNUs, UCIIOJb3ysl KHHETUYECKUE
XaPAKTEPUCTHKH W KOHTEKCT IOCIENOBATEIbHOCTH, ACCOLMMPOBAHHBIE C CYONMPOYTEHUSIMU U
KKII, nnsa oOydenms monenu ceprouHod HelponHon ceru (CHC) nns omnpeneneHus
MeTHUIHpOBaHus, MOXHO pocTuub 3HaueHuss AUC 0,94 wu 0,95 mna mouddepeHumanuu
METHJIUPOBaHHBIX caliToB CpG oT HeMeTnIMpoBaHHBIX caliToB CpG B TECTOBBIX M OOYYarOLIUX
HaOopax JMaHHBIX, COOTBETCTBEHHO. B 1pyrux BapuaHTax OCYIIECTBJICHUS, MOTYT
UCTIOJIB30BATLCS  APYrHME€ MOJIENH HEHPOHHBIX CEeTeH, anropuTMbl INIYOOKOro oOyueHwus,
UCKYCCTBEHHBIH MHTEJUIEKT W/WJIH aJITOPUTMbI MAIIMHHOTO O0YYEeHMS.

Ecnn mpl ycraHOBUM mnoporoBoe 3HaueHue 0,2 a5 BEpOSITHOCTH METHJIMPOBAHUS, MBI
CMOXEM TIOJYyYUTh YyBCTBUTENbHOCTh 82,4% u cnenuduuHocts 91,7% mnpu oOHapyxKeHHU
MeTUIMpoBaHHbIX calitoB CpG. OTu pesyibpTaTbl NPOAEMOHCTPUPOBAIM, YTO MOXKHO
middepeHIUpoBaTh METHWJIMPOBAHHBIE W HEMETWIHpoBaHHbIe caiiTel CpG ¢ mOMOIIBIO
CyOnpOUTEeHHNH ¢ KHHETUYECKUMHU XapaKTePUCTUKAMU Oe3 MpeaBapUTEIbHOIO BbIPABHUBAHHS C
STaJIOHHBIM F€HOMOM.

B napyrom BapuaHTe OCYLIECTBJICHMs, Al ONpPENENEHUs CTAaTyca METWIMPOBAHUS B
caiitax CpG MOXXHO Takke UCIOJIb30BATh KHHETHUECKUE XapAKTEPUCTUKN BMECTE C KOHTEKCTOM
MOCIIEIOBATEIBHOCTH MPsIMO U3 cyOnpouteHuit 6e3 mupopmanmu KIIII u nmpensaputenbHOro
BbIDABHMBAHUS C STAJOHHBIM I'€HOMOM. MBI HCNOJb30BaIM KUHETUYECKHE XAPAKTEPUCTHUKH,
BKro4ast 3HadeHus [IM u MUII B nosunusx, npocruparomuxcst 20 HT Boilie U 20 HT HIKE OT
CpG, npexacraBieHHoro B cyOmpouteHun, s odydenms mozenu CHC nmis ompenenenust
cratyca MerminpoBaHus. Kak nokasano Ha ®ur. 90, cOriacHO BapuaHTaM OCYLIECTBJICHUS B
nanHoM packpeitiin u3odperenns, AUC kpuBoii ROC ¢ uCnosib30BaHMEM KHHETHYECKUX
XapPaKTEPUCTHK, OTHOCSIIMUXCA K cyOmpoureHusiM, coctaBisuia 0,70 u 0,69 mist oOHapyskeHus
MeTHIUpOBaHHbIX caiitoB CpG B oOyuaromeMm M TeCTOBOM HaOOpe NaHHBIX, COOTBETCTBEHHO.

OtH AAHHBIC TIPCANOJiaraloT, 4YTO BO3MOXKHO HCIOJB30BATh BapUAHTBI OCYLICCTBJICHUA U3
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TAHHOTO PACKpPBITH W300peTEHUs], YTOOBI MOJTYYNUTh MATTEPHBI METHIUPOBAHUS AJIST MOJIEKYJIbI
JHK ¢ ucrnonp30BaHHEM KHHETHYECKHX XapaKTEPUCTHK, CBSI3aHHBIX C CYONPOYTEHUSIMH, HO O3
MPEABAPUTENILHOIO BBIPABHMBAHUS W MOCTPOEHUS KOHCEHCYCHBIX IOCJIENOBATEIbHOCTEM.
Onnako 3P PEeKTUBHOCTD ONpEAENeHUsT METHIHUPOBAHUS B JAHHOM BapHUaHTE OCYLIECTBIICHHS
ObUTa XyKe, 4YeM B BapUAHTAaX OCYIIECTBJICHUS, KOMOMHATOPHO MCIOJB3YIOMUX HHPOPMALIHIO O
BBIPABHUBAHUU WM KOHCEHCYCHBIX MOCJIEAOBATEIbHOCTSX, KaK OMHMCAHO B JaHHOM PAaCKPBITUH
n3o0pereHusi. MokHO ObLIO ObI MPENIOJIOKUTh, YTO TOBBIMEHHAS TOYHOCTb MPH T€HEPALUH
CyOmpouTeHHH W KWHETUYECKMX 3HAaueHUd yaydmuT >PQPEeKTHBHOCTb  ONpeAeIeHUs
MOIU(pUKALIMA OCHOBAHWH C HWCHOJB30BAHUEM CYONpPOYTEHUH U CBSA3AHHBIX C HUMH

KHMHETUYCCKUX XapPaKTCPUCTUK.

2. AHalIn3 MeTWJIHPOBAHMS YAAJeHHbIX o00JacTeil ¢ HCIOJb30BAHHEM
11eJIEBOr0 CEKBEHHPOBAHHUSI OTAEJbHOIH MOJIEKYJIbI B PeabHOM BpeMeHH

[0045] OnucanHble B OaHHOM JOKYMEHTE CHOCOOBI TakXKe MOXKHO NPUMEHATH IS
aHamM3a OAHON WM OONBLIEr0 KOJMYECTBA BBIOPAHHBIX T'€HOMHBIX obOnacteli. B omHOM
BapHaHTE OCYLIECTBIICHHS], OONACTH(TH) UHTEpeCa MOXKET ObITh CHadaja 00OralieHa ¢ MOMOIIBIO
cniocoda rubpunu3anuy, KOTOpbIi mo3BossieT rudpuan3osarb Mojekynsl JJHK u3 obnactu(reii)
UHTEpeCa C CHHTETHYECKHMMH OJIMTOHYKJIEOTHUIAAMH, HMEIOIIUMH  KOMIUIEMEHTApHbIE
NOCIIeIOBaTeIbHOCTH. JIJIsl aHaM3a MOTU(UKALA OCHOBAHUH C HCMIOJIB30BAHUEM OIHMCAHHBIX B
JAHHOM JIOKYMEHTe crocoOoB 1eneBble Mosekyabl JJHK He MoryTr ObITh aMIumuIupoBaHsl C
nomompio IIIIP mepen cexkBeHHpOBaHMEM, TMOCKONBKY HH(pOpManus o MoaudUKALUAX
ocHOoBaHMi B wucxomHod Mmosekyne JIHK He Oymer mepeHecena B mpoayktel IILIP. Bbuto
pa3paboTaHO HECKOJIBKO CMOCOOOB O0OTaleHus 3THX IeJieBbIX odjacteii Oe3 BbimoaHeHus [TI[P-
aMIUTA( UKL

B npyrom BapmaHTe OCYIIECTBJIEHHUS LiejeBast 00JacTh(TH) MOXKeT ObITh oOorameHa 3a
cuet ucnons3oBanus cucrembl CRISPR-Cas9 (Stevens ef al. PLOS One 2019;14(4):e0215441;
Watson ef al. Lab Invest 2020;100:135-146). B omHOM BapuaHTe OCYIIECTBJICHHUS, KOHLIBI
monekyn JIHK B oOpasue JHK cHawana gedochopunupyror, duTOo [neimaer ux
HEUYBCTBUTENIBHBIMH K MPSIMOMY JIMTHPOBAHHUIO C aJaNTepaMu CEKBEHHPOBAHUs. 3aTeM OeJoK
Cas9 nanenuBaer Ha oOmacte(Tu) uHTepeca Hampasisromue PHK (xpPHK) nns cozpmanus
IBYXLETIOUYeYHbIX paspe3oB. OOnactu wHTEpeca, (IAHKUPOBAHHBIE BYXIEIOYEYHBIMHU
pa3pesaMu ¢ 00erx CTOPOH, 3aTeM OYAyT JIUTHPOBAHBI C aJaNTepaMH CEKBEHHPOBAHMSI, KOTOPBIE
YKa3bIBalOTCS B BBIOpAaHHOM miatopMe CeKBEHUPOBaHUs. B npyrom BapuaHTe OCYIIECTBIICHUS,
JHK wMoxxHO oOpabarbiBaTh 3K30HYKJI€a30H, uroObl paspymanuck Monekynsl JIHK, He

cBsizanHble Oenkamu Cas9 (Stevens ef al. PLOS One 2019;14(4):¢0215441). ITockonbky 3TH
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cnocoObl He BKMOUaroT B ceds [IP-ammmmdukanmro, wucxomusle Mousekyiasl JHK ¢
MonuduKaei OCHOBAHIH MOJKHO CEKBEHHPOBATDH U ONPENEIUTh MOIU(PUKALINIO OCHOBaHM. B
OJTHOM BapHaHTE OCYIIECTBJICHHUS, JAHHBIA CIOCO0 MOYXHO HCIIONB30BATh JIJIsl HALIEIMBAHUS Ha
OonblIoe KONMYECTBO OONacTel, HMMEIMmMMX O0OIMHe TOMOJIOTHYHBIE IIOCHIEN0BATENbHOCTH,
HarpuMep, [UIMHHBbIE TucreprupoBanHbie snepabie mosropbl (LINE). B oqHOM mpumepe, Takoit
aHaJM3 MOXKET OBbITh HCIIOJIb30BaH Uil aHanu3a BHekjerouHoi JIHK, koTopyro 3amMbIKaioT B
KOJIBLIO, B MaTePUHCKOHN muiazme Utst BeisiBIeHUs aneyronauil miuona (Kinde ef al. PLOS One
2012;7(7):e41162.

[0046] Kak noka3aHo Ha @ur. 91, neneBoe CEeKBEHHUPOBAHUE OTHENbHON MOJIEKYJbI B
peasbHOM BpeMeHH MOskeT ObITh peanu3oBaHo ¢ momomibio cuctembl CRISPR (kopotkue
NAJIMHAPOMHBIE TIOBTOPBIL, PETyJSIPHO pacnonokeHHble rpynmamiu)/Cas9 (cBszannbiii ¢ CRISPR
6enok 9). @parmentsl JIHK (Hanpumep, monekyna 9102), mecymmue 5’-hocopuibHbie TpymIbl
(r.e. 5’-P) u 3’-rumpokcunbHble Tpynnbl (To ectb 3°-OH), ObutM MOABEprHyTHl MPOLIECCY
KOHIIEBOU Oyokanbl, B pe3yiabTare kotoporo 5’-P Obut ymanen u 3’-OH Obun jurupoBaH ¢
nune3okcunykiaeotuaamu (t.e. nnHT®). CrnenoBarenpHO, MOJYYEHHBIE MOJIEKYIbI (Hampumep,
Mouiekyia 9104), KOHLBI KOTOPBIX OBLIM MOAM(PULIMPOBAHBI, HE MOTJH OBITH JINTHPOBAHBI C
ajanTepamMu sl mocienyromero npurorosineHuss oubmuoreku JIHK. Opnako, Monekynel ¢
3a0JJOKMPOBAHHBIMH  KOHIIAMH  TIOABEPTaJCh  IIEJICHANPABJIEHHOMY  PaCLIETUIEHHIO,
onocpenoBanHomy cuctemoii CRISPR/Cas9, BHocs konuer 5’-P u 3°-OH B mpencrasistomue
uHTEepec MosieKyJibl. Takue BHOBb paciieruieHHbie Mostekyiiel JIHK (Hanpumep, monexyna 9106),
Hecymue 5°-P u 3’-OH-koHIpl, oOpenu cnocoOHOCTh JIMTHPOBATBCSA C aNanTepaMH B BUAE
IIMUIBKU ¢ 00pa30BaHueM KoJblieBOH Mosekybl 9108. HenurupoanHble agantepsl, JHHEHHYIO
JJHK u Monekynbl, HecylllMe TOJbKO OAWH CaWT paclleyeHus, MOABEpraly pacllelIeHHIO
sk3oHykieasamu 1l u VII. B pesynbprate MOJEKyJibl, JUTHPOBAaHHBbIE C ABYMs afanTepaMH B
BUZE IIMWIBKH, ObUTH OOOTAIEeHbl U MOJBEPTHYTHI CEKBEHHPOBAHHUIO OTIENBHOM MOJIEKYJbI B
peaJbHOM BPEMEHU. OJTHU IeNIeBble MOJIEKYJbl MOAXOAMIN JUIsl aHaiu3a MOIU(UKALIIH
OCHOBAaHUH COIJIACHO BapUaHTaM OCYLIECTBJIEHUs], IPEACTaBIeHHbIM B JaHHOM PpacKpbITUU
n300pereHus (T.e. [IeNIeBOe CEKBEHUPOBAHNE OTAEIBbHON MOJIEKYJIbI B PEAJIbHOM BPEMEHN).

Kak nokazano Ha ®@ur. 92, 6enok Cas9 B cucreme CRISPR/Cas9 B3aumomeicTBOBai C
Hanpassiromeii PHK (t.e. HPHK), kortopas sxmouaer B ceds PHK CRISPR- (xpPHK,
orBevaromyro 3a HanenuBanue Ha JIHK) wu Ttpanc-akrusupyromyro kpPHK (tpaxpPHK,
oTBeuaroyro 3a popmuposanne komriekca ¢ Cas9) (Pickar-Oliver ef al. Nat Rev Mol Cell biol.
2019;20:490-507). Hsornyrast ¢urypa mnpencrasisier Oenok Cas9, KOTOpBIA sBIsETCS
(dbepMeHTOM, KOTOPBIHA HcTonb3yeT nocienoBatenbHocT CRISPR B kadecTBe opueHTHpa Aus

pacro3HaBaHusl U paspes3aHus omnpeaeieHHbx Hened JIHK, koTopble kOMILIEMEHTAPHBI OJHON
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gactu nocneposarenbHocTelt CRISPR. xpPHK omxurance ¢ tpakpPHK. B oaHom BapuanTe
OCYILECTBJIEHUs,  CUHTeTHuYeckas  enuHas  nocienosatenbHocTh  PHK  copepikana
nocinenosarenbHocTy Kak kpPHK, Tak u tpakpPHK, HaseBaeMas enunoi Hanpasisromenn PHK
(onPHK). Cerment kpPHK, Ha3biBaeMblii crelicepHON TOCIENOBATEIBHOCTBIO, Oyaer
HanpaBisaTh Oenok Cas9 B pacrmo3HaBaHMM M Pa3pe3aHUd  ONPEACTICHHBIX — Lemnei
nsyxuenoueynodl JIHK (nu/IHK) nmocpencTBoM KOMIUIEMEHTapHOTO CHApUBaHUS OCHOBAHHH C
1eneBoil oOmacTeio. B OOHOM BapuaHTe OCYILIECTBICHHs, HE CYIIECTBOBAJIO OMIMOOYHBIX
CIIapUBaHMM, BOBJIEUEHHBIX B KOMIUIEMEHTAPHOCTb MEXIY IOCIEA0BaTEIbHOCTBIO Creiicepa U
ueaesot au/IHK. B agpyrom BapuaHTe OCYIIECTBJICHUS, KOMILUIEMEHTAPHOE CHapUBaHUE
OCHOBAaHMH MEXKIy CHEHCEepHON mocienoBaTeabHOCThIO U ueneor nu/IHK mosker momyckatb
omubovHble criapuBaHus. Hanmpumep, KOIM4ecTBO OIMOOYHBIX CIIAPUBAHUN COCTABIISIET, HO HE

orpannumuBaercsa, 1, 2, 3, 4, 5, 6, 7, 8 u 1.4 B o0mHOM BapuaHTe OCYLIECTBJICHUS,

>
nocnenosarenabHocTH CRISPR MoryT mporpammupoBarthcsi, B 3aBUCHMOCTH OT 3(PPEKTHBHOCTH
pa3pesanusi, cieun(pUIHOCTH, YyBCTBUTEIBHOCTH U CITOCOOHOCTH K MYJIbTHILIEKCHPOBAHHIO IS
pa3nu4HbIX CoKHbIX KoHCTpyknmii CRISPR/Cas.

Kak mnokazano Ha Pur. 93, bl pa3paboranmu mnapy kommiekcoB CRISPR/Cas9,
HAIleJICHHbIX Ha JIBa pas3pe3a, OXBaThIBAlOmUX 3JieMeHT Alu B reHome uejoBeka. «XXX»
o00o3HayaeT TpPU HyKJIeoTHHa, (IAHKUPYIOUmUEe calT paspesanus Hykjeasbl Cas9. «YYY»
0003HauaeT TPH COOTBETCTBYIOIIUX HYKJIEOTHAA, KOMIUIEMEHTapHbIX «XXX». 5-NGG
npezacTaBisieT co00H MoCenoBaTENbHOCTE CMEXKHOTO MOTHBA poTocneiicepa (PAM). B npyrux
cucreMmax ~ CRISPR/Cas  mocnemoBatenbHocte PAM  moxer  ObITh  ApPYrod, ®
MOCIIEIOBATEIBHOCTH, (PIAHKUPYIOIINE CAalT paspe3aHus: Hykieasbl Cas, MOTYT ObITh Pa3HBIMH.
Ha nannoii ¢urype pasmep obmactum Alu cocraBmsier 223 n. o. HacuutsBanmoce 1175329
obnacreit Alu, kaxmas U3 KOTOPBIX COIeprKayiia TOMOJIOTH Takoro sjiemMeHta Alu B renome
yenoBeka. MennanHoe 3HadyeHue caiitoB CpG, Haxonmsmuxcs B JTaHHOM sjemente Alu,
cocraBysuio S (muanaszon: 0 - 34). B xauectBe npumepa, 3ta KOHCTpyKuus coneprxana kpPHK u3
36 HT, KOTOpas cojaepxkana crelicepHyro mocienoBarenbHocth w3 20 Hr. IloapoOHas
uHpopmanus o nocienosarenbHoct HPHK mokasana Huske:

[0047] Ilepebiti  xommueke CRISPR/Cas9 nnis  BHeceHus mepBOro paspesa. (Bce

MOCJIEIOBATEIbHOCTH OT 5 10 3°)

kpPHK: GCCUGUAAUCCCAGCACUUUGUUUUAGAGCUAUGCU

TpakpPHK:
AGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACC
GAGUCGGUGCUUU

Bropoii kommieke CRISPR/Cas9 njist BHECEHHUsI BTOPOIO pa3pesa:
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kpPHK: AGGGUCUCGCUCUGUCGCCCGUUUUAGAGCUAUGCU

TpakpPHK:
AGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACC
GAGUCGGUGCUUU

Mounexyner kpPHK omxuramn ¢ tpakpPHK (nanmpumep, 67 HT), uToOBI chOpMHpPOBATH
ocaoBy HPHK. Hyxkneaza Cas9 c¢ ckoncrpyupoBanaoii HPHK mosker pacuieruiate obe memnu
MOJIEKYJ ¢ OJIOKHPOBAaHHBIMHU KOHLIAMH, HECYIIUX LIEJEBBIE CAUTHI Pa3pe3aHusi, C OTPEACICHHBIM
ypoBHeM crnenuduuHoctr. B reHome uenoeka Obuio 116184 mpeacTaBisOmuxX HHTEpPEC
obnacreii Alu, KoTopble, Kak NpeANoNaraioch, OyOyT paspe3arbcs pa3pabOTaHHBIMU
komiuiekcamu CRISPR/Cas9. CrnenoarenbHo, 3TH oOnactu Alu mocne 1eneHanpaBiIeHHOTO
paspesanust komruiekcaMu Cas9 MoryT ObITh JIMTHPOBAHBI C aAANTEPaMH B BUAE IIMUIBKH. DTH
MOJIEKYJIbI, JUTUPOBAHHBIE C aJaNTepaMu B BUJE ILIMUIbKY, MOXXHO CEKBEHHPOBAThH C MOMOILIBIO
CEeKBEHHPOBAHMUs OTHEJNbHOW MOJIEKYJbl B peallbHOM BpeMmeHu. [t stmx obnmacrern Alu
LIEJIEHANPABJICEHHO MOTYT OBITh ONpENENeHbl MaTTEePHbl METHJIUPOBaHUA. B OnHOM BapuaHTe
OCYILIECTBIIEHHs], CIEHCEepPHBIE MOCIEAOBATENIPHOCTH U3 ABYX KOMIUIEKCOB Cas9 moryTt ObITh
CHapeHsl N0 OCHOBAHMSAM C TOH JK€ IeNbl (HampuMep, Lenmblo YOTCOHa miu uenbio Kpuka)
neyxuenoueyHoro JIHK-cyGctpata. B  oagHOM BapuaHTe OCYIIECTBJICHHS, CIIEHCEpHBIE
nocnenosarenabHocTH B HPHK 13 nByx komruiekcoB Cas9 MOTyT OBITh CITapeHBI IO OCHOBAHUSIM
¢ pasHeiMu nensMu naByxuernodeuHoro JIHK-cyOctpara. Hampumep, omHa cneiicepHas
NOCIIeIOBaTebHOCT B KoMmiiekce Cas9 Obula  KOMIUIEMEHTapHa Lend  YOTCOHa
neyxuenoueynoro JIHK-cyOctpara, a mpyras crelicepHasi MOC/IEAOBATEIbHOCTh B KOMILIEKCE
Cas9 6puta kommiemenTapHa 1enu Kpuka neyxuenodyeunoro JJHK-cyOcrpara, win HaoOopoT.

B onnom BapuanTte ocyiuectBieHusi, mMojnekyibl JJHK, nuruposaHHble ¢ ajantepamMu B
BUZAE IIMIJIBKA, UMENU KOJbLEBYIO (opMmy, KoTopas Obuia yCTOHYMBOH K paCLIETUICHHIO
sk30HyKIeazamu. CremoBaTenbHO, MOXHO oOpaboTtars sk30HyKiIeazor mpoaykr JIHK c
JUTUPOBAHHBIMH ajanTepamu (Hampumep, sk3onykineazor Il u VII) ansa ynaneHus: TuHEHHOM
JHK (manpumep, HereneBbix Mostekys JJHK). DToT mar ¢ ucrnonp3oBaHreM 3K30HYKJIEA3 MOYKET
JOTIOJIHUTENIbHO OOOTaTHTh LEJIEBbIE MOJICKYJIBL. Pa3sMephl LeNeBbIX MOJIEKYJN, IMOMJIEKAIINX
CEKBEHHUPOBAHUIO, 3aBUCENIN OT pa3Mepa MPOTSHKEHHOCTH MEXAY JBYMsl caliTaMU pas3pe3aHus,
BHECEHHBIMH OJHOM MM OOJIBLINM KOJHUeCTBOM HykJiea3 Cas9, Hampumep, BKIFOUYAIOIINE, HO
HE OrpaHuyeHHble quilb 3TuMu: 10 m.o., 20 n.o,, 30 m.o., 40 n.o., 50 n.o., 100 m.o., 200 m.o., 300
m.0., 400 m.o., 500 m.o., 1000 m.0., 2000 n.0., 3000 m.o., 4000 m.o., 5000 n.o., 10 T.1.0., 20 T.11.0.,
30 .mo., 40 To., 50 T.m.o., 100 T.im.o., 200 T.11.0.,, 300 T.11.0., 500 T.1.0., 1 1 MAH.TI.0.

B kauectBe mpumepa, ucnonns3ys Cas9 ¢ HPHK, wnanenennoit Ha oOmactu Alu, mbr

cekBeHupoBa 187010 momekyn u3 oOpa3la ONyXOJIEBOH TKAaHHM TreMaTOLEIUTIOJNIIPHON
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kapunHoMbl 4yenoseka (I'LIK), ucmomnb3ysi ceKBEHUPOBAHUE OTHENBHOW MOJIEKYJIBI B PEabHOM
Bpemenu. Cpemnm Hux 113491 Monekyna Hecnu neneBble pas3pe3bl (T.e. 0N LENEBOrO
pacineriernsi coctasmia okoyio 60,7% wmonekyin). Habop nannasix Obit crenepuposan u3 JJHK,
nonydeHHo# ¢ momompto Sequel I Sequencing Kit 2.0. [pyrumu cnoBami, cneunGuIHOCTb
CaliTOB pa3pes3aHusi, BHECEHHBIX B MOJIEKYJbl HHTepeca C MOMOUIbI KoMmruiekcoB Cas9, B
naHHOM TipuMepe coctaBmia 60,7%. B nmpyrux BapwaHTax OCYIIECTBIICHUS, CHEHH(PUYHOCTD
CaliTOB paspe3aHus, BHOCHMBIX B MOJEKyJbl HHTepeca ¢ nomouipto Cas9 wmnm npyrux
koMIiekcoB Cas, MOKET BapbHpPOBaTh, BKJIOYas, HO Oe3 orpanudenus: 1%, 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, u 100%. 3nauenus MMII, I u KOHTEKCT
nocnenosareabHOCTH, noydeHable 3 KKII u cyOnpourenuii 6e3 BbIpaBHUBAHUS € STAJOHHBIM
F€HOMOM, WCIIOJIb30Balu JUIsl OIpeneeHus craTryca MeTwiupoBaHuss B caiitax CpG B
nocienoBareabHOCTIX Alu.

Kak nokazano Ha @ur. 94, Mbl HaOIFO1AIM AHAJIOTUYHOE PaCTIpeeTICHNE METHIIMPOBAHUS
MEXKIY YPOBHAMH METWJIMPOBAHMS, OIpEOeNieHHBIMH C TOMOIIBI0  OHCYJIb(UTHOTO
CEeKBEHUPOBAHUS, U CEKBEHUPOBAaHMs OTIAEIbHON MOJIEKYJbl B PEaJbHOM BPEMEHU COTJIACHO
IaHHOMY n300perenuto. dur. 94 neMOHCTPHUPYET THCTOTPAMMBI INIOTHOCTEH METUIIMPOBAHUS (B
NPOIeHTax) Al OMCYIb(UTHOTO CEKBEHHPOBAHMS M CEKBEHMPOBAHUS OTIEIBHON MOJIEKYJbI B
peanbHoM Bpemenu (Pacific Biosciences). Ock oparHAT MOKa3bIBAET AOJO MOJIEKYN B 00pasie ¢
KOHKPETHOH TUIOTHOCTBIO METWJIMPOBAHUS, IOKAa3aHHOH Ha Ocu abcuuc. DTOT pe3ysbTar
MpEAIoiaraeT, 4TO BO3MOXHO OINpENeNIUTh MaTTEepPHbl METHJINPOBaHMUs C mnomolnbio Cas9-
OTIOCPEIOBAHHOTO LI€JIEBOTO CEKBEHHPOBAHMSI OT/E€TIbHON MOJIEKYJIbI B PEAJIbHOM BPEMEHU. JTOT
pe3ynbTaT Takke MPEANOoJIaraeT, 4YTO MOXHO OINpPEAeNUTb METHJINPOBAHUE, HCIHOJb3Ys
aCCOLMMPOBAHHBIE C CYONPOUTEHUSIMH KHHETHYECKHE XapaKTePUCTUKHY, BKItoUast 3HaueHus [N
u MUII, Ge3 BbIpaBHUBAHUS C 3TATOHHBIM reHOMOM. Kak mokazano Ha ®@ur. 94, Mmbl HabmroaIH
3HAYUTENbHOE KOJHUYecTBO obnactell Alu, HEMOHCTPHUPYIOIIMX THIIOMETHIHMPOBAHUE, YTO
COrJIacyeTcs C MPEAMECTBYIOIINMH 3HAHUAMHU O TOM, UYTO I'€HOM paka OyJeT AeMeTHIINPOBATHCS
B oOmactsx Alu-nosropos (Rodriguez ef al. Nucleic Acids Res. 2008; 36:770-784).

@ur. 95 neMOHCTpUPYET paclpenesieHrue YPOBHEN METUIMPOBAHMS, KAK ONPEAENICHHO C
MOMOIIBK) CEKBEHHPOBAHMsI OTAEJIBHON MOJIEKYJIbl B PEAJbHOM BPEMEHH COIJIAaCHO JAHHOMY
n300pETEHNI0, 10 OCH OPIWHAT, M IJIOTHOCTh METWJIMPOBAHHS, KaK ONPENEICHO C MOMOIIBIO
OucynbPUTHOTO CekBeHUpOBaHMs, Mo ocu abcmucc. Kak mokazano Ha Dur. 95, ypoBHH
MeTUIHpoBaHus B oOnacTsx Alu Obuth pasnmeneHsl Ha 5 kareropuii, a umeHHo, 0-20%, 20-40%,
40-60%, 60-80% u 80-100% B COOTBETCTBHUH ¢ pe3yJbTaTaMHU OUCYJIb(HUTHOTO CEKBEHUPOBAHMSL.
YpOoBHH METHJIMPOBAaHHSI OIHOTO W TOTO ke Habopa obOmacredi Alu ObUTH TOTIOJHUTENBHO

ONpECACTICHBI C TTIOMOIIBIO HaImemn MOACIHN C UCMOJIb30BAHUEM OKOH U3MEPCHUSA, BKIIIOYAOIIUX B
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ceOsl KMHETHYECKHE XapaKTEPUCTUKH U KOHTEKCT MOCIEeNOBATENbHOCTH (OCh OpIWHAT) VIS
Kaxnoi kareropun Alu-pernoHoB. PaccesHbe ypOBHEW METHJIMPOBAHHS, OIPENENIEHHOE C
MIOMOIIBI0 HAIIeH MOJAENH, TOCTENEHHO VBEINYHBAJIOCh B COOTBETCTBUU C BO3PACTAOLINM
MOPSIAKOM YPOBHEH METWJIMPOBAHUS B CrPYNIIUPOBAHHBIX KaTeropusx. M CHOBa, IaHHbIE
PE3YIBTATHI MPEATIONATAIOT, YTO BO3MOXKHO ONPENEINTh MAaTTEPHbl METIJIMPOBAHHS C TIOMOLIBIO
Cas9-onocpenoBaHHOTO LIENEBOTO CEKBEHUPOBAHUS OTAEIBHON MOJIEKYJIbI B PEAIbHOM BPEMEHU.
MOKHO OmNpenenuTh METHJINPOBAHHUE, HCIONb3Ysl AaCCOLUHPOBAHHbIE C CYONPOUYTEHUSAMHU
KUHETUYECKHE XapaKTepUCTHKH, Bkmouass 3HavweHuss 11 w MMUII, Ge3 BwIpaBHUBAHUS C
STAJIOHHBIM T€HOMOM.

B eme ogHOM BapuaHTe OCYIIECTBJICHHUS, MOXKHO HCIOJB30BATH APYIHE THUIBI CUCTEM
CRISPR/Cas, Hanpumep, HO Oe3 orpanudenus, Casl2a, Cas3 u npyrue oprosioru (Hampumep,
Staphylococcus  aureus Cas9) wumm  ckoHcTpyupoBaHHble Oenku  Cas  (ycuieHHbIe
Acidaminococcus spp Casl2a) pnsi BBIOJHEHHUS LEJNEBOTO CEKBEHUPOBAHUS OTHENbHOM
MOJIEKYJIbI B PEAIBHOM BPEMEHH.

B oxHOM BapmaHTe OCYINECTBJIECHHS, MOXHO HCIIOJIb30BATh N€aKTHBHPOBaHHbIN Cas9
(dCas9) 6e3 HykJea3HOH aKTUBHOCTH JUisi OOOTAIEHUs IeJIEBBIX MOJICKYN 0e3 paclIerIeHHS.
Hampumep, uenessie wmosiekynbl JIHK  Obuir  CBsSI3aHBI  KOMITJIEKCOM, — COJEPKAIIUM
ounotnaManposannblii dCas9 u crneunduuneie k neneBoil nocnenoBarenpHoctd HPHK. Takue
nenesbie Mojiekyibl JIHK moryr Obith He paspesanbl dCas9, mockonbky dCas9 He obmaman
HYKJICa3HOW aKTUBHOCTBIO. 3a CYET HCIOJb30BAHUSI MArHUTHBIX TPaHyJ, MOKPBITHIX
cTpenTaBuIuHOM, eneBble MoseKybl JIHK moryT ObiTh oOorammeHsl.

B onmHOM BapmaHTe OCYLIECTBIEHHs, MOXKHO HCIIOJIb30BaTh 3K30HYKJICA3bl IS
pacuerennst cmecu JJHK mocne nakyOarnun ¢ Oenkamu Cas. DK30HyKJI€a3bl MOTYT pa3pyLIaTh
mounekyibl JIHK, He cBsazanHbie ¢ Oenkamu Cas, B TO BpeMsl KaK SK30HYKJI€a3bl HE MOTYT
pa3pylaTh WIH MOTYT OBITh B 3HAYUTENbHOH CTerneHH MeHee 3(P(EeKTUBHBIMU B pa3pyLIEHUH
monekyn JHK, cBssannbix ¢ Oenxamu Cas. CremoBarenbHO, MHGOpManus O LEJIEBBIX
MOJIEKYJIax, CBsi3aHHBIX ¢ Oenxamu Cas, MOXeT OBbITh JONMOJHHUTEIBHO MOTOJHEHA B KOHEUHBIX
pe3yJbTaTax CeKBEHHPOBAHMS.

@ur. 96 nemoHCTpUpyeT TaONULy TKaHeH W ypoBHeH MmermimupoBaHus obmacreln Alu B
TKaHsIX. MHOrue TKaHu AEMOHCTPUPYIOT YPOBHU METUJIMPOBaHUs B AuanasoHe 85-92%, B Tom
yucie B auanaszoHe oT 88% mo 92%. OmnyxoneBas TkaHb ['1IK u TKaHb MJalleHTHI MOKa3ajn
ypoBHH MeTtunupoBanusi Hke 80%. Kak Bugao Ha @ur. 96, Obu1o nokazaHo, 4to onyxoib [ TIK
4acTO THIOMETHIIHpYeTcss B obnacTsax Alu, Ha KoTOphle OBLIM HALEJIEHbI HALTH KOHCTPYKLHH.
CrnenoBarenbHO, ONpeneNeHHe METWINPOBaHUs olOnacteil Alu, mpenacTaBieHHOE B JaHHOM

PaCKpbITUN I/1306peTeHI/I$I, MOKHO HCIIOJIB30BATH JJIsA O6H21py>KeHI/I$I, OonpeacyicHusA CTaguu U
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MOHUTOPHUHTA Paka BO BPEMsl MPOrPECCHPOBAHUS OMYXOJH HJIM JICUEHHs] C HCIIOJIb30BAHUEM
JHK, BbIneneHHON 13 OMOTICHIA OMYXOJIH, FJTH IPYTUX TKAHEH MITH KJIETOK.

[0048] I'mmomermnupoBaHUe TKaHeH TuaneHThl B oOjactsx Alu  Moxer ObITh
UCTIOJB30BAHO U TPOBEINCHHMs  HEWMHBA3HMBHOTO  MPEHATAJBHOTO  TECTHPOBAHUS  C
ucnons3oanueM JIHK mnasmer OepemenHbix >xeHumuH. Hampumep, Oonee BbICOKast CTENeHb
TUTIOMETHJIMPOBAHMSI MOKET YKasblBaTb Ha Oosiee BbICOKyro (pakumo JHK mmoma y
OepeMEeHHOHN JKeHLIMHBL. B apyroMm mnpuMepe, eciu KEHIIMHA OepeMeHHa IUIOAOM C
XPOMOCOMHOH aHeyIJIoOnauel, KoJanmuecTBo (hparMeHToB Alu, MPOUCXOAALINX U3 3aTPOHYTOH
XPOMOCOMBI, OOHAPYKEHHBIX C IMOMOIIBID AAHHOTO MOAXO0NA, MOKET ObITh KOJHUYECTBEHHO
apyruMm (T.e. nuOO yBETWMYMBATHCS, JUOO YMEHBINATHCS), YE€M Y JKCHIINH, OepeMEHHBIX
symouAHbIMU Miofgamu. CnenoBaTenbHO, €ClU Y IUIOAA €CTb Tpucomusi 21, TO KOJIMUYECTBO
¢parmenToB Alu, MPOUCXOIAIMUX U3 XPOMOCOMBI 21, OOHApyKEHHBIX C MOMOIIBIO AAHHOTO
MIOJTX0/1a, MOKET OBITh YBEIHMUYEHO MO CPABHEHUIO C JKEHIIMHAMH, OEPEMEHHBIMU SYIUIOUIHBIMH
wiogamu. C apyrofl CTOPOHBI, €CJIM Y IJIOJa €CTb MOHOCOMHAs XpOMOCOMA, TO KOJIHMYECTBO
¢parmenToB Alu, MPOUCXOASIIUX M3 3TOH XPOMOCOMBI, OOHAPY)KEHHBIX C MOMOIIBIO JAHHOTO
MIOJTXO/1a, MOYKET OBITh YMEHBIIEHO 10 CPABHEHUIO C )KEHIIMHAMH, OepEMEHHBIMH SYTIOUAHBIMU
mwiogamu. Ilo cpaBHeHHIO € HE3aTPOHYTBIMU XPOMOCOMAaMHM, OIpeleleHUe MPOSIBICHUS
JOTIOJIHUTEIIPHOTO TUIOMETHIIMPOBAHUS 3aTPOHYTOH xpomocomsl (13, 18 mmm 21) B miazme
MOJKET HCIIOJIB30BAThCSI B KAa4deCTBE MOJEKYJSIPHOTO HMHIWKaTopa s auddepeHunanim
KEHIIUH, OEPEMEHHbBIX HOPMAaJIbHBIM U aHOMAJIbHBIM ITJIOAAMH.

3. AHanu3 MeTHJHPOBaHHS B olOjaactax Alu, Ha KoTopble HaueJieH
kommiekc Cas9, 1isi pa3/IMYHbIX THIIOB PaKa

Hecmotps Ha To, uTO MOBTOPBI Alu, KOTOpBIE OBLIH IJIsI HAC MHUIIEHSMH, OBLTH CHIIBHO
METHJIMPOBAHbI B PA3HBIX TKAHAX, MbI MPEAIOJIOKWIN, YTO pPa3Hble THIbI paka OyayT UMETh
pa3Hble MATTePHBbI JAEMETHJIMPOBAHMA MJsl NaHHbIX MOBTOpoB Alu. B omHOM BapuaHTe
OCYILECTBJIEHHUS, MOXHO HCMoJb30BaTh (asY omocpenoBaHHOE LEJIeBOE CEKBEHHpPOBAaHUE
OTZIeJIbHONW MOJIEKYJIbl B pEaJlbHOM BpPEMEHHM ISl aHallu3a NMaTTePHOB METUIIMPOBAHUS C LEJBIO
OTIPENIEJICHNUS PA3IMUHBIX TUIIOB PaKa COTJIACHO TAaHHOMY H300pETEHUIO.

@ur. 97 1EMOHCTPUPYET KJIACTEPHBIN aHAINU3 CUTHAJIIOB METUJIMPOBAHUS, OTHOCALUXCA K
nosropaM Alu, mist pasnuuHbix TUnoB paka. CyOwpekTel ¢ pakoMm u3 0a3el gaHHbix TCGA
(www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga) umenu cratyc
MerunupoBaHus B caiitax Cp(G, NpoaHATM3UPOBAHHBIX C HCIOJB30BAHHEM TEXHOJOTHH
mukpounnoB  (Infintum  HumanMethylation450  BeadChip, Illumina Inc). bBeum
MPOaHAJIU3UPOBaHbl cTaTtychl MeTwnupoBanust 3024 caiitoB CpG, NpUCYTCTBYIOIIMX Ha

MHUKPOYHUIIE U MEPCKPBIBAOIIUXCA C obnacTsaMu Alu, Ha KOTOPBIC ObLIH HalCJICHbI KOMIIJICKChI
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CRISPR/Cas9. Cymectsyet psig CpG, mpoucxonsamux u3 odjacreii Alu nHTepeca y maiueHra.
VYposenb MetrupoBanusi kaxnoro CpG onpenessiin KOJUYECTBEHHO C TIOMOIIBI0 MUKPOUHIIA
(Takke Ha3bpIBAEMBIH WHAEKCOM METUJIMPOBAHUS WM OeTa-BeMMYMHON). MBI  BBINOJIHUIIH
HepapxXuUuecKuil KJIACTepHBI aHAJIN3 HA OCHOBE HaOOpa ypOBHEH METHIIMPOBAHUS B TE€X CalTax
CpG y mnauuenroB. CrnenoBaTenbHO, MalMEHTbl CO CXOAHBIM [aTTEPHOM YpOBHEH
METHIUpPOBaHuA B 3THX calfitax CpG OyayT rpynmupoBaTecsi BMecTe, oOpasys kinany. CxoncTso
NATTEPHOB METHJIMPOBAHMS Y Pa3HBIX MALMEHTOB OyaeT 0003HAYAThCS 3HAYEHHSMU BBICOTHI B
AeHaporpamMMme Kiactepusanun. B 3ToM mpumepe BbicOoTa ObUIa pacCYMTaHa B COOTBETCTBUHU C
€BKJIMIOBBIMH PAaCCTOSIHUSIMU. B Ipyrux BapuaHTax OCYLIECTBIEHHS, MOTYT HCIIOJIb30BATHCS
Apyrue METPUKU PACCTOSIHUSA, BKIOYAOIUE B ceOsl, HO HE OrPaHWYMBAIOLINECS JIUIIb STUMH:
Munkosckoro, YeOudea, MaxanaHoOuca, Manxatrena, Otuan, koppessinuy, CrnmpmeHa,
XsmmuHra, YKakkapa u T.4. BeicoTa, ucnons3yemast B JaHHOM JAOKYMEHTE, TPEACTaBIAeT cOOO0M
3HAYEHHE METPUKU PACCTOSIHHS MEXIY KJIacTepaMH, OTPaKarollee B3aUMOCBSI3b MEXKIY
KjIacrepamMu. Hampumep, ecnm HaOmonmanu, 4To ABa KJacTepa CIMJIMCh HA BBICOTE X, 3TO
NpPEANojaraeT, 4Yro pPacCTOSHHE MEXIy OSTUMH KjacTepaMu ObUIO X (HalpuMep, cpenHee
PacCTOSIHUE MEKAY BCEMU MEKKJIACTEPHBIMU MALIMEHTAMN).

C wucronp3oBaHMEM CTAaTyCcOB MeTHiaupoBaHuss B caiitax CpG mauueHTsl OBLIH
pa3TPyNIHUpOBaHbl B PAa3UYHbIE OTHENbHBIE TPYNIBl B 3aBHCHUMOCTH OT THIA paka IIo
pe3yJibTaTaM KJIaCTePHOIrO aHaiu3a. THMbl paka BKIIOUYAIH B ceOsl YPOTENHATIbHYIO KapLTHOMY
mouesoro my3bips (BLCA), nHBa3uBHy kapuuHoMmy mojouHol skene3sl (BRCA), ceposnyro
UCTaieHOKapIHOMY sSIU4HUKOB (OV), aIeHOKapIMHOMY MOKeIynoYHOM skene3bl (PAAD),
HCC (I'K), amenokapuuHomy Jserkux (LUAD), aneHokapumaomy xenynka (STAD),
HaKokHYyI0 MenaHoMmy koxku (SKCM), n kapuuaocapkomy matku (UCS). Umcno mocie Tuma
paka Ha ¢Qurype obo3Hauaer marmieHTta. CienoBaTeNbHO, KacTEpPU3aLUs MPEAIONaraeT, 4To
CHUTHAJIbl METWJIMPOBAHUS B BBIOPAHHbIX HaMH MoOBTOpax Alu Obutn MHGOPMATHUBHBIMHU IS
KjaccuuKaluy TUMOB paka, BKJIIOYUAsi TUIBI paka, He moka3aHHble Ha Dur. 97. B omgHOM
BapHaHTE OCYLIECTBICHHS, MOXXHO AU((HEepeHINPOBATh MEPBUYHBIE U BTOPUYHBIC OMYyXOJIH Ha
OCHOBE MAaTTEPHOB METHIIUPOBAHUS MTPU OMOTICHY TKaHH.

4. IToporoseie 3HaYeHHs ITYOHHBI U pa3Mepa cyOnpoYTeHust

B »sTOoM pasgene mokasaHO, YTO TOPOTOBbIE 3HAYEHHUs TJIyOWHBI W/HIKM pasMmepa
CyOmnpOUYTEeHHsI MOTYT HCIIOJB30BAThCSA JJISl TOBBIICHHS TOYHOCTH W/WIH 3(PQeKTHBHOCTH
oOHapy:keHHs] MeTWIHpoBaHus. IlpurotoBieHne OMOMUOTEKHM MOXKET OBITb H3MEHEHO IS
TECTHPOBAHMUS OINIPENENIEHHBIX [TyOHH MM pa3MepOB CyONPOUYTEHUH.

Ha ocnoBe Sequel II Sequencing Kit 2.0 Mbl nmpoaHaTM3HUPOBAIN BJIUSHHE TIIYOUHBI

NpOYTCHUA Ha KOJMYCCTBEHHYHO OLICHKY COBOKYIIHOI'O YPOBHSA METHIIMPOBAHUA B TECCTOBBIX
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Habopax AaHHBIX, KOTOpbIe ObLTH CTeHEPUPOBAHHBIC M3 0OPA3LIOB MOCE aMILTU(UKALIMA BCETO
reHoma i oOpadotkm M.Ssssl. Mbl u3y4anu reHOMHbIE CaHThI, KOTOpPble ObUIH OXBAYEHBI
CyOnpOUTEHHSIMU, C TI0 MEHBIIEH Mepe ONpEeAeTICHHbIM MOPOTOBBIM 3HAYEHHEM, HAIPUMEp, HO
HE OrpaHUYEHHBbIM JUIIb 3TUMHU: > 1x, 10x, 20x, 30x, 40%, 50x, 60x, 70x, 80x, 90x, 100x u T.A4.

@ur. 98 A neMOHCTpUPYET BIUSHHE TNIyOMHBbI MPOYTEHUS HA KOJUYECTBEHHYIO OLICHKY
COBOKYITHOTO YPOBHSI METHJIMPOBAHMS B TECTOBBIX HA0OPaxX NAHHBIX, KOTOPbIE OBUIM MOJTYyUEHbBI
C UCTOJIb30BaHUEM aMIuTu(uKannu Bcero reaoma. @ur. 98B nemoHcTpUpyeT BIMsSHUE TITyOUHBI
CUMTHIBAHUS HA KOJMYECTBEHHYIO OLIEHKY COBOKYIHOTO YPOBHSI METHJIMPOBAHMSI B TECTOBBIX
HaOopax AAaHHBIX, KOTOpbIE OBUIM TONY4YeHBI C MCHOJB30BaHMEM oOpaboTku M.Ssssl. Ha ocu
OpAMHAT TIOKAa3aH COBOKYIHBIH YpPOBEHb METWJIMpOBaHUs B mporeHrax. Ilo ocu abcruce
noka3aHa riyonHa cyonpouteHuid. [IyHKTHPHBIMU JIMHUSIMH MOKAa3aHbl OXKHIAEMble 3HAUSHHS
COBOKYITHBIX YPOBHEI METUJIUPOBAHUS.

Kak nmoxazano nHa ®@ur. 98A, mis Habopa JaHHBIX, C BOBJICYEHHEM aMITM(DUKALIUN BCETO
F€HOMAa, COBOKYITHO€ METHUJIMPOBAHUE CHUXKAJIOCh JUIsl HAYAJIbHBIX HECKOJBKHUX MOPOTOBBIX
3HAYEHUH, TAaKUX KakK, HO He orpaHu4uBasch, 1x, 10x, 20x, 40x, 50x, B nuamazone ot 5,7% no
5,2%. YpOBHM METWJIMPOBAHUS IMOCTENEHHO CTAOWJIN3MPOBAINCH Ha YPOBHE OKoo 5% mpu
MOPOrOBOM 3HaueHUH SOX WU BbILIE.

C npyro#i croponsl, Ha @ur. 98B, ms HaOopa JaHHBIX, CTEHEPUPOBAHHOTO M3 O0OpPa3LIOB
nocyie oOpadotku M.Ssssl, COBOKYMHOE METHJIMPOBAHUE VBEIMYMBAJIOCH JUISI HAYaJbHBIX
HECKOJIbKMX MOPOTOBBIX 3HAUCHUSX, TAKUX KaK, HO HE OrpaHu4uBasich, 1x, 10x, 20x, 40x, 50x, B
nuarnasoHe ot 70% mo 83%. YpOBHM METWJIMPOBAHHS TOCTENEHHO CTA0WIM3UPOBAJIUCH HA
npumepHo 83% npu nNoporosoM 3HaueHuu SO0X WM BbILIE.

B omHOM BapmaHTe OCYINECTBJIICHHS, MOXXHO OBbLIO OBl OTpPEryJUpOBaTH MOPOTOBBIE
3HaYeHHs TNyOMHBI CyONMpPOYTEHUH, CHeNaB BBINIOJHEHHE aHAIM3a MOJU(PHUKALMM OCHOBAHUIN
MOJIXOASALINM JUIS PA3JINYHBIX IPUMEHEHUH. B pyrux BapuaHTax OCyIIECTBIICHHUS, MOXKHO OBLIO
OBl HCHOJNB30BATP MEHEE >KECTKOE OrPaHWYEeHHE TJIyOUHBI CyONpPOUYTEHHH U TOJYYEeHHUS
Oonpmero komuuectBa ZMW (T.e. KOJIHMYECTBA MOJIEKYJ), KOTOPbIE MOAXOIAT  JUIS
MOCIIENYIOLIero aHauu3a. B emme OZHOM BapHaHTe OCYIIECTBJICHHS, MOJKHO OTKaJIHOpOBATh
CUMTHIBAHHE YpPOBHEH METHJIMpPOBAHUsS, ONpeneseHHbIX ¢ nomoliplo SMRT-cekB. cornacHo
JaHHOMY HW300pETEeHHI0 IJIsi BTOPOro crocoda M3MEpeHus, Halpumep, HO He OrpaHUYHBasICh,
BC-cexB., mupposoii kamenbhoit IILP (Ha oOpa3max, KOHBEPTHPOBAHHBIX OHCYJIB(HUTOM),
cneuupuyaoli k MerwiupoBanmo [P, wmm aHTUTEeNnamMu WM OPYrUMH  OelKamu,
CBS3BIBAIOIIMMUCS C METWJIHPOBAHHBIMU LIUTO3MHAMU. B OpyroMm BapuaHTe OCYLIECTBJIEHUS,
BTOPOE H3MEPEHEHHE MOKeT ObIThb peann3oBaHO nyreM aHamuza Mousekyn JIHK, mocne

amruinpuKau Bcero reHoma, coxpanuBmerd SmC, ¢ mnomompro bC-cexB., ungposoii
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kanenpHOW IILIP (Ha oOpa3nax, KOHBEPTHPOBAHHBIX OHCYNbGUTOM), CcHermuPUIHON K
mMetrnupoBaHuto T1LIP, nian reHOMHOTO CEKBEHUPOBAHHS ¢ 00OTAIEHNEM MMOCPENCTBOM METHII-
CpG ces3piBaromero Oenka. Hampumep, ammmudukanus Bcero reHoma ¢ coxpaneHuem SmC
MoskeT ObITh oniocpenoBana JJHK-npumazoii TthPrimPol, nonumepasoii phi29 u DNMT1 (JIHK-
meTuntpancdepasa 1).

[0049] MBI npoaHanu3UpOBald YPOBHM METWJIMPOBAHMs B Pa3jMUYHBbIX THUNAX paka U
HEOIYyXOJIEBbIX TKaHSAX JUIA Pa3sHOW IIyOMHBI CyOmpouTeHWH. YPOBHU METHIMPOBAHUS,
onpenesneHHble ¢ moMomblo SMRT-cekxB. cormacHo JaHHOMY W300PETEHHUIO, TAKXKE CPABHUBAIIH
¢ pesynbratamu cekBeHupoBanusi bC-cexk. HMcnomp3ys Sequel II Sequencing Kit 2.0, mbr
NOJNYYMJIM ~ MEAMAaHHOE  3HaueHwe, cocraBsiomee 43  MmWumoHa — cyOmpodTeHHi
(MexxkBapTribHBIA ananazoH (MKJL): 30-52 MiH.), 4TO MO3BOJWIO CreHepupoBaTh 4,6 MIH.
(MemuaHHOE 3HA4YEHHE) KOJIBIEBBIX KOHCEHCYCHbIX mnocienosarenbHocTel (KKII), koTopble
OBLITN BBIPOBHEHBI C TAJOHHBIN reHoM uenoBeka (MK/L: 2.8 - 5,8 muH.). Cpenu 3Tux 0Opasnos
22 ofpa3ma Takxke OBLIM TOABEPTHYTHI XOPOLIO 3apEKOMEHAOBABIIEMY cedsi MacITaOHOMY
napauiensHoMy OucynbdurHoMy cekBeHuposanuto (BC-cexB.) anst ompeneneHus MaTTepHOB
METHJIUPOBaHUsA, OOECHEeUMBAIOIIEr0 BTOPOE H3MEpPEeHHWEe Uil CPaBHEHUS  YPOBHEH
METUJINPOBAHMUSI.

®dur. 99 neMOHCTpUpPYET CpaBHEHHME MeEXAYy COBOKYIHBIMU YPOBHSIMH METUJIMPOBAHUS,
onpeneneHHbiMu ¢ nomombo SMRT-cexs. (Sequel II Sequencing Kit 2.0) corinacHo naHHOMY
n3o0perennro, U BC-cekB. ¢ HMCMONB30BAaHMEM PA3JUYHBIX IMOPOTOBBIX 3HAYEHHH TIJTyOUHBI
cyOmpouTeHuil. YpOBeHb METHJIUPOBAHUSI B MPOLEHTAX, ONpenejeHHbid ¢ rnomoinsio SMRT-
CEKB., MOKAa3aH Ha OCHU OpAUHAT. YPOBEHb METHJIHPOBAHMS B IPOLIEHTaX, OMNpEAENIEHHbIH C
MIOMOIIBI0 OUCYNB(GUTHOIO CEKBEHUPOBAHUS, OTJIOKEH MO ocH adcumcc. CUMBOJIBI YKAa3bIBAIOT
Ha pasHyo MIyOnHy cyOnpoureHui, cocTaBisiroyro 1x, 10x u 30x. Tpu auaroHaibHbIE JTHHAN
MOKA3bIBAIOT NMOJOTHAHHBIE JIMHUH [T Pa3HOH TyOHHbI CyOpOYTEHUH.

Qur. 99 npomeMoHCTpUpOBala, YTO YpOBHHU MeTuiaupoBaHus mno caitax CpG,
omnpeneneHHble ¢ nomompro SMRT-CekB. COracHO IaHHOMY HM300PETEHHUI0, XOPOIIO
koppenupoBanu ¢ (r = 0,8; 3HaueHue P < 0,0001) ypoBHsiMH, onpeneseHHbIMH ¢ TToMotnpio bC-
CeKB., IpPH aHAJIN3e¢ TEeHOMHBIX CaWTOB, KOTOpbIE XOTSA Obl OAWH pa3 MOKPBIBAIUCH
CyOnpouTeHHsIMU (T.€. TIOPOrOBOE 3HAYEHHE TNyOMHBI cyOmpoureHuil > 1x). DTH pe3ynbTaTsl
MPEAINoNaratoT, 4YTO BapUaHTbl OCYLIECTBJICHUs, NPEACTaBJCHHbIE B JaHHOM pacCKpBITHH
n300peTeHus, MOTyT OBITh HCIIOJIB30BaHbl [JJII W3MEPEHHUS YPOBHEH METHWIMPOBAHUS IS
Pa3IUYHBIX THIOB TKaHEH, BKIOYAOLMIUX B Ce0s, HO HE OrPaHWYHMBAIOLINXCS JIUIIb 3TUMH:
KOJIOPEKTaJbHBIN paK, KOJOpeKTalbHblEe TKAHH, PaK MUIIEBOA, TKAHHU MUIIEBO/A, PaK MOJIOYHON

JKEJIE3bl, HCPAKOBBIC TKAHU MOJIOYHOM FKEJIE3bIL, MOYCUHO-KJIICTOUYHYH0 KapUUHOMY, TKAHU ITOYCK,
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paK JIerKOro W TKaHU Jerkoro. Mbl Takke 3aMeTHJIM, YTO KOPPEJSILUs MEXIY 3TUMHU ABYMs
u3MepeHusMu yiyummiack 10 0,87 (3Hauenune P < 0,0001) u 0,95 (3nauenue P < 0,0001), mo
Mepe TOro Kak MOPOroBble 3HAYeHUS TIyOHHbI cyOnpoureHuii Obuti yBenmueHs! 10 10x u 30x,
COOTBETCTBEHHO. B HEKOTOPBIX BapuUaHTaX OCYINECTBJICHUS, YBEJIMYEHHE TIyOUHBI
CcyOmpouTeHWil WM BBIOOP TE€HOMHBIX 00JacTell ¢ OXBAaTOM OOJBIIMM KOJIUYECTBOM
cyonpouTteHui ynyqmuT 3¢ pekTuBHOCTD onpeaeneHns MeTIInpoBanus Ha ocHoBe SMRT-ceks.
COTJIACHO JAHHOMY M300pETEHHIO.

@ur. 100 npencraBisier coOol TabMUIy, AEMOHCTPUPYIOIIYIO BIHUSHHE TJyOUHBI
CyOmnpoUTeHHH Ha KOPPESIIMI0 YPOBHEH METHIMPOBAHMA MEXAY ABYMS H3MEPEHHSIMH C
nomotbio SMRT-ceks. (Sequel II Sequencing Kit 2.0) u BC-cexs. B nepom crondie mokasano
MOPOTOBOE 3HAUEHWE TIyOWHBI CyOmpodTeHuit. Bo BTOpoM cronbie mokasaHo r IlupcoHa -
ko3 durmeHT koppensiaun. B TpeTbeM cTonOIe mokazaHo Kon4decTBo caitoB CpG, CBA3aHHBIX
C TIOPOTOBBIM 3HAYEHHEM, C THAMA30HOM KOJHUYECTBa CAHTOB B CKOOKaX.

Kak noxazano na @ur. 100, xoppemsauuss ypoOBHEH METUIMPOBAHMS MEXAY IBYMs
nsMepeHusimu ¢ nomoupo SMRT-cexs. u bC-cexB. BapprupoBaiach B COOTBETCTBUM C Pa3HbIMU
MIOPOTOBBIMH 3HAYEHHUAMH TTIyOUHBI CyOnpouTeHnii. B omHOM BapuaHTe OCYIIECTBIICHUS, MOKHO
UCTIOJIb30BATh B3aUMOCBS3b MEXKIY IOPOrOBbIMH 3HAUYCHUSAMH TIIyOHMHBI CYONpPOYTEHUH U
ko3 punmenramu koppemsauuu (Hanpumep, koadduuuentTom koppensauun IlupcoHa) mexmy
OBYMS HW3MEPEHUSIMH Ul OMNpPENeNIeHUs] ONTHMAJbHOTO IOPOTOBOTO 3HAYEHUS TIyOUHBI
cyonpoureHnii s auddepeHIuaniy METHIMPOBAHHBIX IIUTO3WHOB U HEMETHJINPOBAHHBIX
uto3uHOB. Pur. 100 neMOHCTPUPYET, YTO MPU MOPOrOBOM 3HAYEHUH TITyOWHBI CyONpOUYTEHHIH
30x (T.e. > 30X) ypOBHH METHJIMPOBAHMSA, OomnpeneneHHble ¢ nomombo SMRT-cexB. coriacHo
JAHHOMY M300pETeHHIO, TaBAJId CAMYI0 BBICOKYIO KOPPEJSILHUIO C PE3yJIbTaTaMH, MOJyYeHHBIMH
¢ nomomibto bC-cexB. (r ITupcona = 0,952). B apyrux BapuaHTax OCYIIECTBJICHHS, MOXKHO
UCTIOJIb30BaTh, HO He 0€3 OrpaHWYeHHUs, MOPOTOBbIE 3HAYEHUS TIyOWHBI CyONmpOYTEHU,
cocrapysiromue 1x, 10x, 30x, 40x, 50x, 60x, 70x, 80x, 900x, 100x, 200x, 300x, 400x, 500x,
600x, 700x, 800x u T.A.

Konunyectso CpG-caliToB, HCNOJIB3yEeMbIX JJI aHAJIN3a METUIMPOBAHUS, YMEHbBIIAETCS C
YBEJIMYEHHUEM MTOPOTOBOTO 3HAUEHHsI TNIyOMHBI CyOnpoyTeHnH, kak nokasano Ha ®ur. 100. Ipu
MIOPOTOBOM 3HA4YEHMM TIyOMHBbI cyOmpoureHud, cocrasistomem 100x, Habmomamm Oonee
HU3KYIOI0 koppemsiuuio (r Ilmpcona = 0,875) wMexay ABYyMS H3MEPEHUsIMH YPOBHEH
METHJIMPOBAHUSA, [0 CPABHEHHUIO C TOPOTOBBIM 3HAUEHHEM IIIyOuHBI cyOmpoureHuit 30x (r
IMupcona = 0,952). bonee HuzKkas Koppemsuus s OOJiee BBICOKOTO TMOPOTOBOIO 3HAYEHUS
CyOmnpouTeHHii MOKeT OBITh CBsI3aHa C MEHBIIUM KojmdecTBoM caiitoB CpG, KoTopble

COOTBETCTBOBAJIM OOJIee CTPOTUM TOPOTOBBIM 3HAYEHUsIM DIIYOMHBI CyOmpouteHnid. B omHOM
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BApPHUAHTE OCYLIECTBIIEHHS], MOXKHO PACCMOTPETh KOMIIPOMHUCC MEXIY TPeOOBAHHEM IO TIIyOHHE
CyOmnpoOuUTeHHH W KOJHYECTBOM MOJIEKYJ, KOTOpPblE MOJKHO WCIOJB30BaTh JIsl aHAJIHM3a
MeTuaupoBaHusa. Hanpumep, ecnmu TpeOyercs NPOCKAaHMPOBATH BECh T'€HOM Ha MPEOMeET
NATTEPHOB METHIIMPOBAHMS, MOKET NOTpedoBarbcs Oounblie Mosekysa. Ecmu nenpio Oblia
BbIOpaHa KOHKpeTHass o0nmacTb ¢ ucmosib3oBaHueM LeneBoro SMRT-cekB., Uit mOJdydeHUs
NATTEPHOB METWJIMPOBAHUS JJISI STOW 00MacTu MoxkeT ObITh JKeNaTeNbHOW Ooiee BBICOKAs
riyOnHa CyOnpOYTEHHH.

[0050] @ur. 101  ngemoHCTpuUpyeT  pacupeneieHne TIyOMHbI — CyOnmpoYTEeHui
OTHOCHTEJIbHO pa3MepoB (parMEHTOB B JaHHBIX, CTEHEPHPOBAHHBIX C momolubio Sequel 11
Sequencing Kit 2.0. I'nybuna cybnpouteHuii oToOpakaeTcst Ha OCH OPJUHAT, a JJIMHA MOJIEKYJIbI
JHK - Ha ocu abcumcc. [{nmmabl monekyn JIHK ObLivi BbIBemeHbI U3 pasMepa KOJBIEBBIX
KOHCEHCYCHBIX nocnenoBatenbHocTei (KKIT).

[0051] Tax kak ruiiyOmHa cyOnpOYTeHUH MOXKET BIUATDH HA 3PPEKTUBHOCTD ONpPENeTCHUs
METHJIMPOBAHUS C UCTONb30BaHUEM NaHHbBIX SMRT-cekB., u riayOuHa cyOnpouTeHUi SBISIETCS
¢bynkumeii nuHbl cekpernpyemoinn mosiekysel JIHK, To pasmepst monexyn JAHK moryr umers
pewaroiiee 3HaYeHHE JUIA TOJYyYEHHs] ONTUMAJbHOW TIyOMHBI CyONpOUTEHHWH IJIsl aHaiu3a
NaTTepHOB MeTUiMpoBaHus B odOpasue. Kak mokasano na @ur. 101, yem mnmunnee JIHK, Tem
MeHbIe TnyOmHa cyOmpoureHuil. Hampumep, 11 momyssiiuu MOJIEKYJ pasMepoMm 1 T.ILH.
cpenusisi rybuna cyonpoureHuii cocrasisiia SOx. Jns momynsuuu Mojiekys pasmepom 10 T.1m.H.
cpenHsis TyOuHa CyOnpoYTeHmii cocTapisiia 15x.

B opHOM BapuaHTe OCYLIECTBJIEHHs, Kak nokazaHo Ha @ur. 100, ontumanbHOe
MOPOTOBOE 3HAYEHHE TIyOMHBI CyOMPOUYTEHUH MOKET COCTAaBJISITh MO MeHbined mepe 30X, 4To
JaeT CcaMblii BBICOKHH KO3((dULMEeHT Koppessiuuu. JlJs JONMOJHUTENBHOTO YIIyYIISHHS
NPOMYCKHOW CIIOCOOHOCTH ISl MOJIEKYJ, KOTOpble OBl COOTBETCTBOBAJIU ONTHMAJIBHOMY
MIOPOTOBOMY 3HAYEHHIO TNIyOMHBI CyOnmpodTeHuH, cocrasisomeMy 30X, MOKHO HCIIOJb30BATh
B3aMMOCBSI3b MEXY TNTyOHHON cyOnpouTeHuii u aymHon mMonekyia-marpun JIHK. Hampumep, Ha
@ur. 101, 30x - 370 MeauaHHas TyOMHA CyONMpPOUYTEHHUH TSI MOJIEKYJ JUIMHOW OKOJIO 4 T.ILH.
Takum obpasom, MoxHO ¢pakunonuposatbe Mosekynbl JIHK ¢ pasmepom 4 T.mH. mepen
npurotosneHrneM oudmorekn SMRT-cekB. U orpaHUYUTh CekBeHHpoBaHue Mosekyitamu JIHK
¢ pasmepoM 4 T..H. B napyrux BapuaHTax OCYILECTBJEHHUS, MOIYT HCIIOJNb30BAaThCs Ipyrue
MOPOTOBbIe 3HAUYEHUsS pa3Mmepa ans (pakuuonupoBanus mosekyn JHK, Bxmouaromue B cebs,
HO He orpa"nnumBarouiyecs jguib 3tumu:. 100 mo., 200 n.o., 300 m.o., 400 m.o., 500 n.o., 600
mo., 700 m.o., 800 m.o., 900 n.u.,, 1 T.H.,, 2 T..H., 3 T..H., 4 T.1L.H., 5 T.IL.H., 6 T.TL.H., 7 T.IL.H., 9
T.1.H, 10 T.H, 20 Ty, 30 T.H, 40 T..H., 50 T..H., 60 T..H., 70 T..H., 80 T.m.H., 90 T.I.H,,

100 T.m.H., 500 T.m.H., 1 MJIH.T1.0. WK pa3IMYHbIe KOMOWHAIIUH MOPOTOBBIX 3HAUEHUH pasMepa.
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S. IleneBoBe CeKBEHHUPOBAHHE OTAEJBHOH MOJIEKY/Jbl B PeAJbHOM
BpeMeHH Ha OCHOBe (pepMeHTA pecTPUKLIHHU

B nanHOM pasmene OmMMCBHIBAETCS HCIOJB30BAHUE PECTPUKLIUOHHBIX (DEPMEHTOB IS
VIYUYIIEHUST  OCYLIECTBUMOCTH  W/WJIM  TNPOU3BOIUTENBHOCTH  WHIM  PEHTAOMWJIbHOCTH
obHapyxenust Momudukaumii. DPparmentsl  JIHK, creHepupoBaHHBIE C  MOMOIIBIO
PECTPUKIHMOHHBIX (PEPMEHTOB, MOKHO HCHOJB30BATh JJIS OINpPENENICHUS] TPOUCXONKIACHUS
obpasua.

a) Hcnonvzosanue epmenmos pecmpukyuu Ons.  pacujenietus
monexyn JIHK

B BapmaHTax OCyLIECTBIIEHHs, MOXET HCIOJb30BATHCA OAMH MM OOJbIIEe KOJHMYECTBO
dbepmeHTOB pecTpukuuH s pacmeruienus monekya JIHK nepen cexkBeHHMpoBaHMEM OTIENBHOM
MOJIEKYJIBl B PeajibHOM BpeMeHH (HarpuMep, ¢ UCoJb30BaHueM cucteMsl Pacific Biosciences).
ITockonpKy  pacrpenesneHne CaiTOB  pacmo3HaBaHUS (PEPMEHTOB  PECTPUKIMU  Oyner
HEpaBHOMEPHBIM B reHoMe denoseka, JJHK, pacmennennas gepMeHTaMH peCTPUKIIMH, MOXKET
JaBaTh CMEIIEHHOE pacIpenesieHue o pasMepam. I eHoMHbIe 001acTi ¢ OONBIINM KOJTHYECTBOM
CaliTOB pacno3HaBaHUs (PEPMEHTOB PECTPHKLHMHM MOTYT OBITh pPacINEIIeHbl Ha Oojiee MEJKHe
(parMeHThl, TOrna Kak reHOMHBbIE OOJIACTH ¢ MEHBIIMM KOJMYECTBOM CAaHTOB PaclIO3HABAHMS
(hbepMEeHTOB PECTPUKLIMU MOTYT OBITh pacIISIUICHBI Ha OoJsiee IMHHBIE (hparMeHThl. B BapuaHTax
OCYILIECTBJIEHHs, B COOTBETCTBUU C JHAIa30HAMH Pa3MEpOB, MOXKHO BBIOOPOYHO MOJyYaTh
mouekyibl JJHK, mpoucxonsmue w3 ofHOW wiam OONBLIETO KOJHYECTBAa OOJACTEH, KOTOpBIE
UMEIOT aHAJOTHYHBIE CXEMbl pPa3pe3aHusi OJHOrO MIJIM OOJBLIEr0 KOJNWYecTBAa (HEPMEHTOB
pectpukumu. JKenarenpHble UANa3OHBl pPa3MEepoOB Uil BBIOOpa pasMepa MOTYT ObITh
OTpeieNieHbl ¢ TIOMOINBID paspesaHusi in silico nnst OOHOTO WM OOJBIIEr0 KOJUYeCTBa
PECTPUKIHMOHHBIX  (pepMeHTOB. MOXKHO HCIONB30BaTh KOMITBIOTEPHYIO TMPOTPAMMY  JUIS
OTIpENIEJICHNs] KOJIMYECTBA CAWTOB PACIIO3HABAHUS PECTPUKLHOHHBIX (DEPMEHTOB HHTEpeca B
STAJIOHHOM TeHOMe (HaImpuMep, STAJTOHHOM T'€HOMe YelioBeka). Takod STaJOHHBIM T'€HOM ObLI
paspesan in silico Ha (parMeHTBl B COOTBETCTBUU C TaKMMH CaWTaMU pPACTO3HABAHUS, IS
KOTOPBIX MPEOCTaByIeHa HHPOPMALIHSI O pa3Mepax il TeHOMHBIX 00JIacTell HHTepeca.

Qur. 126 neMOHCTpUPYET CHOCOO IeNIEBOrO CEKBEHHUPOBAHUS OTHENIBHON MOJIEKYJIbI B
pearbHOM BpeMeHu ¢ o0pabotkoit Mspl, ¢ npumeneHuem BoccTaHoBiieHUs KOHIIOB JIHK u ¢
nobasneHneM A-xBOCTa. B BapmaHTax OCYIIECTBJICHHs, MOKa3aHHBIX Ha Dur. 126, MOKHO
UCTIOJB30BaTh Mspl, koTopsiii pacnoznaet caiirel 5’CMCGG3’, ana pacmernnenns oopasua JIHK
opraHu3Ma, Hampumep, HO 0Oe3 orpanmuenusi, obOpasma JIHK denoeeka. PacmieruieHHbie
¢parmentsr JIHK ¢ Beictymamu 5 *CG moasepranu otOopy mo pasmepy, odorarmasi MOJIEKYJIbI

JHK, npoucxomsaume u3 octpoBkoB CpG. I'eHoMHbIe 00nacTh, KOTOpbIe OOOTaIlarT MO
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ocratkam G u C (Takke HazbiBaemblie conepskanueM GC), MOTYT TeHepupoBaTh 0oJiee KOPOTKHE
¢parmenTol. Takum 00pa3oM, MOXKHO ONPEAETHTb AMANA30H pa3MepoB (pParMeHTOB IS
BBITIOJIHEHHs] 0TOOpa Ha ocHose coaep:kanust GC B uHTepecyromux obdnactax. Cnennaincram B
TaHHOHN 00JacTH TEXHUKH JOCTYIHBI Pa3jInYHbIE MHCTPYMEHTHI otOopa ¢parmentos JIHK mo
pa3Mepy, KOTOpbIE BKJIIOHAIOT B ceds, TIOMUMO MpPOYEro, renb-ajektpodopes, snekrpodopes
UCKJIFOYEHHsI 1O  pa3Mepy, KamwuUBIpHbIH  snektpodopes, xpomarorpaduio,  Macc-
CHEKTPOMETPHIO,  (PHIIBTPAL[MOHHBIE  IMOOXOABI, TOAXOAbI HAa  OCHOBE  OCAXKACHUS,
MHUKPOTUAPOAUHAMUYECKUE MOJIX OBl u HaHOTUAPOJUHAMUYECKHE MOJIXOBI.
@pakuuoHUpOBaHHbIE MO pasMepy MoJiekyabl JJHK noasepramu penapaumu konuos JHK u
(dbopMupoBaHUID A-XBOCTa TakUM 00pazoM, 4ToObl skenaeMmblii mponykr JJHK moskHO ObLIO
JUTUPOBATh C aAanTepaMu B BUAE MIMUIBKH, KOTOpble Hecnu 5’ T-BeicTyn, ¢ opMupoBaHueM
kousbleBbIx JIHK-maTpuw.

Ilocne ynaneHuss HeIUrupoBaHHBIX anantepoB, JuHenHoW JHK u He mnogHOCThIO
kosbresoi JIHK, Hanpumep, HO Oe3 orpaHUYeHws], C UCTIOJb30BAHUEM SK30HYKIIea3 (Hampumep,
sk3onykieasnbl 11 u VII), monexyner JIHK, nurupoBanHble ¢ afganTepamMu B BHAE IIIUJIBKH,
MOTYT OBITh MCIIOJIb30BAHBI I CEKBEHUPOBAHUS OTIENBbHON MOJIEKYJIbI B PEAJIbHOM BPEMEHHU 3
ueneto onpenenenus MUIL, MM u KOHTEKCTa NOCAEAOBATENBHOCTH IIPU ONPEACIICHUH
npoduiell METUIMPOBAHUS, KaK PACKPBITO B JAHHOM NOKyMeHTe. llyTem aHann3a reHOMHBIX
obnacreii, oboramenusix o CpG, JAHK, monmydeHHass U3 pa3nu4HBIX TKaHEH, WM TKaHEU C
pa3IMYHbIMU 3a00JIeBaHUSIMA W/ W (PU3UOJIOTUMECKUMU TATOJIOTHSIMU, UM OUOJIOTMYECKUX
obpas3uoB, Mmoxker ObiTh muddepeHmupoBaHa u kKiacCUPUIUpPOBaHA TO ee Mpoduo
METHJIMPOBAHUS, OTMPENEJIEHHOMY C IOMOIIBIO CIIOCOOOB aHajiM3a NaHHBIX CEKBEHUPOBAHHS
JaHHOTO M300peTeHMSL.

Jna srama, BKIrodaromiero B ceds BbiOOp pasmepa Ha Pur. 126, B BapuaHTax
OCYILIECTBIIEHHs], HAMa30Hbl JKEIA€MbIX pPa3MEPOB MOTYT OBITh OMNPEAETICHbl C IOMOIIBIO
aHamuza paspesanust Mspl in silico. Mul ompenenunu B COBOKymHOcTH 2286541 caiftoB
paspesanusi Mspl y uenoBeka. DTaJOHHBI TEHOM uYeJOBeKa ObUT paspesaH in silico Ha
(bparMeHTbl B COOTBETCTBHU C 3TUMH calTamu paspe3anus Mspl. Bcero HamMu ObUTO MOJTy4eHO
2286565 ¢parmenToB. PasMep KakAOro OTAENBHOTO (parMeHTa OMpeneNd C TOMOLIBIO
COBOKYITHOTO YHCJIa HYKJIEOTHIOB TAHHOTO (pparMeHTa.

[0052] @ur. 127A u 127B neMOHCTPUPYIOT paclipelesieHne 1o pasmepy (parMeHTOB,
pacmerieHHbIx Mspl. Tlo ocu opanHAT Ha 3TUX (QUTYpax OTIOKEHA YacTOTa B MPOLIEHTAX IS
KOHKpeTHOro pasmepa ¢parmenta. ®@ur. 127A umeer norapugMUYecKyrO IIKaldy ISl OCH
abcruce B aquamaszone ot 50 go 500000 mo. @wur. 127B nMeer nuHeiHYO KAy Mo ocu abciuce

oT 50 go 1000 m.H.
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Kax noxazano na @ur. 127A u 127B, monexynsl JJHK, pacmennennsie Mspl, nmeror
CMeIeHHOe pacrpeneseHne no pasmepam. MenuaHHbIH pasMep (pparMeHTOB, pacIleIUICeHHBIX
Mspl, cocraBnsin 404 mo. (MKJI: 98 - 1411 mo.). Okono 53% »5Tux (¢parMeHToB,
pacuerieHHbIX Mspl, Oputn Menbme 1 T.mo. B mpodune pasmepa mmenach cepusi OCTPBIX
MUKOB, MNPUYMHON KOTOPBIX MOIUIM CHYKUTh MNOBTOpsIOLIUECs 3jeMeHTbl. OnpeneneHHbIe
MOBTOPSIOLINECS] 3JIEMEHThl MOTYT UMEThb CXOJIHble MaTTepHbI CaiiToB paspesanus Mspl, uto
naer HaboOp MOJIEKYJ, TMOJIYYeHHBIX B pPE3yJIbTare paciueruieHus Mspl, koTopele oOmamaroT
CXOIHBIMH pasMepamMu (parmeHToB. Hampumep, muk ¢ camMoil BBICOKOW HacTOTOH (T.€., B
coBokynHocTH 49079) cootBeTcTBOBaN pasmepy 64 mo. M3 Hux 45894 (94%) nepekpriBaiCh C
nosTopamu Alu. MoxHo otobpats Mostekyibl JJHK pazmepom 64 1.0, mis oboraieHust MOJIEKyJT
JHK, npoucxonmsmux u3 noBropoB Alu. J[aHHbIE MpenrnosararoT, 4TO BbIOOpP pasMepa MOXKET
OBITH HCIONB30BaH It odorammeHus skeixaembix mosekyn JIHK nns mocnenyromero ananmsa
METHJIUPOBAHMS COTIIACHO JAHHOMY M300pETEHHIO.

[0053] @ur. 128 nemoHcTtpupyer Tabauumy ¢ koaudectBoM Mosekyn JIHK  mns
OTIpENIEICHHBIX BBIOPAHHBIX TUANAa30HOB pa3MepoB. IlepBblil cTonber; moka3blBaeT IUATA30HbI
pa3MepoB B Mapax OCHOBaHMH. BTopol cronberl moxasplBaeT MPOLEHT MOJIEKYJ B Ipenenax
Aana3oHa pa3MepoB MO OTHOLICHHWIO K COBOKYIHOMY KOJIM4ecTBY (parmeHTOB. Tperuit
cronfer] TOKa3bIBAaeT  KOJHYECTBO  MOJIEKYJ B  TpeAeiax Juama3oHa  pa3Mepos,
nepekpbiBatomuxcst ¢ ocrposkamu CpG. UerBepThlil cTONOEL MOKA3bIBAET MPOLIEHT MOJIEKYJ B
npenenax Adana3zoHa pa3sMepoB, mepekpeiBaromuxcsi ¢ ocrpoekamu CpG. Ilsateii cronden
MOKa3bIBAET KOJIMYECTBO CeKBeHUpoBaHHbIX caiitoB CpG. Illecroii cronbery mokasbIBaeT
koiuuecTBo caiitoB CpG, momnanmatomux B mpenensl octpoBkoB CpG. Cempmoii cronben
NOKa3bIBaeT MPOUEHT caitoB CpG, KOTOphle MOANAnmaiy Mojx OTOOp MO pa3Mepy M KOTOpbIE
nonazatoT B npenens! octpoBkoB CpG. Kak nokazano Ha ®ur. 128, konuuectso monekyn [IHK,
TeHepUpPYEMBIX M3 T'€HOMa 4YelOBEeKa, MOABEPrHYTOro paclieryieHuto Mspl, BapbuUpoBaloCch B
3aBUCHMOCTH OT pacCMaTpUBAEMbIX Ouana3zoHoB pasmepoB. Ywucino wmonexkyn JHK,
nepexpbiBatoiuxcs ¢ ocrposkamMu Cp(Q, BapbUpOBalOCh B 3aBUCHMOCTH OT JUANa3OHOB
pa3MepoB.

ITockonpky Mot CCGG mpUCYTCTBYET NpeuMylnecTBeHHO B ocTpoBkax CpG, otdop
MOJIEKYJI C pa3MepOM MEHbIINM, YeM OIpeeleHHOE NOPOroBOoe 3HAau€HUe, MOXKET CclielaTb
BO3MOKHBIM oboratnenue mojekyn JHK, mpoucxonsmux us octpoBkoB CpG. Hampumep, st
nuanazoHa pasmepoB OT S50 go 200 m.o. KOJIMYECTBO MOJIEKYJ COCTaBJsuIO0 526543, yrto
cocraBisio  23,03% ot Bcex ¢parmenroB JIHK, mnonyd4eHHBIX W3 TreHOMa 4YeJOBEKa,
nonseprayroro pacuerieHno Mspl. Cpemnn 526543 wmonekyn JHK 104079 (19,76%)

nepexpbiBaiuch ¢ octpoBkamu CpG. Jlns nuanaszona pazmepos oT 600 go 800 m.o. KoiIu4ecTBO
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MoJiekys coctaBisuio 133927, uro cocrasisuio 5,86% Bcex ¢pparmentoB JAHK, nmoixyueHHBIX 13
reHOMa 4eJIOBeKa, MOABEprHyToro pacmeryieHuro Mspl. U3 133927 monekyn 3673 (2,74%)
MOJIEKYJIbI TepeKprIBajiock ¢ octpoBkamMu CpG. B kadecTBe mprMepa MOKHO BBIOpaTh pasMep
ot 50 1o 200 m.o. st oboramenus o pparmenram JIHK, npoucxonsmum uz CpG-0CTPOBKOB.

[0054] YTtoOwl paccuutaTh cTeneHb oOoramneHus caitoB CpG, MepeKphIBAIOIINXCS C
octpoBkaMu CpQG, ¢ MOMOUIBIO LIEJIEBOTO CEKBEHUPOBAHUS OTAEIbHOM MOJIEKYJIbl B peajbHOM
BpeMeHHu ¢ obpadotkoii Mspl, Ml BemmoanIN Moaenuposanue st JJHK, ¢pparmenTuposanHoit
YIIBTPa3BYKOM, M MbI CMOAENUpoBaiu 526543 (parMeHTOB, creHepupoBaHHBIX U3 ZMW, ¢
MeauaHHbIM pasmepoM 200 Mo. U CTaHAAPTHBIM OTKJIOHEHHEM 20 1.0. HA OCHOBE HOPMAaJIbHOTO
pacnpenenenus. Tonapko 0,88% wmonekyn JIHK mnepexpriBanuce ¢ octpoBkamu CpG. Bcero
71495 caitroB CpG mnepekpriBammch ¢ octpoBkamu CpG. Kak mokazano Ha @ur. 128, orbop
Mspl-pacmenieHHbix pparmMeHToB B auanaszoHe oT 50 go 200 m.o. npuseneT k Tomy, uto 19,8%
¢dparmeHToB OyayT mnepekpbiBaThest ¢ octpoBkamu CpG. Takum oOpa3om, 3T IaHHBIE
MO3BOJISIIOT Mpennonoxuts, uro JIHK, nonydennas myreM pacuieruieHus Mspl, MoxeT UMeTh B
22,5 pasa 6onpme ¢parmento JIHK, mpoumcxomsmux u3 octpoBkoB CpG, mo CpaBHEHHIO C
JHK, nonyueHHoW myreM 00paOoTKH ynbTpa3BykoM. Kpome Toro, mMbl npoaHaIH3UpPOBAIN
caiitet Cp(G, obOoramennsie B octpoBkax CpG nyrem pacmeruienns Mspl. Otbop
pacierieHHbIXx Mspl ¢parmentoB B aumama3one oT 50 mo 200 mo. MOXET NPUBECTH K
nosiBiieHnto 885041 caiiroB Cp(G, nepekpoiBatomuxcs ¢ octpokamMu Cp(Q, 4TO cOCTaBisieT
37,5% ot coBokymHOro kojmdectsa caiitoB Cp(G W3 CEKBEHHPOBAHHBIX (PPArMEHTOB B 3TOM
nuana3oHe pasmepoB. Habmroganu 12,3-kpatnoe (T.e. 885041/71495) oborammenue caiitos CpG,
nepekpoiBatomuxcst ¢ ocrpoBkamu CpG, mo cpasrernto ¢ JJHK, nmonyuennol nmyrem oOpadoTku
ynbTpasBykoM. Ha ocHoBanmm wuHbpopmanmu, mnokasanHoil Ha @ur. 128, MoxxHO BbIOpaTh
MOJIXOAALINHI ANAara3oH pa3MepoB, BKIKOYAKOLINHI B ceds jkemaemoe komuuectBo caiitoB CpG u
JKemaeMoe kpatHoe oboramenue calitos CpG B npenenax octposkoB CpG.

@ur. 129 npencrasnser codboli rpaduk 3aBUCUMOCTH TporieHTa nokpeitust CpG-caiiToB B
npenenax CpG-octpoBkoB oT pasmepa ¢parmentoB JIHK mocne pacmernenus: dhepmeHTOM
pectpukuuu. I[lo ocu opnunar mokaszad mpoueHt caiitoB CpG B mpepenax octpoBkoB CpG,
MOKPBITHIX (pparMeHTamMu ¢ 3aJaHHBIMHU pa3Mmepami. 1o ocn abcumcc moka3aH BEpXHUHN mpened
nuanazoHa pasMepoB ¢parmenroB JJHK mocne pacmennenns pepmentom pecrpukiun. Dwur.
129 nponemoHcTpupoBania npoueHT caiitoB CpG B mpenenax octpoBkoB CpG, KOTOpsIid Oyaer
MOKPBIBATLCS 32 CYET PaCUIMpPeHUs auamnasoHa otOopa mo pasmepy. Ha ®ur. 129 nmamazoH
pa3MepoB coctaBisieT oT 50 mo. Mo pasMmepa, TOKAa3aHHOrO Ha ocu adciucc. B apyrux
BApPHUAHTAX OCYIIECTBJICHUS, HIDKHUHM Mpenes Iuamna3oHa pa3MepoB MOXKET ObITh afarTHPOBAH,

HanpuMmep, HO Oe3 orpanumuenus, mo 60, 70, 80, 90, 100, 200, 300, 400 u 500 mo. C
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pacliipeHreM JAuarna3oHa pa3sMepoB 3a CUET yBEJIMUYEHHUs BEPXHEro Ipeaena pasMepa, Mbl
MOJKeM Ha0IoaTh, YTO MpOLeHTHOe mokpeiTue calitoB CpG B mpemenax octpoBkoB CpG
MOCTENEHHO YBEIMYMBAETCS W JoCTUraeT miato Ha 65%. Hekoropeie u3 caiitoB CpG He
OXBA4eHBI, MOTOMY 4TO OHH Haxoxasarcs B ¢parmentax JTHK c pasmepom menbiie yem 50 m.o.,
WA OHHU HAXOIATCs B ()parMeHTax B IpezesiaXx O4eHb JUIMHHBIX MOJIeKy (Hampumep, > 100000
1.0.).

B HekoTopeix BapmaHTax ocymecTBieHus, obpazen JHK MoxxHO aHamu3upoBaTh ¢
UCTIOJIB30BAHUEM IBYX WM OOJBIIEr0 KOJMYECTBA Pa3IMYHBIX (PEPMEHTOB PECTPUKLUH (C
pPa3HBIMU CaliTaMH PECTPHUKLHH), YTOOBI YBEIHMUNTh OxBaT caiiToB CpG B mpenenax OCTPOBKOB
CpG. Pacmernnenune odpazna JHK pazmuasbiMu (pepMEHTaAMH MOKHO NPOBOIUTH B OTAEIBHBIX
peakuusx, Tak 4YTO B KaXAOH peaklUH NPUCYTCTBYET TOJIbKO OOUH (PEPMEHT PEeCTPUKLIHH.
Hanpumep, Accll, xortopeiii pacnosnaer caittel CG™CG, MoxeT OBITh HCIOJNB30BaH IS
MPEANOYTUTENBHOTO paspe3anust ocTpoBkoB CpG. B npyrux BapuaHTax OCyLIECTBJIEHHs], MOXKHO
UCTIOJIB30BaTh Npyrue QepMeHTbl pecTpukuuu ¢ nuHykiaeotunamu CG B Buae vacTu caiita
pacrio3HaBaHus. B reHome denoBeka HacuuThIBAIOCH 678669 caiitoB paspesanus Accll. Mer
BBITIOJIHWJIM pa3pe3aHue i1 silico 3TaIOHHOTO TE€HOMa YeJIOBEeKa C MCIIOJIb30BAHIUEM PECTPUKIIUH
Accll n nonyunnu B coBokynmHoctu 678693 ¢parmenra. 3areM Mbl BBINOJHHIM OTOOp MO
pasMepy 3Tux QparMeHToB in silico n paccUuTany NMPOUEHT NMokpeiTus caiitoB CpG B mpenenax
octpoBkoB CpG coriacHo cnocoQy, ONMMCAaHHOMY BbIIIE Uil paciieruieHust Mspl. Mbl MoxeM
HAaOIIOIaTh TMOCTENEHHOE YBEJIWYEHHE MPOLEeHTa NOKpeITUS caiitoB CpG mpu pacmupeHuu
auanasoHa orOopa mo pasmepy. [lmaTo MpPOLEHTHOrO MOKPBITHS HAcTymaer Ha okojio 50%.
ITokpeiTie caiitoB CpG IOMONHUTENBHO YBEIHMYNUBAETCS NMPU OOBEAMHEHUH NAHHBIX M3 JIBYX
SKCMEPUMEHTOB M0 pACIICIUICHHIO (epMeHTaMu, a HUMEHHO, mo pacuierieanto Mspl u
pacmerennto Accll. 80% caiitoB CpG B mpenenax octpoBkoB CpG NOKPBIBAIOTCSA MyTEM
otbopa ¢pparmento JIHK ¢ pasmepom ot 50 mo 400 mo. DTOT NPOLEHT BHIME, HYeM
COOTBETCTBYIOLIUE YUCIIA IS SKCIIEPHUMEHTOB I10 PACLIETUIEHHIO JIFOOBIM U3 ABYX (PEPMEHTOB I10
otaenbHOCTH. [TOKpBITHE MOJKHO OTIOJIHUTENBHO YBEJIUYUTh 3a c4eT aHanu3a odpasua JIHK c
UCTOJb30BaHueM Jpyrux ¢epmenToB pectpukumu. Ecim obpasen JIHK pasnenen Ha naBe
AUKBOTBI, TO OJHY aJUKBOTy pacmemsitor Mspl, a npyryro - Accll. [IBa oOpa3ua
pacweruiennoi JIHK cMmemnBaroT BMECTE B paBHOM MOJIIPHOM COOTHOLIEHHH U CEKBEHUPYIOT C
HCIOJIb30BaHNEM CEKBEHUPOBAHUsI OTAEIBHON MOJIEKYJIbl B PEaIbHOM BPEMEHHU C 5 MUJUIMOHAMHU
ZMW. OcHoBbiBasich Ha aHanuse in silico, 83% catitoB CpG B npenenax ocrpoBkoB CpG (T.e.
1734345) OynyT CceKBeHMPOBaHbI MO MeEHbLIEH Mepe 4 pa3a B KOHTEKCTE KOJIBLEBBIX
KOHCEHCYCHBIX NIOCJI€I0BATENbHOCTEH.

@ur. 130 neMOHCTpUPYET LIENEBOE CEKBEHUPOBAHUE OTAEIBHON MOJIEKYJBI B PEAJIbHOM
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BpemMeHHu ¢ obpaboTkoii Mspl 6e3 ucnosp3oBanus pernapaiuu koo JIHK u noGasnenust A-
XBOCTa. B BapmaHTax OCYLIECTBJEHHs, JIMTUPOBAHUE MEXIY PACLICIUIEHHBIMU MOJIEKYJIaMHU
JHK u agantepaMu B BUZ€ IIMHIBKE MOKET OBITh BBITIOJIHEHO O€3 mpoliecca penapanuy KOHLIOB
JHK u noGasnenust A-xsocta. MOXHO HanpsiMyro JIUTHPOBATh paciieruieHHbie Mostekynel JTHK,
Hecymue S5 'CG-BBICTYINBI, C anantepaMyd B BHUAe MWMNUIbkH, HecymuMmHu S5 CG-BBICTYMB,
dopmupys konpueryro JJHK-marpuny s CeKBEeHUPOBAHHS OTASNBHOW MOJIEKYJIbl B PEAJIbHOM
BpeMeHH. llocne OYMCTKHM OT HEJIUTHMpOBAaHHBIX aAanNTEPOB U AUMEPOB CAMOJUTHPYEMBIX
aJanTepoB, U B HEKOTOPBIX BAapPUAHTAX OCYIIECTBJIEHHUS IOCJIE OYUCTKH OT HEJIUTHPOBAHHBIX
apantepos, aquHerHoW /IHK u Henonnocteio kombuesoit JIHK, monexynbsl JIHK, nuruposaHHbIe
C TIOMOINBI0 aJanTepoB B BUAE LIMIJIBKHA, MOTYT OBITh NPUTOAHBI Ul CEKBEHHUPOBAHHS
OTAEJIbHONW MOJIEKYJIbl B peaJbHOM BpemeHu ana noiydenuss MUIL IIIM u koHTekcTa
nocienoBaTeabHOCTH. [Ipodine MeTHITNPOBaHUS OTAEIBHON MOJIEKYJIBI MOXKET OBITh ONpEAeeH
¢ ucnonp3oBannem MMUII, I wu KOHTEKCTAa MNOCIENOBATENBHOCTU COIVIACHO JAHHOMY
HU300pETEHUIO.

@ur. 131 neMOHCTpUPYET LiENEeBOE CEKBEHUPOBAHUE OTAEIBHON MOJIEKYJBI B PEAJbHOM
BpeMeHH ¢ oOpaboTkoii Mspl ¢ TOHMKEHHOH BEPOSTHOCTHIO CAMOJIMTHPOBAHUS anamnTepa.
Hwuxenexaiee ocHoBaHHWE LMTO3MHA O0O3Ha4aeT ocHoBaHHMe 0Oe3 5’-¢ocdarHeix rpymm. B
HEKOTOPBbIX BAapUAHTaX OCYLIECTBIEHHS, M MHUHUMH3ALHH BO3MOXXHOCTH (POPMHUPOBAHHS
CaMOJIMTHPYIOIIUXCA AUMEPOB aJanTepoB, KOTOPOE MOKET MPOUCXOJUTh B Ipolecce
JUTUPOBAHMS aJanTepa, MOXHO HCIOJNB30BaTh AePoCHOpHINpOBaHHBIE AnanTepbl B BHIE
LINWUIbKA JAJI1  BBINOJHEHMs] JIMTUPOBAaHUA ajantepa ¢ oStumu  Mosekyinamu  JIHK,
pacuerieHHEbIME Mspl. Ot nedocopumupoBaHHble afanTepbl B BUAE LIMIJIBKH MOTYT He
(bopMHUpPOBATH CAMOJIMTHPYIOIIHUECS UMEPBI aJanTepoB M3-3a OTCYTCTBUSA S'-hpocdaTHbIX rpymil.
Ilocne nuruposaHust NPOAYKT MOABEPTaINd CTAAUN OYUCTKU OT aAanTepa AJid OYUCTKU MOJIEKYJI
JHK, nurupoBaHHbIXx ¢ ajnantepamyd B Buae wnuibkud. Mogekynasl JIHK, nuruposaHHbIE C
ajganTepaMu B BHUJAE LINMUJIbKHM, KOTOPbIE MOTYT HECTH Pa3pbIBbl, JOMOJHUTEIBHO MOJABEPrajau
dochopunupoBanuro (HampuMep, MOJUHYKICOTHIKHHA30H T4) M BOCCTAHOBJIEHUIO pa3pbiBa
JHK-nurazoit  (mampumep, JHK-murasoii T4). B Bapmantax OCYIIECTBICHHS, MOXKHO
JIOTOJHUTEBHO BBINOJHUTL yOAJCHUE HEJUTHPOBAHHBIX aganTepos, JuHeiHon JHK wu
HenonHOCThI0 KosbLeso JIHK. Monekyner JIHK, nuruposanHble ¢ apantepaMu B BHUAE
UINUIbKH, MOAXOAMIN JUIsl CEKBEHUPOBAHMs OTAENBHOM MOJIEKYJBI B PEAJbHOM BPEMEHHU IS
nonydenuss MMUII, 1M u KoOHTeKCTa mOCIenoBaTeabHOCTH. Ilpoduie MeTHInpoBaHUS
OTHEJbHOU MOJIEKYJIbl MOKET ObITh ompeneneH ¢ ucnojp3oBanuemM MUIL, 1M u xoHTekcTa
MOCIIEIOBATEIBHOCTH COTJIACHO JAHHOMY M300PETEHHIO.

ITomumo Mspl, Takke MOXKHO HCIIOJIb30BaTh Apyrue (PepMEHThl PECTPUKLINH, TAKUE KaK
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Smal, ¢ caiitom pacniozHaBanust CCCGGG.

B HekoTOpBIX BapmaHTaxX OCYIIECTBJIECHMs, MPOLECC OTOOpa IO JKEIaeMOMY pasMepy
MOJKET OBITh BBINOJIHEH Mociie craauu permapaunu koHuoB JIHK. B HekoTOpeIX BapuaHTax
OCYILIECTBJIEHHs], MpoLiecC OTOOpa IO JKENaeMOMY pasMepy MOXKeT OBbITh BBINOJIHEH MOCHe
JUTUPOBAHMS aJaNTePOB B BUE LIMUIIBKH, KOr/a ObIJIO ONPEAETICHO BIMSHUE aIalTePOB B BUIE
IIMUJIBKK Ha pe3ysbTaT oTOOpa Mo pasMepy. B 3TUX M Apyrux BapuaHTax OCYLIECTBIIECHHS,
MOPSIIOK 3TANOB MPOLENYphl, BKIOYarOmed B ceds LieleBoe CEeKBEHHMPOBAHHE OTENbHOM
MOJIEKYJIbl B PEaJbHOM BpeMeHH ¢ 00paboTkoit Mspl, MokeT M3MEHSTbCS B 3aBUCHMOCTH OT
SKCIIEPUMEHTANIBHBIX YCIOBUI.

B BapmaHTax ocymecTBieHUs, OTOOp MO pa3Mepy MOMKET OCYLIECTBISATBCS C
UCIOJIb30BaHNEM CMOCOOOB Ha OCHOBE rejib-3JiekTpodopesa u/miu CrocobOB Ha OCHOBE
MarHUTHBIX I'paHyl. B BapmaHTax oCylecTBJIEHUs, (PepMEHTBI PECTPUKIIUN MOTYT BKJIIOYATh B
cebs1, Ho He orpanuuuBatotcs: BgIIl, FcoRl, EcoRIl, BamHl, Hindll, Taql, Nofl, HinF1, Pyull,
Sau3Al, Smal, Haelll, Hgal, Hpall, Alul, EcoRV, EcoP151, Kpnl, Pstl, Sacl, Sall, Scal, Spel,
Sphl, Stul, Xbal, v nx KOMOMHAIWH.

b) Paznuuenue munoeg 6uonocuveckux oo6pazyoe no MemunupoOSaHuIo

B sTtom pasmene onmchiBaeTCs  UCHOJB30BaHUE MNpopuiIed  METHIUPOBAHMSA,
OTIPENIETICHHBIX C HCIOJb30BaHUEM (DPArMEHTOB, CrE€HEPHUPOBAHHBIX IYTEM PACLICTUICHHS
dbepMeHTaMH PECTPUKLMH, A1 OOJEerdeHHs pa3iMyueHHsl OTIMYAIOIIUXCS OWOJIOTHYECKUX
0o0pasios.

Mpbl oueHWNIM pasnUuus B NPOQMIAX METHIHMPOBAHHUS MEXIY OHOJOTHYECKUMHU
oOpa3aMu, UCTIONb3Ys TPOQIITN METHIMPOBAHUS, ONPENEICHHbIE C TOMOIIbBIO CEKBEHUPOBAHUS
OTIENIbHOW MOJIEKYJIBI B peaJbHOM BpeMeHH ¢ o0pabotkoii Mspl corjmacHo BapuaHTaMm
OCYILIECTBJIEHHs], IPUBEACHHBIM B JaHHOM PAacKpbITHH M300peTeHus. B kauecTBe mpumepa Mbl
B3sutn oOpasubl JIHK mnanenrapHoii Tkanu u JIHK neifikormrapHoro cinosi. Mbl BBITIOJHUJIH
KOMIBIOTEPHOE MOACITHUPOBAHNE ISl TIOJTyYeHHsT JaHHBIX, Kacaromuxcs odpasna JJHK nnaneHTs
U JIEHKOLIMTapHOTO CJIOs, HAa OCHOBE LIEJIEBOrO CEKBEHUPOBAHMS OTHENbHON MOJIEKYNbl B
peanbHOM BpeMmeHH ¢ obpabdoTtkoii Mspl. MonennpoBanue ObLUIO OCHOBAHO HA KMHETUYECKUX
nokaszarensx, Bkmodas MUIT u M ans kaxaoro HyKJIE€OTHAA, paHEE CreHEePUPOBAHHBIX C
nomouipto SMRT-cexsennposanus JIHK mnanentapuoit Tkanu u JIHK nefikonurapHoro crios
IO TOKpBITHA Bcero reHoma ¢ wmcrosbzoBanueM Sequel II Sequencing Kit 1.0. 3atem Mbl
CMOJIETTUPOBAJIH YCIOBHSI, PU KOTOPbIX 00pasns! mianenrapHoit JJHK u JIHK neitkonmrapHoro
cJIost moABeprany pacuieruieHuro Mspl ¢ mocnenyromum oTOOpPOM MO pasMepy ¢ NMPUMEHEHHEM
relis, UCTOJb3ysl Auama3oH pazMepoB ot 50 go 200 m.o. Otobpannbie mosekyisl JJHK Obuin

JUTUPOBAHBl C aJanTepaMd B BUAE IIMWIbKKA Uit (popmuposanus konbleBbix JIHK-marpur
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Konsuessie JIHK-maTpuipl nogsepraim CEKBEHUPOBAHUK) OTAENBHOM MOJIEKYJBI B PEaIbHOM
BpeMeHu i nonydeHuss wH(popmanmy, kacaromeiics MHWII, 1M wu  koHTekcrTa
MOCJIeI0BATEIBHOCTH.

[0055] HUcxons m3 Ttoro, uto Obwmio 500000 ZMW, reHepupyrOUINX CyOnmpodTeHus
cexkBeHnpoBaHuss SMRT, 3tu cyOmpouTeHHs! ClienoBajiM T'€HOMHOMY pacrpeneneHuto Mspl-
pacineryieHHbIX pparMeHToB B quamna3oHe pasmepos ot 50 1o 200 m.o., kak nmokasano B Tabmure
1. Ilpeanonaranock, 4o rayOuHa cyonpoutenui coctasisier 30x ans obpasuos JHK miateHTsI
U JIEHKOLUTAPHOTO ¢Jios. Ml oBTopuiin Moaenuposarue 10 pas mis oopasua JIHK mnaneHTs
u obpasua JIHK nelikouuTapHOTO ClIOs, COOTBETCTBEHHO. Takum 00pa3om, HAOOp ITaHHBIX,
CT€HEpUPOBAHHBIN i1 Silico ¢ TOMOIUBIO LEJEBOr0 CEKBEHUPOBAHMS OTHENBbHON MOJEKYJbI B
pearbHOM BpeMeHH, ¢ pacinerieanem Mspl, conepaxkan Bcero 10 oOpasuos mianenrapHoi JJHK
u 10 obpasuos JHK nefikonmraproii tuenku. HaGop pmaHHBIX ObUT  TONOJHHUTENBHO
npoaHammsuposanun ¢ nomombio CHC, ompenenuB mpoduian METHIUPOBAHUS ISl KaKIOTO
obpaslia COrlacHO JaHHOMY M300peTeHut0. Mbl IONyYiiun MeAuaHHOoe 3HadYeHue caiitoB CpG -
9198, u3 ocrpoBkoB CpG (mmanaszon: 5497 - 13928), uto cocraBmio 13,6% OT COBOKYIHOTO
qrciia CeKBeHHpPOBaHHbIX caiitoB CpG (amanazon: 45304 - 90762). Craryc METUIMPOBAHUS IS
kaxgoro caiita CpG B kaxnmod Mojekyne onpenesin ¢ nomounpio monenu CHC cormacHo
TAaHHOMY H300PETEHHIO.

@ur. 132 npexncrasisier coOoil rpaduK COBOKYITHBIX YPOBHEH METHIIMPOBAHHS MEXIY
obpasnamu JIHK muraneHTsl U JEHKOLMTAPHOTO CJIOS, ONMpPEENIEHHBIX C IOMOIIBIO LEJIEBOTO
CEeKBEHHPOBAHMUs OTHENbHOW MOJIEKYJIbI B peajbHOM BpeMeHu ¢ obpadotkorn Mspl. Ilo ocu
OpPAMHAT OTJIOXKEH YPOBEHb METHJIMPOBAHHS B MpPOLEHTaX. Tun 0Opas3LoB MEePeunciieH Ha OCH
abcruce. @ur. 132 neMOHCTPHPYET, YTO COBOKYITHbIE YPOBHH METHJIMPOBaHHS (MenuaHa:
57,6%; nmamazoH: 56,9% - 59,1%) Obutn Hmke B oOpasuax IJIAEHTHl 10 CPaBHEHHIO C
obpa3uamu JedkoruTapHoro cios (Menuana: 69,5%; nuanaszon: 68,9% - 70,4%) (3Hauenue P <
0,0001, U-kpurepuii MaHHa-YUTHN).DTH pe3yJbTaThl CBUAETEIBCTBYIOT O TOM, YTO MPOQUIH
METUJIMPOBAHMSI, OIpENEIeHHbIE C TOMOINBI0 CEKBEHHPOBAHUS OTHENbHON MOJIEKYJIbl B
peanbHOM BpeMeHH ¢ 00paboTkoit Mspl MokHO McToB30BaTh Wi nuddepeHnrany oopa3Los
TKaHel min Ouosorndecknx oOpas3lOB Ha OCHOBE UX PAa3IMYMi B METHIINpOBaHHUH. IloCKONBKY
5TH JaHHble noka3biBaroT, 4yTo JIHK mnanenTsr MmoxxHo oTinnuuts ot JIHK nelikouutHOTrO Ciost
U3-32 Pa3IMYUi B METHIIMPOBAHUH, OOHAPYKUBAEMBIX C MOMOIIBI0 CEKBEHHPOBAHUS OTIEIbHOM
MOJIEKYJIBI B PEaJIbHOM BpeMeHU ¢ 00paboTkoit Mspl, 3TOT cnoco® MOKHO MPUMEHHUTH MJIs
usmepenust ¢pakumn JJHK mmoma B martepunckoi mnasme. @paknuio JJHK muioma MoskHO
ONpeeNnTh C MOMOLIBI0 MeTHUINpoBaHusl, nockoibky JIHK miona B MatepuHCKoil miuasMe uiu

MaTepPIHCKOfI ChIBOPOTKE INPOUCXOAUT M3 IUIALCHTBI, B TO BPEMA KaK OCTAJIbHBIC MOJICKYJIbI
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JJHK B o0pa3iie B OCHOBHOM NPOHCXOISAT M3 MATEPUHCKHX KJIETOK JIEMKOLUTapHOTrO Cios.B
BAPUAHTAX OCYIIECTBJIEHHUS, 3Ta TEXHOJOTHS MOXET OBITb MOJIE3HBIM HMHCTPYMEHTOM JUIS
miuddepeHIHAN  PA3TUYHbIX TKAaHEW MM TKaHEH ¢ pa3juyHbBIMH 3a00JIeBAHUSAMH H/HITH
(U3NONOrHYECKUMH MATOJIOTUSIMH, WIN OMOJIOTHYECKUX 00pa3LoB.

UroObl BBIMOJHATD KJIACTEpHbIN aHanu3 s oopasuos JJHK miranents u obpasma JIHK
JEWKOLIUTAPHOTO CJIOSI C HCIOJIb30BaHUEM Mpodreli MeTuaupoBanus ocTpoBKOB CpG, Mbl
paccuntanu ypoBHu merwiupoBanus JIHK octpoBka CpG, ucnonw3ys gosto caitoB CpG,
KJaccu(UIIMPOBAHHBIX KaK METHIIMPOBaHHBIE, cpeau Bcex caiitoB CpG manHoro octpoBka CpG.
MBI UCTIONB30BAIM YPOBHHU METHJIMPOBaHHUS W3 obnactell octpoBkoB CpG anst BBINOJHEHUS
KJIACTEPHOTO aHaJN3a B LIEJISIX WILTIOCTPALMH.

@ur. 133 neMOHCTPUpPYET KJIACTEPHBIH aHa n3 0Opa3LOB IUIALCHTHI U JICHKOLUTAPHOTO
CJIOSI ¢ WCIONIb30BaHMeM WX Tpoduieit Mmetmuposanus JHK, ompeneneHHbIX ¢ MOMOIIBIO
LIEJIEBOTO CEKBEHHUPOBAHUS OTACIBHON MOJIEKYJIBI B PEaJbHOM BpeMeHH ¢ oOpaboTtkoit Mspl.
CxoacTBO MaTTepHOB METHIIMPOBAHUSA U3 pa3HbIX OCTpoBKOB Cp(G cpenu pasHbIX MAalLMEHTOB
Oynmer 0003HAYATHCST 3HAYEHUSIMH BBICOTHI B JICHAPOrpaMMe KiacTepusauud. B sToMm mpumepe
BBICOTY PacCUUTHIBAIN B COOTBETCTBUHU C €BKJIMIOBBIMH pacCTOSHUsIMU. B onHOM BapuaHte
OCYIIECTBJICHUS, MOKHO HCIIOJIb30BaTh MOpOoroBoe 3HadeHue 100 mo BbICOTE, YTOOBI paccedb
JepeBO KJIACTEpU3aLMU Ha JIBE TPYIIIbI, YTO MO3BOJIsIeT AuddepeHunposars 00pasibl MIaleHThI
u siefikormrapHoro cios ¢ 100% 4yBCTBHTENBHOCTBIO U crieinUUHOCTEIO. B npyrux BapuanTtax
OCYILECTBJIEHUS, MOKHO HMCIOJIb30BaTh APYrue MOPOroBble 3HAUEHHUS BbICOTHI, BKJIIOUYAOILINE B
cebs1, HO He orpanuuuBaromuecs 50, 60, 70, 80, 90, 120, 130, 140, 150 u T.a. Dur. 133
npoaeMoHcTpuposana, uto 10 obpasuos JHK mmanents: u 10 obpasuos AHK nefikonnrapraoro
cJosi OBIIM YETKO CrPYIITUPOBAHBI PA3feNIbHO B JIBE€ TPYMIBI C HCIOJIb30BAHHEM Mpoduieit
MeTUINpOoBaHusl OCTpoBKOB Cp@G, omnpeneneHHbIX € MOMOINBIO CEKBEHHUPOBAHUS OTAEIbHOM
MOJIEKYJIBI B PealibHOM BpeMeHu ¢ 00paboTkoi Mspl cornacHo JaHHOMY U300PETEHHUIO.

V. CIHOCOBbI OBYYEHHUA U OBHAPYKEHUA

B »ToM pasnene nmokazaHbl MPUMEPHI CIOCOOOB OOYHYEeHHsT MOJIETH MAIIMHHOTO O0y4YeHUs
U1l OOHApYKeHHsI MOAN(DUKALINY OCHOBAHUS M UCTIOJIB30BAHUS MOZAEIH MALIMHHOTO OOyYeHHs
Uit OOHApYKeHUsT MOAU(DUKAIIIN OCHOBAHHSI.

A. Obyuenue mooenu

@ur. 102 geMOHCTpUPYET WILTOCTPATUBHBINA criocod 1020 obHapykeHuss MOIU(pUKALIIH
HYKJICOTH/Ia B MOJIEKYJIe HYKJIEMHOBOU KHUCIOTHL MumoctparuBHbiii crocod 1020 moxker ObITh
criocoboMm oOydeHuss monenu aisi oOHapyxkeHus wmoaudukanuu. Moaudpukanus MOKET
BKJIFOYAaTh B ce0s MeTHIMpoBaHHE. MeETWIMPOBaHHE MOXKET BKIIOUaTh B cebs  Jrodoe

MCTUJIMPOBAHUEC, ONMMCAHHOC B JAHHOM JOKYMCHTC. MOI[I/I(I)I/IKaLII/Iﬂ MOXKET UMETb JUCKPETHLBIC
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COCTOsIHUS, TAKHE KaK METWIMPOBAHO U HEMETWINPOBAHO, U MOTEHLMAIBHO ONpPENeNsTh THII
METHJIUPOBaHUA. TakuM o0pa3oM, y HYKJIEOTHAA MOXET ObIThb OOJbIEe YeM IBa COCTOSTHHS
(rpynn knaccuukanuii).

[0056] Ha srane 1022 mpuHUMaeTcss MHOXKECTBO MEPBbIX CTPYKTYpP JaHHBIX. B nanHOM
JOKYMEHTE OMHUCAHBI PA3JIMYHbIE TPUMEPBI CTPYKTYP AaHHBIX, Hanpumep, Ha Pur. 4-16. Kaxnas
U3 TEpPBBIX CTPYKTYP JMAaHHBIX @E€PBOrO MHOXECTBA IEPBbIX CTPYKTYP [HJAHHBIX MOXET
COOTHOCHUTCA  C  COOTBETCTBYIOIIMM  OKHOM  HYKJIEOTHAOB,  CEKBEHUPOBAHHBIX B
COOTBETCTBYIOIIIEH MOJIEKYyJl€ HYKJIEMHOBON KUCJIOTBI W3 MHOXKECTBA MEPBBIX MOJIEKYJI
HYKJIEMHOBON KHUCJIOTHL Kaknoe OKHO, CBSI3aHHOE C MEPBbIM MHOXKECTBOM CTPYKTYDP HAaHHBIX,
MOKET BKJIIOUaThb B cebsd 4 wnm Oojbliee KOJUYECTBO IOCJIEAOBATENBHBIX HYKJICOTHIIOB,
BKrowass 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 wumu Oosblue
MOCJIeIOBATENbHBIX HYKJIEOTHA0B. Kaxaoe OKHO MOXET HMETh OJUHAKOBOE KOJUYECTBO
MOCJIEZI0BAaTENbHbIX HYKJIEOTHA0B. OKHA MOTYT IEepeKpbIBaThCs Apyr ¢ ApyroM. Kaxknoe okHO
MOJKET BKJIOYAaTh B Ce0s HYKJICOTHIObl W3 NEPBOM LENH MEePBOH MOJIEKYJbl HYKIEHHOBOM
KHCJIOTBI U HYKJIEOTHABI U3 BTOPOM LIENM MEPBOH MOJIEKYJIbl HYKJIEHHOBOM KHUCJOTHL Ilepsas
CTPYKTYpa JAHHBIX MOXKET TaK)K€ BKJIOUATh B ceOs IS KAXKIOTO HYKJIEOTHAA B MpenesaX OKHa
3HaueHne cBoicTBa menu. CBOWCTBO LIEMM MOXKET YKa3blBaTh HA HAJIWYHME HYKJIEOTHHA, JIUOO
nepBoii 1eny, 00 BTopoil nenmu. OKHO MOXKET BKJIIOUATh B ceOsl HYKJIEOTHUIBI BO BTOPOH LIETH,
KOTOPBIE HE KOMIIJIEMEHTAPHBI HYKJIEOTHy B COOTBETCTBYIOILEHW MO3ULUU B NEepBO wenu. B
HEKOTOPBIX BAPUAHTAX OCYLIECTBJEHUS, BCE HYKJIEOTHABI BO BTOPOW LENMH KOMILIEMEHTAPHBI
HYKJIEOTHaM B MEpBOM LenHu. B HEKOTOPBIX BapuaHTaX OCYIIECTBJIEHUS, KAKI0€ OKHO MOXKET
BKJIFOYAaTh B ce0s HYKJIEOTHUABI TOJBKO W3 OJHOW LEMH IMEePBOH MOJIEKYJbl HYKJIEHHOBOM
KHCJIOTBL

ITepBast MoJsieKyna HYKJIEHMHOBOHW KHCIOTBI MOKET OBITH KOJblLeBOW Mosekyioi JIHK.
Konpresass monekyna JJHK moxxeT ObITh OOpasoBaHa MyTeM pa3pe3aHus IBYXIENOYEUHON
monekyisl JIHK ¢ wucronb3oBanmem komruiekca Cas9 pnst popMuUpOBaHHS pa3pe3aHHON
naByxuenouedHoi mosekyisl JJHK. Ananrep B BUAe INUIBKH MOXET OBbITh JIMTUPOBAH K KOHILY
pa3pe3anHoii apyxuernodeuHoit mosekynsl JIHK. B BapuanTax ocymiectBieHusi, ob6a KOHIA
aByxuernoueyHol mousekyael JIHK moryr ObiTe paspe3anbl u surupoBanbl. Hampumep,
paspesanue, JUTMPOBAHUE U MOCJIEAYIOIIUI aHAIN3 MOTYT BBINOJIHATHCS, KaK ONMUCAHO Ha Pur.
91.

ITepBoe MHOKECTBO MEPBBIX CTPYKTYP HOAHHBIX MOXKET BKJIOYaTh B ceds oT 5000 mo
10000, ot 10000 mo 50000, or 50000 no 100000, ot 100000 no 200000, or 200000 mo 500000,
ot 500000 mo 1000000, mau 1000000, unu OoJbplne MEPBBIX CTPYKTYP AAHHBIX. MHOXKECTBO

MEPBBIX MOJIEKYJ HYKJIEMHOBOM KHUCJIOTBI MOXKET BKJIKOUaTh o MeHbuied mepe 1000, 10000,
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50000, 100000, 500000, 1000000, 5000000 umu OoJibIe MOJEKYJ HYKJIEHMHOBOW KHCJIOTHL B
Ka4eCTBE JOTIOJIHUTENIbHOTO MPUMEpPa MOXKET OBITh CreHepUpOBaHO MO MeHbledl mepe 10000,
50000, 100000, uau 500000, unu 1000000, unu 5000000 npouTeHUi NOCIEA0BATEIBHOCTH.

Kaxnyro M3 mepBbIX MOJIEKYJ HYKJIEHMHOBOW KHUCIIOTHI CEKBEHHUPYIOT NMYTEM H3MEPEHUs
UMIYJIbCOB B CHTHAJIE, COOTBETCTBYIOIIEM HykyeoTHaaM. CHrHal MOXET OBITh CHTHAJIOM
¢bryopecueHIH UJn ONTUYECKUM CUTHAJIOM Apyroro TUIA (Hammpumep,
XEeMHJIFOMUHECLEHTHBIM, (poToMeTpuueckum). CHrHaJl MOXKET BO3HHKATh H3-32 HYKJICOTHIIOB
WUJIN METOK, CBSI3aHHBIX C HYKJIEOTUAMU.

Monudukaiusi IMEeT H3BECTHOE IEPBOE COCTOSIHUE AJIST HYKJIEOTHIA B LIEJIEBOH MO3UINU
B KaXX/IOM OKHE KaXXZIOW MEPBOH MOJIEKYJIbl HYKJIEMHOBOUM KUCJIOTHL lIepBoe cocTosiHue MOXKET
3aKJIFOYATBCS B TOM, YTO MOJIU(UKALUS OTCYTCTBYET HA HYKJICOTHIE HJIU MOXKET COCTOSITH B
TOM, YTO MOAM(DUKALUS MPHUCYTCTBYET Ha HykJIeoTuae. MoxeT ObITb HW3BECTHO, 4TO
MOIU(UKALMS OTCYTCTBYET B MEPBBIX MOJIEKYJIaX HYKJIEHHOBON KHCJIOTBI, WM TEpPBbIe
MOJIEKYJIbl HYKJIEMHOBOW KHCIIOT MOTYT TOJBEPraTrbCsi Takol oO0paboTke, mpu KOTOPOW
MOZU(UKALIS OTCYTCTBYET. MOXKeT OBITh M3BECTHO, YTO MOAN(UKALINS IPUCYTCTBYET B MEPBBIX
MOJIEKYJIAX HYKJIEHMHOBOW KHCJIOTBI, WJIM IEPBbIE MOJIEKYJIbl HYKJIEHMHOBOM KHUCJIOT MOTYT
MOJBEPraThbcss Tako oOpaboTke, Mpu KOTOpol Momudukanus mpucyrcTByeT. Ecim mepsoe
COCTOSIHME 3aKJIFOYaeTCsi B TOM, 4YTO MOAM(HKALNS OTCYTCTBYET, MOIU(HUKALMS MOXKET
OTCYTCTBOBATb B Ka)KJIOM OKHE Ka’K[OW MEPBON MOJIEKYJIbI HYKJIIEMHOBOU KHUCJIOTBI, & HE TOJIBKO
B LIEJIEBOM MO3ULIMU. M3BECTHBIE MEpBbIEe COCTOSHHSI MOTYT BKIIFOYATh B ceOsl METHIMPOBAHHOE
COCTOsIHHE JIsl TIEPBOM 4aCTH MEPBBIX CTPYKTYP AAHHBIX U HEMETUIUPOBAHHOE COCTOSIHHUE IJIS
BTOPOI 4acTH MePBbIX CTPYKTYP AaHHBIX.

IleneBass mo3uuMst MOKET OBITH ILIEHTPOM COOTBETCTBYIOLIEro OKHa. /Jlins OkHa,
OXBATBIBAIOLIETO YETHOE YUCIIO HYKJIEOTHUIOB, LENEBOH MO3UIMEH MOXKET OBITh TO3ULIUS Cpa3y
BBILIE WJIM CPa3y HUXKE LEHTpPa OKHA. B HEKOTOPBIX BapuaHTax OCYLIECTBJECHUs, LeleBas
NO3UIHSA MOXKET OBITh B JIFOOOH IPyroil MO3MLIMK COOTBETCTBYIOLIETO OKHA, BKJFOUAs MEPBYIO
MO3ULIMIO UK MOCJIEIHIOK no3uuuio. Hanpumep, ecian OKHO OXBATBIBAET N HYKJIEOTHOB OAHOU
1enu ot 1-of mo3uuu A0 n-oi no3umnuu (Judo BhIMIE, JTHOO HIDKE), IeNieBasi MO3HIUH MOKET
HAXOAWTHCS B JIFOOOU MO3ULIMHU OT 1-0 10 n-O¥ MO3UIHH.

[0057] Kaxnmast mepBast CTPYKTypa HOaHHBIX BKIOYAaeT B ce0sl 3HAYEHHsI CBOWCTB B
npenenax okaa. CBoicTBa MOTYT OBITH MPENCTABJICHBI JJISI KaKIAOTO HYKJIEOTHAA B Mpeaenax
okHa. CBOWCTBa MOTYT BKJIIOWAaTh B CE€Os THUN HYKJIEOTHAA. THUN MOXET BKIKOYATh B cels
ocHoBanue (Harpumep, A, T, C unu G). CBoiicTBa MOTYT Tak:Ke BKJIHOYATh B CeOsl MO3HIIUIO
HYKJIEOTHA 110 OTHOLIEHHIO K MO3ULUHU LEIU B COOTBETCTBYIOIIEM OkHe. Hampumep, nosunus

MOKET MNPEACTABIIATD coboii HYKJIICOTUAHOC PACCTOAHUE OTHOCUTCIIBHO 1I€JIeBOI  TTO3UIIHHU.
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ITozurust MoskeT ObITh +1, KOTAa HYKJIEOTHA HAXOOUTCS HAa PACCTOSTHUH OJHOTO HYKJIEOTHZAA OT
LIEJIEBOM TIO3MLIMU B OIHOM HANpPAaBJICHUH, W TO3UIHMA MOXKET ObITh -1, KOrja HYKJICOTHI
HaxXOJUTCA Ha PACCTOSTHUM OAHOTO HYKJIEOTHAA OT LEJEBOH MO3ULMHU B MPOTHUBOIMOJIONKHOM
HaIPaBJICHUH.

[0058] CsoiicTBa MOTYT BKJOYAaThb B Ce0s IIMPUHY HMIYJIbCA, COOTBETCTBYIOMIETO
Hykineotuay. IllupuHa wuMMyiabca MOXKET NPEACTABISATH COOOM IIMPUHY HUMIIYJbCA,
COCTaBJIIOLIYI0 MOJIOBUHY MaKCUMaJbHOIO 3HaueHus wumnyibca. C(CBolicTBa MOTyT
JOTIOJIHUTENIPHO BKJIIFOYATh B ceOs MeXUMIyNbCHbIA nepuon (MUII), npencraBiustommii Bpemst
MEXAY HMIYJbCOM, COOTBETCTBYIOIIUM HYKJIEOTHIY, W HMIYJIbCOM, COOTBETCTBYHOLIUM
COCEAHEMY HYKJICOTHAY. MEXUMIYJIbCHBIA MEPUO MOXKET MPENCTABIATh COOOH BpeMsl MEXKIY
MAKCUMAaJIbHbIM 3HA4€HUEM HWMIIyJbCa, CBSI3aHHOIO C HYKJIEOTHAOM, M MAaKCHUMAaJlbHBbIM
3HAUYE€HHEM MMIIYJIbCa, CBSI3aHHOIO C COCEAHUM HykyieoTuaoM. CoceqHHil HYKJIEOTHA MOKET
NpeAcTaBisTh coO0i mpuieraromuii Hyksneotnn. CBOMCTBA MOTYT TakKe BKJIOYATH B CeOs
BBICOTY MMIIYJIbCa, COOTBETCTBYIOLIErO KakJIOMy HYKJIEOTHIy B Ipeneiax okHa. CBoiicTBa
MOTYT JOTIOJHUTEIBHO BKJFOUATh B ce0s1 3HAUEHHE CBOWCTBA LIETH, KOTOPOE YKa3bIBA€T Ha TO,
MPUCYTCTBYET JIM HYKJIEOTHJ B MEPBOM MM BTOPOM LENU MEPBOM MOJEKYJbl HYKJICHHOBOU
kucinoTel. O003HaUEHHE e MOKET ObITh aHAJIOTHYHO MaTpHLle, MOKa3aHHOH Ha Pur. 6.

Kaxnast cTpykTypa JaHHBIX W3 MHOXECTBA MEPBBIX CTPYKTYP AAHHBIX MOKET MCKJIKYaTh
MEepBbIE MOJIEKYJIbl HYKJIeMHOBOM KucioTsl ¢ MUII nnn mmupuHON HUKE MOPOroBOrO 3HAYEHUS.
Hanpumep, Moryt ObITh HCIOJB30BAHBI TOJBKO MEPBBIE MOJEKYJBl HYKIEHHOBOH KHCIOTBI CO
3HaueHneM MUII, npesbrimaromum 10-i nporertuns (wm 1-#, 5-i, 15-i, 20-#, 30-#, 40-i, 50-
i, 60-i1, 70-#, 80-i1, 90-i wnm 95-i npoueHTIb). [IpOoNIeHTHITE MOKET OBITh OCHOBAH Ha NAHHBIX
[0 BCEM MOJIEKYJIaM HYKJIEHHOBOM KHCJOTHI B STAJIOHHOM O0paslie WJIM 3TAJOHHBIX 00pasuax.
Iloporosoe 3Hau€HHE IUPUHBI TAKXKE MOKET COOTBETCTBOBATH MPOLICHTHIIIO.

Ha stane 1024 coxpaHsieTcss MHOXECTBO MEPBBIX 00yJarommx BeiOOpok. Kaknas nepsas
oOyyaromasi BBIOOpKa BKJIIOUAET B ce0s1 OIHY M3 NIEPBOTO MHOJKECTBA MEPBBIX CTPYKTYP NaHHBIX
U TIEPBYI0 METKY, 0003HAYAIOLIYIO MEPBOE COCTOSHHE MOAM(PHKALNN HYKJICOTHIA B LIEIEBOM
MO3ULINH.

Ha stane 1026 npuHuMaeTcss BTOpO€ MHOKECTBO BTOPBIX CTPYKTYp AaHHBIX. Jtam 1026
MOKeT ObITh HeoOsi3aTenbHbIM. Kakmas U3 BTOPBIX CTPYKTYP AAHHBIX BTOPOTO MHOMKECTBA
BTOPBIX CTPYKTYP JHAaHHBIX COOTHOCHUTCSI C COOTBETCTBYHOLUIUM OKHOM HYKJIEOTHAOB,
CEKBEHUPOBAHHBIX B COOTBETCTBYIOIIEH MOJIEKyJ€ HYKJIEHMHOBOW KHCJIOTBI HU3 MHOXKECTBA
BTOPBIX MOJIEKYJI HYKJIEHHOBOW KUCJIOTBL. BTOpO€ MHOXKECTBO MOJIEKYJI HYKJIEUHOBOH KHCJIOTBI
MOKET OBITb TaKUM K€ WM OTJIMYaTbCS OT MHOXKECTBA MNEPBBIX MOJIEKYJ HYKJIEHHOBOM

KUCJIOTBI. MOI[I/I(l)I/IKaLII/IH HMECT U3BCCTHOEC BTOPOE COCTOAHHUE HYKJICOTHAA B LIeHeBOfI MO3UITHNH
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B K&KIOM OKHE KaXKAOH M3 BTOPBIX MOJIEKYJ HYKIEHMHOBOH KHCIOTBL. BTopoe cocrosiHue
OTJIMYAeTCs OT MEPBOro cocrosiHus. Hampumep, ecny mepBoe COCTOSHHE - 3TO TO, YTO
Mou(pUKALs MPUCYTCTBYET, TO BTOPOE COCTOSIHUE - TO, UYTO MOAU(UKALUS OTCYTCTBYET, U
HaoOopoT. Kaknast U3 BTOPBIX CTPYKTYP JAHHBIX BKJIIOYAET B ceOs 3HAYCHHS TeX e CBOMNCTB,
YTO M MEPBOE MHOYKECTBO MEPBBIX CTPYKTYP JAAHHBIX.

[0059] MHOkeCTBO MepBBIX OOYHAIOIUX BBIOOPOK MOKET OBbITh CreHepHUPOBAHO C
UCTIOJIb30BAHUEM aMIUTU(HUKAIIN MHOXKECTBEHHOro BbiTecHeHUs (MDA). B HekoTopbIxX
BAPMAHTAX OCYIIECTBJICHUS, MHOXKECTBO TEPBBIX OOyYarOIIUX BBIOOPOK MOXKET ObITh
CT€HEPUPOBAHO IMyTEM aMILIU(PHKALNY EPBOTO MHOKECTBA MOJIEKYJ HYKIEHHOBOW KHCIIOTHI C
UCITIOJIb30BaHNEM Habopa HykjeoTunoB. Habop HyKI€OTHIOB MOXET BKIIIOYATh B CeOsl TIEPBBIi
TUI METHJIUPOBaHMA (Hanpumep, 6mA wmu modoe npyroe merunuposanue [Hanpumep, CpGl) B
OTIPEZICICHHOM COOTHOIICHUU. YKa3aHHOE COOTHOIIEHHE MOXKET BKJI4YaTh B cebst 1:10, 1:100,
1:1000, 1:10000, 1:100000, wmm 1:1000000 1O OTHOUIEHHIO K HEMETHWJIHNPOBAHHBIM
HYKJIEOTHAaM. MHOKECTBO BTOPBIX MOJIEKYJl HYKJIEHMHOBOH KHCJIOTBI MOXET OBITh MOJYYEHO C
UCTIOJIb30BAHUEM aMIUTN(UKALIM MHOXKECTBEHHOTO BBITECHEHHS C HEMETHJINPOBAHHBIMHU
HYKJICOTHAAMHU TIEPBOTO TUTIA.

Ha stame 1028 coxpaHsieTcsi MHOXKECTBO BTOpPBIX OOydaromux BbiOOpok. Jtam 1028
MOkeT ObITh HeoOsi3aTenpbHbIM. Kasknasi U3 BTOPBIX OOYYarOIMX BBIOOPOK BKIJIIOUAET B Cels
OIIHY M3 BTOPOTO MHOXECTBA BTOPBIX CTPYKTYP HOAHHBIX M BTOPYIO METKY, OOO3HAYAIOLIYIO
BTOPOE COCTOSIHUE JJIsI MOIN(UKALINY HYKJICOTH/IA B LIEJIEBOH IMO3ULIIHL.

Ha srane 1029 monens 00y4ar0T ¢ HMCIOJB30BAHUEM MHOXKECTBA MEPBBIX OOYYAIOIINX
BBIOOPOK M, HEOOA3aTENbHO, MHOYKECTBA BTOPBIX 00y4aromux BEIOOPOK. OOyueHHe BBITOIHSIOT
NyTeM ONTUMH3AIMU MAapaMeTPOB MOJAEIM HAa OCHOBE BBIXOAHBIX JAHHBIX MOZEIH,
COBMAJAMOIUX HJIM HE COBNANAIOIIUX C COOTBETCTBYIOIIMMU METKAMU W3 TEPBbIX METOK H,
HEeoOs13aTeNIbHO, BTOPBIX METOK, KOIZa MEPBO€ MHOXECTBO NEPBbIX CTPYKTYpP HAHHBIX H,
HEeoO0s13aTeNIbHO, BTOPOE€ MHOJKECTBO BTOPBIX CTPYKTYP AAHHBIX SIBJSIETCS BXOIHBIMU JTAHHBIMH
IUIl MOZAENH. BeIXOaHBIE HaHHBIE MOAENTH YKa3bIBAOT HA TO, MMEET JIM HYKJIEOTHJ B LIEIEBOM
MO3WIMU B COOTBETCTBYIOINEM OKHe Momudukammo. Crnocod MOKET BKIHOYATh B CE0sl TOJIBKO
MHOJKECTBO TEPBBIX OOYYAIOIINX BBIOOPOK, TOCKOJIBKY MOJENb MOXKET HIASHTH(QULHUPOBATH
BbIOPOC Kak COCTOSIHME, OTJIMYHOE OT TMEePBOr0 COCTOSIHUS. Monenb MOXKeT ObITh
CTaTUCTHYECKOH MOJIENBIO, TAKXKe HA3bIBAEMOM MOJIENIbI0 MAIIUHHOTO OOYYEeHHUSI.

[0060] B HexoTOpBIX BapuaHTax OCYIIECTBJICHUs, BBIXOAHbIE NaHHbIE MOJENH MOTYT
BKJIFOYATh B C€0sl BEPOSITHOCTh HAXOXKACHHUS B KAKAOM M3 MHOKECTBA COCTOSIHUH. 3a COCTOsSIHNE
MOJKET OBITh IPUHSITO COCTOSIHUE ¢ HAMOOJIbIIEH BEPOSITHOCTHIO.

Mopens MoskeT BKIO4YaTh B cedsi cBepTouHyro Heliponnyro cetb (CHC). CHC mosker
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BKJIFOYaTh B ceOs HAOOp CBEPTOUHBIX (PHIIBTPOB, CKOH(PHUIYPHPOBAHHBIX M (PHIIBTPALIUH
NEPBOTO MHOXKECTBA CTPYKTYpP MAAHHBIX M, HEOOsA3aTeIbHO, BTOPOrO MHOXKECTBA CTPYKTYP
HaHHbIX. DUIBTP MOXET ObITh JTIOOBIM (PHIBTPOM, OIMHCAHHBIM B JaHHOM JOKYMEHTE.
KonudecTBo GuIBTPOB it Kaxa0ro cyiost Moxer ObTh OT 10 1o 20, ot 20 mo 30, ot 30 no 40,
ot 40 go 50, ot 50 o 60, ot 60 no 70, ot 70 mo 80, ot 80 g0 90, ot 90 o 100, ot 100 mo 150, oT
150 mo 200 wnu Gonbine. Pasmep siapa muist GUIBTPOB MOKET COCTaBNATh 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, ot 15 mo 20, ot 20 o 30, ot 30 mo 40, unu 6osabine. CHC mMokeT BKIHOYATH B
ceOs BXOAHOH CIOH, CKOH(UTYPUPOBAHHBIA U1 MpHeMa OTQHIBTPOBAHHOTO IIEPBOTO
MHOJKECTBA CTPYKTYP AAHHBIX M, HE0Os3aTeNIbHO, OT(UIBTPOBAHHOIO BTOPOTO MHOMKECTBA
crpykryp maHHbix. CHC Takke MOXeT BKIOYATh B Ce0s MHOMKECTBO CKPBITBIX CJIOEB,
BKJIFOYAIOLITNX B C€0s1 MHOKECTBO y3J10B. [IepBrIii CIOH M3 MHOJKECTBA CKPBITBIX CJIOEB CBSI3aH C
BxoaHbIM ciioeM. CHC MoskeT ITOMOJMHHUTENbHO BKJIKOYATh B ceOsi BBIXOIHON CJIOM, CBSI3aHHBIN C
MOCIIEIHUM CJIOEM M3 MHOJKECTBA CKPBITBIX CJIOEB M CKOH(UIYPUPOBAHHBIH AJIST BBIBOAA
BBIXOJTHOW CTPYKTYPbI JAHHBIX. BBIBOAMMAS CTPYKTYpa JaHHBIX MOXET COJEPKATh CBOMCTRA.
Mopnenb MokeT BKIOUYATh B cebst Monenb o0ydeHus ¢ yuuteneM. Monenu oOyueHus ¢
YUUTENIEM MOTYT BKJFOUATh B CeOsl Pa3IMYHbIC MOAXOMAbI U alTOPUTMBI, BKIIFOYAIOLINE B CeOs
aHamUTHYeCKOoe OOy4YeHHe, HCKYCCTBEHHYIO HEHpPOHHYIO CeTh, OOpaTHOE pacmpOCTpPaHEHUE,
ycunerne (OycTuHT) (MeTa-anroputM), 0alieCOBCKYIO CTATUCTHKY, (POPMHUPOBAHHE PACCYKIESHHH
o TpereneHTaM, oOyueHne AepeBa peLeHHd, HHAYKTUBHOE JIOTUYECKOe MMPOrpaMMHPOBAHUE,
perpeccur0 Ha OCHOBE TayCCOBCKHX IPOLIECCOB, T'€HETHUECKOE MPOrpaMMHUPOBAHUE, CIIOCOO
TPYIIIOBOTO Y4€Ta apryMEHTOB, SAEPHBbIC OIEHKH, OOy4aroIlMecss aBTOMAThI, OOYYaroIIHecs
CHCTEMBl KJIaCCU(UKALNK, MHUHHMAJBHYIO JUIMHY COOOIIEHus (hepeBbsl pemeHuil, rpadwl
peleHnii U T.JI.), MHOTOJIMHEHHOE MOANPOCTPAHCTBEHHOE OOyuUeHHe, HaMBHBIH OaileCOBCKHIA
KJIaccupuKaTop, KiIacCU(PUKATOP MAKCHUMAJIbHOH 3HTPOIUH, VYCIOBHOE Ciy4daiiHOe TIoJe,
ANITOPUTM  ONMKANIIEro COCena, BEPOSTHOCTHO-KOPPEKTHOE B CMBICIE ANMPOKCHMALIIH
obyuenne (PAC), mnpaBuna mnpuoOpeTeHUs 3HAHWM HAa OCHOBE TEKYIIEro KOHTEKCTa,
METOJOJIOTHIO  TMOJIYYeHHsI 3HAHWH, CHMBOJIbHBIE QITOPHUTMbl  MAIIMHHOTO  OOyuYeHwUs,
CyOCHMBOJIBHBIE aJTOPUTMbl MAIIWHHOTO OOYYEeHHs, MAIIWHY OINOPHBIX BEKTOPOB, MAIIHMHBI
MUHUMaIBHOH cioxHOCcTH (MCM), KiaccupukaTopel HA OCHOBE KOMHUTETA J1€PEBbEB NPUHSTHS
peleHnii, aHcaMONu KJIACCU(PHUKATOPOB, TMOPSIKOBYIO KIACCH(PHUKALMIO, MPEIBAPUTENbHYIO
00paboTky naHHBIX, 00pabOTKy HecOaJaHCHPOBAHHBIX HAOOPOB MAHHBIX, CTATHCTUYECKOE
pensiuonHoe oOyuenne, win Proaftn, anropurM kiaccupukaruy Mo MHOXKECTBY NPH3HAKOB.
Mopnenb MOXET MNPEenCcTaBJIATE COOOW JIMHEHHYI0 PErpeccHro, JIOTHCTHYECKYIO PErpeccHIo,
rIyOOKyI0 pPEKYPPEHTHYIO HEHPOHHYI CeTh (HalpuMep, IOJras-KpaTKOCPOYHAsl MaMsTh,

LSTM), OaitecoBckuii kmaccudurarop, ckpeityto Moxens Mapkosa (HMM), nuHeiHbIH
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aucKpuMuHaHTHBIA aHami3 (LDA), kmactepuzanmio Kk-cpemHHX, TUIOTHOCTHBIH aJTrOPUTM
KJIACTEPU3aLNUN TMPOCTPAHCTBEHHBIX AaHHbIX ¢ mpucyrcTBueM myma (DBSCAN), anropurm
CJIyYafHOTO Jieca U MAIIMHY OMOPHBIX BEKTOPOB (SVM), min m00yro, OMHUCAaHHYIO B AaHHOM
TOKYMEHTE.

B pamkax oOydeHus Monenyu MaIlMHHOTO OOy4YEHHs, MapameTpbl MOJENN MAIIWHHOTO
oOyueHns (Takue Kak Beca, MOPOTOBBIC 3HAUYCHUS, HAIIPUMEDP, KOTOPbIE MOTYT HUCIOJIBb30BATHCS
i PyHKUIUH aKTUBALMU B HEMPOHHBIX CETAX U T.J.) MOTYT OBITh ONTHMU3HPOBAHBI HA OCHOBE
obydaromux BbIOOpPOK (oOywarommero Habopa), 4TOObI OOECNeYUTh ONTUMAJBHYK) TOYHOCTH
KiIaccupukanuy MoAU(UKALMN HYKJICOTHIA B LENeBOW MO3MUUH. MOTryT ObITh BBITIOJHEHBI
pasnu4Hble (OPMBI ONTHUMH3ALMK, HAMpuMep, OOpaTHOE paclpoCTpaHEHHE, MHHHUMHU3ALHS
SMIUPUYECKOTO PHCKa ¥ MHUHUMH3ALMs CTPYKTYpHOro pucka. Habop oOpas3uos mist mpoBepku
(CTpykTypa MaHHBIX W MeETKa) MOXKET HCIIOJb30BAThCA JUIsI MPOBEPKU TOYHOCTH MOIEIH.
IlepekpecTHass TpoOBEpPKa MOXKET BBIMOJHATECS C HCHOJB30BAHUEM PA3JMUYHBIX YacTed
obydaromero Habopa st oOydeHHMss W TIPOBEPKU. MOJIENnb MOXKET COIEepPKaTh MHOMKECTBO
cyOMoneneii, TeM camMbIM IpenocTaBisisi aHcambOieByro Moznenb. CydMoznenu MoryT ObITh Oojiee
cnabbIMH MOJAETSIMH, KOTOpPbIE MOCie OOBEOMHEHUS AT Oo0Jiee TOYHYI0 OKOHYATEJbHYIO
MOJIENb.

B HEKOTOpBIX BapHaHTaxX OCYLIECTBJICHUS, U MMPOBEPKU MOAETH MOKHO HCHOJb30BATh
XUMEpHbIE WJIN THOPUIHBIE MOJIEKYJIbl HYKJIEHMHOBOH KHCIOTHL. 1o MeHbInell Mepe, HEKOTOphIe
U3 MHOJKECTBAa IEPBBIX MOJIEKYJl HYKJIEHMHOBON KHCJIOTBI KaXk[aasi COAEp:KaT IMEePBYIO YacTh,
COOTBETCTBYIOIIYIO  MNEPBOH  STAJOHHOH  TOCJNEAOBATENLHOCTH, M BTOPYK  HacTh,
COOTBETCTBYIOLYKO ~ BTOPOM  OJTAJOHHOW  mocjedoBaTeNbHOCTH.  llepBas  3TanoHHas
MOCIIEIOBATEIbHOCTh MOXKET MPOUCXOAUTh W3 JPYrod XpPOMOCOMBI, TKaHH (Hampumep,
OTYyXOJIEBOW WJIM HEOMyXOJIEBOW), OpraHM3Ma WM BHIA, B OTJIMYHE OT BTOPOW STAJOHHOM
nocnenoBareabHOCTH. [lepBasi STajoOHHAsk MOCIENOBATENBHOCTh MOXKET ObITh YEJIOBEYECKOH, a
BTOpasi STAJIOHHAS TOCJIEAOBATENIbHOCTh MOXKET ObITh W3 Jpyroro >xuBoTHoro. Kaknas
XUMEpPHass MOJIEKyJla HYKJIEMHOBOH KHCJOTBI ~MOXET COIepXaTb IMEePBYI0  YacTh,
COOTBETCTBYIOIIYIO  MNEPBOH  STAJOHHOH  TOCJNEAOBATENLHOCTH, M BTOPYK  HacTh,
COOTBETCTBYIOLIYIO BTOPOH STAJIOHHOH MOCHeNOBaTeNbHOCTH. IlepBas 4acTb MOXKET HMETh
NEepBbI TMATTePH METUIMPOBAHMS, a BTOpas YacTb MOXKET HMETb BTOPOH MaTTepH
metunupoBanus. IlepBas yacts MokeT ObITh 0OpaboTaHa MeTmnazoi. Bropas yacTe MokeT ObITH
He oOpaboTaHa MeTWJIa30H M MOMKET COOTBETCTBOBATH HEMETHUJIMPOBAHHOW YacTH BTOPOM
STAJIOHHOH MOCJIEOBATEbHOCTH.

B. Obnapycenue mooughurayuii

@ur. 103 nemoncTpupyer criocod 1030 mis obHapy:xkeHUsT MOIU(PUKALUN HYKJICOTHIIA B
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MOJIEKYJIE HYKJIEWHOBOW KHUCJIOTBI. Mopanpukamus MOXKET TMPeacTaBlsaTh CcoOol olyro
MOU(HUKALIIIO, OTIMCAHHYIO C MoMotIbio criocoda 1020 va @ur. 102.

[0061] Ha stane 1032 mpuHuMaeTcsi BXOIHAs CTPYKTypa HaHHbIX. BxomHas cTpykrypa
JAHHBIX MOXET COOTBETCTBOBATb OKHY HYKJEOTHAOB, CEKBEHHPOBAHHBIX B MOJIEKYJIE
HYKJIGMHOBOHW KHCIOTBI oOpa3na. MoJiekyia HYKJIEHHOBOW KHUCIOTHI oOpa3lia MOXKeT ObIT
BCEKBEHHUPOBAHA IyTEM M3MEPEHUs HMIIYJIbCOB ONTUYECKOIO CUTrHANA, COOTBETCTBYIOLIErO
HykjeotuaaM. OKHO MOKET MPeACTaBJsITh coOoi Jroboe OKHO, ommcaHHOe B stare 1022 Ha
Qur. 102, ¥ mOCIeAOBATENLHOCTh MOXKET MPENCTaBJISITh COOOM JIFOOYIO MOCIEeNOBATENBHOCTD,
onucaHHyro B 3tane 1022 ma ®@ur. 102. BxonHas CTPyKTypa AaHHBIX MOXKET BKJIIOYATh B CeOs
3HAYEHHsI TeX JK€ CBOHCTB, KOTOpbIe onmcaHbl B dTarne 1022 Ha ®@ur. 102. Cnoco6 1030 moxer
BKJIFOYATh B Ce0sl CEKBEHHMPOBAHNE MOJIEKYJIbI HYKJIEHHOBOH KHCIOTHI 0Opasia.

Hyxkneotunel B mpenenax OKHa MOTyT ObITh WIM HE OBITb BBIPOBHEHBI C 3TAJOHHBIM
reHoMoM. HykieoTunael B mpenenax OKHA MOIYT OBITh OMNpENeNeHbl € HCIOJIb30BAHUEM
KOJIbLIEBOH KOHCeHCycHOH nocnenoBatenbHOcTH (KKII) 6e3 BrIpaBHMBaHUS CEKBEHHUPOBAHHBIX
HYKJICOTH/IOB C STAJIOHHBIM reHOMOM. HyKJIeoTHIbI B KaXKIOM OKHE MOKHO HIEHTH()ULIMPOBATH
¢ nomowbo KKII, BMECTO BbIpaBHUBAaHMS C 3TAJIOHHBIM I'€HOMOM. B HEKOTOpBIX BapuaHTax
OCYINECTBJICHUs, OKHO MoskeT Obitb ompeneneHo ©0e3 KKII wu 0e3 BbIpaBHHBaHHS
CEKBEHUPOBAHHBIX HYKJIEOTUIOB C 3TAJIOHHBIM F€HOMOM.

Hykneotunel B mpenenax OKHAa MOTyT ObITh OOOrameHsl WM OT(UIBTPOBAHBL
Oboramerne MOXeT OCYIIECTBISATBCS ¢ MoMoIbio noaxona ¢ ydactueMm Cas9. Ilogxon Cas9
MOJKET BKJIFOYaTh B cedst paspesaHue apyxuenodedHor mojekynsl JIHK ¢ mcnosnb3oBanuem
komriekca Cas9 nmnst ¢opmupoBaHuUsl paspe3aHHON aByxuenodeuHoilt wmonekyiasl JIHK u
JUTUPOBAHME afanTepa B BUAE LIMNWIbKH K KOHLYY PAa3spe3aHHOW NBYXLENOYEYHON MOJIEKYJIbI
JHK, anamormyno @ur. 91. @uabTpamuss MOXKET OCYUIECTBJISITBCS MyTeM OTOopa
nByxuenodeunsix mosiekyn JIHK, umeronmux pasMep B mnpenenax auana3OHa pasMepoB.
HykneoTunsl MOTYyT NMPOMCXOAMTb M3 3TUX IByxuUenodeuHblx Mojekyn JHK. Moryr ObITh
UCTIOJIB30BAHBl JIPYTHe CIOCOOBI, KOTOPBIE COXPAHSIIOT CTAaTyC METHJIUPOBAHHUS MOJEKYJI
(HampuMep, METHII-CBSI3bIBAIOIINE OSITKHU).

Ha srane 1034 BXODHYIO CTPYKTYpPYy IOAHHBIX BBOAAT B MOAeNb. Monenb MOKET OBbITh
obydeHa ¢ moMoIbio cocoda 1020 na @ur. 102.

B HekoTOpBIX BapuaHTax OCYLIECTBJICHUS, AJI1 NPOBEPKU MOJEIN MOKHO HCIOJIB30BATh
MOJIEKYJIbI XUMEPHONW HYKJIE€MHOBOM KHUCIOTHL. I1I0 MeHblLIEH mepe, HEKOTOPBIE U3 MHOXKECTBA
MEPBBbIX MOJIEKYJ HYKJIEMHOBOM KUCJIOTHI Ka)KJasl COAEPKAT MEPBYIO0 4acCTb, COOTBETCTBYIOLIYIO
NEepBON JTAJOHHOW MOCJIEAOBATENBHOCTH, W BTOPYK 4YacTb, COOTBETCTBYIOLIYIO BTOPOH

STAJIOHHOW  MOCJIEAOBATENbHOCTH, KOTOpas HE IepeceKkaeTcs C MepBOM  3TaJOHHOMN
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nocneaoBarenbHOCThI0. IlepBass 3TajOHHAs MOCIEAOBATENBHOCTb MOXKET MPOUCXOAUTH U3
APYyrol XpPOMOCOMBI, TKaHHM (HAlpHMeEp, OIYyXOJEeBOW WM HEOMyXOJIEBOH), OpraHeuIbl
(HampuMep, MUTOXOHAPHH, SApa, XJIOPOIIacTa), OpraHusMa (MJIEKOIUTAOLIETO, BHpPYCA,
OakTepuy, T.A.), WM BUZA, HEXKEIIN BTOPAsk STAJIOHHAs MOCIIENOBATENbHOCTD. IlepBas sTanonHas
MOCIIEIOBATEIBbHOCTh MOYKET OBITh YENIOBEUECKOW, a BTOpAas 3TAJIOHHAs IOCIENOBATEIBbHOCTh
MOKEeT OBITh M3 Ipyroro >KMBOTHOro. Kaxnmas XumepHash MOJEKyjla HYKJIEHHOBOH KHCIIOTBI
MOJKET COZepKaTh MEePBYI0 YacCTh, COOTBETCTBYIOLLYIO MEPBON 3TAJIOHHON MOCIE0BATENBHOCTH,
U BTOPYHK) 4acTb, COOTBETCTBYIOLIYK) BTOPOM 3TAIOHHOM MOCHeAOBaTeNnbHOCTH. llepBas yacte
MO>KET UMEeTb MepPBbIN MaTTepH METUIMPOBAHMS, & BTOPasl 4aCTb MOXKET UMETh BTOPOH MaTTepH
metrnupoBaHus. Ilepsas yacTe MoxkeT ObITh 0OpadoTana MeTninasoi. Bropas yacte MokeT ObITH
He oOpaboTaHa MeTHJIa30H W MOMKET COOTBETCTBOBATH HEMETHJIMPOBAHHOW YacTH BTOPOM
STaJIOHHOI NMOCIEeN0BATEIbHOCTH.

Ha stane 1036 ¢ moMompr0 MOAENH ONPENEISIFOT, MPUCYTCTBYET JH MOIU(UKALUS HA
HYKJIEOTH/IE B LieJIEBON MO3ULUH B IpefieNiaX OKHA B BXOJAHOH CTPYKType AaHHbIX.

BxomHast CTpyKTypa HNAHHBIX MOKET OBITb OJHOW BXOIHOW CTPYKTYpPOW NaHHBIX H3
MHO>KECTBA BXOJAHBIX CTPYKTyp JAaHHbIX. Kaxaas BXojgHas CTPYKTypa JaHHBIX MOXKET
COOTHOCUTbCA C  COOTBETCTBYIOLIMM  OKHOM  HYKJIEOTHAOB, CEKBEHHUPOBAaHHBIX B
COOTBETCTBYIOLIEH MOJIEKYJIe HYKJIEHMHOBOW KHCIOTBI 00pasla M3 MHOXKECTBA MOJIEKYJI
HYKJIEMHOBOM KHCJIOTBI 00pa3ua. MHOKECTBO MOJIEKYJI HYKJIEHMHOBOM KHCIOTBI 00pas3na MOXKeT
OBITH MOJy4eHO U3 OHoJiorndeckoro obpasua cydbekra. brojorndeckuii oOpasen MOXKeT ObITh
Tr0ObIM OMOJIOTHYECKUM 00pas3LioM, ONMHMCAaHHBIM B JaHHOM nokyMmeHTte. Cmoco® 1030 mosker
MIOBTOPATHCS ISl KAJKIAOH BXOIHOM CTPYKTYPbI NaHHBIX. CrIoco0 MOKET BKIIIOUATh B Ce0sl MpueM
MHOJKECTBA BXOAHBIX CTPYKTYpP JaHHBIX. B Mozaenb MOKET ObITh BBEIEHO MHOXKECTBO BXOIHBIX
CTPYKTYp AaHHBIX. C MOMOLIBI0 MOJENTH MOYHO OIPENENUTh MPUCYTCTBYET JIM MOAN(UKALIUS HA
HYKJIEOTH/I€ B L€JE€BOH MO3ULIMKM B COOTBETCTBYIOIIEM OKHE KaXIAOW BXOAHON CTPYKTYpbI
JAHHBIX.

Kaxxpas Monekyna HYKJIEHHOBOH KHCIOThI OOpasma M3 MHOMKECTBA  MOJIEKYJ
HYKJIEHHOBOHM KHCJIOTHI 00pa3la MOKET UMEThb pa3Mep, MPEBBIIALINI MOPOTrOBOE 3HAUEHHUE
pasmepa. Hanpumep, moporosoe 3HadeHue pazMmepa mMoxeT coctasyark 100 m.o., 200 m.o., 300
m.0., 400 m.o., 500 m.o., 600 m.o., 700 m.o., 800 mo., 900 mo., 1 T.nm.o., 2 T.mo., 3 T.0.0., 4 T.I.0.,
Stmno., 6 Tno, 7T1no.,9rno, 10 Tmo, 20 o, 30 T.mo., 40 T.n.o., 50 T.m.o., 60 T.11.0., 70
T.1.0., 80 T..0., 90 T.11.0., 100 T.11.0., 500 T.11.0., MK 1 MJIH.11.0. Hammuune noporoBoro 3Ha4eHust
pasMepa MOXKET J1aTh 0oJiee BBICOKOE 3HAUE€HHUE TNTyOHHBI CYONMpPOYTEHUH, YTO MOYKET MOBBICUTH
TOYHOCTb OOHapykeHuss Moaudukauuu. B HEKOTOPhIX BapHaHTaX OCYLIECTBIEHHS, CIOCOO

MOJKET BKJIFOUaTh B cedsi ppakiponuposanue mojiekyn JJHK no onpeneneHHbIX pa3MepoB mepen
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cekBeHupoBaHueM mosiekyn JJHK.

MHOKECTBO MOJIEKYJl HYKJIEHHOBOW KHCIOTBI OOpasma MOTYT BBIPABHHBATHCS C
MHOKECTBOM T€HOMHBIX oOjacted. Jlms kaxkmoil oOmacTh reHoMa W3 MHOXKECTBa oOjacTei
reHOMa, C OOJIaCTBhIO T'€HOMAa MOXKET OBbITb BBIPOBHEH psIi MOJIEKYJ HYKJIEHHOBOH KHCIOTBI
obpasma. KommdecTBO MOJIEKYysT HYKIEHMHOBOH KHCIOTBI oOpasma MoOKeT ObITh Ooublie
MOPOTOBOTO 3HA4YeHMs. BenuunHa MOPOrOBOrO 3HAUEHUS] MOJKET SIBISTBCA IOPOTOBBIM
3HaueHHeM riIyOuHbl cyOnpouTeHnid. BemnunHa moporoBoro 3Ha4eHus: riyOuHbI CyOnpOUYTeHUH
MoskeT cocTaBysaTh 1x, 10x, 30x, 40x, 50x, 60x, 70x, 80x, 900x, 100x, 200x, 300x, 400%, 500x,
600x, 700x wnn 800x. [lns yiydmIeHUss Wi ONTHMHU3ALHUH TOYHOCTH MOKET OBITh OnpezesieHa
BEJIMYMHA TMOPOrOBOTO 3HAYEHMs TIyOMHBI CyOmpodTeHuii. BemnmunHa moporoBoro 3HaueHHs
rIyOrHBI CyONPOUYTEHHH MOXKeT OBITh CBsI3aHA C BEJMUYWHONW MHOJKECTBA T'€HOMHBIX OOJacTeil.
Hanpumep, yem GoJbine BETUYHHA IOPOrOBOTO 3HAYEHHS ITyOHHBI CYONPOUTEHHH, TEM MEHbIIIE
BEJIMYMHA MHOKECTBA FTEHOMHBIX O0JIacTe.

[0062] MOHO OonpeaenuTh, MPUCYTCTBYET U MOAU(DUKALIMS HA OAHOM WJIH OOJIbIIEM
KOJIM4YeCcTBe HykJIeoTunoB. Kiaccudukanus HapyLmeHnss MOKET ObITh BBINOJHEHA MO HAJTHYHIO
MOU(UKALIIHI HA OJTHOM MJIH OOJIbIIEM KOJIMYeCTBE HykJeoTunoB. Knaccudukarus HapyeHus
MOJKET BKJIHOYaTh B ceOsl HCIoJib30BaHUE psna momudukanmid. KommdectBo Monmudukarmii
MOJKHO CpPaBHUTh C T[OPOTOBBIM 3HAa4eHHEM. B albTepHATHBHOM WM JONOJHHUTEIBHOM
BapHaHTe, KJIACCU(UKALIUSA MOXKET BKJIFOYATD B €05 MO3UIMIO OJHOM MIIH OOJIBLIETO KOJUIECTBA
monudukanuii. [lo3unuss omHOW wim OOJBIIEro KOJHMYECTBA MOIU(DHUKAIMA MOXET ObITh
OTIpeNieIeHa TyTeM BBIPABHUBAHHS MPOYTEHUH IMOCIENOBATEIbHOCTH MOJIEKYJIbl HYKJICHHOBOM
KHCJIOTBI C 3TAJIOHHBIM T€HOMOM. MOsKeT OBITh OTNPEAEICHO HApYIICHHE, €CIIM TOKa3aHO, YTO
OTIpENIEICHHbIE TIO3ULUK, KOTOpbIe, KaK H3BECTHO, KOPPEIHMPYIOT C HApyIIEHHEM, HMEIOT
monudukanmo. Hampumep, mnarTepH METUIMPOBAHHBIX CAWTOB MOJKHO CPaBHHTb C
KOHTPOJIbHBIM ITATTEPHOM JJIsl HAPYIIEHUs], U OTpeAesieHHe HapyIIEeHHs] MOYKET ObITh OCHOBAHO
Ha cpaBHeHuu. CoBmameHWe C JTAJOHHBIM NATTEPHOM WJIHM CYIIECTBEHHOE COBIAJIEHUE
(marmpumep, 80%, 90% wunu 95% wnu Gosblile) ¢ STAIOHHBIM MATTEPHOM MOKET YKa3bIBaTh Ha
HApYLICHHE WM BBICOKYIO BEPOSATHOCTh HapyuieHus. HapyrieHne MokeT mpeacTaBisTb coOoit
pak wnu Jr000oe HapylieHwe (HampuMmep, HapylIeHHe, CBsI3aHHOE C OepeMEHHOCTHIO,
ayTOMMMYHHOE 3a00JIeBaHUE), OTIMCAHHOE B JAHHOM JIOKYMEHTE.

Mosker OBITh TPOAHATU3MPOBAHO CTATHCTUYECKH 3HAYMMOE KOJIMYECTBO MOJIEKYJT
HYKJIEHHOBOHM KHCJIOTBI, 4TOOBI OOECIEeYHTb TOYHOE OIpenesieHHe HApYLICHUs, TKaHEBOTO
NPOUCXOXKACHUS WM KIMHWYecku 3Haunmon ¢pakuun JIHK. B HekoTOophIXx BapuaHTax
OCYLIECTBJICHUs, aHAIU3UPYIOT MO MeHblled mepe 1000 Monexyn HyKJIE€MHOBOW KUCIOTHL. B

APYTUX BapUAHTAX OCYLIECTBIIEHHS, MOXET ObITh MPOAHAIM3UPOBAHO MO MeHbiel mepe 10000,
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unu 50000, wiu 100000, mam 500000, uau 1000000, mam S000000 mMomjexkyn HYKJIEMHOBOM
KUCJIOTBI, WJIM OOJIbIIee KOJMYECTBO. B KadecTBe MOMOJHHUTEIBHOTO NpUMepa MOXKET OBITh
creHepupoBaHo mo menbiueir mepe 10000, 50000, 100000, uwmu 500000, umm 1000000, wiu
5000000 npouTeHunit NOCAEAOBATENBHOCTH.

Criocob MoskeT BKIIFOYATh B ce0sl ONpeneNieHre TOro, YTO KIacCU(UKALMS HAPyLICHHS
COOTBETCTBYET TOMY, YTO CYOBEKT MMeeT Hapyiienne. Kinaccupukanust MOXKeT BKIFOYATh B ceOst
CTETIEHb HApPYyLIEHWs C HCIOJB30BAHMEM KOJIMYeCTBa MOAU(UKALMN WHIM  CalTOB
MO UKALIHH.

Knunnueckn 3naummas ¢paxkums JIHK, npodune merunmposanus mioxa, npoduib
METHJIMPOBAHUS MaTePH, HAJIMYHE MOJBEPKEHHONW MMIIPUHTHUHTY OOJACTH IeHa WM TKaHEBOE
NPOUCXOXKACHUS (HarpuMep, U3 o0pasua, CoAepKallero CMeCh Pa3IMYHbIX TUIIOB KJIETOK) MOTYT
OBITH ONpeAeNeHbl 3a CYET HaIW4Yhsg MOIU(UKALMH OJHOTO WM OOJBIIEro KOJUYECTBA
HykjeoTunoB. Kimanuecku 3Haunmas ¢paxaust JIHK Brirogaer B ce0st, HO He OrpaHUYHUBAETCS
mumb stumu: Gppakuuo JIHK mona, ¢pakmuro omyxonesoi JIHK (manpumep, us obpasua,
COIEpIKAIEr0 CMECh OIYXOJIEBBIX KIETOK M HEONyXOJIeBbIX KiIeTokK) u ¢pakmmo JHK
TpaHCIUIaHTaTa (HampuMep, W3 o0pasma, COAepIKallero CMech KIETOK JOHOpa U KIJIETOK
PEeLUITHEHTA).

[0063] Criocob MoskeT MOTOTHUTEIPHO BKJIFOYATh B Ce0sl ieueHne HapyieHus. Jledenue
MOXET  OBITb  MPENOCTABJIEHO  COMJIACHO  ONPEACNICHHOH  CTENeHH  HapyLIeHHs,
UICHTU(QUIUPOBAHHBIM MOAU(PHUKAIMAMUA W/ MM TKAHEBOMY IPOUCXOXKICHHIO (HAampumep,
OTIyXOJIEBbIE KJIETKH, BBIICIICHHBIE U3 KPOBOTOKA OOJIbHOTO pakoM). Hanpumep, Ha BBISIBICHHYIO
MOIU(UKALIMIO MOYKHO HALENUTh KOHKPETHOE JIEKAPCTBO WJIM XUMHOTEPANuio. 1KaHEeBOe
MPOUCXOXKACHHUE MOXKET OBITh MCIOJB30BAHO JIsI TPOBENCHHS ONEpaly WM JIOOOH Apyroi
¢dopmbl neueHnst. Kpome Toro, cremeHb HapyUIeHHs MOXKHO HCIIOJBb30BATh ISl OMpPEIeSICHHS
TOT0, HACKOJIBKO arpeCCHBHBIM JJOJLKHO OBITh JICUEHHUE.

[0064] BapuaHThI OCYIIECTBJIIEHUS MOTYT BKJIIOUaTh B ceOs JieueHHE HApYIICHUS Y
nanueHTa nocje onpeneeHys] CTeleHn HapylleHus y MaluueHTa. JleueHne MoKeT BKIIOUYaTh B
ceds o0yl TMOAXOMAINYID TEpanHioo, JIEKapCTBO, XHMHUOTEPANUIO, OONydeHHe WiIn
XUPYPTHYECKOE BMEIIATEIbCTBO, BKJIIOYAs JIFO0OE JieUeHHe, ONHCAHHOE B HCTOYHHKE,
YIOMSIHYTOM B JTaHHOM AOKyMeHTe. MHopMmarms O JIe4eHHH M3 HCTOYHHMKOB BKJIIOUEHA B
JAHHBINA JOKYMEHT MOCPEACTBOM CCBUIKH.

VI. AHAJIN3 T'AIVIOTHITA

[0065] Paznuuust B mpodmissx METHIIMPOBAHHMA MEXKIy IOBYMs TaljIOTUNAMH ObUIH
oOHapyeHbl B 00Opas3lax omyxoJyieBoi TkaHW. Takum oOpas3oM, nnucOajaHCc METHIINPOBAHHS

MCXKAY TaljIOTUIIaMU MOKET OBITb HMCIOJIB30BAH AJist ONPEACIICHUSA KJ'IaCCI/I(I)I/IKaLII/II/I CTCIICHU
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paka wiu npyroro 3adoneBanus. [[ucOanaHc Mo rarmioTHIAX TaKXKe MOXKET HCIOJIb30BAThCS IS
OTIpENIEJICHNs] HACJIEIOBAHMsI TaruIOTUIA IUTONOM. 3a0oyieBaHMs IUIOJA TaKXKE MOTYT OBITh
UICHTUQUIMPOBAHbI IyTEM aHajin3a aucOajlaHca METHJIMPOBAHHMS MEXIY TaruIOTHIIAMH.
Knerounas /IHK moskeT nCnonb30BaThCA U151 aHAIW3a YPOBHENH METUIIMPOBAHUS TaINIOTUIIOB.

A. Ananuz Memunuposans, CésA3aHH020 ¢ 2aniOmunom

[0066] TexHoNMOrUs CEKBEHUPOBAHUS OTAEJNBHOM MOJIEKYJIbl B peajJbHOM BpPEMEHU
no3Bojisier uaeHtuduimposarb otaenbHele OHIL  JiuHHBIE TPOYTEHHs, MOJYYECHHBIC
CEeKBEHHPOBAHMEM OTACIBHONH MOJIEKYJIbI B pEAJbHOM BPEMEHU (Hampumep, BIUIOTh [0
HECKOJIbKUX T.I1.0.) MO3BOJISIT IPYIIIMPOBATh BAPHAHTHI B T€HOMAX, HCIOJb3Yysl HHYOPMALUIO O
rarjIoTUNax, MPUCYTCTBYIOIIYIO B KaXKAOM KoHceHcycHOM npoutennd (Edge ef al. Genome Res.
2017;,27:801-812; Wenger et al. Nat Biotechnol. 2019;37:1155-1162). IlIpoduns
METHJIMPOBAHUS TAIUIOTHIIA MOXKET OBITh NPOAHAIM3HPOBAH IO YPOBHSIM METHIHUPOBAHHS
caitoB CpQ, ceszannbix nocpencrsoM KKII ¢ annensiMu COOTBETCTBYIOLINX TaIlIOTHIIOB, Kak
nokasaHo Ha @ur. 77. DTOT aHaNMM3 OLEHKH TaluIOTHIIA METHIMPOBAHHUS MOXKET OBITh
WCIOJIb30BaH JJI PELIeHUs] BONPOCAa O TOM, UMEKOT JIM JIB€ KOMUH FOMOJIOTMYHBIX XPOMOCOM
OAVHAKOBBIE WM pa3Hble MAaTTEPHbI METHJINPOBAHUS MPH PA3IMYHBIX KIMHUYECKH 3HAYMMBIX
MaTOJIOrUsAX, TAKMX Kak pak. B oqHOM BapuaHTe OCYLIECTBJEHUs, METHJIUPOBAHUE TaIJIOTHUIIA
Oynmer mpencTaBisTh COOOH arperupoBaHHbIE YPOBHH METHIMPOBAHUS, BKJIA B KOTOPbIE BHOCUT
psin ¢pparmentoB JAHK, OTHECEHHBIX K 3TOMY TaIrIoTUMy. [ amioTun MoXeT MpeacTaBisTh COOO0M
OJIOKH pa3HBbIX Pa3MepOB, BKIIOYANOIINE B ceOst, HO HE OrPaHMYMBAIOIIHNECS JHIIb 3TUMHU: S50 HT,
100 T, 200 HT, 300 HT, 400 HT, 500 HT, 1 KHT, 2 KHT, 3 KHT, 4 KHT, 5 kHT, 10 KHT, 20 KHT, 30
kHT, 40 kHT, 50 kAT, 100 KHT, 200 KHT, 300 KHT, 400 KHT, 500 kHT, 1 MHAT, 2 MHT U 3 MHT.

B. Ananuz omnocumensHo20 OUcOANANCA MEMUTUPOBAHUS HA OCHOBE 2ANIOMUNOE

[0067] @ur. 104 wiIFOCTPpUPYET aHAIU3 OTHOCUTENBHOTO nucOaNaHCa METHIIUPOBAHUS
Ha ocHoBe ramotunoB. [amorumner (T.e. T'arm [ w T'amn II) ompenensnm myreM aHanusa
pPEe3yNbTaTOB CEKBEHUPOBAHMsI OTACNIBHONW MOJIEKYJbl B peanbHOM BpemeHu. IlarrepHbl
METHJIMPOBAHUS, CBSI3aHHBIE C KaXIbIM TaIUIOTUNIOM, MOTYT OBITH ONpEHeNeHbl C
UCTIOJIB30BAHUEM TEX CBSI3aHHBIX C TaIUIOTHIIOM (PParMeHTOB, MPOQWIM METHINPOBAHHUS
KOTOPBIX OBbUIM OMpeneieHbl B COOTBETCTBHUH C MOAXOIOM, OMHUCAHHbIM Ha @ur. 77. Takum
00pa3oM, MO’KHO OBIJIO CPaBHUTH NMaTTepHbI MeTHiMpoBarus Mexxkay [arun I u ar 11

Uro0bl KONMUYECTBEHHO OLEHHUTh pasHULly B MeTmimupoBaHuu mexay lamn I u Tamn 11,
ObuTa paccunTaHa pasHuna yposHel merunuposanus (AF) mexxay I'arun I u Iarun I Pasauny AF
pacCUMTHIBAIN KaK:

AF = Mrayw = Mranus

rne AF npencrasnsier coboi pasHuly B ypoBHe MeTminpoBanus mexay [arm I u [ar 11,
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u Moo W Mo IPEACTaBISA0T ypoBHU MeTrnupoBanus 'amn I w Iamn I, cooTseTcTBEHHO.

ITonoxurtenbHoe 3HaueHne AF cBupmeTenbcTByeT O Oojiee BBICOKOM YPOBHE METHIIMPOBAHUS
JHK nns I'ann I no cpaBrenuro ¢ I'am 11

C. AHanuz omHocumensHo20 OUCOANIAHCA MEMUNUPOBAHUSL HA OCHOBE 2ANI0MUN08
ons JIHK onyxonu I'l[K

B omHOM BapmaHTe OCYILIECTBIEHHS, aHAJIN3 METUIMPOBAHMS TarUIOTHUIIA MOXET OBITh
noJie3eH 11l OOHapy)KeHusl adeppalunii METHIMPOBAHUS B PAKOBBIX reHoMax. Hampumep, Oyzer
MPOAHAJIU3UPOBAHO H3MEHEHHE METWIMPOBAHUS MEXAYy J[BYMs TraluloTUIIAMH B Ipefesax
reHOMHOH oOnacTtu. ['aroTun B mpenenax reHOMHON 00JacTH ONpenenseTcs: Kak raruIOTHITHBIHN
Onok. I'armoTunHbI 6JOK MOKHO paccMaTpUBaTh Kak Ha0Op ajuienell Ha XpOMOCOME, KOTOpbIE
OBUIM TrarIOTUITUPOBAHBL. B HEKOTOPBIX BapHAaHTaX OCYIIECTBICHHS, FATUIOTUITHBIA OJIOK MOKET
OBITH pacIIMpeH KaK MOXKHO Jayblle COrIACHO Ha0Oopy MH(pOpPMaLMu O MOCIEN0BATENbHOCTH,
KOTOpasi 0OOCHOBBIBAET (PU3MUECKOE CIEIUIEHUE IBYX ajienell Ha xpomocome. J{ist ciyqas 3033
MBI monyunin 97475 ramnoTunHeIX ONOKOB M3 pe3yibTaToB  cekBeHupoBaHus JIHK
NPUJIETAIOIINX HOPMajbHbIX TKaHed. CpemHuil pasMep TalusIOTUIHBIX OJIOKOB COCTaBHI 2,8
T.11.0. 25% TarIoTHIHBIX OJOKOB UMeNH pa3Mep Oosblie yeM 8,2 T.1.H. MakCHUMabHBIH pasMep
rarjIoTUNHbIX OnokoB coctasun 2822 t.mH. Habop nmanHbix Obin creHepupoBaH u3 JIHK,
nostyueHHoU ¢ momonibio Sequel IT Sequencing Kit 1.0.

B umemsax wumocTpanmyM MBI UCTIONB30BAIHM PN KPUTEPHEB Ui HICHTH(PHUKALINU
NOTEHINAJIbHBIX TAaIUIOTUITHBIX ~ OJIOKOB, KOTOpBbIE HOEMOHCTPUPYIOT auddepeHnnanbHoe
Metunuposanue Mexay 'arn I u I'ann II B JIHK onyxonu no cpasnenuto ¢ JIHK npuneraromen
HeornyxoJjieBol TkaHu. Kpurepun npencrasisui coboii: (1) aHanu3upyemblii rarioTUIHBIN OJI0K
comepxan no MeHbweil Mmepe 3 nocaenosatenbHocTH KKII, KoTOpBhIE OBLTH MONYYeHBI U3 TPEX
sUeeK JJIT  CeKBEHUPOBAHUS, COOTBETCTBEHHO; (2) aOCONIOTHAas pasHULA B YPOBHE
MetwupoBanusa Mexay lamn I u Tamn II B JIHK mnpuneraromeii HeomyxojeBOW TKaHU
cocTapJsiia MeHblIe yeM 5%; (3) abcooTHast pa3HULAa B yPOBHE METHIIHpOBaHMs Mexay [ am |
u I'arun II B JIHK onyxoneBoit Tkanu cocrasisuia Oonbire yem 30%. Mebl naentudunmposanu 73
raryIOTUNHBIX OJIOKA, YAOBIETBOPSIFOIIUX YKA3aHHBIM BBILIE KPUTEPHUSIM.

@ur. 105A u 105B mnpencraBmsror coOoi Tabmuiel 73 TaIOTUNHBIX OJIOKOB,
neMoHcTpupyomue auddepeHuuanpapie ypoHH MeTuaupoBanust mexay lamn [ u Tamn 11 B
JHK onyxonu I'lIK no cpaBHenuro ¢ JIHK npuneraronieli HEONMyXOJIeBOH TKaHU AJiA ClTydasi
TBR3033. IlepBriii cronben MOKa3blBAET XPOMOCOMY, CBSI3aHHYIO C TaIUIOTUIIHBIM OJIOKOM.
Bropoii cronben mokasblBaeT HAYAIbHYI0 KOOPAMHATY TAIUIOTHITHOTO OJIOKa B XPOMOCOME.
Tpernii cronber Noka3bIBAET KOHEUYHYIO KOOPAUHATY TaryIoOTUIIHOTO OJioka. YerBepTsiii cronben

MOKa3bIBAET JJIMHY TalyIOTUIHOrO Osoka. B uerBepToM cronlue yka3aH HWAEHTH(PHKATOP
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rarioTunHoro Omoka. Ilateri ctonbery mokaseiBaeT ypoBeHb MerTwiupoBaHust lamn [ B
HEOTYyXOJIeBOW TKaHHW, Mpuieraromei k omyxojieBoli Tkanu. Illectoii crosdernr mokasbiBaeT
ypoBenb MerwnupoBanus [amn II B HeomyxoseBol TkaHu. CempMoil CTONOEI MOKA3bIBAET
ypoBeHb MeTumpoBanus ['amn [ B onmyxoneBoit Tkanu. Bockmoii cTonbelr moka3blBaeT YpOBEHb
Metunuposanus 1'am Il B 0nyxoseBoi TKaHHU.

B ornuume ot 73 ramnoTUNHBIX OJIOKOB, MOKAa3bIBAIOIIUX PA3HUIy B YPOBHE
meTuupoBanus Mexkny ramiotunamu JIHK onyxonesoit Tkanu Oosbine yem 30%, TOJBKO OUH
raryIOTUNHBIN ONOK mokaszan pasHuny Oosbiie deM 30% mra JJHK HeomyxoneBo#l TKaHH, HO
menbuie 4dem 5% ormuuue B JIHK onyxonesoit Tkanu JIHK. B HexoToprix BapuaHTax
OCYILIECTBJIEHHs, MOXKHO HCIIOJIb30BaTh JPYroil HabOp KpUTEpHEB Ui UACHTU(UKALIIH
TalJIOTUNHBIX  OJIOKOB, AEMOHCTPHPYIOLUINX HEOAMHAKOBOE METWJIHMpPOBaHHE. MoryT ObITh
UCIOJIb30BAaHbl JPYrH€ MAKCUMAJbHbIE M MHUHUMAJbHBIE MOPOrOBbIE 3HAYEHMsI PAa3HULBL
Hanpumep, MuHHMAasbHbIE IOPOTOBBIE 3HAUEHUS] PA3HULIBI MOTYT cocTaBisTh 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50% wnu Oonee. MakcuMabHBIE MOPOTOBBIE 3HAYECHUS PA3HULIBI
MOTYT COCTaBJisATh, Hampumep, 1%, 5%, 10%, 15%, 20% wm 30%. DTu pesynbrarsl
MPEANOJAratoT, YTO Pa3INYUe B METHIMPOBAHUH MEXAY IaruIOTUNIAMH MOXKET CJY>KUTh HOBBIM
OuomMapkepoM IUIsl AMATHOCTHKH, OOHAPYKEHHsI, MOHUTOPHUHTA, MPOTHO3UPOBAHMS U MPOTOKOJIA
JUIs1 JIEYEHUs paKa.

B HekoTOpbIX BapHaHTaX OCYILIECTBJICHUS, [IMHHBIA TAIUIOTHITHBINA OJOK in silico MokeT
OBITh pa3fesieH Ha MEHbLINE OJIOKH TPU M3YUE€HUH MATTEPHOB METHIINPOBAHHSI.

Jus cnaydass 3032 wmbr mosyuuiu 61958 rammoTHOHBIX  OJIOKOB M3 PE3yJIbTATOB
cexkBeHuposanus JIHK npuneratomeii HeonyxonesBoil TkaHu. CpenHuil pasMep TaruIOTHITHBIX
65okoB coctaBmi 9,3 T.m.0. 25% TrarmIoOTHNHBIX OJOKOB UMENTH pasMep OoJbiie yem 27,6 T.ILH.
MakcuMabHBIN pa3Mep rarIoTUITHBIX OJI0OKOB cocTaBwil 717,8 T.1.H. B Lessix WuToCcTpa Mbl
UCTIOJIB30BAIIM T€ JK€ TPU KPUTEPHS, OMUCAHHBIE BBIIIE, I MISHTH()UKALNN MOTEHIHAIbHBIX
TaIJIOTUNHBIX OJIOKOB, KOTOPBIE AEMOHCTPUPYIOT AuddepeHnnanbHOe METHIMPOBAHUE MEXKITY
IlNamn [ w lann I B JIHK onyxonu no cpasrenuto ¢ JIHK nmpuneratomeit HopmanbHO#M TkaHU. Mbl
uneHTHGUIMpoBany 20 TraruIOTHNHBIX  OJIOKOB, YAOBIETBOPSIIOIIUX YKAa3aHHBIM  BBILIE
kputepusim. Habop mannabix Obu1 creHepuposaH w3 JIHK, monydennoii ¢ momombto Sequel 11
Sequencing Kit 1.0.

@ur. 106 mpencrasisier coboii Tabnuiy 20 TarIOTHITHBIX OJIOKOB, TEMOHCTPUPYIOIIYIO
oTMyaroImuecs yposHu MetwiupoBanus Mexay lamn I w TI'ann II B JIHK omyxomu mo
cpaBrenuio ¢ JJHK mpuneratomeii HopmanbHoOH Tkanu i ciydast TBR3032. Ilepsriii cronden
MIOKa3bIBAET XPOMOCOMY, CBSI3aHHYIO C TaIUIOTHIIHBIM OnokoM. BTopoii cronben mokasbiBaer

HAYaJIbHYI0 KOOPJAMHATY TalUIOTUMHOrO Ojioka B XpomocoMme. Tpermii ctonder; mokasbIBaeT
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KOHEUHYI0 KOOPOMHATY TaIlUIOTHMHOrO Osoka. YerBepThiil crosdel MOKa3blBae€T JIMHY
raryoTuHoro Ojioka. B deTBepTOM CTONOIE yKa3aH HMIASHTHU(PUKATOP TAIJIOTUITHOTO OJIOKA.
ITatenii cTonber; mokas3bplBaeT ypoBeHb MerwimpoBanusi lamn I B HeomyxoneBol TkaHH,
npuseraromell kK omyxojepoi TkaHu. lllecToif cronden MoKas3bpIBaeT YPOBEHb METHIIMPOBAHUS
I'arn 11 B HeonyxoneBoli TkaHu. CeapMoii cTos0en mokasbIBaeT ypoBeHb MeTriupoBanus [ arm [
B ONyXoJeBOH TkaHU. BocbMoil cronOer mokaseiBaeT ypoBeHb MeruimpoBanus [amn II B
OIyXOJIEBOU TKaHU.

[0068] B oTimuue oT 20 rarioTUIHBIX OJIOKOB, TIOKA3bIBAOIINX PA3HUIY B OMYyXOJEBOM
tkaau ['TIK Ha ®@ur. 106, TOJIHKO OAMH raruIOTUNHBINA OJIOK MOKa3al pa3Hully Oonbine yeM 30%
B HEOITyXO0JIEBOM TKaHM, HO MeHblle 4eM 5% pasHUIly B OMyXOJE€BOM TKaHU. DTU Pe3yJbTaThbl
JOTIOJIHUTEIIbHO MPEANOJaratoT, YTO pa3jiudie B METHJIMPOBAHUU MEXIY rarjloTUIaMH MOXKET
CIY’)KATb  HOBbIM  OHOMapkepoM sl  JHWarHOCTHKH, OOHAapyXXeHHs, MOHHTOPHHIA,
MIPOrHO3UPOBAHUS U MPOTOKOJIA JledeHUsl paka. [y Ipyrux BapuaHTOB OCYLIECTBJIEHHUS, MOTYT
OBITH MCIIOJIb30BAHBI KPUTEPUU AJIST MACHTU(PUKALIMH TAIUIOTUIHBIX OJIOKOB, AEMOHCTPHUPYIOLINX
middepeHuInanbHOE METHITMPOBAHUE.

D. Ananuz omuocumenvHo2o OUCOANAHCA MEMUTUPOBANUSL HA OCHOBE 2ANIOMUNOS
ons JIHK u3 opyaux munos onyxoneii

Kax yxazaHo Bblllle, aHAJIU3 YPOBHEN METHUJIMPOBAHUS MEXKY rarioTUIIAMU MOKa3all, YTo
omnyxosieBble TKaHu [LIK coxepxar Oosblie TarIOTUNHBIX OJIOKOB, JE€MOHCTPUPYIOIINX
aucOanaHC METWJIMPOBAHUS, MO CPABHEHUIO C TOCTABJIEHHBIM K HMM B Tapy NPHIICTAOIUMHU
HEOIyXOJIEBBIMU TKaHSIMH. B KauecTBe OJHOTO MpuUMepa, KPUTEPUH UIS FAlUIOTHITHOTO OJIoKa,
JIEMOHCTPUPYIOLIETro AucOaJaHC METHIIMPOBAHUS B OIMYyXOJEBOW TKAHM, NMPENCTABISLIN COOOIL:
(1) aHamM3MUpPyeMbIil TaIUTIOTHITHBIA OJIOK COAep Kall IO MEHbIIEH Mepe TPH MOCIeN0BATEIbHOCTH
KKITI, xotopsie ObUIM MOJy4EHBI U3 TPEX siUeeK IJisi CEKBeHHPOBaHUs, (2) abCcoMoTHAsT pa3HULA
B ypoBHe MeTuinpoBaHus mexay 'amun I u I'ann II B JIHK npuneraromeit HeonyxoseBol TKaHU
wii JIHK HopmanbHOMN TKaHH, UCXOAs U3 MPEAbIAYIINX AaHHBIX, COCTaBIsAIa MeHblle yeM 5%;
(3) abconroTHas pasHuLa B ypoBHE MeTwipoBanus Mexxay ['am I u Tarun I 8 JIHK onyxonesoii
TKaHH cocraBsia  Oospmme 4eMm 30%. bbur  BkiodeH kpurepuil  (2), TOCKOJIBKY
HEOITyXOJIeBbIe/HOPMAJIbHbIE TKaHH, AEMOHCTPUPYIOLIHE AHCOalaHC TamjioTUNa MO YPOBHSX
METHJIMPOBAHMSA, MOTYT YKa3bIBaTh Ha OOJIACTH UMIPUHTHUHIA, & HE Ha OMyXOJIeBble 00JAaCTH.
Kputepun pnst ramioTurHoro OJioKa, OEMOHCTPUPYIOIEro AucOalaHC METHIMPOBAHUS B
HEOITyXOJIEBON TKaHH, MPeACTaBIsLIN co0oii: (1) aHaMu3upyeMblil rarmIOTUITHBIN OJIOK comepskal
1o MeHbined Mepe Tpu nocnenosarTenbHOCTH KKII, kKoTOophie ObLTH MOMYYEeHBI U3 TPEX TYEEK IS
cekBeHHPOBaHUs, (2) abcooTHAS pa3HULA B ypoBHE MeTrirpoBanus Mexxay L 'amn [ u Taru 11 B

JHK npuneraromieli HeomyxosneBoi Tkanu win JHK HOpManbHOW TKaHH, HCXOAS W3
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MPeIbINyIUX JAaHHBIX, cocTaBisuia Oosbine yem 30%; (3) aOcosoTHasi pa3HULA B YPOBHE
mMetunuposanus Mexay I'arn I u I'ann 11 B JIHK onyxoneBoil TkaHU COCTaBJIsAfIa MEHBLIE YeM
5%.

B japyrux BapmaHTax OCYILIECTBJIIEHMS MOTYT HCIOJIb30BATbCS IPYrHe KPUTEPHUU.
Hanpumep, nnst upentudukanmmu nucdananca ramiotuna I reHoma paka, pasHHLIA B YPOBHE
MetunupoBanust Mexxay [ar [ u Tamn [T moxxeT coctaBnsaTe Menbiueit uem 1%, 5%, 10%, 20%,
40%, 50% wmmm 60% wu T.A., B HEONMYXOJEBBIX TKaHSIX, TOTAAa KAk pasHULA B YPOBHE
metuupoBanust Mexay [arut [ u Tamun 1T mosker coctaBinsite Oonbine yeM 1%, 5%, 10%, 20%,
40%, 50% wumm 60% u T.1. B onmyxoJieBbIX TKaHsax. s upeHTudukanmu aucdanaHca rarioTuna
I HepakoBoro resHoma, pasHuua B ypoBHe MeTwiupoBaHus mexay l'amn I u TIann I moxer
coctaByisATh OoJbiie yem 1%, 5%, 10%, 20%, 40%, 50% wuma 60% u T.1., B HEOMYXOJEBbIX
TKaHAX, TOrAAa KAaK pasHULA B ypoBHe MertunuposaHus Mmexay lamn I m I'ann II moxer
COCTaBJIsATh MeHble YeM 1%, 5%, 10%, 20%, 40%, 50% wunu 60% u T.1. B ONMyXOJIEBBIX TKAHSIX.

@ur. 107A mpencrasnsier coboi TabauIy, PEe3IOMHPYIOMIYIO KOJUYECTBO TarIOTUITHBIX
OJIOKOB, MEMOHCTPUPYIOMINX NUCOANAHC METHIMPOBAHHS MEXKAY JIBYMs TaryIOTUIIAMH, MEKIY
ONyXOJIEeBOM M MpHJIerarllell HEeOMyxoJeBOH TKaHsAMHM HA OCHOBE MAAHHBIX, IOJyYEHHBIX C
nomotieio Sequel II Sequencing Kit 2.0. B nepBom cTonbiie nmpuBeneH Tui TkaHu. Bo BTopoM
crondlue NPUBENEHO KOJWYECTBO TAIUIOTHITHBIX OJIOKOB, IE€MOHCTPUPYIOIIUX aucOaiaHc
METHJIMPOBAHMSI MEXKAY ABYMS TarUIOTUIIAMH B ONYXOJIEBbIX TKaHsAX. B Tperbem crondie
NPUBEICHO KOJMYECTBO TaIUIOTHUITHBIX OJIOKOB, IEMOHCTPUPYIOIUX AUCOATAaHC METHIUPOBAHHS
MEXIy ABYMsI TarjIOTUIIAMU B MPUJIETAOIINX HEOMyXOJEBbIX TKaHIX B mape ¢ HUMU. CTpoku
MOKA3bIBAIOT ONMYyXOJIEBYIO TKaHb ¢ OOJNBIIUM KOJUYECTBOM TAaIUIOTHITHBIX  OJIOKOB,
JEMOHCTPUPYIOIIUX OUCOANaHC METWIMPOBAHUS MEKIy JIBYMsI TalUIOTUNIAMH, 4YeM ¥
MOCTABJIEHHOH B Mapy, MPpUJIErarollel HEOMyXO0JIeBOU TKaHU.

MenuaHHast AJIMHA TAIUIOTHITHBIX OJIOKOB, BOBJIEUEHHBIX B 3TOT aHAJIU3, cocTasisuia 15,7
t.H. (MK 10,3 - 26,1 T.m.H.). Bkmtowas pesynbratel I'LIK 1mi1st medenn, naHHbIE TIOKA3bIBAIOT
7 TUTNIOB TKaHEH, JUII KOTOPBIX OMyXOJeBas TKaHb coiep:kayia OOJblie TaruiOTUITHBIX OJIOKOB C
nucbaJaHcoOM MeTHIUpOoBaHus. [IoMUMO medeHu, K OPYTUM TKaHSM OTHOCSATCS TKaHU TOJICTOMN
KHUIIKH, MOJIOYHOM >KE€JIe3bl, TOYEeK, JIETKUX, MPEeNCTATEebHON XKene3bl W JKenynaka. Takum
o0pa3oM, B HEKOTOPBIX BApUAHTAX OCYILIECTBICHHS, IJIsI ONPENENICHUS HAJIUYHs Yy MalHeHTa
OTYXOJIM WJIM paka MOKHO HCIOJBb30BaTh P TAIUIOTHITHBIX OJIOKOB, UMEIOIIUX AucOaiaHc
METUJIUPOBAHUSI.

[0069] @ur. 107B npencrasnser codoil Tadiuiy, pe3rOMHUPYIOLIYIO PsAI TArUIOTHITHBIX
OJIOKOB, NTEMOHCTPUPYIOIINX JOUCOANaHC METWIMPOBAHUS MEKAY JABYMS TalUIOTHUIIAMH B

ONYXOJICBBIX TKAHAX HJIA Pa3HbIX CTaI[I/II\/'I ONYXOJIU HAa OCHOBE JaHHBIX, MOJYUCHHBIX C MOMOIIbIO
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Sequel II Sequencing Kit 2.0. B mepBom cTonOIie mokasaH TUI TKaHH ¢ OMyXO0Jiblo. Bo BTOpOM
crondue MoKa3aH pPsI TaruIOTHIHBIX OJIOKOB C IUCOATaHCOM METHIIUPOBAHHS MEXKAY ABYMS
rarjIOTUNIAMU B OMMYXOJIEBBIX TKaHAX. B TperbeM ctondue nmpuBeneHa MHGOPMALHS O CTaIUAX
OTYXOJIH C HCIOJIb30BaHueM kiaccudpukanuu TNM 3nokadectBeHHbIX onmyxoied. T3 u T3a - ato
omyXx0Jib OoJbLIero pa3mepa, yem T2.

B Tabmuie mokazaHo OOJbIEe TalUIOTHUITHBIX OJIOKOB, JEMOHCTPHUPYIIUX IUCOAIaHC
METHJIUPOBAHUS IS OoJiee KPYMHBIX OIMyXOJel Kak Ui TPyAH, Tak U s modek. Hampumep,
IUIe TKaHU MOJIOYHOH KeNe3bl, TKaHb, KJIACCH(PUUMPOBAHHAS Kak OMyXoJb craaud 13
(xmaccuduranmmsas TNM), ER-monoxkurtensbHas U aeMOHCTpHUpyromas amrmumbukauuto FRBB2,
uMena OOJIbIlle TAIUIOTHITHBIX OJIOKOB (57), NEMOHCTPUPYIOIIMX AMCOAaNaHC METHIINPOBAHMUS,
4YeM TKaHb, UMEIOINasi Takue rarmioTumnable Ojoku (18), knmaccudummpoBaHHAs Kak OMyXOJib
cragun T2 (xmaccupukanus TNM), PR (penentop nporecrepona)/ER (pernentop scTporeHa)
nojiokurenpHass u  Oe3  ammmbukaumu EKRBB2.  Jlns mo4YeyHOW  TKAaHHM, TKaHb,
KjaccuUIIMpOBaHHAs KaK OMyXOjb cTaauu 13a, uMmena OOJbIIE TAMJIOTUITHBIX OJOKOB (68),
JIEMOHCTPUPYIOIUX AMCOANaHC METWJIMPOBAHUS, YeM TKaHb, UMEIOINAs TaKHe TaruIOTHITHbIE
6nokw (0), knaccupuuUpoBaHHAas KaK OMyXoJb craaun T2.

B HekOTOpBIX BapHaHTax OCYIIECTBIIEHHS, MOJKHO HCIOJB30BATh TAIUIOTHUITHBIE OJIOKH,
IEMOHCTpUpYIOIue aucOaJaHC METWIMPOBAHUS, Ul KJacCH(PHMKALMK Omyxojiel u I
YCTAHOBJIGHUSI CBS3M C WX KJIWHUYECKUM TIOBEEHUEM (HalpuMep, MpOrpecCHpOBaHUEM,
IIPOTHO30M HJIM OTBETOM Ha JIEYeHHE). DTU NaHHbBIE MPEAIOJararT, YTO CTENeHb AucOanaHca
METHJIMPOBAHUS Ha OCHOBE TaIJIOTUIIOB MOXKET CIY>KUTh KJIACCU(PUKATOPOM OIYyXOJIeH M MOXKET
OBITh BKJIFOUEHA B KJIMHUYECKHE MCCIEIOBAHNUS, WIN UCTIBITAHUS, WJIM BO3MOJKHbBIE KIMHUYECKUE
yenyru. Knaccudukanus omyxosneit MOXKeT BKIFOUATh B ce0s1 pa3Mep U CTENEHb TSKECTH.

L. Ananuz memunuposanus euexiemounoi JIHK u3 mamepunckoili niazmsl Ha
OCHOBE 2anI10MUNo8

MoryTt ObITH ONpeAeseHbl TaIlUIOTHUITBI OOEHX POAUTENEH WM OIHOTO U3 POAUTENEH.
CriocoObl TarIOTUMMPOBAHUS MOTYT BKJIFOUATh B C€0sl CEKBEHHPOBAHUE OTAEIBHONW MOJIEKYJIBI C
JUIMHHBIM ~TIPOYTEHHEM, CEKBEHHPOBAHHE C COEIUHEHHBIMH KOPOTKUMH TPOYTEHUSMHU
(marmmpumep, 10x Genomics), TP niuHHBIX (QparMEHTOB OTAEIBHON MOJIEKYJIbI, BBIBOJ HAa
OCHOBE TONyJSILMK. ECIuM OTLOBCKHE TaruIOTHUIIBI H3BECTHBL, METHJIOM BHEKJIETOYHOM
smOpuonanproil JIHK Mosker ObIThb coOpaH myTeM coequHeHus Mpoduiiell MEeTHIMPOBAaHUS
MHO’KeCTBa BHeKJIeTOUHbIX Mojekyn JIHK, kakmas U3 KOTOPBHIX CONEPXKUT MO MEHbIIEeH Mepe
onuH oTuoBckuil cnemmdpuueckuin amtens OHIL, kxoTopble mnpencTaBiIeHbl B OTIOBCKOM
rariotune. JpyruMu  CioBamH, OTLOBCKHH TalUIOTHUI HCIOJB3YETCS Kak Kapkac Juis

COCAMHCHUA CHeLII/I(bI/ILIHbIX JJIA 111044 HpOLITeHI/Iﬁ HOCHGHOB&TGHBHOCTGP'I.
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[0070] ®ur. 108 wunarocTpupyeT aHaiIM3 TalIOTUIIOB Ha IPEeAMET OTHOCHUTEIbHOIO
aucOanaHca METWIMpPOBaHMA. EcCIM  MaTepUHCKHE TaljIOTHIBl  W3BECTHBI,  AucOalaHC
METHIUPOBaHUA Mexkay AByms ramiotunamu (T.e. [amn I u Iamn 1) Moker ObITh HCIIONTB30BaH
JUIsl ONPEAENIEHUss MAaTePUHCKOrO TaluioTHNA, YHACJIEAOBAHHOro or muoga. Kak mokaszano Ha
@ur. 108, monexyssl JIHK u3 miazmel OepeMeHHOM SKeHITUHBI CEKBEHUPYIOT ¢ HCIIOIB30BAHIEM
TEXHOJIOTUN CEKBEHHPOBAHUS OTHENbHOW MOJIEKYJbl B peasbHOM BpemeHu. MHpopmarnus o
METHJIMPOBAHUUA M QJUIENIAX MOXKET OBITh IOJIyu€Ha COTJIACHO PACKPBITHIO H300pETEeHHs B
JaHHOM JoKyMeHTe. B onHoMm BapuanTe ocyiectsieHus, OHII, cBs3aHHbIE C BbI3bIBAIOLINM
3aboneBanue renoM, obozHavdensl kak [amn [. Ecnu muon yracnenosan I'amu I, B MaTepuHCKON
1asMe OyZeT MPUCYTCTBOBAThH Ooblie (pparMeHTOB, Hecymux ajuienu ['amn I, mo cpaBHeHHIO C
¢dparmentamu, Hecymumu ajuiean [amn 1. T'unomerunmupoBanue ¢parmentos JIHK,
MOJIYYE€HHBIX U3 IUI0Za, OyeT CHkaeT ypoBeHb Metunuposanus ['am I mo cpaBHenuro ¢ ["amn
II. B pesynbrare, ecau wmermiupoBanue [amnm | mnokasbiBaeT Oojiee HU3KUH YpPOBEHBb
metuupoBanwust, ueM ["arut I, mon ¢ Oonbineli BepOSTHOCTBIO HacienyeT marepuHckuil [am .
B nporuBHOM ciywae tuiox ¢ Oosbliel BeposiTHOCTBIO Hacnenyer 'amm II ot martepu. B
KJIMHUYECKON TpaKTHKEe aHain3 nucOajaHca METHWJIMPOBAHUS HA OCHOBE TaINIOTHUIIOB MOXKET
UCIIOJIb30BAaThCsl U1l ONPEAENICHHsT TOrO, YHACHeAOBald JU IUIOA MAaTepUHCKUN TIaruioTHI,
CBSI3aHHBIA C T€HETHMYECKHMH HAPYIICHUSIMH, HarnpuMmep, HO 0e3 OrpaHHYeHHs,, MOHOTE€HHBIMH
HAPYUICHUSIMH, BKJIIOYAOLUIUMH B ce0s CHHAPOM JIOMKOH X-XpOMOCOMBI, MBILIEUHYIO
aucTpoduro, 6oe3Hb XaHTUHITOHA, WK O€Ta-TalaCcCeMHUIO.

F. Ipumep cnocoba knaccuguxayuu napyuieHuii

[0071] @ur. 109 npeMoHCTpUpYeT WILTIOCTPAaTHUBHBIA crnocod 1090 knaccupukanmm
HApYLIEHUs B OpraHu3Me, 00JagaroieM NepBbIM IaruIOTUIIOM U BTOPBIM ramioTurnoM. Crocobd
1090 Brumrouaer B cebst CpaBHEHHE OTHOCHUTENBHBIX YPOBHEH METHIIMPOBAHHS MEXKAY ABYMS
rarIOTUIIAMH.

Ha »rtane 1091 wmonekynsr JJHK w3 Ouonorudeckoro obOpasma aHaJU3UPYIOT st
OIpeneNeHnusT WX MECTONOJIOKEHUsT B OSTAJIOHHOM TE€HOME, COOTBETCTBYIOLIEM OPTraHHU3MY.
Mounexyner IHK moryt OpiTh Monekynamu kinerounoii JIHK. Hanpumep, monexyner JIHK moryT
OBITh CEKBEHUPOBAHBI [UIA TOJNYyYEHHUs] MPOYTEHUH MOCIENOBATENBHOCTH, M MPOYTEHHS
MIOCIIEIOBATEIbHOCTH MOTYT OBbITh KapTUPOBaHBI (BBIPOBHEHBI C) Ha 3TAJOHHOM reHome. Ecim
OBl OpraHu3M MPEACTaBIUT COOOH YeIOBEKa, TO STAIOHHBIN FeHOM ObLT OBI STAIOHHBIM T'€HOMOM
YeJOBeKa, BO3MOXKHO, M3 OIpeneNieHHONW cyOmomymsiuud. B kadecTBe npyroro mnpumepa,
mouekyisl JIHK mMoryT ObITh mpoaHanu3upoOBaHbl ¢ MOMOIIBIO PAa3IMYHBIX 30HAOB (HAampuMep,
nocie [P wmu apyrux cnocoboB aMmruupuKalnuu), THE KaKIbIH 30HI COOTBETCTBYET

FCHOMHOMY MECTOIIOJIOKEHUID, KOTOPOC MOXKET OXBAThIBATb FeTepOSPIFOTHbeI, n OJUH HJIHN
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Oonbiiee koau4ecTBO caiitoB CpG, Kak OMMCAHO HILKE.

HononuurensHo, Mousekyisl JIHK Moryr ObITh mpoaHamu3upOBaHBI ISl ONPENeeHUs
cooTBercTBytomero awtens: monekynsl JIHK. Hanpumep, annens monexynsl JJHK moxxer ObITh
OIpenesieH U3 MOCJIeN0BATENbHOCTH MPOYTEHUs], MOJYYEHHOIO NMPU CEKBEHUPOBAHUM WU AJIS
KOHKPETHOTO 30HAA, KOTOphld rudpumusupyercs ¢ monekynoit JIHK, mpu stom oba merona
MOTYT MPEIOCTaBUTh MOCIEIOBATENBHOCTD POUTEHH (HAIIPUMED, 30H MOYKHO PacCMaTpUBATh
KaK MOCJIeNOBATEIbHOCTD MPOYTEHUS IPU HATMYUK ruOpuan3annn). CoOCTOSHIE METHIIUPOBAHHS
B Ka&XX/IOM OJHOM WM OOJBIIEM KOJUYECTBE caToB (Hampumep, caiitoB CpG) moxkeT ObITh
onpeneneHo ais monekya JHK.

Ha stane 1092 wuneHTUUIUPYIOT OAWH WIH OOJbIIEe KOJIUYECTBO Te€TEPO3UTOTHBIX
JIOKYCOB TMEPBOM YaCTH MEPBOI XpOMOCOMHOMU obyacTr. KaskIblil reTepO3UrOTHBIN JIOKYC MOXKET
coaep>KaTh COOTBETCTBYIOLUNM MEPBBbIA ajuiesib B NMEPBOM TaIUIOTUIIE U COOTBETCTBYIOLLMI
BTOpPOH ajjiens BO BTOpoM ramotune. OxuH wiu OoJsbliee KOJWYECTBO T'€TEPO3UTOTHBIX
JIOKYCOB MOTYT OBITh MEPBBIM MHOKECTBOM T'€TE€PO3UTOTHBIX JIOKYCOB, I7le BTOPOE MHOXKECTBO
reTEePO3UTOTHBIX JJOKYCOB MOXKET COOTBETCTBOBATH APYrOM XPOMOCOMHOM OOJIACTH.

Ha stane 1093 unentuduuupyror nepsbiii HaOop u3 MaokecTBa Mosiekyn JAHK. Kaxnas
u3 MHoxectBa Mojekyn JJHK pasmemaercss B moO0OM M3 reTepO3UTrOTHBIX JIOKYCOB M3 3Tara
1096 u comep:KUT COOTBETCTBYIOIIUN MEPBBIA ajuienb, Tak uto Mojekyina JIHK moxer ObiTh
UICHTU(QHUIMPOBAaHA KaK COOTBETCTBYIOINAsl nepBoMy rarmorumy. Monekyna JIHK moxer ObITh
pacriosioskeHa OoJblile YeM B OJHOM TI'€TEPO3UTOTHOM JIOKYyCe, HO OOBIMHO MpodYTeHHe Oyner
BKJIFOYATh B CE€0sl TOJBKO OIMH TeTepO3UTOTHBIN Jokyc. Kaxknmas mu3 mepBoro Habopa MOJEKyJ
JHK Ttax:xe comep:kaTh O MEHbIIEH Mepe OJUH U3 N M€HOMHBIX CAUTOB, IIPU 3TOM I'€HOMHBIE
CalThbl UCHONB3YIOTCS [JIs1 U3MEPEHUsl YPOBHEW METUIMPOBaHUs. N - LeIoe 4HCIIO, HApUMeED,
bonbiiee wim pasHoe 1, 2, 3, 4, 5, 10, 20, 50, 100, 200, 500, 1000, 2000 wmu 5000. Takum
obpaszom, npoutenue Mojekyibl JJIHK Moker yka3piBaTh Ha OKpbITHE | calita, 2 caiitoB u T.4. 1
TeHOMHBIN CalT MOXKET BKJIFOYATh B Ce0si CaiiT, B KOTOpOM mpucyTcTByeT Hykieotua CpG.

[0072] Ha stane 1094 omnpenensroT nepBblii ypOBEHb METHUIMPOBAHHUS IEPBOIl HacTH
NIEPBOTO TAIJIOTHIIA C UCTIOJIb30BaHUEM NepBOTo Habopa nu3 MHoskecTBa Mojekyn JJHK. TlepBbrit
YPOBEHb METHJINPOBAHHMS MOXKHO OMNpPEIENTUTh JIOOBIM CHOCOOOM, OIMMCAHHBIM B JIAaHHOM
nokymenrte. IlepBast 4acTb MOMKET COOTBETCTBOBATb OJHOMY CalTy WJIM BKJIKOYATh B CeOs
MHO3KeCTBO caiiToB. [lepBast 4acTh MEPBOTO TarIOTUIIA MOKET OBITh JUTHHHEE YeM WJIA PaBHOM 1
T..H. Hanpumep, nepsasi 4acTh MepBOro raruioTUIIA MOXKET ObITh JUIMHHEE YeM MM PaBHOH 1
T.LH., 5 T.LH, 10 TeH, 15 e wim 20 T.H. J[aHHbIE MO METHJIIMPOBAHHIO MOTYT OBITh
na"nHbiMu 110 kiietouHoin JJHK.

B HEKOTOPBIX BaAPHUAHTAX OCYIICCTBJICHNSA, MHOXKECTBO IMEPBBIX ypOBHefI MCTUJINPOBAHUA
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MOJKET OBITh ONPEAENICHO JIJIsl MHOJKECTBA 4acTed mepBoro ramiotuna. Kaxknmas dactb MOKeT
UMETh JUIMHY OOJIBINYIO YeM WM PaBHYIO S5 T.ILH., UK JOOOH pa3smep, PaCKPBITHIH B AAHHOM
JOKYMEHTE AJIs MIEPBON 4aCTU MEPBOro rarioTuna.

Ha stane 1095 unentuduuupyeror BTopoii Hadbop n3 muokecrsa Mosekyn JIHK. Kaxnast
u3 MHoxectBa mosekyn JIHK pacmonokeHa B moOOM M3 reT€pO3UTOTHBIX JIOKYCOB M3 3Tara
1096 u comepXHUT COOTBETCTBYIOLIUI BTOpOW amienb, Tak uto mosekyna JIHK moxer ObITh
UICHTU(QHUIMPOBAHA KaK COOTBETCTBYIOINAs BTOpoMy ramiotuny. Kaxknmas u3 Broporo Habopa
mosekys JIHK Taxike comep:KUT MmO MeHbIIEeW Mepe OAWH U3 N reéHOMHBIX CAaWTOB, MPH 3TOM
T€HOMHBIE CAUTBI UCIIOJIB3YIOTCS ISl ONPEAEIICHNs] YPOBHEN METUIIMPOBAHMSI.

Ha stane 1096 onpenensroT BTOPOM ypOBE€Hb METHJIMPOBAHUs MEPBOM YAaCTU BTOPOTO
rarjioTUNa ¢ UCTIOb30BaHUEM BTOPOro Habopa u3 MHoxkectBa MoJekya JJHK. Bropoii yposeHs
METHJIUPOBAHUS MOKHO OIPENENUTh JIFOOBIM CrOCOOOM, OMHMCAHHBIM B JTAHHOM JOKYMEHTE.
ITepBast 4acTh BTOPOTO raruiOTUIIA MOKET OBITh JJIMHHEE YeM MM paBHOH | T.ILH., nim Jr060ro
pasMepa aJisl IepBOH YacTH MepBoro rarmotuna. Ilepsas 4acTe nepBOTo ramjioTUNa MOXKET OBITh
KOMIUIEMEHTApHON MNEepBOH 4acTH BTOpOro ramoruna. Ilepsas 4acTe mepBOro rarmiotuna u
nepBas 4acThb BTOPOrO TAIUIOTHNA MOTYT (opMupoBaTh KojbueByro mosekyny JIHK. Ilepsbrit
yYPOBEHb METWJIMPOBAHHUS IE€PBOH YACTH MNEPBOTO TaIUIOTUIIA MOXKET OBbITb OIpeneseH C
HCIIOJIb30BAaHUEM JIaHHBIX U3 KoubLeBor mousekynsl JJHK. Hanpumep, ananus konasueson JIHK
MOKET BKJIFOUATh B ceOsl aHaIM3, OnKucaHHbii Ha Dur. 1, @ur. 2, @ur. 4, dur. 5, Qur. 6, Qur. 7,
®@ur. 8, @ur. 50 uym Qwur. 61.

[0073] KombueBass monekyma JIHK woxer OpiTh oOpa3oBaHa myTeM paspe3aHust
neyxuenodeyHoir mosiekynbl JIHK ¢ ucnonb3oBanuem komrmuiekca Cas9 miis GhopMmupoBaHUs
pa3pe3aHHoil nByxuenoudedHoi mosiekynbl JIHK. Anantep B Buae IIMWIBKU MOXET OBITh
JUTMPOBAH K KOHLy paspe3aHHON asByxuenodeuno wodekynsl JIHK. B BapuanTax
ocymecTBieHus, 00a koHma apyxuenoudeyHodt Mmosekyiael JIHK moryr ObITh paspesansl H
quruposasbl. Hanpumep, paspezanue, JIUrMpOBaHME U MOCHEAYIOIIUN aHAIU3 MOTYT
BBITIOJTHATHLCSA, KaK onucaHo Ha @ur. 91,

B HEKOTOpBIX BapuaHTax OCYLIECTBIEHUs, MHO>KECTBO BTOPBIX YPOBHEN METHINPOBAHUS
MOKET OBITb ONpEAENeHO Al MHOKeCTBa dvacrell BToporo ramioruna. Kaxpas dacte u3
MHOJKECTBA HaCTeH BTOPOTO TaljIOTHUINA MOXKET ObIThb KOMIIEMEHTAPHOW YacTH M3 MHOXKECTBA
4acTel NepBOro rarioTuna.

Ha stane 1097 3HaueHne nmapameTrpa BBIYUCIAETCA C UCIOJb30BAHUEM MEPBOTO YPOBHS
METHJIMPOBAHUSA M BTOPOTrO YPOBHs MeTHiHpoBaHus. IlapameTp MOXeT mpencraBisTb coOOM
3HAYEHHE pa3rPaHUYCHUs. 3HAUCHHE DPa3TPAHUYCHHUS MOXKET NPEACTaBIATH COOOH pasHHUIy

MEXKAY ABYMs YPOBHSIMU METUIIMPOBAHUS WM COOTHOLIEHHUE ABYX YPOBHEH METUIIMPOBAHMUS.
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[0074] Ecnu ucmonp3yercsi MHOXKECTBO YacTell BTOPOro TarjioTHMA, TO ISl KaKIOH
YacTH W3 MHOJKECTBA YacTeW BTOPOrO TaruiOTHUIIA 3HAUEHHE pa3rpaHUueHHss MOXKET ObITh
PacCUMTaHO C MCMOJIB30BAHUEM BTOPOrO YPOBHsSI METUIMPOBAHUS YAaCTHU BTOPOrO rarjioTHUNA U
MEepPBOrO YPOBHS METUJIMPOBAHUS C HCMOJB30BAHMEM KOMIUIEMEHTApPHONW 4YacTH IEepPBOro
rarioTuna. 3HaueHue pa3rpaHuueHus] MOXKHO CPaBHUTD C MIOPOrOBbIM 3HAUEHHUEM.

[0075] TloporoBoe 3Ha4Y€HHE MOKET OBITH OINPENeNICHO U TKaHEeH, He MOJBEp>KeHHBIX
3aboneBanuro. IlapamMerp MOXKET MpencTaByiATh COOOH KOJIMUYECTBO YACTeH BTOPOTrO TaIjIOTHIIA,
IIPU 3TOM 3HA4Y€HHUE Pa3rpPaHMUYEHUs MPEBbIIIAET NOPOroBoe 3HaueHne. Hanpumep, koaudecTso
4acTel BTOPOrO TarulOTHUMNA, AJIs KOTOPBIX 3HAYEHUE PAa3srPaHUYEHMs] MPEBBIIIAET MOPOTrOBOE
3HaYeHHE, MOXKET ObITh aHAJOTHYHO KOJUYECTBY OOJacTeH, Ui KOTOPBIX MOKA3aHO, YTO OHHU
UMEIOT OTIu4Ke, cocTaBJsitomee Oonblie yem 30% Ha ®dur. 105A, @ur. 105B, u @ur. 106. Ha
@ur. 105A, Pur. 105B u Pur. 106, 3HaueHWEe pa3rpaHUUEHHs MPEACTABISAET COOOM
COOTHOLIEHHE, a TMoporoBoe 3HaueHue coctaBisier 30%. B HekoTOphIX BapuaHTax
OCYILIECTBJIEHHs], TIOPOTrOBOE 3HAYEHHE MOJKET OBITh OINMpPENeNIeHO AJISI TKaHEH, IMOABEP KEHHBIX
3a00JI€BaHUIO.

B nppyrom mnpumepe, 3HaueHHe pa3rpaHUYEHUs] IS KaXAOH YacTH MOXET OBITh
arperupoBaHHBIM, HANPUMEP, CYMMHPOBAHHBIM, YTO MOYKET OBITh BBIOJIHEHO C ITOMOIIBIO
B3BEIIEHHON CYMMBI WJIM CyMMBbI (PYHKLIUH COOTBETCTBYIOLINX 3HAUSHHUH pa3rpaHuyueHus. Takoe
arperupoBaHUE MOKET NMPEAOCTaBUTh 3HAYEHUE NTapaMeTpa.

[0076] Ha stame 1098 3HaueHue mnapameTpa CpPaBHHUBAIOT C OJTAJOHHBIM 3HAYEHHEM.
KoHTponbHOE 3HaYeHHE MOKET OBbITh OTPEAETICHO C MCIIOJB30BAHHEM KOHTPOJBHON TKaHH Oe3
HapyueHns. KOHTponbHOE 3HA4YeHHE MOJKET NPEACTAaBIATh COOOW 3HAUEHHE pasrpaHUYEHUSL.
Hanpumep, sTanoHHOe 3HaYeHHE MOJKET OTOOpakaTh TO, YTO HE JNOJDKHO OBbITh 3HAUUTENBHOU
Pa3sHUIIBI MEXKY YPOBHSIMU METWIMPOBAHUs IBYX raryioTunos. Hanpumep, sTanoHHOE 3HAaUeHHE
MO3KeT ObITh CTATHCTUYECKOHN pasHuULeH, cocTapistomel 0, miu cooTHomeHneM okoso 1. Korna
UCTIOJIB3YETCS MHOJKECTBO YacTel, STaJOHHOE 3HAYEHHE MOXKET OBITh KOJHUYECTBOM HYaCTEeH B
340pOBOM OpraHusMme, TIA€ J[ABa TaluIOTUNA JAEMOHCTPUPYIOT 3HAYEHHE pa3rpaHUYeHus,
MPEBBILIAIOIIEe MOPOrOBOE 3HAYECHHE. B HEKOTOpBIX BapHaHTaxX OCYILIECTBJICHUs, 3TAJIOHHOE
3HaYEHHE MOXKET OBITh OIMpPENENIEHO C MCIOJB30BAHUEM KOHTPOJBHON TKaHH, MOJBEPIKEHHOMN
GonesHu.

[0077] Ha srtane 1099 xmaccuukamuioo HApYLIEHUS B OPraHU3ME BBINOJHSIOT C
HCIIOJIb30BAaHUEM CPABHEHMs 3HAYEHUS TapaMeTpa C STAJIOHHBIM 3HaueHueM. Hapymenue Moxer
OBITH ONpENeNeHO KaK MPUCYTCTBYIOLIEE HJIM MMeEIoIiee OOJIbIIYI0 BEPOSTHOCTD IOSIBJICHUS,
€CJIM 3HAa4YeHUe MapaMeTpa MPEBbIIIAeT 3TAJIOHHOE 3HadueHue. HapylmeHne MoKeT BKJIHYaTb B

cebst pak. Pak Moxxer mpencraBiaTh coO0it 000 THUIT paka, ONMMUCAHHBIA B JAHHOM JOKYMEHTE.
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Knaccudukauusi HapylieHdus: MOXKET MpeACTaBisiATh COOOH BEpOSTHOCTh BO3HHUKHOBEHHS
HapyiieHus. Kraccudukaumss HapylleHHss MOXKET BKJIOUaTb B Ce0sl CTEMeHb TSDKECTH
HapyiieHus. Hanpumep, Oosbliee 3HaYeHHE MapaMeTpa, yKasbiBaroliee Ha OOJblee KOTUYeCTBO
yacTel ¢ AucOaaHCOM TarIOTHIIOB, MOXKET YKa3bIBaTh Ha OoJjiee Tskenyro Gopmy paka.

Xots crocob, onucansbiil Ha @ur. 109 BrmouyaeT B ceOst KIacCU(PUKAIMIO HAPYIICHHUS,
AHAJIOTMYHbIE CHOCOOBI MOTYT HCIOJIb30BATBCS JJIsl ONpeneNieHHs JI000W MaToJNOTHU HWIH
NpU3HaKa, KOTOpPble MOTYT BO3HHKHYTh B pe3ysbTare aucOanaHCca YpOBHEH METHJIMPOBAHHUS
Meskay rarotunamu. Hampumep, ypoBenb MetmnupoBanus ramtoruna w3 JJHK mmona moxker
ObITb HIDKE, YeM MeTuiupoBanue ramioruna u3 JJHK matepu. YpoBHH METHINPOBAHUST MOMKHO
HCIOJIB30BATH IS KJIaCCH(PUKALMHN HYKJISUHOBBIX KHCIOT HA MATEPUHCKUE HITH SMOPHUOHANBHE.

Korna HapyiieHue mpencrasisieT coO0i pak, pa3sHble XpOMOCOMHbIE OONACTH OMyXOJH
MOTYT MUMETh TaKhe pPas3jHyusi B METHJIMPOBAaHHMU. B 3aBUCHMOCTH OT TOro, Kakue o0JiacTu
3aTparuBarOTCsI, MOXKET OBbITh MPEIOCTABJICHO PasiyHOe JiedeHue. JlOMONMHUTEIbHO, CYyOBEKTHI,
UMeIoLIe pasHble O0JaCTH, AEMOHCTPHPYIOIIHME TaKUEe PAa3jIMuusi B METHJIMPOBAHHH, MOTYT
UMETb pa3HbIe MPOTHO3BI.

XpoMocoMmHBIE 00NaCTH (YacTH), KOTOpPble HMEIT IOCTaTOYHOE pa3TpaHUYeHUE
(HarmpumMep, OOJIbIIE TOPOTOBOrO 3HAYECHHMS ), MOTYT OBITh HIEHTH(PHULINPOBAHBI Kak abeppaHTHbIE
(mmn umeromue abeppaHTHOe pasrpaHuueHue). llarrepr abeppanTHO# 0OmacTH (BO3MOXKHO
YUYUTBIBAasE Uil KAKOTO TAIUIOTHIA BBILIE, YeM Ui APYroro) MOXKHO CPaBHUTb C 3TAJOHHBIM
naTTpeHOM (HampuMmep, Kak OMpeAeieHo Ui CyObekTa, CTPaaroliero pakoM, BO3MOKHO
KOHKPETHOTO THIA paka, WM Jjs 3A0poBoro cyOwbekra). Ecnu aBa marrepHa WAEHTHYHBI B
mpefenax MOPOrOBOrO 3HAa4YeHWs (HampuMep, MEHbIIe YKa3aHHOTO YHhCiIa o0jacreil/4actei,
KOTOpbIE€ OTJIMYAIOTCS), KOTAA STAJIOHHBIN MATTEPH KOHKPETHO KJIACCU(PHULIUPOBAH, TO CYOBEKT
MOKeT ObITh UIEHTU(UIMPOBAH KaK MMEIOIUI 3TOT Tl HapyiueHus. Takas kiaccu(pukanms
MOKET BKJIOYaTb B ce0sl HapylleHWe HMIPHHTHHIA, HApUMep, KaK OIMHUCAHO B JaHHOM
TIOKYMEHTE.

VII. AHAJIN3 METWIHPOBAHHA OTAEJABHBIX MOJIEKYJ JIs
I'MBPUAHBIX MOJIEKYJI

UtoObl IOMOJHUTENBHO OLEHUTh 3PPEKTUBHOCTh U MOJIE3HOCTh PACKPBITBIX B AaHHOM
JIOKYMEHTE BapPUAHTOB OCYIUECTBJICHHs B OTHOLICHUHU OMpeeeHHs] MOAU(PHUKALUNA OCHOBAHHI
HYKJIEMHOBBIX KHCJOT, Mbl UCKYCCTBEHHO co3naiu rubpunsbie ¢parmentsl JJHK denoseka u
MBILIH, [ KOTOPBIX 4aCTh 4YeJoBeKa Obljla METWIMPOBAHA, a YAaCTh MbIIIN - HEMETUIMPOBAHA,
wnu HaoGopot. Onpenenenue odnactell coeqrHeHNs: THOPUAHBIX WK XuMepHbIX MoJsiekyn JTHK
MOKET TMO3BOJMTh OOHAPY)KMBATh CIHMSHUS TE€HOB JJisl pa3jM4YHbIX HAPYLIHUH WK

3a00JIeBaHUI, BKIIFOYAS PaK.
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A. Cnocobwr cozoanus 2uopuonvix ghpacmenmos J{HK uenosexa u moiuiu

B »ToM pasgene omnmceBaercs co3maHue ruOpunHbix ¢parmentoB JIHK, a 3arem
nporenypa onpeaeneHus npodpuied METUINPOBaHUs (PParMeHTOB.

B omHom Bapumante ocymectBieHus, udenosedeckas JIHK Obuta amrumdunmposana
MOCPENCTBOM aMILTU(HUKAIIMA BCEr0 T€HOMA, TaK YTO HCXOAHAS CUTHATYpa METHJIMPOBAHUS B
reHOME 4eJIoBeKa Oblla yJajeHa, IMOCKOJBbKY aMIUTU(HUKAIMS BCEr0 I'€HOMa HE COXpaHseT
COCTOSIHMSL METWJIMPOBAaHUS. AMIUTM(UKALMS BCEro TIeHOMa MOXKET OBITh BBINIOJHEHA C
UCTIOJB30BAHMEM  YCTOMYMBBIX K  3K30HyKiIeasaM  THodochaT-MoanUIupoBaHHBIX
BBIPOKICHHBIX T'e€KCAMEPOB B KAaueCTBE IPaiiMEpOB, KOTOPbIE MOTYT CIy4YaiHbIM 00pa3om
CBSI3BIBATBHCS IO BCEMY TI€HOMY, YTO MO3BOJisieT mosmmepase (Hampumep, JIHK-mommmepase
Phi29) ammmdunuposars JJHK 0e3 TepMmouumkimupoBaHus. AMIUTM(HUIMPOBAHHBIA MPOIYKT
JHK Oynmer ©HemerwniupoBaHHbIM. AmrumduuupoBanHele  Monekynsl JIHK  genmoseka
nonosHuTenbHO oOpadareiBamn M.Sssl, metuntpancdepasoit CpG, koTOpas TEOpeTHUECKH
MOJIHOCTBIO ~ METWJIMPYeT Bce ILUTO3MHbBI B koHTekcTe CpG B JIBYXLENOYEUHOH,
HEMETWINpPOBaHHOW  wiu  noiaymerwimpoBanHoii  JIHK.  Takum  oOpasom,  Takas
ammmduiposanHas JIHK uenoseka, oOpaboranHass M.Sssl, craHeT MeTHINPOBAHHBIMH
monexkyaamu JJHK.

Hanporus, [IHK mblmu nmoaseprany MOJHON€HOMHON aMILTU(HUKALMH, YTOOBI TOTYyYHUTh
HeMmeTuinpoBaHHble pparMenTsl JJHK mbrmn.

@ur. 110 wumroctpupyer coszmanue rudpuasabix gparmentos JIHK yenoBek-Meiiib, y
KOTOPBIX 4eJOBEYeCKas 4YacTb METWUIMPOBAaHA, & MBbIIKWHAS YacTb HEMETHJINPOBAHA.
3akpalieHHble KPYKOUKH Ha TMajiouke MPEeACTaBIIoT coOoii MmermnupoBaHHble caiiTel CpG.
He3sakpaiueHHble Kpy»KKH Ha Najovke MpenCcTaBisioT HeMeTuauposaHHble caiitel CpG. Touncras
nojoca 11010 ¢ auaroHanbHBIMH MOJIOCAMHU MPEACTABISAET METHIMPOBAHHYIO YEJIOBEYECKYIO
yacTb. Toncras nonoca 11020 ¢ BepTUKAIBHBIMU MOJOCKAMU NPEACTABISAET HEMETUINPOBAHHYIO
MBIIIHNHYIO YacTb.

Hna co3manmsa rubpuaHbix Monekyn JIHK uenoBek-mbllib, B OJHOM BapHUaHTE
ocymectsieHust, Mojekynbl JJHK nmocne ammmmduiinu Bcero renoma u o6padotku M. Sssl Obim
JOTIONHUTENBHO paciuervienbl Hindlll n Ncol nns reHepauuy JTUNKAX KOHIOB AJIst OOJerdeHus
MOCJIeNYIOUIEro JIMTUpoBaHus. B OJHOM BapuaHTe OCYINECTBJICHUs, METUIMPOBAHHbBIE
¢parmenTtsl JJHK denoBeka MOMOTHUTENBHO CMELIMBAIN ¢ HEMETHIIMPOBAHHBIME (pparMeHTaMH
JHK wmpimm B 3KBUMOJIIpHOM cooTHomeHnd. Takas cmech JHK uenoBek-muinp Oblia
MOJIBEPTHYyTa TPOLIECCY JUTHPOBAHMS, KOTOPBIH B OJHOM BapHAaHTE OCYIIECTBJICHUS ObLI
onocpenosan JIHK-nurazoit mpu 20 °C B Teuenue 15 munyTt. Kak nokaszano na ®@ur. 110, sta

peakuust JUrupoBaHUs OyAeT AaBaTh 3 TUIA OOPa3yIOLIUXCS MOJIEKYJ, BKIIOYAIOIUX B ceOs
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ruOpunasle Mosekynsl JIHK uenoBek-mbimib (a: rubpunHbeie (QparMeHTBl YeOBEK-MBILIb);
mouekyisl JJHK Tonmpko uenoseka (b: qurupoBanue uenosek-denosek, u ¢ JIHK uenoseka 6e3
aurupoBanwusi), U MoJiekyisl JIHK Tompko mbimum (d: jurupoBanue Mblib-Mbimb, U €. JIHK
meimn Oe3 smruposanus). [Ipoaykr JIHK mocne nurnpoBaHusi moABEprajiv CEKBEHUPOBAHHIO
OTZIeJIbHOW MOJIEKYJIbl B peanbHOM BpeMeHH. Pe3ynbTaThl CEKBEHMpPOBAHHUS aHAJIW3UPOBAIU B
COOTBETCTBUM C TIPUBEIACHHbIM B JaHHOM JOKYMEHTE pacKpbITHEM HW300pEeTEeHUs IS
OTpefeNeHNs] COCTOSHUI METUJINPOBAHUS.

@ur. 111 wumoctpupyer coszmanue rudpuasbix gparmentos JIHK yenoBek-Meiiib, y
KOTOpBIX 4eJOBeYecKas 4acTh HEMETWJIMPOBaHAa, & MbIUIMHAs 4acTb METWIMpOBAHA.
3akpalieHHble KPYKOUKH Ha TMajiouke MPEeACTaBIIoT coOoii MmermnupoBaHHble caiiTel CpG.
HesaxpaiueHHble Kpy»KKH Ha NajovKe NMPEeACTaBIAI0T HeMeTunuposaHHble caliTel CpG. Toncras
nosoca 11110 ¢ auaroHanbHBIMHU NOJOCAMU NPEACTABISAET METWINPOBAHHYIO MBIIIUHYK) YaCTh.
Toncras monoca 11120 ¢ BepTHUKaNbHBIMU MOJOCAMH MPEACTABISIET HEMETUIMPOBAHHYIO
YeJI0BEYECKYIO HaCTh.

Jlns BapwaHTa OCyIIeCTBIIeHUs, mokazaHHOTo Ha @ur. 111, monekynbl JIHK mbimn Obuin
aMIUTH(UIIIPOBAHBI  MMOCPEACTBOM aMIUIM(UKALUK BCEr0 T€HOMA, TaK YTO HCXOJHOE
METHJIMPOBAHUE B TEHOME MBILTH ObLIO ycTpaHeHo. AMIumduumpoansbliil npoaykTt JJHK Oyner
HeMeTWINpOoBaHHbIM. Amrundunuposansas JIHK mbimu Oymer nomosnauTensHO oOpaboTana
M.Sssl. Takum oOpaszom, Takas amrumdunupoanHas JIHK wmbimum, oOpaborannas M.Sssl,
npespamqaercs B metmwaupoBanHbie moJiekynbl JIHK. Hamportus, ¢parmentst JJHK uenoseka
MOJBEPraJid  IMOJIHOTEHOMHOH  aMIUIMpUKaluy, dYToObl TOJYYHUTh  HEMETHIIMPOBAHHBIE
¢parmentsl JJHK. B oqHOM BapuaHTe OCYIIeCTBIICHUS, METUIMPOBAHHbIE (PparMeHTHl YeJIOBEKa
JOTIOJIHUTENIPHO CMEIIMBAIM € HEMETWIMPOBAHHBIMU (parMeHTaMH B 3KBHUMOJISIPHOM
cootHoumienuu. Takyro cmecy JIHK uyenosek-mblllb mnoOABEprajiu MNpOLECCY JHUTHPOBAHUS,
onocpenyemomy JIHK-nmurasoii. Kak nmokasano Ha @wur. 111, sta peakums nurupoBaHust Oyner
JaBaTh 3 THUMA OOPa3yIOLIMXCS MOJIEKYJ, BKIOYAOLMUX B ce0s ruOpuanble mMonexynsl JIHK
YeJIOBEK-MbIIIb (a: THOPUIHBIE (PparMEeHTH! YeJIOBEK-MbIib); Mosekynsl JJHK Tonpko denoseka
(b: muruposanue uenoBek-uyenosek, u ¢ JIHK denoseka Ge3 muruposanusi);, u mojaekynsl JJHK
TONbKO MbImH (d: nurupoBaHue Mblb-Meilb, U €. JJHK mbimm 6e3 guruposanust). Ilpoxykr
JIHK nocne nurupoBaHHsi MOJBEprajlyd CEKBEHHPOBAHUIO OTAEJIbHON MOJIEKYJbl B PEaJbHOM
BpeMeHHU. Pe3ybTaThl CEKBEHHpPOBAHUS AHAIU3UPOBAJIM B COOTBETCTBUM C MPUBEIEHHBIM B
JAHHOM JIOKYMEHTE PACKPBITHEM H300pETEHHS AJISl ONIPENENIEHHUs] COCTOSTHIUI METHITHPOBAHHMSL.

CornacHO BapuaHTy OCYLIECTBJEHUS, NMokazaHHOMy Ha Pur. 110, MBIl IPUTOTOBWIH
uckyccteHHyro cmecb JIHK (nHasBannyro oOpasnom MIXO01), comepxamyro ruOpuaHbIe

moJiekyabel JIHK uwenosek-mbib, JJHK Tonpko yenoeexka u JJHK TONBKO MbIHM, 11 KOTOPBIX
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mounekyibl JIHK, accormmpoBaHHble ¢ 4eJIOBEKOM, OBLIIM METHIIMPOBAHBI, TOT/IA KAK MOJIEKYJIbI
JHK wmpimu Obutn Hemermnuposasbl. [t obpasua MIXO01 mer mosyumnn 166 MUIUTHOHOB
CyOmnpOUTEHHH, KOTOPbIE MOKHO OBLIO BBIPOBHATH JIMOO C STAJOHHBIM M€HOMOM YEJIOBEKA WJIH
MBILIH, JTUOO YACTHYHO C TEHOMOM YeJIOBEKAa M YACTHYHO C TeHOMOM MBILITH. DTH CyOnpOUTEHHS
ObUIM TIOJTyYeHBl M3 MPUMEPHO 5 MWIIMOHOB SYEEK CEKBEHHPOBAHUS OTHENBHON MOJIEKYJBI B
peanbHoMm Bpemenu (SMRT) Pacific Biosciences. Kasknasi Moniekyna B siueiike CEeKBEHUPOBAHUS
OTJEJIbHOM MOJIEKYJIbI B PEaIbHOM BPEMEHH CEKBEHHPOBAJach B cpenHeM 32 pasa (auama3oH: 1-
881 paz).

Urobb1 onpenenuts denosedeckytro dactb JJHK u mbrimunayro vacte IHK B ruGpugHom
¢parMenTe, Mbl CHavajla CKOHCTPYHPOBAJIN KOHCEHCYCHBIE MOCIENOBATENbHOCTH, OOBEIUHHB
HYKJICOTUAHYIO MH(POPMALMIO U3 BCEX COOTBETCTBYIOLIMX CyOnmpodTeHUil B sueiike. Beero Mel
nosryaniii 3435657 KOHCEHCYCHBIX mocienoBaTenbHocTel 1t obpasua MIX01. Habop maHHBIX
obu1 crenepuposan u3 JJHK, nonyuennoii ¢ nomomsto Sequel II Sequencing Kit 1.0.

KoHceHcycHblE  TMOCIENOBATENBPHOCTH  BBIPOBHSUIM € 3TAJOHHBIMU  TI'€HOMAamuy,
BKJIIOUAIOIINE B Ce0sl 3TaJOHHbIE T€HOMBI KaK YeJIOBEKa, TaK W MbIH. Mbl monydmwmu 3,2
MUJUIMOHA BBIPOBHEHHBIX KOHCEHCYCHBIX MociefoBarenpbHocTed. Cpenu HUX, 39,6% u3 HUX
obutn otHeceHbl k Ty JIHK Tombko uenoseka;, 26,5% w3 Hux Obutn oTHeceHsl k Tuny JIHK
TOJIbKO MbIH, a 30,2% u3 Hux Obutn Kiaccudumposansl kKak rudpuaHas JJHK denoBek-MbIlib.

@ur. 112 nemoHcTpupyer pacnpenenenue nnuH monekyia JHK B cmecn JIHK nocne
murupoBanus (o6pazen MIXO01). Ocp abcrmmcc mokasbiBaer mmHy Mosekyiasl JIHK. Ocp
OpPAMHAT MOKAa3bIBAET YAaCTOTy BCTPEYAEMOCTH, CBsI3aHHYIO C jiuMHON Mojekyiasl JHK. Kak
nokazaHo Ha ®ur. 112, ruOpunnasle mosnekynsl JJHK denoBek-mblmb UMErOT OoJiee ITMHHOE
pacripeneneHle JIUHHBI, YTO COTJIAacyeTcs ¢ TeM (PaKTOM, YTO OHHU MPENCTaBJISIOT COOOH
KOMOWHALMIO 1TO MEHBIIEH Mepe IBYX THIIOB MOJIEKYJL.

@ur. 113 mwmocTpupyeT 00IacTh COeANHEHUs, ¢ TOMOIIbI0 kKoTopoii mepsyro JAHK (A) u
Bropyto JIHK (B) coemmusror BMmecte. JIHK (A) m JAHK (B) moryr ObITh paciueruieHsl
¢dbepMeHTOM pecTpuKIHH. B 0THOM BapuaHTe OCYIIECTBIEHUS, I MOBBIIEHUS Y3PPEKTHBHOCTH
JUTUPOBAHMS C TPUMEHEHHEM JIMIKUX KOHIIOB Mbl HCIIOJIb30BAIH (DEPMEHTBI PECTPUKLIUU
Hindlll n Ncol, pacnoznatomue caiitel A"AGCTT u CMCATGG cOOTBETCTBEHHO, IS
pacwernenus JIHK denoBeka u Mbliu nepes cragueil TUrHpoBaHus. 3aTeM MOKHO JIMTHPOBAaTh
JHK (A) u JJHK (B). Cpegu 698492 rubpuansix mosekyn JHK denoBek-mbib, HECyIumx
obnactu coenuHeHusi, Mbl OOHapyxkwiH, 4to 88% Mmonekysn rudbpuanoi JIHK uesoBek-Mbllb,
Hecymux cait pacnosHaBaHus ¢epmenta - AMAGCTT u C"CATGG, nONONHUTENBHO
npeanojaras HaJu4due JUrupoBaHus Mexnay ¢parmenramu JIHK denoBek-mbllnb. YKa3zaHHYIO

00J1acTh COENMHEHHSI OTIPENENSAIOT, KaK O0NacTh WM CAalT, MOCPEACTBOM KOTOPOH(OTO) MepBBbIit
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¢parment JJHK u Bropoit ¢pparment JAHK Obim pusndecku coennneHsl Bmecte. [T0CKOIBKY
o0JacTe coemMHEHUs BKJIIOYaeT B ce0s mocienosatenbHocTy, obmue kak aimst JJHK (A), Tak u
s JJHK (B), wacTh omHOH IIemyu, COOTBETCTBYIOIIAsl OONAaCTH COENUHEHUS, He MOKET OBbITb
ompeneneHa Kak spisromasics uacteto smbo JHK (A), mubo JAHK (B), Tompko mo
MOCIIEIOBATEIbHOCTH. AHAJHN3 MATTepHA WJIHM IUIOTHOCTH METHJIMPOBAHMS 4YacTHU OIHOHM Lemy,
COOTBETCTBYIOLIEH MECTy COCOUHEHMs, MOXKET OBITh HCIIOJIb30BaH MJIsI ONPENENeHUsl TOro,
npoucxoaut ju vacte 13 JIHK (A) unn IHK (B). Hampumep, JIHK (A) mosxeT ObITh BUPYCHOM
JHK, a JHK (B) moxer 6bite JJHK uwenoBeka. OmpeneneHue moJHOW 0OJACTH COEIUHEHUS
MOKET AaTh HMHPOPMALMIO O TOM, HapymaeT ju Takas uHrerpupoBanHHas JIHK OenkoBble
CTPYKTYPbI H KAKHM 00pa3oM.

Qur. 114 wmnmoctpupyer ananu3 meruwnmuposanus cmecu JHK. Ilonmoca 11410 ¢
IVarOHaJbHBIMH TIOJIOCKaMU 0003HauaeT oO0JacTh COeNWHEHMs, HAOMI0JaeMyl0 B aHaJIH3e
BBIPABHHUBAHMUS, KOTOpasi MOKeT ObITh BHeCeHa 00paboTKOH (PepMEHTOM PECTPUKIHH IMepen
murupoBanueM. «Caiit RE» oGo3navaer caift pacno3nasanus ¢pepmenrta pectpukiun (RE).

Kak nokazano na @ur. 114, B OAHOM BapuaHTE OCYLIECTBJEHUS, BLIPOBHCHHBIE
KOHCEHCYCHBIE TOCJIEIOBATEIbHOCTH OBUIM CTPYNIHPOBAHbI B TPU KATETOPHH CIEAYIOLINM
obpazom:

[0078] (1) CexsenmupoBanHyto JIHK BbIpaBHHMBa M TOJBKO C 3TAJOHHBIM T'€HOMOM
YeJIOBeKa, HO HE BBIPABHUBAJIU C STAJOHHBIM T€HOMOM MBIIIH, B OTHOIIEHHWH OIHOTO HIIH
HECKOJIbKUX KPHUTEPHEB BBIPABHUBAHUS. B OIHOM BapHaHTEe OCYINECTBJICHUS, OOUH KPUTEPHI
BBIPABHUBAHMS MOXKET ObITh OTIpeIeNieH Kak, HO Oe3 orpanudenus, 100%, 95%, 90%, 80%, 70%,
60%, 50%, 40%, 30% wumu 20% CcMeXHBIX HYKJIEOTHAOB cekBeHupoBaHHou JIHK mokHO
COMOCTABUTh C YEJIOBEUECKUM 3TaJOHOM. B OIHOM BapHaHTE OCYIIECTBJICHUS, OIHUM H3
KPUTEPHEB BbIPAaBHUBAHMS OBUIO OBl TO, YTO OCTABIIASICS YaCTh CEKBEHHPOBAHHOTO (pparMeHTa,
KOTOpast He BBIPOBHSJIACH C YEJIOBEUECKHM 3TAJIOHOM, HE MOTJIa ObITh BBIPOBHEHA C 3TAJIOHHBIM
T€HOMOM MbIIIK. B OJHOM BapHaHTe OCYIIECTBICHHs, OOHUM H3 KPUTEPUEB BbIPABHUBAHHS
ObUT0 TO, uTO cekBeHupoBaHHasi JIHK moria ObiTh BEIpOBHEHA C OJHOH 00JACTHIO B 3TAJIOHHOM
rEHOME 4YeJoBeka. B ONHOM BapuaHTe OCYINECTBJICHHUS, BBIPABHUBAHHE MOXKET OBIThH
abcomoTHpIM. TeM He MeHee, B APYrOM BapHaHTE OCYIIECTBJICHUS, BBIPABHHBAHUE MOKET
YVUUTBIBATh PACXOXIEHUS HYKJICOTHIOB, BKJIOYAs BCTaBKM, HECOBIAAEHUS U JEJNELUH, TPU
YCIOBHUH, YTO TAKHE PACXOKIEHHsI ObLTH MEHBIIE ONPENEeIeHHBIX MOPOTOBBIX 3HAUSHHH, TAKHX
kak, HO Oe3 orpanuuenus, 1%, 2%, 3%, 4%, 5%, 10%, 20% wau 30% IIMHBI BHIPOBHEHHBIX
NOCIIeIOBAaTEeIbHOCTEH. B OpyroM BapuaHTe€ OCYIIECTBJIEHHs, BBIPABHUBAHHUE MOXKET
NPOUCXOOUTH C OOoJiee YeM OOHHM MECTOM B STAJOHHOM reHoMe. B eme npyrux BapuaHTax

OCYHICCTBJICHUA, BbIpABHUBAHUC C OJHUM HIIN OOJIBIIMM KOJMYECTBOM CAWTOB B 3TaJOHHOM
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reHOME MOKeT OBITh YCTaHOBJIGHO BEPOSTHOCTHBIM CIOCOOOM (Hampumep, yKa3aHUEM
BEPOSITHOCTH OIIMOOYHOTO BBIPABHHMBAHMSI), W HW3MEpPEHHE BEPOSITHOCTEH MOKET OBITh
UCIIOJIb30BAHO B MOCenyomel oopaboTke.

[0079] (2) CexBennpoBanHyro JIHK BbIpaBHHMBaJ M TOJBKO C 3TAJOHHBIM T'€HOMOM
MBIIIA, HO HE BBIPABHUBAJA C STAJOHHBIM T€HOMOM WYeJOBEKAa B OTHOIIEHHWH OJHOTO WU
HECKOJIbKUX KPUTEPUEB BBbIpABHUBAHUS. B OJHOM BapuaHTE OCYILIECTBIICHHS, OJUH KPUTEPUU
BBIPABHUBAHMUS MOXKET ObITh OTIpeIeNieH Kak, HO Oe3 orpanmuenusi, 100%, 95%, 90%, 80%, 70%,
60%, 50%, 40%, 30% wumu 20% CcMeXHBIX HYKJIEOTHAOB cekBeHupoBaHHou JIHK mokHO
BBIPOBHATH C MBIIIUHBIM 3TAJIOHOM. B OTHOM BapHwaHTe OCYINECTBIIEHUS, OTHUM U3 KPUTEPHEB
BBIPaBHUBAHUS ObUTO OBl TO, YTO OCTABIIASICS YaCTh, HE MOTJIa OBITh BBIPOBHEHA C STAJOHHBIM
TeHOMOM 4eJIOBeKa. B OTHOM BapuaHTE OCYIIECTBJIECHUS, OJHUM W3 KPUTEPUEB BbIPABHHBAHHUS
ObLI0 TO, uTO cekBeHupoBanHasi JJHK morma ObITh BEIpOBHEHA C OHON OOJIACTHIO B 3TAJIOHHOM
reHOME MBI, B 0JHOM BapuaHTe OCYIIECTBIICHHUS, BRIPABHUBAHNE MOXKET OBITh a0COJFOTHBIM.
B eme npyrux BapuaHTax OCYIISCTBJICHUS, BBIPABHHBAHHE MOXKET YUUTBHIBATH PACXOKICHUS
HYKJICOTH/IOB, BKJIFOYas BCTABKH, HECOBMANEHUS M JENelUH, MPU YCJIOBHH, YTO TaKHe
pacxXoskIeHus: ObUTM MEHbBIIE OIMpeNeIeHHbIX TOPOTOBBIX 3HAYCHHH, TaKMX Kak, HO 0e3
orpanuuenus1, 1%, 2%, 3%, 4%, 5%, 10%, 20% wmu 30% nOauHBI BBIPOBHEHHBIX
nocliefoBarepHOCTe. B nIpyrom BapwaHTe OCYIIECTBJICHUS, BBIPABHUBAHUE MOKET
MPOUCXOAUTH ¢ OoJiee YeM OJHUM MECTOM B JTAJIOHHOM reHoMme. B eme nmpyrux BapuaHTax
OCYINECTBJICHUS, BHIPABHUBAHME C OJHUM HJIU OOJIBIIMM KOJUYECTBOM CANTOB B 3TAJIOHHOM
reHOME MOKeT OBITh YCTaHOBJIGHO BEPOSTHOCTHBIM CIOCOOOM (Hampumep, yKa3aHUEM
BEPOSITHOCTH OIIMOOYHOTO BBIPABHHMBAHWSI), W HW3MEPEHHE BEPOSTHOCTEH MOXKET OBITh
UCIIOJIb30BAHO B MOCenyomel oopaboTke.

[0080] (3) Onmna uacte cexksBenupoBanHoi JIHK Obuta ongHO3HAYHO BBIPOBHEHA C
STAJIOHHBIM TEHOMOM YeJIOBEKa, TOTAa Kak JApyras 4YacTb ObLla OJHO3HAYHO BBIPOBHEHA C
STAJIOHHBIM T€HOMOM MbIIIH. B OHOM BapuaHTe OCYIIECTBJICHHUS, eClii (PePMEHT PEeCTPUKIIUU
OBUT MCIIONIB30BAH 0 JIMTHPOBAHUS, TIPU aHAJIU3E BBIPABHUBAHUS OyneT HaOMOIaThCs 00NacTh
COEMHEHUs, COOTBETCTBYIOINAs CaWTy paspe3aHus (epmeHTa pecTpukUMU. B HEKOTOPBIX
BapUAHTaX OCYIIECTBJICHUs, oOmacTu coenuHeHuss Mexay vactsmu JIHK uenoBeka u MblImm
MO>KHO OBLIIO ONPEAETNTH TOJBKO MPUMEPHO B MpeAesiax ONpenesieHHOH 00acT u3-3a OmudoK
CEeKBEHHPOBAHUS W BbIPABHUBAHUS. B HEKOTOPBIX BapHaHTAaX OCYIIECTBIIEHUS, CaNThI
pacrnio3HaBaHusl (pepMeHTa PeCcTpPUKIUH He OyAyT HaOmomaThCsi B O0NACTAX COEAMHEHHS
rudpunsbix pparmentos JIHK 4enoBek-Mbllib, €CIM JIMTHPOBAHUE 3aTParuBaeT MOJIEKYJIbI, HE
pa3pe3aHHbie (pepMEHTAMU PECTPUKLINU (HATIPUMEpP, €CJIM MMEJO MECTO JIUTHPOBAHUE TYIBIX

KOHIIOB).
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Mesxumnynbscable nepuoasl (MUIL), 3Hauenus mupunbel ummyiabcos (1) 1 koHTEKCT
MOCIIEIOBATEeIbHOCTH, B KOTOpOM Haxozmsarcsa caitel CpG, Obuld MONy4YeHbI U3  TeX
CyOnpOUYTEeHHH, KOTOPBIE COOTBETCTBYIOT KOHCEHCYCHBIM TIOCJIENOBATENBHOCTAM. Takum
obpasom, mermnupoBanue mis kaxmod mojyekynbl JIHK, Bxmouass JIHK Tonbko HesoBeka,
TONbKO MbImH, U rudpuanyro JIHK dYenoBek-Mbllib, MOXKET OBITH OIpPENENeHO COTJIACHO
BAapPHAHTAM OCYIIECTBJICHUS, TPEICTABICHHBIM B JAHHOM PACKPBITUH U300PETEHUSI.

B. Pesynomamuvr memunuposanus

[0081] B atom pasnene omucaHbl pe3ybTaTbl METHIUPOBAHUS THOPUIHBIX (PParMEHTOB
JHK. TIInOoTHOCTP METHJIMPOBAHUS MOXKET OBbITh HCIOJB30BaHA UL OMNpPENesIeHUs
MPOMCXOXKACHUS PA3IMUHBIX yacTed ruOpuanbix ¢pparmenton JJTHK.

@ur. 115 neMoHCTpUpPYET AUarpamMmy BepOSITHOCTENH MeTuinpoBaHus ans caiitoB CpG B
obpazne MIX01. Ha ocu aGcumcc mokasaHbl TPU Pa3jMYHbIE MOJIEKYJIbI, IPUCYTCTBYIOLIUE B
obpasue MIXO01: IHK Tonmpko uenoseka, JIHK Tonmpko mbimm, u rubpuanas JJHK uenosek-
MBILTb (BKIIFOYAET B CeOsl KaK YEeJIOBEUECKYI0 YacTh, TAK M MBILIIMHYIO 4YacThb). [lo ocu opauHar
MOKa3aHa BepOATHOCTb MeTuiupoBaHus caiita CpG koHkpeTHOM oTaenbHON mouekynbl JHK.
DTOT aHan3 MPOBOAMIICS TakuM oOpa3om, utoObl JIHK denoseka Obiia Oosiee METHITMPOBAHHOM,
a JIHK mpmum - 60j1ee HeMeTHITHPOBAHHOM.

Kax noxazano na @ur. 115, BepostHocts MeTuiupoBanus caiita CpG B JIHK Tonbko
yenoBeka (Meauana: 0,66, nmuanaszon: 0-1) Obuia 3HAYUTENHHO BbIlIE, YeMm TakoBas s JJHK
Tonbko MbImu (Menwana: 0,06, nmmamason: 0-1) (p-3Hauenme < 0,0001). DTu pe3ynbraThl
COOTBETCTBOBAJIM JU3aiiHy aHanu3a, B koropoMm JIHK uenoseka Obuia Oosiee MeTUIMPOBAHHOMN
u3-3a obpadorku CpG-merunrpanchepasori M.Sssl, torma kak JIHK wmbnmm Obina Oonee
HEMETUJIMPOBAHHOM, IOCKOJBKY METHUJIMPOBAHHE HE MOTJIO OBbITh COXPAaHEHO B IIPOLIECCE
ammmndukauu Bcero reHoma. bomee Toro, caiitel CpG B uenoBeweckoit uwactu JIHK B
rudpunnoit  monekyne JIHK dyenmoBek-mblmb moka3anun 0ojiee  BBICOKYIO BEPOSITHOCTB
merrnupoBanus (Menuana: 0,69; nuanaszon: 0-1) Mo CpaBHEHHIO C CaWTaMH B MBIIIUHON YacTH
JHK (menuana: 0,06, auanason: 0-1) (p-3Hauenune < 0,0001). DT naHHbIE TOKA3BIBAIOT, YTO
PACKPBITHIN crOCcO0 MOXKET TOYHO ONPEAENsTh cTaTyc MeTmiruposanust moiekyn JJHK, a takxe
CErMEHTOB B npenenax mosekyasl JJHK.

[0082] BepoATHOCTb METHUIMPOBAHMS OTHOCHUTCS K OLIEHEHHON BEpPOSTHOCTH ISt
koHKpeTHoro caiita CpG B mnpenenax OTHAENbHON MOJIEKYJbl Ha OCHOBE HCIOJIb3yeMOMN
CTaTUCTUYECKON MOJenu. BeposATHOCTh, cocTaBisiromas 1, ykasblBaeT Ha TO, YTO HA OCHOBE
cratuctudeckor mogemn 100% caiitoB CpG, ¢ UCMOJSB30BAHUEM OMPEIEICHHBIX MapaMeTpPoB
(Bxirouast MUIT, 1IN 1 KOHTEKCT MOCJIEAOBATENBHOCTH), OYAyT METHIMPOBAHbL. BeposTHOCTS,

cocrasysiromas 0, yka3bIBaeT Ha TO, YTO Ha OCHOBe cTaTuctudeckor monenu 0% caitros CpG, ¢
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UCTIOJIb30BAHUEM  OMpeNeNieHHbIX mapamerpoB  (Bkmowas MMIL, 1M wu  KOHTEKCT
NOCIIeIOBaTeIbHOCTH), OynyT MerunupoBanbl. Jlpyrumu cnoBamu, Bce caiitel CpG, ¢
UCTIOJIb30BAHUEM OTPENENICHHBIX MMapaMeTpoB, OyayT HeMeTwIupoBaHHbIMH. @Dur. 115
JIEMOHCTPUPYET  paclpefesieHne BEPOATHOCTEH METWIMpOBaHHUs, ¢ Ooyee  IIUPOKUM
pacnpeneneHuem Tosubko ang  JIHK 4yenoBeka UM 4enoOBEUECKONW YaCTH, HEXKENU IS
COOTBETCTBYIOIUX 4YacTell MbIIU. bBHUCYIbQHUTHOE CEKBEHHPOBAHWE HCIOJB3YETCS IUIs
OTIpENEICHNs]  METHJIMPOBAHMS  AHAJIOTMYHBIX ~ OOpas3loB, YTOOBI NOATBEPAHMTb,  HYTO
METHJIMPOBaHUE HE OBbUIO TOJHBIM, M PE3yJbTaThl NMPOAEMOHCTPUPOBaHbI HIke. Pur. 115
JEMOHCTPUPYET 3HAUUTENbHYIO pasHULY Mexy MeTunuposanueM JIHK denoseka 1 MbIIn.

CornacHO BapuaHTy OCYLIECTBJIEHUS, MOkazaHHOMy Ha ®ur. 111, Mbl mpUroTOBHIH
uckyccteHHyro cmech JIHK (nHasBannyro oOpasnom MIX02), comepxamyro TuOpUAHbIE
moJiekyabel JIHK uwenosek-mbib, JJHK Tonpko yenoeexka u JJHK TONBKO MbIHM, 11 KOTOPBIX
4eJIoBeYeCKasl YacTh SIBJISLIaCh HEMETUIIMPOBAHHOMN, a MBIIIMHAS 4acTh - METUJIMPOBaHHON. Jlns
obpazna MIX02 mbr noayuymnu 140 MIJIIHOHOB CyONpPOUYTEHHI, KOTOPbIE MOJKHO BBIPOBHSTH
100 C ATAJIOHHBIM I'€HOMOM YeJIOBEKa, JIM0O MBIIH, JTHOO YaCTHYHO C T€HOMOM 4YellOBeKa U
YaCTUYHO C T€HOMOM MBIIIH. JTH CyOrpoYTeHns: ObUTH MOJYYEHBl U3 MPUMEPHO 5 MUJIJIHOHOB
SYEeK CEKBEHHUPOBAHUS OTHENbHON Mounekyiasl B peanbHoM BpemeHn (SMRT) Pacific
Biosciences. Kaxxgast Monexyna B sideiike CEKBEHUPOBAHHUS OTHAENBHOW MOJIEKYJIbI B PEaIbHOM
BPEMEHHU CEeKBEHHPOBaJach B cpenHeM 27 pa3 (nuamnas3oH: 1-1028 pa3).

[0083] MBI Takke CKOHCTPYHUPOBAIN KOHCEHCYCHBIC MOCIEIOBATEILHOCTH, OOBEIUHUB
HYKJICOTUAHYIO MH(POPMALMIO U3 BCEX COOTBETCTBYIOLIMX CyOnmpodTeHUil B sueiike. Beero Mel
nosyaniii 3265487 KOHCEHCYCHBIX MOcienoBaTenbHocTer i oopasua MIX02. KoHnceHcycHble
MIOCIIEIOBATEIBbHOCTH BBIPOBHSUIM C 3TAJOHHBIMH T'€HOMaMH, BKJIIOYAIOIINE B ceOsl STANOHHBIE
TeHOMBI KaK 4YeJIOBEKa, TaK W Mbiy, ¢ ucnosb3oBanueM BWA (Li H ef al., Bioinformatics.
2010;26(5):589-595). Msl  monyymnu 3,0 MHJUIMOHA  BBIPOBHEHHBIX ~ KOHCEHCYCHBIX
nocnenosarenbHocTedl. Cpenu Hux, 30,5% Obuto otHeceHo k Tumy JIHK Tonbko denoseka,
32,2% O0bu10 otHeceno k tuny JIHK Tombko mbrmm, a 33,8% ObLIO KJIACCU(DUIIUPOBAHO KAk
rudpunnas JIHK genosex-mbimb. Habop manubix Obi1 creHepupoBan u3 JJHK, monydenHoi ¢
nomortsio Sequel IT Sequencing Kit 1.0.

@ur. 116 nemoHcTpupyer pacnpenenenue nnuH monekyna JIHK B cmecn JIHK nocne
MEePEeKPeCTHOTO JIUrupoBaHusi odpasna MIX02. Ock abcumce MOKa3bIBAeT IJIMHY MOJIEKYJIbI
JIHK. Ocp opaMHaT Moka3bBaeT 4YacTOTy BCTPEYAEMOCTH, CBSI3aHHYIO C AJMHON MOJEKYJbl
JHK. Kax noxazano Ha @ur. 116, rubpunnsie monekyinsl JJHK denoBek-Mbie uMeroT Oosee
JUTMHHOE paclpenesieHue JUTMHHBL, YTO COTJIACYETCsI ¢ TeM (PaKTOM, YTO OHU OBUIH MPOU3BEACHBI

MyTEM JIMTUPOBAHUS OOJIbIIE YeM OJJHONH MOJIEKYJIbL.
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@ur. 117 neMOHCTpUpPYET AUarpamMmy BepOATHOCTEeNH MeTuiupoBaHus Ans caiitoB CpG B
obpasue MIX02. Craryc METWIMPOBAHHS ONPEAENSIN COTJIACHO OINUCAHHBIMH B JAHHOM
nokymenre crocodam. Ha ocu abcrpice nmokasaHsl TPH Pa3IMYHbIE MOJIEKYJIbI, TPUCYTCTBYIOLINE
B oOpasue MIXO01: JIHK tonpko denoseka, JJHK Tonmbko mbimu, u rudpunnas JJHK uenosek-
MBILTb (BKIIFOYAET B Ce0sl KaK YeJOBEUECKYIO 4acTh, TAK U MBIIIMHYIO 4YacThb). [lo ocu opauHaT
NOKa3aHa BEPOSTHOCTh MeTriupoBaHus caiita CpG. DTOT aHANMM3 MPOBOIWIICS TaKHM 00paszom,
yto0bl /IHK yenoseka Obi1a HemeTunmupoBanHo, a JIHK MbInu - MeTHIMPOBAaHHOM.

Kax nokazano Ha ®ur. 117, BepostHocTs MeTumupoBanus caiitoB CpG B JIHK Tonbko
yenoBeka (Meauana: 0,00; nuana3oH: 0-1) ObLna 3HAUMTENHHO HIDKE, yeM TakoBas it JJHK
Tonbko Mblmu (Menwana: 0,93; nmuamason: 0-1) (p-3Hauenwme < 0,0001). Dtu pe3ynbraThl
COOTBETCTBOBaNM  Au3aliHy anajmu3a, B kotopom JIHK denoeseka Obuia  Gounee
HEMETUJIMPOBAHHOM, IOCKOJBKY METHUJIMPOBAHHE HE MOTJIO OBbITh COXPAaHEHO B IIPOLIECCE
amrundukanuu Bcero reHoma, torna kak JIHK mbimu Obita Oojiee METUIMPOBAHHOMW, M3-3a
obpabdotku CpG-merunrpancdepaszoii M.Sssl. bonee Toro, caiitel CpG B HenoBeuecKkOl 4acTu
JHK B rubpunnoit monekyne JIHK uenoBek-Mbllib moka3anu Oojiee HU3KYIO BEPOSTHOCTH
merrnupoBanus (Mexuana: 0,07, auanaszoH: 0-1) MO CpaBHEHUIO € TAKOBBIMH B MBILIMHOMN YacTH
JHK (menuana: 0,93; nmanason: 0-1) (p-3Hauenue < 0,0001). DT naHHBIE NMOKA3BIBAIOT, YTO
PACKPBITHIN crIOcO0 MOXKET TOYHO ONPEAeNaTh ctaryc MeTmirnposanust mosekyn JJHK, a takxe
CErMEHTOB B npenenax mosekyasl JJHK.

bucynbpuTHOE CEKBEHHUPOBAHME WCHOJb30BAIM JUIA H3MEPEHUS METHIHPOBAHUS
rHOpUIHBIX  (PArMEHTOB YEJIOBEK-MbIIIb, NATTEPHbl METHJIUPOBAHUA KOTOPBIX ObUIH
ONpefieNieHbl MyTeM CEKBEHUPOBAHUS OTAENbHON MOJEKYJbl B PeaJlbHOM BpPEMEHHU COIJIACHO
BAPMAHTAM OCYILIECTBJIEHHUs B JaHHOM packpbithu u3o0pereHus. Obpazen MIX01 (JAHK
yenoBeka Obuta MermwnupoBana, a JJHK mbermm vHe mermnuposana) u MIX02 (JJHK uenoseka
Obl1a HEeMeTunupoBaHa, a JJHK mbimm merunuposaHa) Obutn parMeHTHPOBAHBI TIOCPEACTBOM
00paloTKH yIBTPA3BYKOM, YTO Jaj0 CMeChb C MeOuaHHbIM pasmepoMm ¢parmenra JIHK,
cocrapysiromuM 196 mo. (MeXKBapTHIIbHBIN auanazoH: 161-268). 3arem ObUIO BBINOJHEHO
oucynbpuUTHOE CekBeHHpOBaHUE OnuHAKOBbIX KOHIOB (BC-cexB.) Ha mathpopme MiSeq
(Illumina) ¢ mnmmuHO# cumThBaHUs 300 mo. x2. Ml nonyumwnu 3,7 MUJUTHOHA U 2,9 MIJITHOHA
cekBeHUpoBaHHBIX (pparmentoB st MIXO01 u MIX02, COOTBETCTBEHHO, KOTOpbIE OBLIH
BBIPOBHEHBI C STAJIOHHBIM '€HOMOM YeJIOBEKA FJIH MBIIIH, HJIK YACTUYHO C TEHOMOM YeJIOBeKa U
4acTU4HO ¢ reHomMoM Mbimu. Jng MIXO01 41,6% BeIpOBHEHHBIX (parMeHTOB ObLTH
knaccuduimposansl kak JJHK Tonmbko uenoseka, 56,6% kak JJHK Tonbko mbimwm, u 1,8% kak
ruopunnas JIHK udenosek-mpimub. ng MIX02 61,8% BbIpOBHEHHBIX (PParMeHTOB ObLIH

knaccuduimposansl kak JJHK Ttonmbko uenoseka, 36,3% kak JIHK Tonbko mbimm, u 1,9% kak
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ruopunnas JJHK uenoex-mbIb. [IporieHT cekBEeHUPOBaHHBIX (PPAarMEHTOB, ONPENEICHHBIX KaK
ruopunnas JJHK uenosek-mbib npu bC-cexs. (<2%), OblT HAMHOTO HIDKE, YeM HaOFOAaeMbIH
B pe3yibratax cekseHupoBaHusi Pacific Biosciences (>30%). IlpumeuaTensHO, YTO ATUHHBIE
(dbparmMeHThl (MEAMAaHHOE 3HA4YeHHEe ~ 2 T.ILO.) OBUIM CEKBEHHPOBAHBI C IMMOMOIIBIO
cexBeHnpoBaHus Pacific Biosciences, B To BpeMs Kak JUIMHHBIE ()parMeHThbI ObLTH pa3fesieHbl Ha
KOpOTKHe pparMeHTsI (B cpenreM ~ 196 m.o.), kotopsle noaxonwmu st MiSeq. Takoit mpouecc
(dbparMeHTHPOBaHUS CUIIBHO pa30aBml Obl rTHOPUAHBIE (PArMEHThI YENTOBEK-MBbILIb.

[0084] Dur. 118 memoHcTpHupyeT TabMUIly, B KOTOPOH CPaBHUBAETCS METHJIMPOBAHUE,
OTIPENIEJICHHOE C TOMOINBI0 OHMCYJb(UTHOTO CEKBEHHUPOBAHHMS U CekBeHHpoBaHus Pacific
Biosciences mnms MIXO01. B camoii neBoit wactu Tabmuuel nokazan tun JIHK: 1) Toneko
YeJOBeKa;, 2) TOJBKO MBIIIb, U 3) THOPUA YEOBEK-MBILIb, Pa3/IEICHHBbI Ha YEJIOBEYECKYIO U
MBILIMHYID 4acTH. B cpemHeli wactu Tabiaumbl MOKa3aHbl JAeTand  OUCYIBPUTHOTO
CEeKBEHHPOBAHMsA, BKIO4asi konudectBo caiitoB CG M IUIOTHOCTH METUIMpOBaHUs. B camoii
npaBoil wactu TaONMLBI TMOKa3aHbl JeTanu cekBeHuposaHus Pacific Biosciences, Bkirodas
koJuuecTBO caliToB CG U MIIOTHOCTh METUJIMPOBAHUS.

Kax nokazano Ha @ur. 118, JIHK TopKO YenoBeKka MOCTOSIHHO NEMOHCTPUpOBaja Oojee
BBICOKYIO IUNIOTHOCTb MeTuinpoBaHus, yeM JIHK tonpko meimu nins MIXO01, B pesynbTaTax Kak
OuCynb(UTHOTO CEKBEHHPOBAHUS, Tak U cekBeHUpoBanus Pacific Biosciences. [yt ruOpumHbIx
(parMeHTOB YeJOBEK-MBIIIb YPOBHU METHJIMPOBAHUS YEJIOBEUECKON YaCTH W MBIIIMHON YacTH
Obun onpenenenbl kak 460,8% u 2,3%, COOTBETCTBEHHO, B pe3yJbTaTax OHCYJIb(YUTHOTO
CEeKBEHHPOBAHMA. JTH PE3yJbTaThl MOATBEPAMIHN OOJie€ BBICOKHE TUIOTHOCTH METHIIMPOBAHUS
IUI  YeJOBEYECKOH YacTH MO CPaBHEHUIO C MBIIIMHOW, KakK OIPENesNieHO C TOMOLIBIO
cexBeHnpoBaHus Pacific Biosciences cormacHo manHoMy u3obOpereHuro. IIpu cekBeHHpOBaHUH
Pacific Biosciences Habmomanu MmioTHOCTh METWIMPOBaHUsl 57,4% B 4elOBEYECKOW YacTH, U
HaOmomanmu Oojiee HHU3KYHO IUIOTHOCTh MeTwinpoBaHust 12,1% B MbIOMHOH HacTH. OTH
PE3yIBTATHI MPEAINOJAratoT, YTO METHINPOBAHNE, ONMPEIEIEHHOE C MIOMOIIBIO CEKBEHHPOBAHUS
Pacific Biosciences cornacHO TaHHOMY PAacKpPBITHIO H300peTeHHs], MOXKeT ObITh 0OOCHOBAHHBIM.
B dactHOcTH, cekBeHupoBanue Pacific Biosciences Moxer OBbITb HCHOJB30BAHO IS
OMpeaeseHrss OTIMYALINXCA TJIOTHOCTEW MeTwiupoBaHus, B ToMm uucie B JHK, umeromeit
y4acCTOK ¢ 0oJiee BBICOKOH TUIOTHOCTBIO METUJIMPOBAHUS, Y€M B APYIOM ydacTke. Mbl 3aMeTHIIH,
YTO IUIOTHOCTh METWJIMPOBAHMS, OTpEACTICHHass C TIOMOLIbI0 CekBeHHpoBaHus Pacific
Biosciences corimacHo maHHOMY H300peTeHHro, Obljla BBIIE MO CPABHEHHIO C OMCYJIb(UTHBIM
CeKBEHHpPOBaHHEM. Takass OLleHKa MOXET OBITh CKOPPEKTHPOBAHA C HMCIIOJb30BAHUEM Pa3HHLIbI
MEXIY pe3yJbTaTaMH, IMOJYYEHHBIMH C IMOMOLIBIO 3THUX IBYX TEXHOJOTHH, JJISI CPAaBHEHHS

PE3YJIBTATOB MO TEXHOJIOTHSIM.
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@ur. 119 nemoHcTpupyer TalOnuuy, B KOTOPOH CpPaBHHBAETCS METHUIMPOBAHUE,
OTIPENIEJICHHOE C TOMOINBI0 OHMCYJb(UTHOTO CEKBEHHUPOBAHHMS U CekBeHHpoBaHus Pacific
Biosciences ans MIX02. B camoii neBoi uactu Tabmuuel nokasaH tun JJHK: 1) Tompko
YeJOBeKa;, 2) TOJBKO MBIIIb, U 3) THOPUA YENIOBEK-MBIILIb, PAa3/EICHHbIH HAa YEJIOBEYECKYIO H
MBILIMHYID 4acTH. B cpemHeli wactu Tabiaumbl MOKa3aHbl JAeTand  OUCYIBPUTHOTO
CEeKBEHHPOBAHMsA, BKIO4asi konudectBo caiitoB CG M IUIOTHOCTH METUIMpOBaHUs. B camoii
npaBoil wacTu TaONMLBI TOKa3aHbl JeTanu cekBeHuposaHus Pacific Biosciences, Bkirouas
KoJuuecTBO caliToB CG U MIOTHOCTh METUIIMPOBAHUS.

Kax nokazano Ha @ur. 119, JIHK TopKO YenoBeKa MOCTOSIHHO NEMOHCTPUpPOBaja Oojee
HU3KYH0 MIOTHOCTh MeTunupoBaHus, yeM JIHK tonpko mbeimm ams MIXO02, B pesynabTaTax Kak
OuCynb(PUTHOTO CEKBEHUPOBAHMUSI, Tak U cekBeHUpoBaHus Pacific Biosciences. [yt ruOpumHbIx
(parMeHTOB YeJOBEK-MBIIIb YPOBHU METHJIMPOBAHUS YEJIOBEUECKON YaCTH W MBIIIMHON YacTH
Obun onpenenenbl kak 1,8% m 67,4%, COOTBETCTBEHHO, B pe3yJbTarax OWCYJIb(UTHOTO
CEeKBEHHPOBAHMUA. JTH PE3yJbTaThl JOTIOJHHUTENBHO TMOATBEPAWIH OOJiee HU3KHE IJIOTHOCTH
METHJIMPOBAHUS U YEJIOBEUECKON YacTH MO CPABHEHMIO C MBIIIUHON, KaK ONPENENeHO C
noMoInplo cekBeHuposanusi Pacific Biosciences cormacHo maHHOMy wu3o0perenuto. Ilpu
cexkBenupoBanuu Pacific Biosciences HaOmoqanu mIOTHOCTh METHUIMPOBAHUS, COCTABJISIOIIYIO
13,1% B uesnoBeuyeckol 4YacTH, W HaOmoOmanu Oojiee BBICOKYIO IUIOTHOCTb METHUJIMPOBAHUS,
coCTaBJsAOWY0 72,2%, B MBIIIMHON YacTH, KaK OMPEAENIEHO C TMOMOIIbI0 CEKBEHUPOBAHMUS
Pacific Biosciences corjgacHO HJaHHOMY PacKpBITHIO H300peTeHus. Takike Mpeanoyaraercs, 4Yro
OBUIO OCYIIECTBUMO OINpEAeNieHHe METIJIMPOBAaHUA C TOMOIIbIO CekBeHHpoBaHus Pacific
Biosciences cormacHo naHHOMy u300pereHH0. B wacTHocTH, cekBeHupoBaHme Pacific
Biosciences MoeT OBITh UCHOJB30BAHO JJIsl OMPEAESICHUS] HEOAUHAKOBOW IUIOTHOCTH
metunpoBanus, B ToM uyucie B JIHK, wmmeromeli y4yactok ¢ Oojiee HU3KOW TMJIOTHOCTBIO
METHJIMPOBAHMUSA, YE€M B JPYyroM yd4acTke. Mpbl Takke HaOmMOganM, 4YTO IUIOTHOCTH
METHJIMPOBAHMS, OIpeNesieHHasi ¢ TOMOILIbI0 cekBeHuposaHusl Pacific Biosciences coriachHo
JaHHOMY H300peTeHHIo, OblIa BBIIIE MO CPABHEHUIO C OUCYIB(PHUTHBIM CeKBEeHUpOBaHHEM. Takast
OLICHKa MOJKET OBITb CKOPPEKTHPOBAaHA C HCIIOJIB30BAHMEM pA3HULIBI MEXKIY pPe3yJbTaTaMH,
NOJIYYEHHBIMH C TIOMOIUBIO 3THUX JBYX TEXHOJIOTHH, Ui CpPaBHEHHs pe3yJbTaTOB IO
TEXHOJIOTUSIM.

Qur. 120A pneMOHCTpHUpPYeT YPOBHM METWUJIMpPOBaHMs B rpynmax 5 muH.mo. s JHK
OTAENBHO 4YeynoBeka W oTAenbHO Mblu ang MIXO01. ®ur. 120B nemoHcTpupyer ypOBHH
METWIMPOBaHuA B rpynnax 5 muH.m.o. aaa JHK Tonbpko denoBeka u TOJAbKO MbIu st MIXO02.
YpoBeHb METWIMPOBAaHUS B MpPOLEHTaXx Ha o0enx (urypax OTIOXKEH IO OCH OpAHMHAT.

bucynsdpurHOEe cekBeHUpoBaHUE U cekBeHupoBaHue Pacific Biosciences mms kaxmoit - JIHK
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TOJBKO YenoBeka u JIHK Tonmpko MBITIH Moka3aHbl HA OCH abCIIUCC.

Pesynpratel Ha @ur. 120A u Pur. 120B, onpeneneHHble ¢ MOMOIIBIO CEKBEHUPOBAHUS
Pacific Biosciences coriiacHo JaHHOMY H300pETEHHIO, OKa3aJIUCh CUCTEMATUYECKU BBIIIE JJISI
rpymnn kak B oopasue MIXO01, tak u 8 MIX02.

Qur. 121A geMOHCTpUpyeT YpPOBHM METHJIMPOBAHUA B TIpynmax S5 MIH.ILO. s
YeJIOBEUECKON YacTH M MBIIIUHOW udacTH rubpunHbeix ¢parmentoB JHK uenoBek-mbimb 1Ist
MIXO01. ®ur. 121B neMOHCTpUpPYeT YPOBHM METWJIMPOBAHUSA B Ipynmax 5 MIH.ILO. U
YeJIOBEUECKOW YacTH M MBIIIMHOW uYacTh rubpunHbeix ¢parmentoB JJHK denoBek-mbliib 1Ist
MIX02. YpoBeHb METHIIMPOBAHMS B MPOIEHTaX Ha 00enx (Gurypax OTIOKEH MO OCH OPAWHAT.
bucynepuTHOE CcekBeHMpoBaHHME W cekBeHHpoBaHue Pacific Biosciences i kaxmoit -
yenosevyeckoit yactu JIHK u meimmuHoit yactu JIHK noka3aHer Ha ocu abcmucc.

@ur. 121A u @ur. 121B 06e mpoaeMOHCTPUPOBAIH YBEIUICHUE YPOBHS METHIINPOBAHUS
MpY UCTIONBb30BaHMM CekBeHupoBaHus Pacific Biosciences mo cpaBHeHHIO ¢ OUCYIBQUTHBIM
CEKBEHUPOBaHUEM. DJTO YBEJIMYEHHE AHAJOTHYHO YBEJIMYEHHIO YPOBHEW METUIMPOBAHUS MpU
cexkBenupoBanuu Pacific Biosciences, Habmonaemomy ¢ JIHK Tonpko denoseka u JIHK Tombpko
meim Ha Dur. 120A u @ur. 120B. IloBeienHas BapuaOenbHOCTb YPOBHEH METHIMPOBAHHS
CPeAM TPYMI 5 MITH.ILO., IPEACTABICHHBIX B pe3yJbTaTax OUCYIb(PUTHOTO CEKBEHUPOBAHMS IS
rHOpUIHBIX (PPAarMeHTOB, BEPOSITHO, CBsi3aHA C MEHBIIUM KoimdecTBoM caiitoB  CpG,
HCIIOJIb3YEMBIX JJIsl aHAJIN3A.

Qur. 122A wu 122B  mpencraBiasroT  cOOOW  WIUTIOCTpAaTUBHBIE — rpadukwy,
JIEMOHCTPUPYIOLINE COCTOSHHUSI METHJIMPOBAHMS B OTAEJbHOW TMOPUAHON MOJIEKYJIe YelIOBEK-
MbIlb. Pur. 122A neMoHCTpUpyeT THOPHUIHBIA (parMeHT 4YeloBeK-MbIb B oOpasue MIXOI.
@ur. 122B pemoHCTpHpyeT THUOPUAHBIA (parMeHT dYeNOBEeK-MbIlb B oOpasme MIX02.
3aKpalieHHbli KPY)KOK O0O3HAa4aeT METHJIMPOBAHHBIM CaWT, a He 3aKpalleHHBIH KPYKOK
0003HauaeT HEMETWIMPOBaHHBIH calT. COCTOSHUS METWIMPOBAaHUS B 3TUX (parMeHTax
OTIpEeeNAN COrNIACHO BapUaHTaM OCYLIECTBJIEHMs], ONTMCAHHBIM B JAHHOM JIOKyMEHTE.

[0085] Kak moxka3zano Ha ®ur. 122A, yenoBedeckass 4acThb THOPUIHON MOJIEKYJIBI U3
obpaszna MIXO01 Obuta onpeneneHa kak Oosee MeTunpoBanHas. HanpoTus, OBUIO YCTaHOBJIECHO,
yto MbimmHas yacte JJHK Gonee rumomernnuposana. Hamportus, ®@ur. 122B nemoHCTpUpYeT,
YTO YeNioBeYecKasi 4acTh THOPUIHON MoJieKybl 3 oOpasia MIX02 Obita onpeneneHa kak GoJee
THIIOMETUIMPOBaHHAs, Torna kak MblmuHas 4acte JIHK Obuta onpenenena kak Oonee
METUJIMPOBAHHASI.

OTu  pe3ynbTaTbl  NPOAEMOHCTPUPOBAJIM,  YTO  BapUaHTbl  OCYILECTBJEHUS,
NPEACTABJICHHbIE B JAHHOM pPAaCKPBITUU H300PETEHHs], MO3BOJIMIM ONPEACIHTb WU3MEHEHHS

METUIUPOBaHusl B OTAeNbHON Mosekyne JIHK ¢ pasnuuHbIMEM naTTepHaMU METHIMPOBAHUS B
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Pa3HBIX YACTSIX MOJIEKYJIbl. B OTHOM BapHaHTe OCYIIECTBIIEHHS], MOXKET OBITh OMpPENENeH CTaTyC
METHJIMPOBAHUSA T'eHa WIM APYrux oOjacTell reHoMma, B KOTOPBIX pa3Hble YacTH T'eHa WM
obnactu TeHOMa OyAyT HAEeMOHCTPHUPOBATh pa3HbIA CTaTyC METWIMPOBaHUS (HampuMep,
POMOTOpa TO CPAaBHEHUIO C TEJIOM reHa). B npyroMm BapwaHTe OCYIIECTBIEHHS CIIOCOOBI,
NPEACTaBJICHHbIE B TAHHOM JOKYMEHTE, MOT'YT OOHapyKUBaTh TMOPUAHBIE (PPArMEHTHI YEJIOBEK-
MBILIb, Tpemaras THNUYHBIA moaxox ans obnHapyxkenus wmonekyn JIHK, conepxkamux
HECMEXXHbIE (pparMeHTsl (T.€. XUMEPHbIE MOJIEKYJIbI), OTHOCUTEIBHO STAJIOHHOTO T€HOMA, U IS
aHaM3a X COCTOSIHUM MeTmiupoBaHus. Hampumep, Mbl MO OBl HCIIOJIB30BATh 3TOT MOIXON
IUI aHalmM3a, HO 0€3 OrpaHWYeHHs, CIUSHHS T'€HOB, F€HOMHBIX IEPECTPOEK, TPAHCISIIHH,
WHBEPCHUN, AYIUIMKALWNA, BapualUid CTPYKTypbl, uHTerpauuii BupycHou JIHK, meloTnueckux
peKoMOMHALMH | T. 1.

B HexkoTOpBIX BapMaHTax OCYIIECTBJICHUS, 3TH THOpPUAHBIE (QparMeHTBl MOTYT OBITh
oOoralmeHsl mepen CEeKBEHHPOBAHUEM C HCIOJIB30BAHUEM CIOCOOOB THOPHIM3ALMM Ha OCHOBE
3ou10B mwin cucrem CRISPR-Cas, win BapuaHTOB 3THX MOIXOAOB JJIsi OOOraimeHus 1eyieBoi
JHK. Henasno coobmmanock, uro ces3anHas ¢ CRISPR TpaHcnosasa unanoGaxkrepuu Scytonema
hofmanni ciocoOHa BcTaBysaTh cermenTsl JJHK B 00acTh psimoM ¢ 1eNieBBIM CaiiTOM HHTEpeca
(Strecker et al. Science. 2019;365:48-53). CRISPR-accoimmpoBaHHasi TpaHCIIO3a3a MOXKET
ocymecTBisATe mopoOHoe Tn7-omocpenoBaHHOW —TpaHCIO3MIMU. B omHOM — BapuaHTe
OCYILIECTBIIEHHsI, MbI cMoriu Obl mpucnocodbuts 31y CRISPR-acconumpoBanHyo TpaHCHO3a3y
IUIS BCTABKH CCBUIOYHBIX MOCIENOBATENbHOCTEH, MEYEHHBIX, HAIPUMep, OMOTHHOM, B OJIHY HITH
OoJpIee KOJMYECTBO NPEACTABISIIOIINX WHTEPEC T'€HOMHBIX O0jacTed, ¢ HaleNMBAaHHEM C
nomotpio HPHK. Mbl Moriu Obl MCTIOJB30BAaTh MAarHUTHBIC TPAHYJIBI, MOKPBITHIE, HAPUMED,
CTPENTAaBHINHOM, JJIsl 3aXBaTa CCHUIOYHBIX IMOCIEN0BATENbHOCTEH, TEM CaMbIM OJTHOBPEMEHHO
u3BJeKas 1enesble nocnenosatenbHocT JIHK mist cekBeHMpOBaHUs M aHAIN3a METHIINPOBAHHS
COTJIACHO BapHaHTaM OCYIIECTBJICHUS, MPEICTABICHHBIM B TAHHOM PACKPBITHH H300pETEHUS.

[0086] B HexkOTOpBIX BapHaHTaX OCYIIECTBICHUS, (PParMeHThl MOTYT OBITH OOOTAIIEHBI C
MOMOIIBI (PEPMEHTOB PECTPUKIMH, KOTOpPble MOTYT BKIIOHaTh B cebs 000N (epMeHT
PECTPHUKLIMH, OTTMCAHHBIN B JAHHOM JJOKYMEHTE.

C. LIpumep cnocoba o6Hapyicenus XUMepHbIX MONEKY

@ur. 123 gemoHcTpupyer cmoco0 1230 oOHapy)keHHS XHMEPHBIX MOJIEKYJT B
OuonornyeckoM oOpasue. XUMEpHbIE MOJIEKYJIbl MOTYT BKJIOUATh B ce0sl MOCIENOBATEIBHOCTH
IBYX Pa3HbIX T'€HOB, XPOMOCOM, OpraHeiy (HampuMep, MUTOXOHAPHUH, siiep, XJIOPOIUIACTOB),
OPraHu3MOB (MJIEKOITUTAIOIINX, OaKTepHii, BUPYCOB U T.A.) u/nin BunoB. Crmocod 1230 moxer
NPUMEHSIThCS K Kaxkaoh u3 MHoxkectBa Mmosekyn JIHK wu3 Owuosormueckoro obpasma. B

HEKOTOPBIX BAPHAHTAX OCYLIECTBIEHUs, MHOXecTBO MoJsiekyn JTHK moxer npencraBiarb coOoit
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kierounyto JJHK. B apyrux BapuaHTax ocCyliecTBJIeHUs, MHOeCcTBO Mousekyn JHK moxer
NpEeACTaBIsATh cOO0H BHeKIeTouHble Mosiekybl JIHK 13 mina3mel OepeMeHHOH JKEeHIIUHBL

Ha stane 1232 MoskeT OBbITh BBITIOJIHEHO OJHOMOJIEKYJIIPHOE CEKBEHUPOBAHUE MOJICKYJIbI
JHK ansa nonydeHust npo4YTeHUs MOCIEN0BATENBHOCTH, KOTOPOE AAET CTAaTyC METUIUPOBAHUS B
KakaoM u3 N caiitoB. N MOXKET COCTaBIsATb 5 wiu Oonbine, BKaro4as 5-10, 10-15, 15-20 unu
6onpme 20. CTaTychl METHIMPOBAHUS MPOYTEHUS MOCIENOBATEIBHOCTH MOTYT (POPMUPOBATH
nattepH Metuinposanus. Monekyna JIHK moxeT npencrasisats codoit ogny monekyny JIHK u3
mHoskecTBa MoJiekyn JIHK, u coco® 1230 moxkeT OBITh BBIMOJHEH JJIsi MHOJKECTBA MOJIEKYJT
JHK. ITaTtTepH METHIMpPOBAHMUS MOKET MPUHUMAThH pasnuuHble Gopmbel. Hampumep, marrepH
MOKeT cocTaBisiTh N (Hampumep, 2, 3, 4 U T.J.) METWIMPOBAHHBIX CAHTOB, 32 KOTOPBIMH
cnenytoT N HEMETUJIMPOBAHHBIX CalTOB, WM HaoOopor. Takoe M3MEHEHHE METHIIUPOBAHHS
MOXKET yKa3blBaTb Ha o00nactb coeauHeHHs. KOJMUecTBO CMEXHBIX CaWTOB, KOTOpBIE
METUJIMPOBAHbL, MOXET OTJIMYaTbCs OT KOJWYECTBA CMEXHBIX CAWTOB, KOTOpBIE HE
METUJINPOBAHBIL.

[0087] Ha stane 1234 maTrepH METUIMPOBAHUS MOXET OBITh CONIOCTABIIEH C OJHUM WU
OOJBIINM  KOJIMYECTBOM 3TAJIOHHBIX MATTEPHOB, KOTOPBIE COOTBETCTBYIOT XHMEPHBIM
MOJIEKYJIaM, KOTOpble HUMEKOT ABE YaCTU M3 ABYX Y4YAaCTKOB 3TAJOHHOIO IE€HOMA 4esIOBEKa.
KoHTponbHBIH MaTTepH MOXeT (YHKUHOHHPOBATh B KadecTBe (puibTpa A UAECHTHU(PHKAIINU
COBMAJAMOIIEr0 IMAaTTEPHA, YKa3blBAOIIEro Ha o0nacth coenuHeHus. KommuecTBo CalToOB,
KOTOpBIE COBMAAAIOT C 3TAJOHHBIM NATTEPHOM, MOXKHO OTCIEKHBATh TaK, UTOOBI MO3ULIHS
COBMAJEHHUS COOTBETCTBOBAJA MAaKCHMAJIbHOMY KOJIMYECTBY COBNAAAIOLINX CaHTOB (T.e.
KOJIMYECTBY, TI€ CTaTyC METHJIMPOBAHHS COOTBETCTBYET STAJOHHOMY MaTTepHy). JlBe dacTu
STAJIOHHOTO T'€HOMA YeJIOBEKa MOTYT ObITh MEPEMEXKAIOIUMUCS YaCTSMH STAJIOHHOTO IeHOMa
YenoBeKa. J[Be 4acTH 3TAJIOHHOTO I€HOMa YejIOBeKa MOTyT ObITh pasienieHbl Oojbime dyem 1
T.11.0., 5 Tmo., 10 Tmo., 100 T.mo., 1 man.m.o., 5 man.mo. win 10 MaH.m.0. DTU JBE YaCTH
MOTyT OBITP M3 JABYX pPa3HBIX XPOMOCOMHBIX Iuled WiM XpomocoM. OnuH winu Oonbliee
KOJINYECTBO STAJOHHBIX NMATTEPHOB MOTYT BKJIOYATh B ce0s CMEHY MEXKIY METHINPOBAHHBIMU
COCTOSIHUSIMU U HEMETUIIMPOBAHHBIMU COCTOSTHUSIMU.

Ha »srame 1236 mno3unms coBmageHWs MOXKET ObITh HISHTH(GHLUUPOBAHA MEXKAY
NAaTTEPHOM METWJIMPOBAHUS M TEPBbIM 3TAJOHHBIM NATTEPHOM M3 OJHOTO WM OONBLIETO
KOJINYECTBA 3TAJIOHHBIX MaTTepHOB. I1o3uIMs coBIageHnss MOKET UACHTU(PHINPOBATE O0IACTh
COCVHEHUs MEXJIy JABYMs 4YacTAMM OTAJOHHOIO T€HOMa 4YeJlOBE€Ka B IMPOYTCHUH
MOCJIeOBAaTEeNbHOCTH. JlaHHAsi MO3ULUA COBMAJAEHUS MOXKET COOTBETCTBOBATH MAKCHUMyMY
(YHKLUNN TEPEKPHITHS MEXIY 3TAJIOHHBIM MAaTTEPHOM U MATTEPHOM METHIHpPOBaHUsA. PyHKUUSA

NEPCKPBITUA MOXKET UCIOJB30BATH MHOKCCTBO STAJIOHHBIX MMATTCPHOB, MPU 3TOM BBIXOAHLIC



167

JaHHbIE, BO3MOJKHO, MPENCTABIISIOT COOOW MaKCHMyM arperatHol (yHKUMU (T.€. KaxIbli
STAJIOHHBIM MATTEPH BHOCUT BKJIAJ B BBIXOJHOE 3HAYEHHE) WM €AUHBIH MaKCUMYM, KOTOPBIH
OIpenesnsseTcs MO 3TAJIOHHBIM NAaTTEPHAM.

Ha »stane 1238 oOnacte coenMHEHUs MOXKET OBITh MOJYYE€H KaK MECTOIOJIOKECHUE
CIIMSIHMSI T€Ha B XHUMEPHOW MoJieKysie. MecTononoXeH!e CIUSHUS IeHa MOKHO CpPaBHUTh C
STAJIOHHBIMM MECTOTMOJIOKEHUSIMU ~ CIIMSIHUSL TEHOB JUIsl  Pasfiu4YHbIX HApyUIeHUN WUIu
3abosneBanuii, BkO4Yas pak. OpraHusM, U3 KOTOPOrO MOJy4YarOT OWoJorHdeckwii obpaser,
MOJKHO JICYUTh OT HAPYLICHHUS WIH 3a00JIeBaHMUS.

[0088] IlonmokeHHe COBMAAECHUS MOXKET BBIBOAUTHCA B (PYHKLUUIO BBIPABHUBAHMUSL.
MecTonoNIOKEHNE CIUSHUS TE€HOB MOXKET OBITh YTOYHEHO. YTOYHEHHE MECTOTOJIOKEHUS
CIIUSHUS TEHOB MOXKET BKIIOYaTh B ceOs BBIPABHMBAHUE TMEPBOM YaCcTH IPOUTEHHS
MOCJIeIOBATEIbHOCTH C MEPBOM 4acTbK STAJOHHOIO reHoMa denoseka. Ilepsas yacTe MoOxer
ObITh mepen OONACThIO COEOUHEHMs. Y TOYHEHHE MECTOMNOJOXEHHS CIUSHUS T€HOB MOXKET
BKJIFOYAaTh B ceOs BhIDAaBHUBAHHME BTOPOW YaCTH MPOYTEHHUS MOCIENOBATENbHOCTH C BTOPOM
YacThIO STAJIOHHOTO reHOMa 4esloBeKka. Bropast yacTe MokeT ObITh NOCIe O0NACTH COCTMHEHUS.
IlepBast yacTp 3TAJIOHHOrO F€HOMA YE€JIOBEKA MOXKET PACMOJIaraTbCsi 0 MEHbIIEH Mepe B 1 T.ILH.
OT BTOPOH 4acTH 3TAJOHHOTO I'eHOMa 4eyoBeka. Hanpumep, nepsas 4acTb 3TAJOHHOIO F€HOMA
4eJloBeKa U BTOPasi 4aCTh STAJIOHHOTO '€HOMa UYeJIOBEKa MOTYT HaXOJIUTHCS HA PACCTOSIHUU APYT
OT apyra, coctasysirowmem ot 1,0 go 1,5 t.imo., or 1,5 5o 2,0 ..o, ot 2,0 1o 2,5 .m0, ot 2,5 o
3,0 r.mo., ot 3 10 5 T.1.0. viu OOJIbIIE YeM 5 T.11.0.

[0089] Obnactu coenMHEHHUsSI MHOKECTBA XMMEPHBIX MOJIEKYJI MOKHO CPaBHUBATH IPYT C

APYTOM IJId IOATBEPKACHUSA MECTOIOJIOKCHUA obnacreli CIUSHUS TEHOB.

VIII. BbIBOJ

Mpr pazpaboranu 3¢(eKTUBHBINA TOAXOA AJIsl MPOrHO3UPOBAHMS YPOBHEH MOAU(HUKanu
OCHOBaHMH (HampuMmep, METWIMPOBAHUs) HYKJIEHHOBBIX KHUCJIOT TIPH  pPaspelueHuw,
COCTaBJSIIOIEM OJHO OCHOBAaHHE. JTOT HOBBIH TOAXOJ peaTH3yeT HOBYK CXeMy s
OJTHOBPEMEHHOTO TOJIy4eHHsT WH(POPMAIMH O KHHETHKE MOJHMEpas3bl BOIU3M HCCIENyEeMOTO
OCHOBAHMs, KOHTEKCTE€ IMOCIEeNOBaTeNIbHOCTH W HH(popMamun o wend. Takoe HOBoOe
npeoOpa3oBaHNe KHHETUKH TIO3BOJMJIO HAEHTU(PHUIHMPOBATH W CMOJEIHUPOBATH TOHKHE
NPEpBIBAHUS, BO3HUKAIOIINE B KUHETHYECKHX HMITyJbcaxX. [I0 CpaBHEHMIO € MpenbIIyLINMH
criocobamu, HCMOb30BaBIIUME TOJbKO MMUII, HOBBIN MOIXOJ, MPENCTABICHHBIH B JAHHOM
MATEHTHON 3asiBKE, 3HAUUTENIbHO YJIYULIMI Pa3pelieHne W TOYHOCTb aHAJIHM3a METHUIIMPOBAHUS.
Orta HOBasg cxeMa MOXeT ObIThb JIETKO paclIMpeHa s JAPYIHX LeJield, Hampumep, s

obHapyxenuss ShmC (S-ruppoxkcumermmurosuna), SfC (5-popmumnumrozmna), ScaC  (5-
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kapOokcmmurosuna), 4mC (4-merwnuurosnna), 6mA (N6-mermnaneanHa), 8oxoG (7,8-
OUTHIPO-8-0KcoryaHuHa), 80xoA (7,8-auruapo-8-okcoanaeHnna) u npyrux Gopm momnudukauit
OCHOBaHUH, a Takxe nospexaennii JJHK. B npyrom BapuaHTe oCyliecTBIeHHs, 3Ta HOBAsl CXeMa
(marmpumep, mnpeoOpa3oBaHWE KWHETHKH, aHAJIOTHYHOE 2-MepHOH Ln(poBOH MaTpule,
MPEICTaBJICHHOW B JaHHOW 3asBKE) MOXKET WCIOB30BAThCS JUIsl aHalu3a MOIu(UKAIWiz
OCHOBAHUH C UCIOJIB30BAHUEM CHUCTEMbI HAHOMIOPOBOT'O CEKBEHUPOBAHUS.

Orta peanuzauus OOHAPYKEHHS METWJIMPOBAHUA MOXKET OBITh HCIOJb30BAaHA IS
00pa3loB HYKJIEWHOBBIX KHCIOT W3 Pa3JIMYHBIX HMCTOYHUKOB, HAmlpuMep, A KIETOYHBIX
HYKJIEMHOBBIX KHCJIOT, HYKJIEHMHOBBIX KHCJIOT M3 OOpa3sLiOB OKpYKaroIield cpenbl (Hampumep,
KJIETOYHBIX 3arpsi3HEHUH), HYKJIEMHOBBIX KHCJIOT U3 NATOTEHOB (Harpumep, OakTepuii U rpudoB)
u Bk/IHK B miasmbl GepeMeHHBIX. ITO OTKPOET MHOTO HOBBIX BO3MOJKHOCTEH Il T€HOMHBIX
UCCIENOBAHUN M MOJIEKYJSIPHOW JUArHOCTHKH, TAaKUX KakK HEHHBA3WBHOE IPEHATAJIbHOE
TECTHPOBAaHHUE, OOHAPYXKEHHE paka M MOHHUTOPUHI TpaHCIUIaHTauuu. [l HenHBa3UBHOU
NpeHaTaIbHON auarHocTku Ha ocHoBe BK/IHK 5T0 HOBOe m300pereHne cuenano BO3MOYKHBIM
OTHOBPEMEHHOE HCIOJb30BaHUE abeppauuii YHWciIa KONMHA, pa3MepoB, MYyTalMi, KOHLIOB
(dbparmMeHTOB M MOAU(DUKAIIMKM OCHOBAHUN NJIsi KaKIOW MOJeKynbl B nuarHoctuke Oe3 IILP u
SKCMEPUMEHTAIBHOTO  MpeoOpa3oBaHUs 1O CEKBEHHPOBAHUS, TEM CaMblM  MOBBIIIAsS
YyBCTBUTEJIbHOCTD. JlucOanaHChl ypOBHEH METUIMPOBAHUS MEXKIY TalIOTUIIAMU MOTYT OBITh
oOHapy>XeHbl C HCIIOJb30BAHHEM OIMCAHHBIX B JAHHOM JOKyMeHTe crocoboB. Taxue
arcOanaHChl MOTYT YKa3bIBaTh Ha mpoucxoxaeHue monekynsl JJHK (Hanpumep, BelaeneHHON 13
HApYLICHHs, HapUMep, PaKOBOW KJIETKH, BBIACICHHON W3 KpPOBH OOJBHOTO PAaKOM) WU
HapyLIEHUE.

IX. IMPUMEPBI CUCTEM

@ur. 124 unmoctpupyet cuctemy usmepenus 12400 cornacHo BapHaHTy OCYLIECTBIEHUS
nanHoro m3oOperenms. IlokasaHHas cuctema BkirodaeT B cebs obOpaszen 12405, takoil kak
mosnekynbl JIHK, B mepskarene obpasua 12410, roe obpasen 12405 MOKeT KOHTaKTHPOBATH C
aHanmuTHYeckor cuctemoit 12408 st monyueHust curaana Gu3n4eckoi xapakrepuctuku 12415,
IIpumepom neprkarenst oOpasma MOXKET OBITh MPOTOYHAsI KIOBETA, KOTOPas CONEPIKUT 30HIBI
u/Wiy mpadiMepsl AUl aHalu3a, WM NpoOupKa, depe3 KOTOPYIO IOBHIKETCS Karuisl (C Karuiei,
comepramell aHaTUTUYECKyl cuctemy). DPusmueckyro xapakrepuctuky 12415 (mampumep,
UHTEHCUBHOCTb (PJIyOPECLEHIINH, HANpsDKEHWE MM TOK) oOpasla ONpenessiioT C MOMOIIBIO
nerektopa 12420. Jlerexkrop 12402 MokeT BBINOJIHITh U3MEPEHHs ¢ UHTEpBANIaMu (HampuMmep,
NEePUONIECKUMHU UHTEPBAJIAMH), 9TOOBI ITOJTy4aTh TOUYKH JAHHBIX, KOTOPBIE COCTABJISIIOT CUTHAI
IaHHBIX. B 0THOM BapHaHTe OCYINECTBJICHHUS, aHAJIOrO-IH(POBOH peodpa3oBareib HECKOJIBKO

pa3 mpeoOpasyeT aHaJOrOBBIM CHTHaJN OT AeTekTopa B mupposyro ¢opmy. Hepxkarens 12401
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obpasna u gerekrop 12402 moryt GopMHPOBaTH YCTPONCTBO aHANIN3a, HAPUMEP, YCTPOMCTBO
CEKBEHUPOBAHUs, KOTOPOE BBIMOJHAET CEKBEHUPOBAHME COTJIACHO BApUAHTaM OCYILIECTBIICHHUS,
ONMCAaHHBIM B JaHHOM AokyMeHTe. Curnan naHHbix 12425 otnpasnsercs u3 aerexkropa 12402 x
norudeckoil cucreme 12403. CurHan paHHbIX 12425 MOXeT XpaHUTBHCS B JIOKAJbHOW NamsiTH
12435, suewminel namatu 12404 wnu 3anoMuHaromemM ycTpocTee 12445,

[0090] Jlormueckas cucrema 12403 MOkeT MPEACTABISATL COOOH MM MOXKET BKIIFOYATh B
cebs1 komnbroTepHyto cucremy, ASIC, mukponponeccop u T.4. OHa Takke MOXET BKIIIOYATh B
ceOst miu OBITh COENMHEHa C AucIuieeM (HAIpPUMEP, MOHHUTOPOM, CBETOIHOAHBIM IHCILIEEM H
T.A.) ¥ YCTPOMCTBOM BBOJA MOJIb30BATENS (HAPHIMEP, MBIIIBIO, KJIABUATYPOH, KHOMKAMH U T.1.).
Jlormueckast cuctema 12403 u pmpyrue KOMIIOHEHTbI MOTYT OBITh 4YAacTbIO ABTOHOMHOHN HIIH
MOJKIIFOUEHHOW K CETH KOMITBIOTEPHOW CHCTEMBbI, WJIM OHH MOTYT OBITb HEMOCPEICTBEHHO
NPUCOETUHEHbl K WM BKJIIOYEHBl B YCTPOMCTBO (HAmpuMep, YCTPOIHCTBO CEKBEHHPOBAHUS),
KOTOpoe BKIouaer B cedst aerekrop 12402 w/mmu nmepkarens obpasua 12401, Jlormueckas
cuctema 12403 Takke MOXKeT BKJIIOYAaTh B ceOs mporpaMMHOe obecredeHne, KOTOpoe
BBITIONIHSIETCST B mponeccope 12405. Jlormdeckas cucrema 12403 MoskeT BKIOUaTh B ceds
MAIIMHOYUTAEMBI HOCUTENb, XPAHIIIUN MHCTPYKUHUH Uil ynpasiaeHus cuctemon 12400, ansa
OCYILIECTBJIEHHUs] JIFOOOr0 M3 CrmocoOOB, OMUCAHHBIX B JAaHHOM AOKyMmeHTe. Hampumep,
norudeckasi cuctema 12403 MoskeT mojaBaTh KOMAaHABI B CUCTEMY, KOTOpas BKJIIOYAeT B ceOsi
nep:karenb obpasua 12401, Tak 9TO BBIMOJHSETCS CEKBEHHUPOBAHHME WM ApPYyrue (pusmueckue
onepaunu. Takue ¢u3NUeCKHe OMepanuyd MOTYT BBINOJHATHCS B ONPEACICHHOM TOPSIKE,
Hampumep, ¢ n00aBlIeHMEM U YAAJEHHEM peareHTOB B OMNpenesieHHOM mnopsiake. Taxue
¢dusnyeckue oOmnepamuy MOTYT BBINOJHATHCS POOOTOTEXHUYECKOH CHUCTEMOH, Hampumep,
BKJIFOYAsi pOOOTU3MPOBAHHYIO PYKY, KOTOPast MOXKET UCTIOJIBb30BATHCS AJISl OJydeHus: oOpasia u
BBITTOJTHEHMSI aHAJIN3A.

JIrobast W3 yNOMSHYTBIX B JAaHHOM JIOKYMEHTE KOMIBIOTEPHBIX CHCTEM MOXKET
UCITIOJIB30BaTh JIIO0OE MOIAXOMALIee KOJMYECTBO TNOACUCTEM. lIpuMepbl TakWx MOICUCTEM
nokasanbl Ha @ur. 125 B komnberoTepHOU cucteMe 10. B HEKOTOPBIX BapuaHTax OCYLIECTBIICHHUS,
KOMIBIOTEPHAs CUCTEMAa BKJIOYAET B c€0sl OHO KOMIBIOTEPHOE YCTPOMCTBO, A€ MOJICHUCTEMBI
MOryT OBITh KOMIIOHEHTAMH KOMIIBIOTEPHOTO ycTpolicTBa. B jmpyrmx  BapuaHTtax
OCYILIECTBIJIEHHs], KOMIIBIOTEPHAsI CHCTEMa MOJKET BKJIFOYATh B C€0SI MHOXKECTBO KOMITBIOTEPHBIX
YCTPOWCTB, KaXAO€ M3 KOTOPBIX SBJISETCS MOACUCTEMOW, C BHYTPEHHHMH KOMIIOHEHTaMH.
KomrmbroTepHasi cucreMa MOKET BKJIIOYATh B ceOsl HACTOJBHBIE UM MOPTATUBHBIE KOMITBIOTEPHI,
TUTAHIIEThI, MOOHIIbHBIE TeNe(OHBI, Ipyrue MOOMIbHBIE YCTPOICTBA U OOJIAYHbIE CHCTEMBI.

Ilopcucremnl, mokazanHble HA Pur. 125 coemmbHeHbl cucTeMHON mumHOM 75. IlokazaHbI

NOTIOJTHUTENbHBIE MOJCUCTEMBI, TaKHe€ Kak MNpUHTEp 74, kjaBuatypa 78, 3alOMHHAIOLIEE
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ycrpoiictBo(a) 79, mommTOop 76 (Hampumep, 3KpaH HOUCIIes, TAaKOW KaK CBETOJIUOMHBIN
IOUCTUIEH ), KOTOPBIA COENUHEH ¢ anantepom auctuies 82, u npyrue. [lepudepuitapie ycrpoiicTBa
u ycrpoiictea BBoga/Beioma (BBOJI/BBIBO/I), xoTopble coeamHEHBI ¢ KOHTpoJuiepoM 71
BBO/IA/BBIBOJIA, MOTYT OBITh MOAKIIOYEHBI K KOMITBIOTEPHOH CHUCTEME C TMOMOLIBIO JIFOOOTro
KOJINYECTBA CPEICTB, U3BECTHBIX B JAHHOH OOJIACTH TEXHHMKH, TAKUX KaK MOPT 77 BBOJAA/BBIBOJA
(BBOJI/BBIBO/JI) (nampumep, USB, FireWire®). Hanpumep, mopt 77 BBOIa/BbIBOJIA WIIH
BHemHUl uHTepdeiic 81 (Hanpumep, Ethernet, Wi-Fi m T.n.) MOXHO HCHOJB30BaTH IS
MOJKIJIFOUEHUS] KOMIBIOTepHOU cucreMbl 10 k rmobanbHON ceTw, Takoil kak HHTepHer,
YCTPOWUCTBY BBOJAA C MOMOIIBK) MBIIIY, WA CKaHEPY. MeEKKOMIIOHEHTHOE COEJUHEHUE 4epe3
CHUCTEMHYIO IIHHY 75 TMO3BOJIIET LEHTPAJIbHOMY IHpoueccopy 73 OOMEHUBATBbCS MAHHBIMU C
KaKJOH MOACUCTEMON, U KOHTPOJUPOBATh BBINOJIHEHUE MHOXKECTBA UHCTPYKLUH U3 CUCTEMHON
naMsITH 72 WM 3alIOMUHAOLIEro ycTpoicTBa(cTB) 79 (Hanmpumep, HECBEMHOTO JHCKA, TAKOTO
KaK JKeCTKUH JAHWCK, WM ONTHYECKMH IHCK), a Takke OOMeH uHpopManmuend MexIy
noncucreMamu. CuctemMHas mamsiTh 72 W/WiIM 3alioOMUHaromee ycrpoicrBo(a) 79 moxer
NPEACTaBIATh COOOH MAIIMHOYUTAEMbIH HOCUTENb. [[pyroil moacucTeMoi sSBIsieTCsl yCTPONUCTBO
cOopa maHHBIX 85, Takoe Kak kamepa, MUKpO(OH, akcenepoMeTp | T.1. JIroOble U3 YIOMSIHYTHIX
B JJAHHOM JIOKYMEHTE JaHHBIX MOTYT BBIBOJUTBCS U3 OJTHOIO KOMIIOHEHTA B IPyroil KOMIIOHEHT,
Y MOTYT BBIBOAUTBCS MOJIB30BATENIO.

[0091] KomnbroTepHast cucTeMa MOXKET BKJIHOYaTh B Ce0sl MHOKECTBO OJIMHAKOBBIX
KOMIIOHEHTOB WJIM MOJCUCTEM, HAIPUMEP, CBA3AHHBIX APYr C APYILOM C MOMOUIBIO BHELIHErO
uHTepdeiica 81, BHyTpeHHero mHTepdeiica wim uepe3 CbeMHbIE 3aNIOMUHAIOIINE YCTPONUCTBA,
KOTOpblE MOTYT OBbIThb TOAKIIOYEHBI W YIAJIEHbl OT OJHOTO KOMIIOHEHTa K JAPYroMy
KOMIIOHEHTY.B HEKOTOpBIX BapUaHTaxX OCYLIECTBJIEHUs, KOMIIBIOTEPHBIE CUCTEMBI, MOJACUCTEMBI
WA YCTPOHCTBA MOTYT OOMEHHMBATHCS AAHHBIMU MO CETH. B Takmx ciydasx OIUH KOMIIBIOTED
MOXET CYUTATBbCSI KIMEHTOM, a APYTOH KOMIIBIOTEP - CEPBEPOM, MPUYEM KaXKIbIA U3 HUX MOXKET
OBITh YaCTBEO OJHOW M TOH K€ KOMITBIOTEPHOW CHUCTeMbl. KaXIblii KIMEHT M CEepBEP MOTYT
BKJIFOYATh B Ce0sl MHOKECTBO CUCTEM, TIOZCUCTEM I KOMIIOHEHTOB.

ACTIEKTBl BAapUAHTOB OCYINECTBJIEHUS MOTYT OBbITh pealu30BaHbl B (popMe JIOTHKH
VOpaBJICHUS C HCIOJNB30BAHUEM alMapaTHBIX CcXeM (Hampumep, CHEeLHUATN3HPOBAHHON
UHTErPaJbHON CXEeMbl MM TNPOrPAaMMHPYEMONH MATPHULbI JIOTUYECKHX 3JEMEHTOB) W/HIH C
HCTIOJIb30BAHUEM KOMITBIOTEPHOTO MPOrPAMMHOTO 00ECIIEYEHHS C, B LIEJIOM, MPOrPaMMHPYEMBIM
IPOIIECCOPOM B MOJYJIBHOM HIIM MHTETPHUPOBAHHOM BHIE. B KOHTEKCTE TaHHOrO M300peTeHwus,
IPOIIECCOP MOKET BKIIKOYATh B ceOs OMHOSAAECPHBINA MPOLIECCOP, MHOTOSIIEPHBIM MPOLIECCOP Ha
OTHOM HHTErPHPOBAHHOM KPHCTAJUIE, FMJIH MHOJKECTBO IPOLIECCOPHBIX OJIOKOB HA OJHOM

NeYaTHOW IUIaTeé WIM B CETH, a TaKXKe CHelHalIn3upoBaHHOe obopymoBanme. Ha ocHoBe
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pacKpBITHS N300pPETEHUs U HIEH, IPEICTABIEHHBIX B TAHHOM JOKYMEHTE, CIELHATUCT B TAaHHON
obnacTi TEXHUKU OyZeT OCBEIOMIIEH O M XOPOIIO pa3OupaThes B APYTUX MyTSIX W/HIK CIIOCO0ax
pean3ay BApUaHTOB OCYIIECTBIICHUS] TAHHOTO N300PETEHHUs ¢ MCIIOJIb30BAHUEM aIapaTHBIX
CPEACTB, U KOMOMHALIMY aIMapaTHBIX CPENICTB U IPOrPAMMHOTO 00ECTIeUeHusI.

JIro00i1 U3 MporpaMMHBIX KOMIIOHEHTOB WJIH JE00ast U3 (PYHKIUH, ONMMCAHHBIX B JAHHOM
3asiBKE, MOXKET OBITh peanu3oBaH(a) B BHAE MNPOTPAMMHOTO KOJA, KOTOPBIH IOJDKEH
BBIMIOJIHATBCST ~ TPOLIECCOPOM € HCHOJB30BAaHHMEM  JIOOOrOo  MOIXOAALIEr0  sI3bIKa
MpOrpaMMHUPOBaHMS, Takoro kak, Hampumep, Java, C, C++, C#, Objective-C, Swift win
CKPHIITOBOTO SI3bIKa MporpamMmHupoBaHusi, Takoro kak Perl mnm Python, ¢ mcnonws3oBanuem,
HApUMep, CTAHAAPTHBIX WM OOBEKTHO-OPHEHTHPOBAHHBIX METOAOB. lIporpaMMHbIi KOA
MOJKET XPaHUTbCS B BUJE CEPUM MHCTPYKLUH WM KOMaHJA Ha MAalIMHOYUTAEMOM HOCUTENe AJis
xpaHeHHs w/wnu nepenaun. [loaxonsmui SHEProHE3aBUCHUMBINH MAITMHOYUTAEMbIH HOCHUTEND
MOJKET BKJIIOUaTh B ceOst onepaTuBHYIO namsaTh (O3Y), moCTOSTHHOE 3aNIOMUHAOIIEEe YCTPOHCTBO
(IT3Y), MarHuTHBIA HOCUTENb, TAKOW KaK SKECTKHM OUCK WJIM THMOKHHA IUCK, WM ONTHYECKHIA
HOCUTENb, Takol kak KoMmakT-guck (CD) mmn DVD (umdpoBoii yHHBEpCANbHBIA ANUCK), WUIH
muck Blu-ray, ¢umsm-naMate u T.. MallMHOYUTAEMBI HOCHTENb MOXKET OBITh JIFOOOH
KOMOWHAIMEH TAKUX YCTPONCTB XpaHEHUS WM NIepeaadH.

Takue mporpamMmbl Takke€ MOTYT KOJUPOBAaTbCS U IEpeNaBaTbCs C HCIOJIb30BAHUEM
HECYIIUX CUTHAJIOB, QJANTHPOBAHHBIX ISl MEpenadyd 4epe3 INMPOBOJHBbIC, ONTHYECKHE W/HUIIH
OecrpoBOIHBIE CETH, COOTBETCTBYIOIIUX MHOJKECTBY IMPOTOKOJOB, BKIouass WHrepuer. Ilo
CYIIECTBY, MAIIMHOYNUTAEMbI HOCHTENb MOJKET OBITb CO3/1aH C HCIOJb30BAHHWEM CHUTHAJA
JAHHBIX, 3aKOJWPOBAHHOIO C IOMOIIBIO TAaKUX MpOrpaMM. MallMHOUNUTAEMbIH HOCHUTEID,
3aKOIUPOBAHHBIN MPOrPAMMHBIM KOJOM, MOXKET OBITh YIIaKOBAH C COBMECTHMBIM YCTPOHCTBOM
WIA TPEIOCTaBJIEH OTAENBHO OT JAPYTUX YCTPOWMCTB (HampuMep, IyTeM 3arpy3ku depes
Wnrepner). JIro0o# TakoW MalIMHOYNTAEMbIH HOCHTENb MOYKET TOCTABISATHCS C WIM B COCTaBe
KOMIIBIOTEPHOTO MPOAYKTa (HAIIPUMED, JKECTKUI TUCK, KOMITAKT-AUCKE, WIN BCS KOMIBIOTEPHAS
CHCTEMA), U MOJKET IOCTABISIThCA C WIM B COCTABE PA3JIMYHBIX KOMITBIOTEPHBIX MPOAYKTOB B
npenenax CHCTeMbl Wi ceTd. KoMmMmbproTepHas CUCTeMa MOMKET BKJIYaTh B ceOs MOHHUTOP,
NPUHTEP WIH APYrod MOAXOISAIIUN IWUCIUIEH AJIsI TPENOCTABJICHUS TOJBb30BATEN0 JTIOOBIX U3
YIOMSIHYTBIX B JAHHOM JIOKYMEHTE PE3yJIbTaTOB.

[0092] JIroOoit U3 ONMUCAHHBIX B JAHHOM JOKYMEHTE CITOCOOOB MOKET OBITh MOJHOCTHIO
WIA YaCTHYHO BBINIOJHEH KOMIBIOTEPHOH CHUCTEMOH, conepameii oxuH wiu  OoJjbliee
KOJINYECTBO MPOLIECCOPOB, KOTOPBIE MOTYT OBITh CKOH(UTYPUPOBAHBI JJIsI BBIMTOJIHEHUS 3TAIIOB.
Takum 00pa3oM, BapHaHTBI OCYLIECTBJIEHUS MOTYT OBITb HANPAaBJICHbI HAa KOMIIBIOTEPHBIE

CUCTEeMBbI, CKOH(PUTYPHUPOBAHHBIE JJIsl BHIMOJHEHHS 3TAMOB JIOOOTO U3 COCOOOB, OMMCAHHBIX B
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JAHHOM  JTIOKyMEHTE, BO3MOXKHO, C pPA3JIMYHBIMH KOMIIOHEHTAMH,  BBINOJHAIOIINMHI
COOTBETCTBYIOIIUN 3Tal UM COOTBETCTBYIOIIYIO IPYMIy 3TanoB. XOTs 3Talbl NPEACTABIEHB] B
BUJE MPOHYMEPOBAHHBIX, OTalbl OIMUCAHHBIX B JAHHOM JOKYMEHTe CHOCOOOB MOTYT
BBITIOJTHSITECSL B OJJTHO U TO K€ BPEMs, B pa3HOE BpeMs, Wik B Apyrom nopsiake. Kpome Toro,
¢a3bl 3THX 3TAOB MOTYT HCIIOJNB30BaThCS € (pa3amMu APYrUX STANOB M3 APYTHX CIOCOOOB.
Kpowme Toro, Bech 3Tan mwin ero ¢asbl MOTyT ObITh HeoOs3aTenpHbIMH. Kpome Toro, moboit u3
3TanoB JIFOOOTr0 M3 CrOCOOOB MOYKET BBIMOJHATHCS MPHU HATUYUK MOJIYJEH, OJIOKOB, CXeM MU
OPYTUX CPEACTB CUCTEMBI JJIsI BBIMIOJHEHUS STUX 3TAIOB.

KoHkpeTHble neTanu  KOHKPETHBIX BAapPUAHTOB  OCYLIECTBJICHHS  MOTYT  OBIThb
CKOMOMHHUPOBAHBI JTFOOBIM MOAXOISAIINM CIIOCOOOM 0e3 OTCTYIJIEHUS] OT CYIIHOCTH W oObemMa
BAPUAHTOB OCYIIECTBJICHUS] AaHHOTO m300peTeHus. OQHAKO APYrre BapHaHTHI OCYIIECTBIICHUS
U300peTeHNs MOTYT YKa3blBaTh HAa KOHKPETHBIE BAPHAHTHI OCYIIECTBJICHUS, OTHOCSINHUECS K
KQXXIOMY OTAENIbHOMY aCeKTy, WIH K KOHKPETHBIM KOMOHMHAIIUSIM 3THX OTIENIbHBIX aCTIEKTOB.

IIpuBeneHHoe Bblllle ONMUCAHHE WJUIFOCTPATUBHBIX BAPHUAHTOB OCYIIECTBJIEHUS JAHHOTO
pacKpbITUsT U300peTeHus] ObLIO TMPENCTaBICHO B LEJSIX WUIROCTpaunu U omucaHus. OHO He
MpeIHA3HAYeHO JMJII TOTrO, YTOObI OBITh HMCUEPMBIBAIOIIAM WM OTPAHUYHUBATBL PACKPBITHE
U300peTeHNs] OMUCAHHOW TOYHOW (OPMOH, M B CBETE W3JIOKEHHOT'O BBIIIE BO3MOKHBI
MHOTOYHCJICHHbIE MOTU(UKALIMKA U BAPUAHTHI.

VYkazaHue CyILIECTBUTEIbHBIX B €IMHCTBEHHOM U MHOJKECTBEHHOM YHCJIE CIYXKHUT IJIs
0003HAUEHHs «OTHOTO WJIA OOJIBIIEro KOJMYECTBa» A0 TEX MOp, MOKA CIEHATbHO HE YKa3aHHO
uHHoe. [Ipu MCroIb30BaHNU «MJIN» UMEETCS BBUIY «BKJIFOYAIOLIEE WIN», 4 HE KUCKIIIOYAIoIIee
WINY», €CIIH CIIELUAbHO HE yKka3aHo nHoe. CChUIKa Ha «IEPBBIH» KOMIIOHEHT HE 0053aTeNbHO
TpeOyeT MNpenocTaBiIeHUs BTOPOTO KOMIOHEHTa. bojee TOro, cChlika Ha «IEPBBIN» WIH
«BTOPOW»  KOMIIOHGHT HE  OrpPaHUYMBAET  YIOMSHYTHI  KOMIIOHEHT  KOHKPETHBIM
MECTOMOJIOKEHUEM, €CJIM SIBHO Heyka3aHO uHoe. Ilon TepMHHOM «OCHOBaHHBIM Ha» HMMeeTcCs
BBUJY «OCHOBAHHBIN, IO MEHBLIEH Mepe, YACTUYHO HaY.

[0093] Bce mareHTHI, 3asiBKM Ha TMATEHTHI, MyOJUKALMA U OMHCAHUS, YIOMSHYTHIE B
JAHHOM JOKYMEHTe, MOJHOCTBIO BKJIFOUEHb! MIOCPEICTBOM CChUIKM AJs Beex Leineil. Hu onun us3

HUX HE PaCCMaTPUBAETCs KAK NPEIIIECTBYIOUINN YPOBEHb TEXHUKH.
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OOPMYIJIA U3OBPETEHUSA

1. Croco® oOHapyskeHusT MOIU(UKALMKA HYKJIEOTHIA B MOJIEKyJle HYKJIEHMHOBOM
KHMCJIOTBI, BKJIFOYAKOIIUI B CeOsl:

MOJIy4eHHUE BXOMHOW CTPYKTYPhI [aHHBIX, TMPUYEM BXOAHAs CTPYKTypa IOaHHBIX
COOTBETCTBYET OKHY CEKBEHHPOBAHHBIX HYKJIEOTHIOB B MOJIEKyJIe HYKIEHHOBON KHCIIOTHI
o0pasia, Mpu 3TOM MOJIEKYJTY HYKJEUMHOBOM KHUCIOTHI 00pasiia CEKBEHUPYIOT MyTeM H3MEPEHHUSI
UMIYJIbCOB OMNTHYECKOTO CHrHajia, COOTBETCTBYIOIIErO HYKJIEOTHIAM, IPH 3TOM BXOIHAsI
CTPYKTypa AAHHBIX COAEPIKUT 3HAUEHUS JIJISI CIEIYIOLIHUX CBOMCTB!

IUTSL KaXKIOTO HYKJIEOTHIA B MpeesiaX OKHa!

0003HaYeHNE HYKJICOTH 1A,

MO3UIIMI0  HYKJIEOTHIA 1O OTHOIIEHWIO K [eJeBONW TMO3MIMH B  Mpeaenax
COOTBETCTBYIOIIETO OKHA,

[IMPUHY UMITYJIbCA, COOTBETCTBYIOLIETO HYKJIEOTHY, U

MEKHUMITYJIbCHBI ~ TEPUOMA,  MPEACTABNSAIONINA  BpeMsl  MEKIAY  MMITYJbCOM,
COOTBETCTBYIOIIUM HYKJIEOTHIY, H HMITyJIbCOM, COOTBETCTBYIOIIUM COCEIHEMY HYKJIEOTHIY;

BBEJIEHWE BXOTHOW CTPYKTYpbl HaHHBIX B MOJENb, MPH 3TOM MOJENb TPEHUPOBAIU
yTEM:

MOJIY4EHHUST TIEPBOTO MHOKECTBA MEPBBIX CTPYKTYP MAHHBIX, MPHYEM KaKaas MepBas
CTPYKTypa JaHHbIX W3 TMEPBOrO MHOXECTBA CTPYKTYp [HOAHHBIX COOTHOCHUTBHCS €
COOTBETCTBYIOIUM OKHOM CEKBEHMPOBAHHBIX HYKJIEOTHIOB B COOTBETCTBYIOIIEH MOJIEKYyIIe
HYKJIEMHOBOHM KHCJIOTBI W3 MHOKECTBA MEPBBIX MOJIEKYJ HYKJIEHHOBON KHCIOTBI, MPU 3TOM
KQXIYI0 U3 TEPBbIX MOJEKYJ HYKJIEHHOBON KHCJIOThI CEKBEHUPYIOT MyTEM H3MEPEHUs
UMIYJIbCOB B CHTHAJ€ COOTBETCTBYIOIUX HYKJIEOTHIOB, MPH 3TOM MOAUDUKALIUS HMEET
W3BECTHOE MMEPBOE COCTOSIHME HA HYKJIEOTHIE B IIEJEBOW MO3UIMH B KAXKIAOM OKHE KaXKIOM
NEePBOl MOJIEKYJIbI HYKJIEMHOBON KHCIOTBI, TPH 3TOM Kakhas MepBasi CTPYKTypa MaHHBIX
COJZIEPIKUT 3HAYEHUS JIJISl T€X K€ CBOWCTB, YTO M BXOIHAsI CTPYKTYpa HaHHBIX,

COXpaHEHHsI MHOKECTBA TIEPBBIX 00YUaONINX BHIOOPOK, KakIasi 3 KOTOPbIX BKIIFOYAET B
ceOs1 OIHY U3 TIEPBOTO MHOKECTBA MEPBBIX CTPYKTYP JAHHBIX M MEPBYIO METKY, 0003HAYAIOIIYIO
NePBOE COCTOSTHYME HYKJIEOTH/IA B I€JIEBOU MO3UIINH, U

ONTUMU3AIMK C WCIOJNB30BAHMEM MHOKECTBA MMEPBBIX OOy4YarOMMX BBIOOPOK,
napaMeTpoB MOJIEIM Ha OCHOBE BBIXOJHBIX JaHHBIX MOJEIH, COBMAAAIONINX WM He
COBIMAAMOIUX C COOTBETCTBYIOIIUMH METKAMH H3 TEPBbIX METOK, KOTJa MEPBOE MHOKECTBO
MEPBBIX CTPYKTYp MaHHBIX BBOJUTCS B MOJENb, IMPH OTOM BBIXOIHBIE JaHHBIE MOMIEIH
yKa3blBAlOT Ha TO, HMeeT Ju MOAUDUKAIMIO HYKIEOTHA B IENEBOW TMO3UIHH B

COOTBETCTBYIOLIIEM OKHE,
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OTpeieNIeHNe C HCIOJB30BAHUEM MOJEIH TOTrO, MPUCYTCTBYET JIM MOAU(UKALUS Ha
HYKJICOTHJIC B LIEJICBOU MO3UIUH B MPeesiaX OKHA B BXOJIHOHM CTPYKType HaHHBIX.

2. Cnoco0 mo 1. 1, OTIMYArOIIUNACS TEM, YTO:

BXOZIHasi CTPYKTypa JaHHBIX MPENCTaBJsieT COO0H OJHY BXOAHYIO CTPYKTYPY MaHHBIX H3
MHOKECTBA BXOIHBIX CTPYKTYP JHaHHBIX,

MOJIEKyJIa HYKJIIEMHOBON KHCJIOTBI O0pasla MpeacTaBisieT COoOOH OJHY MOJIEKYJy
HYKJIEMHOBOH KUCJIOTHI 00pa3iia U3 MHOXKECTBA MOJIEKYJT HYKJIEMHOBOM KUCJIOTHI 00pasiia,

MHO3KECTBO MOJIEKYJI HYKJIEHMHOBOW KHCJIOThI oOpa3lia MOJYYaroT U3 OHOJIOTHMYECKOTO
obpasua cyObekTa, u

KaXkmasi BXOJHAs CTPYKTypa JMaHHBIX COOTHOCHUTBCSI C COOTBETCTBYIOIIMM OKHOM
HYKJICOTH/IOB, CEKBEHHUPOBAHHBIX B COOTBETCTBYIOIIEH MOJIEKyJie HYKIEMHOBOH KHCIIOTHI
obpaslia U3 MHOKECTBa MOJIEKYJI HYKJIEMHOBOH KUCJIOTHI 00pasia, u

Croco0 MOTIOMHUTENLHO BKITIOUAET B Ce0sT:

MOJIy4eHHUE MHOKECTBA BXOIHBIX CTPYKTYP HaHHBIX,

BBOJI MHOKECTBA BXOIHBIX CTPYKTYD HaHHBIX B MOJEb, U

OTpeieNieHne C WCIOJb30BAHUEM MOJENH, NPUCYTCTBYeT Jin Moaudukamuss B
HYKJICOTHI€ B LEJEBOM MECTOIMOJIOKEHIN B COOTBETCTBYIOIIEM OKHE KaKIOH BXOIHOM
CTPYKTYPbI TaHHBIX.

3. Cnoco0 mo 1. 2, JOMOJHHUTENBHO BKJIFOYAIOLIUHN B CEOSI:

OTpeeNIeHne TOro, TPUCYTCTBYET JU MOAU(PUKALMS HAa OJHOM WJIH OOJIbIIEM
KOJIMYECTBE HYKJICOTHIIOB, U

ompeneNeHne Kiaccu(PUKAIMN HAPYIICHUS] ¢ UCIOJB30BAHUEM HAJUYUs MOIU(DUKAIIH
Ha OJTHOM WJTH OOJIBIIIEM KOJIMYECTBE HYKJICOTUIOB.

4. Criocob 1o 1. 3, OTIMYAOLIUICA TEM, YTO HapyIIEeHHE BKIFOYAET B ceOsl pax.

5. Cnoco0 mo 1. 3, JOMOJHHUTENBHO BKJIFOYAIOLIUHN B CEOS:

OTIpeIeNIeHNEe TOTO, YTO KJIACCU(UKALUSA HAPYIICHUS] COOTBETCTBYET TOMY, UYTO CYOBEKT
HUMeeT HapylIeHue, 1

JieueHue HapyIIeHus y cyObekra.

6. Crocob6 mo m. 3, OTNMYAIOIIMICA TeM, YTO OIpenesieHHe KiacCu(puKanuu
HAPYIIEHHsT UCTIOIB3YET KOJUYECTBO MOAUDUKAIIMI HITH CAHTOB MOTU(UKAIINH.

7. Cnoco0 mo 1. 2, JOMOJHHUTENBHO BKJIFOYAIOLIUHN B CEOSI:

OTpeeNIeHne TOro, TPUCYTCTBYET JU MOAU(PUKALMS HAa OJHOM WJIH OOJIbIIEM
KOJIMYECTBE HYKJICOTHIIOB, U

onpeneneHne kKianHUYeckn 3Hauumon ¢pakumu JHK, npoduns metunuposanus mioza,

npod I METHIMPOBAHUS MAaTEePH, HAJHYUS MOJABEPKEHHONH UMIPUHTHHIY OOJNACTH T'€Ha, WIH
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TKAHEBOI'O MPOUCXOXKACHUS, 3a CUET HAJTUIUA MOI[I/I(bI/IKaL[I/II/I OJHOTO NN 60.]'[]:;].[[61"0 KOJIM4eCcTBa
HYKJIEOTHIOB.

8. Crocob mo m. 2, OTIMYAIOLIUICS TeM, YTO Ka)as MOJIEKyJa HYKJIEHHOBOU
KUCJIOThI OOpasiia U3 MHOXKECTBAa MOJIEKYJT HYKJIEHHOBOW KHCJIOTHI 00Opasila MOXKET HMETb
pazmep, OOJNbINNI YeM TIOPOrOBOE 3HAYEHHE Pa3Mepa.

9. Cnioco0 1o 1. 2, OTJIMYAIOIIHICS TEM, UTO!

MHOXKECTBO MOJICKYJI HYKJ'IeI/IHOBOI\/'I KHUCJIOThI o6pa3ua BbIPABHUBACTCA C MHOXCCTBOM
obnacreli reHOMa,

JUTSL KasKI0# 00J1acTH reHoOMa U3 MHOKeCTBa o0acTeli reHoMa:

PsIT MOJIEKYJT HYKJIEMHOBOW KHUCJIOTHI 00pasiia BEIPABHUBAIOT ¢ TEHOMHOM 00J1aCThIO,

KOJIMYECTBO MOJIEKYJ HYKJIEMHOBOW KHCJOThI 00pasiia sIBISETCS OOJNBIIMM, HYeM
MOPOTOBOE 3HAUCHHE.

10. Croco6 mo m. 1, NOMONHUTENBPHO BKIOYAOIMUNA B ce0sl CEKBEHUPOBAHHE

)
MOJIEKYJIbl HYKJIEMHOBOM KHCIIOTHI 00pasna.

11. Cnoco0 mo m. 1, OTIMYarOIIUiCS TE€M, YTO MOJEIb BKIIIOYAET B CeOsl MOMENb
MAIIUHHOTO OOY4YeHMs, aHAJIN3 TJIABHBIX KOMIIOHEHTOB, CBEPTOYHYKO HEHPOHHYIO CETh WM
JIOTUCTHUYECKYIO PETPECCHUIO.

12. Cnoco0 mo 1. 1, OTIMYArOIIUNACS TEM, YTO:

OKHO HYKJIEOTHJOB, COOTBETCTBYIOLEE BXOJHONH CTPYKTyp€ [aHHBIX, COJEP>KUT
HYKJICOTHABI MEPBOH LEMH MOJEKYJIbl HYKJIEMHOBOH KHUCIOTBHI 00pas3la W HYKJIEOTHUIbl BTOPOM
LIETTH MOJIEKYJIbl HYKJIEMHOBOM KHCIIOTBI 00pasia, u

BXOJIHasl CTPYKTypa HAaHHBIX JOMOJHUTENBHO COJNEPKUT A KaKIOTro HYKJIEOTHIa, B
npenenax OKHa, 3HaueHUe CBOMNCTBA LM, MPU 3TOM CBOHCTBO LeNM YKa3blBaeT Ha TO, YTO
HYKJICOTH HAXOAUTHCS JINOO B MIEPBOH IETH, JTUOO BO BTOPOH LIETIH.

13. Croco6 mo m. 12, oTnMYaromUNCs TeM, YTO MOJEKyJa HYKJIEHMHOBOW KHCJIOTHI
obpasua mpencrasisier codoit konbLeByr Mojekyny JJHK, chopmupoBaHHyIO yTeM:

paspesanus apyxuenodeunonn mojekynbl JJHK ¢ ncnonpzoBannem xomruiekca Cas9 st
¢dbopmMupoBanus pa3pe3aHHON aAByxuenodeuHoi Monekyisl JJHK, u

JUTUPOBAaHMs ajanTepa B BHUAE IIMUIBKU K KOHIy pa3pe3aHHON [ABYXLENOYeuyHON
monexyJbsl JIHK.

14. Crocob6 mo m. 1, OTHMUArOIIMICA TEeM, YTO HYKJIEOTHABI B Mpenenax OKHa
OTIPENEISIIOT C HCIOJB30BAHUEM KOJBIIEBOH KOHCEHCYCHOW TNOCJIENOBAaTEIbHOCTH U 0e3
BbIPABHUBAHUS CEKBEHUPOBAHHBIX HYKJIEOTHIOB C 3TaJJOHHBIM N'€HOMOM.

15. Crioco6 mo 1. 1, OTIMYAOIIMIACS TeM, YTO KaXKIbli HYKJICOTHJ B TpeAeax OKHA

00oraImaroT WK OTPUIBTPOBBIBAOT.
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16. Croco0 mo m. 15, OTIUYAOIMUIACS TeM, YTO KaKIbIi HYKJICOTHU]] B TIPpEAesiaX OKHA
000raIarT NyTeM:

paspesanus apyxuenodeunonn mojekynbl JJHK ¢ ncnonpzoBannem xomruiekca Cas9 st
dbopmupoBaHus paspesaHHON AByxnernouedHor mosekynsl JIHK, u jguruposanust aganrepa B
BHJIE€ LIMUJIbKH K KOHLY Pa3pe3aHHON AByxuenodedyHon monekyiel JAHK, nnn

GUIBTPYIOT IyTEM:

otbopa aByxienodednbx Mosiekys1 JJHK, nMeromux pasmep B nuanasoHe pa3Mepos.

17. Crnoco® mo m. 1, OTHMYAIOIUICS TEM, YTO HYKJIEOTHUAbI B Mpeaenax OKHa
OTIPENEISIIOT C HCIOJB30BAHUEM KOJBIIEBOH KOHCEHCYCHOW TNOCJIENOBAaTEIbHOCTH U 0e3
BBIPABHUBAHUS CEKBEHUPOBAHHBIX HYKJICOTUIOB C 3TAJIOHHBIM T€HOMOM.

18. Crioco6 oOHapyxeHHs MOAu(HUKaIMKA HYKJIEOTHIAA B MOJEKYJe HYKJIEHHOBOU
KHMCJIOTBI, BKJIFOYAKOIIUI B CeOsl:

MOJIYYCHUE TEPBOTO MHOYKECTBA MEPBBIX CTPYKTYP NaHHBIX, MPUYEM Kaxkaas rmepBas
CTPYKTypa JaHHBIX U3 TEepPBOrO0 MHOXKECTBA CTPYKTYpP JaHHBIX COOTHOCHUTBCA C
COOTBETCTBYIOIIUM OKHOM CEKBEHHUPOBAHHBIX HYKJIEOTHAOB B COOTBETCTBYIOLIECH MOJIEKYJIE
HYKJIEHHOBOI KHUCJIOTBI W3 MHOXKECTBA IEPBBIX MOJIEKYJ HYKJIEHHOBOM KHUCIIOTBI, IIPU 3TOM
KQOKAYI0 U3 TMEPBBIX MOJIEKYJ HYKJIEHHOBOH KHUCIOTHl CEKBEHUPYIOT IyTeM H3MepeHus
UMIYJIbCOB B ONTUYECKOM CHTHAJIE COOTBETCTBYIOLINX HYKJIEOTHIOB, MPH 3TOM MOIU(DHUKALIHS
MMEET M3BECTHOE IEPBOE COCTOSTHME HAa HYKJICOTHJE B LENEBOM NMO3ULIUHU B KAXKIOM OKHE
KQXXAOW MepBOH MOJIEKYJbl HYKJIEMHOBOM KHUCJOTBI, MPU 3TOM Kaxkaas IepBas CTPYKTypa
JAHHBIX COAECPKUT 3HAYEHHUS IJIs CIAEAYIOLUX CBONCTB!

JUTsL K&XKAOTO HYKJIEOTHA B MIPEAeNax OKHa!

0003HaYeHNE HYKJICOTH 1A,

MO3ULMK0  HYKJIEOTHAA IO OTHOWIEHMI0 K LEJeBOW MO3ULUMU B MpeAenax
COOTBETCTBYIOLIETO OKHA,

LIMPUHY UMITYJIbCA, COOTBETCTBYIOLIErO HYKJICOTUAY, U

MEXKUMIYJIbCHBIM ~ TEPHOJ,  NPEACTABJSIFOLUIAN  BpeMsl  MEXAY  HUMITYJIbCOM,
COOTBETCTBYIOILIUM HYKJIEOTHIY, U UMITYJIbCOM, COOTBETCTBYIOLIUM COCETHEMY HYKJICOTHNY,

COXpaHEHHE MHOKECTBA MEPBBIX OOYYAIOLINX BBIOOPOK, KaKIast M3 KOTOPBIX BKIFOYAET B
ceOs1 OIHY U3 TIEPBOrO MHOJKECTBA MEPBBIX CTPYKTYP JAHHBIX M MEPBYIO METKY, 0003HAYAOLITYIO
NIepBOE COCTOSTHHE 111 MOAM(HUKAIINN HYKJIEOTHAA B LIEJIEBOH NMO3ULNH; U

oOy4eHHne MOJIENN C UCTIOIb30BAHUEM MHOKECTBA MEPBBIX O0YYAIOUINX BBIOOPOK MyTEM
ONTUMM3ALUY NTapaMETPOB MOJENN HA OCHOBE BBIXOJHBIX JAHHBIX MOJEH, COBMNAJAIOIIMNX WIN
HE COBINAJAOIINX C COOTBETCTBYKOIIMMH METKAMH U3 MEPBbIX METOK, KOI/la IEPBOE€ MHOXKECTBO

NEPBLIX CTPYKTYP HAaHHBIX BBOAUTCA B MOJACJDb, IPU 3TOM BbIXOIHBIC HOAHHBIC MOACIIN
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YKa3blBalOT Ha TO, HMEET JHU MOAU(PUKALMIO HYKICOTHA B IEJEBOH TMO3UIUH B
COOTBETCTBYIOILEM OKHE.

19. Cnoco0 mo 1. 18, IoMmoJHUTENBHO BKJIIOYAIOIIUN B CEO0SI:

MOJIy4€HHE BTOPOTO MHOXKECTBA BTOPBIX CTPYKTYP HAAHHBIX, MPHUEM KakKIas U3 BTOPBIX
CTPYKTypa JaHHBIX M3 BTOPOTO MHOKECTBA BTOPBIX CTPYKTYp JAHHBIX COOTHOCHUTHCA C
COOTBETCTBYIOIUM OKHOM CEKBEHHUPOBAHHBIX HYKJIEOTHUIOB B COOTBETCTBYIOIEH MOJIEKyJe
HYKJIEHHOBOM KHCJIOTBl M3 MHO)KECTBA BTOPBIX MOJIEKYJ] HYKJIEHHOBOM KHCIOTBI, MPU 3TOM
MOIU(UKALMS MUMEET BTOPOE H3BECTHOE COCTOSIHME Ha HYKJICOTHIE B LEJIEBOH MO3UIUH B
Ka)XZI0M OKHE Ka)KZI0H M3 BTOPBIX MOJIEKYJI HyKJI€MHOBON KUCIOTHI, IPH 3TOM Ka)kJ1ash U3 BTOPbIX
CTPYKTYpP J@HHBIX COJAEP>KUT 3HAUEHMsI AJI TeX K€ CBOMCTB, YTO U MEPBOE MHOXKECTBO MEPBBIX
CTPYKTYpP AaHHBIX,

COXPaHEHHE MHOKECTBA BTOPBIX O0YUAIOMIHNX BRIOOPOK, KaKIasi 13 KOTOPBIX BKIFOYAET B
ceOs1 OIHY U3 BTOPOTO MHOJKECTBA BTOPBIX CTPYKTYP AAHHBIX M BTOPYIO METKY, 0O03HAYAOLITYIO
BTOPOE COCTOSIHME HYKJIEOTH/A B LIeJIEBOM MMO3ULUH,

npudeM B OOyUEHHH:

NepBOE COCTOSIHHE WJIM BTOPOE COCTOSIHUE MPENCTaBJIsIET COOOH TO, 4TO MOAM(HKanus
NPUCYTCTBYET, & APYrO€ COCTOSIHUE - TO, YTO MOJU(PHUKAIIHS OTCYTCTBYET,

MOJIeNIb  JOTIOJHHUTENbHO BKIIOYaeT B Ce0s HCMOJIb30BAHME MHOXKECTBA BTOPBIX
00y4arImux BEIOOPOK MyTeM ONTHMH3ALMH NapaMETPOB MOJENH HAa OCHOBE BBIXOJIHBIX JTAHHBIX
MOJI€NIY, COBMAJAIOIIMX WJIM HE COBIMNAJAIOIINX C COOTBETCTBYIOIIMMM METKaMH M3 BTOPBIX
METOK, KOTZla BTOPO€ MHOKECTBO BTOPBIX CTPYKTYP JAHHBIX NPEICTABISET COOOH BXOAHBIE
JaHHbIE AJI MOJAEIH.

20. Croco6 mo m. 19, oTiIMYAOIUICS TEeM, YTO MHOXECTBO MEPBBIX MOJIEKYJI
HYKJIEHHOBOM KHUCJIOTBI SIBJIAETCS TEM K€, YTO U MHOECTBO BTOPBIX MOJIEKYJ HYKJIEHMHOBOMN
KHUCJIOTBI.

21. Cnoco6 mo m. 19 orimyaromuiicss TeM, 4TO Moaudukauus BKIOYaeT B ceds
METUJIMPOBAaHKE, MPHUYEM MHOKECTBO INEPBBIX MOJIEKYJ HYKJIEHHOBON KHUCIOTHI M€HEPUPYIOT C
UCTIOJIb30BAHUEM  aMIUTM(PUKALIMN  MHOXXECTBEHHOTO BBITECHEHHS C METHJIHPOBAHHBIMHU
HYKJIEOTHAaMHU NEPBOT0 TUIIA, U IIPU STOM MHOKECTBO BTOPBIX MOJIEKYJl HYKJIEMHOBON KUCIIOTbI
TEHEPUPYIOT C  HCIOJBb30BAHHEM  aMIUTM(PHUKALUKM  MHOXECTBEHHOTO  BBITECHEHUS C
HEMETHJINPOBAHHBIMU HYKJIEOTUAMU IIEPBOTO TUIIA.

22. Croco6 mo . 18, oTnuyaroIuiicss TeM, YTO ONTHYECKUH CHTHAJ MPEACTaBIAET
co0oli curHai (IyopecleHINH HYyKJIEOTHAA, MEUEHHOTO KPACUTENIEM.

23. Croco0 mo m. 18, OTIMYAIIMICS TeM, YTO KaKI0€ OKHO, CBSI3AHHOE C MEPBLIM

MHOXECTBOM CTPYKTYP AAHHBIX, COACPKUT 4 MOCJIENOBATCIbHBIX HYKJICOTUAA U3 HepBOfI enu
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Ka)KJIOH U3 MEPBbIX MOJIEKYJ HYKJIEHHOBOU KUCJIOTHL.

24, Crnoco® mo m. 23, OTIUYAIOIIUNCS TEM, YTO OKHA, CBSI3aHHBIE C TIEPBBIM
MHOXXECTBOM CTPYKTYP JaHHBIX, COAEPKAT OAUHAKOBOE KOJMYECTBO MOCJIEN0BATEIbHBIX
HYKJIEOTUIOB.

25. Cnioco6 o 1. 18, OTIHYAIOIIUNCS TEM, YTO:

KQOKJI0€ OKHO, CBA3aHHOE€ C TMEPBbIM MHOXECTBO CTPYKTYP JAaHHBIX, COJEPKUT
HYKJIEOTHbl U3 MEPBOM LIENM MEePBOH MOJIEKYJbl HYKJIEMHOBON KHUCJIOTBI U HYKJIECOTUABI U3
BTOPOMU LIENH NEPBON MOJIEKYJIbl HYKJIEMHOBOM KUCIIOTBI, U

KakJas 1epBasi CTPYKTypa AAHHBIX JOMOJHUTENBHO COAEPKUT AJI KaXXA0TO HYKJICOTHA
B IpeAesax OKHA 3HAYEHUE CBOMCTBA LIENH, IIPU 3TOM CBONCTBO LENMHU YKa3bIBAET HA TO, YTO
HYKJICOTH HAXOAUTHCS JINOO B MIEPBOH IETH, JTUOO BO BTOPOH LIETIH.

26. Crocob mo m. 18, oTiMYaromuiicss TeM, 4TO COCEOHHUI HYKJICOTH] MPENCTaBIIsIeT
co0oii mpuierarouil HyKJI€OTH.

27. Croco6 mo m. 18, oTnuuaromuiicss TeM, 4TO IIUPUHA MMITYJbCAa - 3TO IIHPHUHA
HMITYJIbCA HA MOJIOBUHE MAKCUMAJIbHOIO 3HAYEHUsI HMITYJIbCa.

28. Croco6 mo m. 18, oTnuYaromMiicss TeM, YTO MEXKHMITYJIbCHBIH MEPUOT MOXKET
NPEACTaBIATh COOOH BpeMst MEXAy MAaKCHMaJbHbIM 3HAYEHHEM HMITYJIbCA, CBSI3aHHOTO C
HYKJIEOTHJIOM, U MAKCUMAaJIbHBIM 3HAYEHUEM UMITYJIbCA, CBSI3AHHOIO ¢ COCEHUM HYKJIEOTUIOM.

29. Crioco6 o 1. 18, oTaMyaroImuics TeM, YTO MOJENb BKIIOYAET B Ce0sl CBEPTOUHYIO
HEWPOHHYIO CETh, COAEPKAILYIO:

Ha0Op CBEPTOYHBIX (UIBTPOB, CKOH(PHUIYPHPOBAHHBIX Ui (PUIBTPALIMM TIEPBOTO
MHO>KECTBA CTPYKTYp AaHHBIX,

BXOAHOH CJIOH, CKOH()UIYpUPOBAaHHBIA Ui TpUeMa OT(UIBTPOBAHHOTO TIEPBOTO
MHO>KECTBA CTPYKTYp AaHHBIX,

MHOXECTBO CKPBITBIX CJIO€B, BKJIKOYas MHOXKECTBO Y3JIOB, NMEPBbIH CJIONH MHOXECTBA
CKPBITBIX CJIOEB, CBSI3aHHBIN C BXOIHBIM CJIOEM;, U

BBIXOAHOM CJIOH, COEAMHEHHBIN C MOCJIEIHUM CJIOEM MHOXKECTBA CKPBITBIX CJIOEB, U
CKOH(MTYPHPOBAHHBIA JUII BBIBOJA BBIXOJHOH CTPYKTYpPbl [aHHBIX, IPHYEM BBIXOIHAS
CTPYKTypa JaHHBIX COAEPKUT CBONUCTBA.

30.  Cmocob mo m. 18, ornuuarommiics TeM, 4To MoaM(duKauus BKIIOYaeT B ceOs
METUJIMPOBAHUE HYKJIEOTUAA B LE€JIEBON MO3ULIUH.

31. Crioco6 no . 30, OTIMYAOIIHMICS TEM, YTO U3BECTHBIE MIEPBbIE COCTOSIHUS MOTYT
BKJIFOYATh B C€0s1 METUJIMPOBAHHOE COCTOSTHHE AJISI TIEPBOM YaCcTH MEPBBbIX CTPYKTYP JAHHBIX U
HEMETHJINPOBAHHOE COCTOSIHUE AJI1 BTOPOH YaCTH NEPBBIX CTPYKTYP AAHHBIX.

32. Crioco6 mo m. 30, OTAMYAKOIIMICSA TeM, YTO METHJIMPOBAHHE BKIFOYAET B CeOs
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4mC (N4-metmnutosun), SmC (5-mermnuutosun), ShmC (S-runpokcumermniuro3un), STC (5-
dopmumurtozun), ScaC  (S-xkapbokcunmurosud), ImA (Nl-merunanenun), 3mA (N3-
mermnaneHuH), 6mA (N6-merunanenns), 7mA (N7-merunanenuns), 3mC (N3-MeTHIUTO3HH),
2mG (N2-merunryanusH), 6mG (O6-mermnryanmn), 7mG (N7-merwiryanunn), 3mT (N3-
metunTUMuH) 1 4mT (O4-meTunTiuMuR).

33. Cmocob mo m. 18, ornuuarommiicss TeM, 4To MoaM(duKauus BKIIOYAET B ceOs
U3MEHEHHNE OKHCIICHHUSI.

34. Croco6 mo m. 18, orTiMuaromuics TeM, YTO Kaxaas CTPYKTypa MJaHHBIX
JOTIOJIHUTENIPHO COAEPYKUT 3HAUYEHHE BBICOTHI HMITYJIbCA, COOTBETCTBYIOLIETO KaKIAOMY
HYKJICOTHAY B MpeNeiax OKHa.

35, Cmoco6 mo m 18

OTNIMYAIOIMUNCSA TE€M, 4YTO ONTHYECKHI CHIHAI,

2 2

COOTBETCTBYIOIIMH HYKJICOTHAAM, MPOUCXOIUT OT HYKJEOTHAOB WJIM TAra, COCIUHEHHOTO C
HYKJICOTHIAMH.

36. Cnioco6 mo 1. 18, OTIuYaroIuiicss TeM, YTO Kaskaas IeJieBasi MO3UIUS SBIISIETCS
LICHTPOM COOTBETCTBYIOLLETO OKHA.

37. Croco6 o m. 18, oTimyaronuiicst TeM, 4To MOTU(PHUKALIMS OTCYTCTBYET B KAKAOM
OKHE Ka)XI0M NIEPBOM MOJIEKYJIbl HYKJIEHHOBON KHUCJIOTBL

38. Cnioco6 o 1. 18, OTIHYAIOIIUNCS TEM, YTO:

KaKJasi mepBasi CTPYKTypa JAHHBIX U3 MHOXKECTBA MEPBBIX CTPYKTYP AAHHBIX UCKIIIOYAET
MEepPBbIE MOJIEKYJIbI HYKJIEMHOBOM KHCJIOTBI C MEXKHUMITYJbCHBIM TEPUOAOM W IIUPUHOMN
HUMITITYJIbCA HIYKE TIOPOTOBOTO 3HAUCHMSI.

39. Cnioco6 o 1. 18, OTIHYAIOIIUNCS TEM, YTO:

MoauduKaIys BKIIOYAET B ce0s1 METHIIMPOBAHUE, U

MHO3KECTBO MEPBbIX 00YUYAIOINX BHIOOPOK FEHEPUPYIOT MYTEM:

aMIUTH(UKAIITT MHOKECTBA MOJIEKYJT HYKJICMHOBOH KHCJIOTBI ¢ UCTIOJB30BaHUEM Habopa
HYKJICOTHIOB, TIPU 3TOM HAOOP HYKJIEOTUIOB BKJIFOUAET B ceOss 6MA B 3aJaHHOM COOTHOIIICHHU.

40. Crioco6 mo m. 39, OTIMYArOIIMHACSA TeM, YTO METHJIHPOBAHHE BKIFOYAET B ceOs
6mA (N6-MeTHIaieHuH).

41. Crnoco6 mo m. 1 wimu m. 18, oTiM4aOmuiics TeM, YTO TIO MEHbIIEH Mepe,
HEKOTOPBIC U3 MHOKECTBA MEPBBIX MOJIEKYJI HYKJIEUHOBON KUCJIOTHI KaXAasi COAEPKaT MEePBYIO
4aCTh, COOTBETCTBYIOIIYIO TME€PBOM JTAJOHHOW TMOCAEAOBATENBHOCTH, W BTOPYKO 4YacTh,
COOTBETCTBYIOLYK) BTOPOW 3TAJOHHOM MOCJIE€IOBATEIbHOCTH, KOTOpas HE NEPEceKaeTcs C
MEePBOH 3TAJIOHHOMN NOCIEN0BATENBHOCTBIO.

42. Cnoco0 mo . 1 uu 1. 18, qONmOIHHUTEILHO BKIFOYAOIIH B Ce0st:

MPOBEPKY MOACIN C HUCIOJb30BAHUEM MHOXECTBA XUMEPHBIX MOJICKYJT HYKICHHOBBIX
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KUCJIOT, KaXKAasi U3 KOTOPBIX COJAEP>KUT MEPBYIO0 YacTb, COOTBETCTBYIOLIYIO NEPBON STaJTOHHOM
MOC/IEZIOBATEIbHOCTH, W BTOPYKO  4YacTb, COOTBETCTBYIOIIYIO  BTOPOM  BTaJOHHOM
MOCJIEZIOBATEIbHOCTH, MPU 3TOM IepBas 4YacTb HMMeeT MepBbIl MaTTEepH METHJIHMPOBAHUSA, a
BTOpasl 4aCTb UMEET BTOPOM NaTTEPH METUIIMPOBAHUS.

43,  Cnocob6 mo m 41 wim nm 42, OTNMYAIOLIMICA TEM, YTO MEPBYI 4YacThb
00pabaThIBAIOT METHIIA30MH.

44. Croco6 mo m. 43, OTAMYArOIIMHCS TEM, YTO BTOpPAas YacTb COOTBETCTBYET
HEMETHJIMPOBAHHOM YaCTH BTOPOU 3TAJOHHON MOCIEI0BATEIBHOCTH.

45. Croco6 mo m. 41 wmm n. 42, OTIMYAKOUIMICA TeM, YTO MepBas STAJOHHAs
MOCJIEZIOBATENIbHOCTD  SIBJISIETCSI YEJIOBEYECKOM, a BTOpas STajOHHas IOC/IeN0BaTeIbHOCTD
MPUHAJIEKUT APYrOMY KUBOTHOMY.

46.  Cnoco0b ananmuza Omonorudeckoro obpasla M3 OpPraHW3Ma, UMEIOLIEro MepBbIi
rafjioOTUN W BTOPOH TAIUIOTHII B MEPBOH XPOMOCOMHOW OONAcTH, MpUYeM OHOJOrHYECKH
obpasen conep:xut MoJiekyiiel JIHK, npu aTom cniocod BktOUaeT B ceOst:

aHamu3 MHoxectBa Mojekyn JIHK w3 Ouonormueckoro oOpasma, mpudeM aHaiu3
mouekyisl JJHK Brirouaer B cebs:

onpeneneHue MectonoioskeHus mosekynsl JIHK B 3TanoHHOM reHome uenoBeka;

OMpeaeseHrue COOTBETCTBYIOLIEro ajuiens Mojekyiasl JJHK; u

ompeneNeHne TOro, MetwidpoBaHa ju Mojekyina JIHK B omHom wmm Oosbiiem
KOJIMUECTBE T€HOMHBIX CaliTOB;

UICHTU(PHUKAIMIO OJHOTO MIJIM OOJBIIEr0 KOJUYECTBA IE€TEPO3UTOTHBIX JIOKYCOB MEPBOU
YacTH TIePBOH XPOMOCOMHOHN 005acTH, KaXIblii T'eTePO3UIOTHBIA JIOKYC  COIEPXKUT
COOTBETCTBYIOIIUN MEPBbIN anjienb B MEPBOM TallOTUIIE U COOTBETCTBYIOLIMI BTOPOIl aenb
BO BTOPOM TaruioTHIIE;

UeHTUPHUKAIHIO ITepBOro Hadopa n3 MHOkecTBa Mosiekyn JIHK, kaxnas u3 KoTopbIx:

pacroyioskeHa B JF0OOM OHOM HJIH OOJIbIIEM KOJIMUECTBE Me€TEPO3UIOTHBIX JIOKYCOB,

COJZIEP>KUT COOTBETCTBYIOLIUIN MEPBBIN ajiieb FeTepO3UrOTHOIO JIOKYCa, U

COAEPKUT MO MEHbLIECH Mepe OAWH U3 N INeHOMHBIX CalTOB, rae N sABJISETCA LEJbIM
YHCIIOM, KOTOPO€e OOJIbIIE YeM TN PABHOE ENUHHLIE,

OmpefeNieHne MEePBOro ypOBHS METWIMPOBAHHUS IEPBOH 4YacTU IEpPBOro raruloTumna c
UCTOJIb30BaHNEM TiepBOro Habopa MHOkecTBa Mostekyn JIHK;

UICHTU(PHUKAIHNIO BTOPOro Habopa u3 MHoxkecTBa MoJiekys JIHK, kaknast u3 KOTOpBIX:

pacroyioskeHa B JF0OOM OHOM HJIH OOJIbIIEM KOJIMUECTBE Me€TEPO3UIOTHBIX JIOKYCOB,

COJZIEP>KUT COOTBETCTBYIOLIUIH BTOPOH ajljiesib reTepO3UTOTHOIO JIOKYCa, U

COZAEPKUT MO MEeHbLIEH Mepe OAUH U3 N F€éHOMHBIX CAITOB;
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OmpefieieHne BTOPOrO YPOBHS METWJIMPOBAaHMs INEPBOIl YacTH BTOPOIO raruioTUIA C
UCIIOJIb30BaHNEM BTOPOTO Habopa MHOkecTBa MoJsiekyn JIHK;

BbIUMCJIEHHE 3HAUEHUs MapameTrpa ¢ UCIOJb30BAaHUEM IEPBOr0 YPOBHS METHJIMPOBAHMUS
U BTOPOTO YPOBHsI METUJIMPOBAHMUS,

CpaBHEHME 3Hau€HHUs apaMeTpa C HTaAJIOHHBIM 3Ha4eHUeM; U

ompeneneHne Kiaccu(pUKaluy HapyIIeHUs] B OPraHU3Me C HCIIOJIb30BAHHEM CPaBHEHUS
3HAueHUs NapaMeTpa C STAJIOHHBIM 3HAYEHUEM.

47. Crioco6 mo m. 46, OTIMYAIOIIMICA TEM, YTO TMEePBbI YPOBEHb METHIMPOBAHUS
OTIPENEISIIOT € HCIONB30BAHMEM YpPOBHEH METWJIMPOBAHUS OJHON Lenmu MepBOro Habopa
MHOkecTBa Mojekya JHK, u mpu 3TOM BTOpPOH YpPOBEHb METWJIMPOBAHHUS OMNPEIESIOT C
UCTIOJIb30BAHUEM YPOBHEH METUIIMPOBAHUS OJHOW LIENMH BTOPOro HabOpa MHOJKECTBA MOJIEKYJI
JHK.

48. Crioco6 mo m. 46, OTIMYAIOIIMICA TEM, YTO TMEePBbI YPOBEHb METHIMPOBAHUS
ONPEnNeNsOT C UCMOJIb30BAHNEM YPOBHEW METUIMPOBAHUS OJAHOW ABYXLEMNOYEUHOW MOJIEKYJIbI
JHK mnepsoro Habopa u3 MHoxkectBa Mousiekyn JHK, m mpm 3TOM BTOpOHl ypOBEHB
METHWJIMPOBAHMsI  ONpPENENSIOT € HCIOJBb30BAaHHEM  YPOBHEM  METUIMPOBAHUS  OAHOMU
nsyxuernoueqHoi Mosekynsl JIHK BToporo Habopa u3 MHokecTBa Mosiekyn JJHK.

49. Cnocob mo m. 46, oTiaMHaroUIuiicss TeM, 4To 3a00JieBaHHE MPENCTABISET COOOM
pax.

50. Croco6 mo m. 46, oTnMUAKOIMICA TeM, YTO TapaMmeTp MNpPEeACTaBIseT COOOU
3HauYeHUE pa3rpaHUYuEHUs.

51. Cnoco0 mo 1. 46, TOMOJHUTENIBHO BKJIIOYAIOIIUN B CEO0SI:

OmpefeNieHne MHOXECTBa MEePBbIX YpPOBHEH METWJIMPOBAHHUS Ui MHOXKECTBA vacTel
NEPBOro raruioTHIa,

OmpefeNieHne MHOXECTBa BTOPBIX YPOBHEM METHJIMPOBAaHUS Ui MHOXKECTBA vacTel
BTOPOTO TallJIOTUIA, NPU 3TOM Kak[as 4YacTb W3 MHOXKECTBa HacTel BTOPOro raruioTHUIa
SIBJISIETCS KOMITJIEMEHTAPHON 4aCTU U3 MHOKECTBA YacTel MepBOro rarioTHIIa,

JUTSL KQXKAO0M YaCTU U3 MHOKECTBA YaCTel BTOPOro rarjoTHIA:

BbIUMCJEHUE 3HA4€HUs] pPa3rpaHUYeHUs C HCIOJb30BaHHEM BTOPOTO  YPOBHS
METHWJIMPOBaHMsI 4acTU BTOPOrO0  TaljiOTUIIA U TEPBOTO  YPOBHA  METHJIMPOBAHMUS
KOMIIJIEMEHTAPHON 4acTH MEePBOro rarioTUna, u

CpaBHEHME 3HaU€HUs pa3TpaHUUEHUs C IOPOTOBBIM 3HAUEHUEM,

IIPU STOM:

nepBasi 4acTh MEPBOrO TaljIOTUIA SIBJISIETCS KOMIUIEMEHTApHON MepBOil 4acTU BTOPOTrO

ramjoTHIla, 1
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mapaMeTp BKJIOWaeT B ce0s psig  dYacTedd BTOPOTO TaIulOTHNA, TAe 3HAa4YeHHe
pasrpaHUYeHHs MPEBBILIAET MOPOrOBOE 3HAUCHHE.

52. Croco6 mo . 51, oOTAMYAOIUACS TEM, YTO MOPOTOBOE 3HAUEHHE OMPEIEIISIOT MO
TKaHSIM, HE MTOABEPKEHHBIX HAPYIICHHIO.

53. Cniocob mo 1. 51, OTJIMYArOIIHICS TeEM, YTO Kakaas 4acThb W3 MHOKECTBA 4acTeit
MEPBOTO TarIOTHITA UMEET JJTMHY OOJIbIIIe YeM HITH PABHYIO 5 T.ILH.

54. Cnoco0 mo 1. 46, TOMOJHUTENIBHO BKJIIOYAIOIIUN B CEO0SI:

OIpenesieHne MHOXKECTBA IMEPBbIX YPOBHEH METHUJIMPOBAHUS [IJII MHOXKECTBA YacTel
MEePBOro rarvioTHUIIA,

OIpenesieHne MHOXKECTBA BTOPBIX YPOBHEW METWUJIMPOBAHUS [JII MHOXKECTBA YacTel
BTOPOTO TaIUIOTHIA, TPH 3TOM Kakdas 4acTb M3 MHOXKECTBA YacTell BTOPOrO TraruioTHIA
SIBJISIETCS] KOMIUIEMEHTAPHOM YaCTU U3 MHOXKECTBA YacTeH MepBOro rarioTUIa,

IUISl K&KAO0M 4aCTH U3 MHOKECTBA YaCTEN BTOPOro ramjoTUIA!

BBIYMCJICHUE 3HAYEHHUS PA3rPaHUYEHUs] C  HCIOJb30BAaHHEM BTOPOTO  YPOBHSI
METUJIUPOBAHUSI HYaCTH BTOPOrO TraryloTUIa W TEPBOTO  YPOBHS  METHUJIMPOBAHMUS
KOMILIEMEHTAPHOM YaCTH MEePBOTO TarjIoTHIIA,

MIPU 3TOM:

nepBasi 4acTh MEPBOTO TaIUIOTUNA SIBJISIETCS KOMILJIEMEHTAPHOM MEPBOM YacCTH BTOPOTO
rarnjaoTuIa, u

napaMeTp BKJIFOYAeT B ce0si CYMMY 3HaUEHUH pa3rpaHUueHUsI.

55. Cnoco0 mo 1. 46, TOMOJHUTENIBHO BKJIIOYAIOIIUN B CEO0SI:

OIpenesieHne MHOXKECTBA IMEPBbIX YPOBHEH METHUJIMPOBAHUS [IJII MHOXKECTBA YacTel
MEePBOro rarvioTHUIIA,

OIpenesieHne MHOXKECTBA BTOPBIX YPOBHEW METWUJIMPOBAHUS [JII MHOXKECTBA YacTel
BTOPOTO TaIUIOTHIA, TPH 3TOM Kakdas 4acTb W3 MHOXKECTBA YacTell BTOPOTrO raruioTHIA
SIBJISIETCS] KOMILIEMEHTAPHOM YaCTU U3 MHOXKECTBA YacTeH MepBOro rarioTUIIa,

IUISL KQKAO0M 4aCTH U3 MHOKECTBA YaCTEN BTOPOro ramjoTUIA:

BBIYMCJICHUE 3HAYEHHUS PA3TPAaHUYEHHS] C  HCIOJb30BAHHUEM BTOPOTO  YPOBHS
METUJIUPOBAHUSI 4YaCTHM BTOPOrO TraryloTUIa W TEPBOTO  YPOBHS — METHUJIMPOBAHUS
KOMIUIEMEHTAPHOHN 4aCTU MEePBOro rarjoTHIIa, U

CpaBHEHHE 3HAYEHHs PasTPAHUYEHHUS C TIOPOTOBBIM 3HAYEHHEM, YTOOBI OIpPENesHTh,
UMeeT JIM 4YacTh abeppaHTHOE pa3rpaHUYEHHE MEXKAY IEePBbIM YPOBHEM METHJIMPOBAHUS U
BTOPBIM YPOBHEM METHIIMPOBAHUS,

IpU 3TOM OTpeAeNieHHne KIacCU(pUKAIMU HAPYIISHUs] B OpraHu3Me BKJFOYAaeT B cels

CpaBHEHHE MaTTEPHA YacTel, UMEIoINX abeppaHTHOE pa3rpaHueHHE, ¢ STAIOHHBIM MATTEPHOM.
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56. Cnocob6 mo m 46, oTiMYaOIUiCS TeM, YTO KiacCU(pUKALUSA HapYLIEHHS
npeacTaBisieT cOO0H BEPOSTHOCTh HAPYIIEHUS.

57. Cnioco6 1o 1. 46, OTIMYAIOIIUNHCS TEM, YTO:

nepBas 4acTb NEPBOTO TraruIOTHIIA M IEpBasl 4acTb BTOPOTO raruioTurna (GpOpMHPYIOT
koJabLeByro MmoJiekyny JIHK, u

ONpefeNieHne IepBOr0 ypPOBHA METWIHPOBAaHMsA IMEpBONM YacTHU MEPBOTO TaruioTHUIa
BKJIFOYAET B ce€0s1 MCIIOJIb30BAHIE JAHHBIX M3 KOJbIeBoH Mosekybl JIHK.

58. Crocob6 mo m. 57, omnnyarommiics TeM, 4YTOo KoJbleByro Mouekyny JHK
(bOpMUPYIOT yTEM:

paspesanus apyxuenodeunonn mojekynbl JJHK ¢ ncnonpzoBannem xomruiekca Cas9 st
dbopmMupoBaHus pa3pe3aHHON AByxuenodeuHoi Monekysl JJHK, u

JUTUPOBAaHMs ajanTepa B BHUAE IIMUIBKU K KOHIy pa3pe3aHHON [ABYXLENOYeuyHON
monexyJbsl JIHK.

59. Cnoco0 no 1. 46, OTIUYAOIIHICS TEM, YUTO:

nepBasi 4acTh NEPBOro ralyioTUIA AJIMHHEE YeM WM paBHas 1 T.ILH.

60. Crocob mo m. 46, OTIMYANOIIHICS TeM, YTO 3TAJIOHHOE 3HAYSHHE OMPENessiIOT C

UCTIOJIb30BAHUEM STAJIOHHON TKaHU 0€3 HapyLIeHMs.

61. Crioco6 mo 1. 46, OTIMYAIOIIMICSA TEM, YTO HAPYIICHHUE SIBJIACTCS HapyLICHHEM
UMIIPUHTHHIA.
62. Cnoco® oOHapykeHHs XHUMEPHBIX MOJIEKYJl B OHOJOrMYeCKOM o0pasle,

BKJTIOYAIOIIUH B ceOst:

TS Kaskaoi u3 MHOKecTBa Mojiekyn JIHK u3 6uonorudeckoro odpasua:

BBINIOJIHEHNE OJHOMOJIEKYJISIPHOTO CekBeHHpoBaHus MoJiekynbl JIHK pna nonyuenus
MPOYTEHHsI TIOCIEA0BATENILHOCTH, KOTOPOE IAeT CTAaTyC METUIMPOBAHUS B KaKaI0M U3 N caiiToB,
npudeM N coctaBisger S wiu OoJsibllie, TPU 3TOM CTaTyChl METUJIMPOBAHUS MPOUTEHHS
MOCJIENOBATEIPHOCTH (POPMHUPYIOT NMATTEPH METUIIUPOBAHHUS,

COMOCTABJICHUEC TMATTCpHA MCTUIIHMPOBAHUA C OJHUM HIIN 6OJ'II:;LHI/IM KOJIMYECTBOM
STAJOHHBIX MNATTEPHOB, KOTOPHIC COOTBECTCTBYHOT XUMEPHBIM MOJICKYJIAM, KOTOPbLIC UMCIOT OBE
YacTH M3 JIByX Y4YaCTKOB OJTAJOHHOIO TIeHOMa dYeJOBeKa, MPH 3TOM OIWH WK OoJbliee
KOJMUYCCTBO OTAJIOHHBIX MNATTCPHOB BKIHOYANOT B ce6$[ CMCHY MECXKAY MCTUIHUPOBAHHBIMU
COCTOAHUAMU U HEMCTUIIMPOBAHHBIMU COCTOAHUAMU, U

I/II[eHTI/I(bI/IKaL[I/II'O MO3UNHKU COBIMAACHUSA MCEXKAY MNATTEPHOM METUIHUPOBAHUSA W TICPBbIM
STAJIOHHBIM MAaTTCPHOM OJHOI'O WMJIHU 60.]'[]:;]_[[61"0 KOJIMYCCTBA STAJIOHHBIX MATTEPHOB, MPU 3TOM
no3unus COBNAACHUA OMPEACTIACT O6J'IaCTb COCOAUHCHUSA MECXKAY ABYMSA HaCTAMU U3 3TAJIOHHOI'O

re¢HomMa 4€JjiOBCKa B IPOUTCHUHU MMOCIICAOBATCIIBHOCTH, U
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BBIBOJ 00OJIACTH COCAMHEHUS KaK MECTa CIIUSHHUS T€HOB B XMMEPHOH MOJIEKYJIE.

63. Cniocob mo m. 62, OTJIMYAIOIINICS TE€M, YTO MO3MIMS COBMAIEHHUS BbIBOIUTCS B
(YHKLHMIO BBIPABHUBAHUS, TIPU 3TOM CIIOCOO NOTIOJHUTEIBHO BKIFOUAET B CEOST:

YTOUHEHUE MECTOIOJIOKEHHUS CIUAHUS [€HOB ITyTeM:

BbIDAaBHMBAHUsS TEPBON YacTHU MPOYTEHMs IOCIENOBATENbHOCTH C IEPBOM YacThIO
STAJIOHHOTO '€HOMA YeJIOBEKa, MPUYEM IepBasi YaCThb HAXOAMUTCS Mepes 0OJacTbi0 COCIMHEHUS,
u

BbIDaBHMBAaHHE BTOPOM YacCTHU MPOUYTEHHUS MOCJIENOBATENIbHOCTH CO BTOPOH 4YacTbiO
STAJIOHHOTO '€HOMA YeJIOBEKa, MPU 3TOM BTOPAst HaCTh HAXOIUTCS MOCIe OONACTH COCOMHEHUS,
IIPU 3TOM IepBas 4acTh 3TAJIOHHOIO '€HOMA YeJlOBeKa HaxOJIUTCs Ha PacCTOsHMU B | T.IL.O. OT
BTOPOI 4aCTH 3TAaJOHHOTO I'€HOMA.

64. Cnocob mo m. 62, NOMOJHUTENBHO BKJFOYAIOLINHA B ce0sl cpaBHEHHe oOnactel
COEIMHEHUs XHUMEPHBIX MOJEKyJ] Ipyr ¢ JPYroM MAJid MOATBEPXKIEHUS MECTOIOJIOKEHUs
CJIMSIHMSI TE€HOB.

65. KoMIBIOTEpHBINA NPOAYKT, COAEPKALMUM HE-TPAH3UTOPHBIA MALIMHOYHUTAEMBIN
HOCHUTEJb, XPAHALINI MHOXKECTBO MHCTPYKLUN, KOTOpbI€ NPHU BBINOJHEHUH KOHTPOJIUPYIOT
KOMIBIOTEPHYIO CHCTEMY ISl BBITOJIHEHHSI CIIoco0a 1o JF0O00MYy M3 MPENIIeCTBYIOLUINX MyHKTOB
bopMyIbl H300pETEHUSL.

66. Cucrema, BKIIIOUaromas B ceOst:

KOMIBIOTEPHBIN NPOAYKT O 1. 65; 1

OnIuH WM OOJbllIee KOJHYECTBO MPOLECCOPOB U  BBINOJHEHHUS HHCTPYKIIHH,

XpaHAIUXCA Ha MAIIMHOYUTAEMOM HOCUTCIIC.

67. Cucrema, comepskamasi CpencTBa JJisl BBITIOJHEHUs JTFOOOTO M3 BBIIIEYKA3aHHBIX
CTI0CO0O0B.
68. Cucrema, copmepkamas OOUH WM OoJiblilee  KOJMYECTBO  IPOLIECCOPOB,

CKOH(HMTYpHPOBAHHBIX JJIs1 BBITIOJHEHHUS JIFOOOTO U3 BBILIEYKA3aHHBIX CITOCOOOB.
69. Cucrema, cozxep:kamiass MOXYJH, KOTOpPbIE COOTBETCTBYIOIIMM  0Opa3oM

BBIMOJIHSIIOT IArd J00T0 U3 BBIIICYKA3aHHbIX CII0CO0O0B.
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[aHHbie n3 Uenu YotcoHa

% .0 8
3] Hanpagnenue gBuXeHiA 5 £
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J ,
; .

dur. 4
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N: npeacrasnsier nioBoe ocHosaHne.

? MOBNOVKALIMG OCHOBAHNMS

ShLiv

OkHo onpefenexus: Hanpumep, 3 OCHOBAHWA C
KaXa0o/ CTOPOHB! OT UCCNEAYEMOro OCHOBAHMS
(noavuns «0»)



N: npencrasnser mo6oe ocHoBaHYE.

? MoaucbuKaLIvs OCHOBAHIA

N @
Hanpaenenve gewkena | 5 g
konbuesoil JIHK-matpuubi -

VmmobunizmpoeanHas

JHK-nonumepasa /
LN AN
5!

. Mﬁﬂﬁmﬁ"" OKHO ONpe/enenns: Hanpumep, 3 OCHOBAHWA C
. Ka0M CTOPOHBI OT MCCIIE/YEMOro OCHOBAHMS
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dur. 5
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" OKHo OnpefieneHna
A I A & 8 ¥ 1
A A ML MU LA AT L

A

DHanHble 3

(TR

W W W

[anHble 13 obenx uenen

YotcoHa n Kpuka ™

E

dur. 6
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. ﬁ ;

I npencrasnser noloe 0CHOBaHYE.

A NPe/iCTaBNAET COOTBETCTBYlOLIEE OCHOBAHME

8 ueni Kpuka, komnementaptoe N u3 uenu
YotcoHa

? MoAnhYKaLUA OCHOBaHWH

Llenk YoTcoHa

c—_—

efenenHns
&t & A

[laHHble 13
tenu Kpuka
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[aHHble 3
yenu YoTcona

Uens Yotcoxa
Bl

W w

N uw M

HaHHele n3 obeux yenei
YotcoHa v Kpuka

N 3 5

N: npencrapnset nioGoe oCHOBaHMe,

N NPefCTdBIAe] COOTBEICIBY IoLIee

a9 ocHoBauue & tenu Kpuka, komnnemerTapHoe
T 5 N 13 uenm Yotcona
, :ZT':,% Heny

? MOAUCHUKALMS OCHOBAHUS

Hanpagnenue pauxenns

KonbLiesoit [IHK-matprupi
VmmobunuziposarHan

[IHK-rionumvepaza r

Henb Kpuka

" OkHo onpenenexns

~"OKHo onpeaeneHus
& e K A 1
=

.

JlaHHble U3
uenm Kpuka

% Ob6weauHeHne AaHHbIX 13 Leneit Yotcoda u Kpuka

Lo e

dur. 7
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? npesacTaBnder no6oe ocHoBaHME.

? MoauchHKaLus oCHOBaHWS

Wmmobunusuposankas
NHK-nonumepasa

""" OKHo onpeaenexus
-

M LW AT LA T MO LA

" OKkHO orpedeneHns -

JaHHble u3
uemut Yorcona

[NlanHbie u3
uenu Kpika

{}- ObrenuHeHne faHHbIX U3 Lenen Yotcona u Kpuka
2 4 8
[ M wan e v

. g @ 3
WA i UV wan L man WA

"

HaxHble n3 obenx uenen
YotrcoHa 1 Kpuka

S

dur. 8
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O6paseu aendwimics, Obpazeu aenaowumiica,
KaK U3BeCTHO, KaK M3BECTHO,
HemoguduLmMposanroit JHK MoanduunpoanHoi HK

(ZF HemogudmimposarHoe
OCHOBaHMeE

Moawduumpoantoe
OCHOBaHWe

902

@ 904
Cexsenvposanne SMRT 210

<

Monyyenne MM, LU n koHTekcTa nocnegoeatensHocty 912

O

906

908

[NocTpoeHue 3TanoHHbLIX NaTTEPHOB, YCTAHOBMEHHBIX 91
cekeeHuposaHeM SMRT, ¢ ykagaHWem cocTosHUA -
MoguchuKaLmiA
[laHHble u3 Lenu . [laHHble U3 yenw
Yorcoma / Yotcona

oy
.

ﬂaHHEIe s WIATHA nunu . Nawnblens
Lemt Kpuka ~ e Kpuka

e

JTanoHHbie NaTTepHbi U3 06pasiia ¢ 3TanoHHble NaTTepHbI M3 06pasua
HemoauduumporatHoit IHK ¢ moguduumpoBaHoii HK

ObyuyeHne s
<

©
-
[o¢]

dur. 9
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OBpaseL, C HEUIBECTHBIMU
COCTOAHMAMY MmopudmKaLmit

O

CekseHuposanue SMRT

O

Monyuexne MUT, LW v koHTeKkcTa nocregoBaTenbHOCTH

[auHbie u3
tlenu YoTcoHa

[aHHbie n3
tenu Kpuka, -,

[NaTTepHbl no cekBeHupoBaHuio SMRT
Ans HeuseecTHoro obpaslia

CpaBHehue ¢
3TasnoHHbIMW NaTTepHaMu

Knaccudmkaumns
moandpmkaymm OCHOBaHUN

dur. 10
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Obpasey sBnsioLUiicS, Obpasey senawolLmiics,
KaK 3BecTHO, KaK U3BECTHO,
HemeTunupoBaHHoni [IHK meTunuporanHon [1HK

9 HemetnmpoBanHbiii {pG

* Metunuposanbiit (pG

O

CekBeHunpoBaHve SMRT
o

Monyuerne MUI, LW n koHTeKkcTa nocnegoBaTensHOCTH

[MocTpoeHe 3TanoHHbIX NATTePHOB, YCTaHOBNEHHbIX cekBeHupoBaHuem SMRT, ¢
yKasaHuem COCTOAHMUIA METUNMPOBaHKA C UCMONb3OBaHNEM JaHHbIX M3 Lenn YOTcoHa

[laHHbie 13 Uenn
fff”" YotcoHa

- & g oy

Habop fakHLIX no HEMeTMﬂMpOBa:Igi Habop naHHbIX 1o METUIMPOBAHMID

ObyueHune
&

dur. 11



12/145

Obpaalbl ¢ HeV3BeCTHLIMY
COCTOSHUSMU METUNMPOBAHMS

<
CekseHuposanune SMRT

O

[MonyyeHne MUAIT, LW v koHTekcTa nocnenoBaTensHOCTH

[laHHble 13 Lenu
YoTcoHa

[MatTepHbi no cekBeHupoBanuio SMRT ang
HEeM3BeCTHOro obpasua

CpaBHeHue ¢
STanoHHbIMK NaTTEpHaMU

Knaccudgukaumsa cocTossHUA
MeTUNUpoBaHUA

dur. 12
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Qbpa3sell sBnstoLLMics, Obpasetl] ABNSIOWWACS,
Kak U3BECTHO, KaK U3BECTHO,
HemeTunupobanHoi [JHK meTunuposanHon [HK

§ HemetunuposanHbiit CpG

% MetwnupoanHbii (pG

28

Cexsenuposarie SMRT
<

Monyyenune M, LUK v koHTeKkcTa nocnefoBaTeNbLHOCTH
lNocTpoeHWe STANOHHBIX NATTEPHOB, YCTAHOBIEHHBIX CEKBEHUPOBaHUEM
SMRT, ¢ ykazaHneM COCTOSHWIA METUNMPOBAHWA C UCONb30BaHNEM LaHHbIX
13 uenen Kpuka

[anHbie s [laHHbie u3
uenu Kpuka ™, /7 lenn Kpiika

Habop gaHHbix o HemeTunuposatuio  Habop AaHHbIX o METUNPOBaHMIO

\Sg

ObyueHue
O

dur. 13



14/145

ObpaseL} ¢ HeM3BECTHLIMM
COCTOSHWSIMI METUIIMPOBaHUS

O

CekeenupoBaHue SMRT

28

Monyuerne M, UM v koHTekcTa nocneoBaTenbHOCTH

O

Rl s et e

[NaTTepHbl Nno cekBeHupoaHuio SMRT ans
Hen3BecTHoOro obpasua

' CpaBHeﬁme C 3TaNOHHLIMHK
narTepHamMum

q

Knaccudmkaums CoCTOSHMNA
METUMPOBAHUS

dur. 14
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Obpasew sBnsiowuiics, Obpasew, sensaiowpics,
KaK N3BECTHO, KaK U3BECTHO,
HemeTunuposanHon JHK meTinmpoBanHoi [JHK

? Hemetnnupaeansbin (pG

b Metumnuporanubiii (pG

CekseHnpoBanue SMRT

\Sg

Monyyexne MU, LA v koHTekcTa nocneqoBaTenbHOCTH

MocTpoeHue aTanoHHbLIX NaTTEPHOB, YCTAHOBNEHHbIX CEKBEHMPOBaHUEM
SMRT, ¢ ykasaHueM COCTORHUA METUIIMPOBAHUSA C UCMOMNb30BaHNEM
[aHHbIX 13 0beux Lenel - YoTcoHa u Kpuka

[lanHbie n3 yenu
YoTcoHa

1 [anHble u3 e
%1 YoTcoHa

e
JlaHHbie u3
uenu Kpuka
Habop faHHbIX o METUNMPOBAHMIO

= [laHHbIE 13
enu Kpuka

Habop AaHHbIX N0 HEMETUNUPOBAHUIO

O
ObyyeHue
O

dur. 15
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Obpasel, ¢ Hen3BECTHLIMM
COCTOSIHUSIMIA METUNMPOBAHMS

O
CekeeHupoBaHne SMRT
<

MonyyeHue MUIT, LW 1 KoHTekcTa nocnenoBaTenbHOCTH

2

MU LU MIAT) LA MV LA AT LA A

[annbiens.
Lenu YoTcoHa

Nantble us
uenu Kpnka

MaTTepHbl Mo cekseHuposaHuo SMRT ans
HensBecTHoro obpasLa

l CpaBHeHWe ¢ 3TanoHHbIMY
naTTepHamu

Knaccudhmkaums cocTosHum
METUMUPOBAHUS

dur. 16
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YacToTa MCTUHHO-MONOXUTENBHBIX pe3yneTaTos

~ Tlocn.+MWIM (AUC=0,85)
—— LUK (AUC=0,85)

e MU (AUC=0,73)
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Obyyarowwmit Habop AaHHbIX
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o
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YacToTa NCTUHHO-NONOXUTENBHBIX pe3ynbTaToB

=
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YacToTa NOXHO-NONOXUTENBHBIX pesyneTaTtop

dur. 18A

e SeqHPD (AUC=0.85)
- PW (AUC=0.85)
~— |PD (AUC=0.73)
- Seq (AUC=0.50)
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YacroTa NoXHO-NOMOXKUTENbHBIX PE3YIbTAaTOB
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YacToTa NCTUHHO-NONOXUTENBHBIX pe3ynbTaTtoB
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7 myBria>20 (AUC: 0,94)
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YacTtoTa UCTUHHO-NONOXUTENBHBIX pe3ynbTaToB

e
fou]

&~
o

e
o

<
B

e
o

o
(=]

TecToBbIit HABOP AaHHbIX

_“— my6una>1 (AUC: 0,90)
s = myBuHa>10 (AUC: 0,93)
e — rry6uHa>20 (AUC: 0,94)
Py rny6uHa>100 (AUC: 0,95)
- e TYBUHE>200 (AUC: 0,96)
L’ ~e [lyBuHa>300 (AUC: 0,98)
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YacroTa NOXKHO-NOMOXUTENbHBIX PE3yIbTaToB
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YacToTa UCTUHHO-TIONOMUTENbHBIX pesynLTaTtoB
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Obyqaiowmin Habop faHHBIX
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= llenb Yotcona + Kpuka
— Henb Yorcona (AUC: 0,9
enb Kpuka (AUC: 0,91)

(AUC: 0,94)
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TecToBi HAabop AaHHbIX

= llens YoTcoHa + Kpuka (AUC: 0,90)
— Idenb Yotcona (AUC: 0,86)
enb kpuka (AUC 0,87)
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our. 20B

Ss¥i/oe



1.0

YacToTa MCTUHHO-NONOKMTENEHBIX pesynbTaTton
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O6yyatouuit Habop faHHbIX

0.8+

0.6+

0.24
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YacToTa UCTUHHO-NONOXUTENLHBIX pesynbTaTtos

TecToBbii HaboOp AaHHbIX
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—— +204T (AUC=0,94) 04 /= £20mT (AUC=0,90)
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YacToTa CTUHHO-NONOXUTENBHbBIX pesynbTaTtob
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TectoBblit Habop faHHbIX

+10wT (AUC=0,90)
+8HT (AUC=0,90)
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+4uT (AUC=0,88)
+3uT (AUC=0,87)
+2uT (AUC=0,50)
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TecToBbIlt HabOpP AaHHBIX
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—— 34T (AUC=0,50)
—— 24T (AUC=0,50)
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YacTtoTa UCTUHHO-MIONOXKUTENBHbIX peaynbTaTes

O6yuatoLumii Habop aaHHbIX

0.0

-2HT (AUC=0,50)

-3HT (AUC=0,50}

4T (AUC=0,50}

-8ut (AUC=0,50}

+2u71 (AUC=0,50)

+2HT, -24T (AUC=0,50)

+2uT, -3HT (AUC=0,90)

+2HT, -4u1 (AUC=0,91)
)

- 4 QUT, -BHT (AUC=0,50
< +3uT, -24T (AUC=0,91)

+3HT, -34T (AUC=0,93)

+3uT, -4HT (AUC=0,93}
+3HT, -BHT (AUC=0,94}
+4ut (AUC=0,92)

+4ut, -2HT (AUC=0,93)

~ +4HT, -3HT (AUC=0,92)
+4HT, -4HT (AUC:0393)
+4HT, ~BHT (AUC—‘.O:g?’)

- +BHT (AUC=0,92)
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+8HT, -4HT (AUC=0,94)
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AUC=0,50)

-4u1 (AUC=0,50)

-8HT (AUC=0,50)

+2HT (AUC=0,50)

+2HT, -2HT (AUC=0,50)

+2HT, -3HT (AUC=0,85)
)
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- +2HT, -4HT {AUC=0,86

+2HT, -8HT (AUC=0,50)

- +3HT (AUC=0,87)

= +3HT, -2HT (AUC=0,87)

+3n7, -30T (AUC=0,89)

+3HT, -8HT (AUC=0,90)
+4u1 (AUC=0,88)
- +4uT, -2HT (AUC=0,89)
- +4HT, -3HT (AUC=0,88)
e +44T, -4HT (AUC=0,90)
e 44T, -8HT (AUC=0,90)
=== +8HT (AUC=0,90)
s +8HT, -2HT (AUC=0,90)
——— +8HT, -3HT (AUC=0,90)
e +8HT, -4HT (AUC=0,90)
—— +8uT, -8HT (AUC=0,91)

+3uT, 44T (AUC=088)
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YacToTa NOXHO-NIONOKMTENBHBIX PE3yrbTaToB
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2 3 4 6 8 10 15 20
KonuuyecTBo 0CHOBaHUI, OKpyxaroLux cantsl CpG

dur. 27



28/145

60

30
K1

20

10

dur, 28



HyBCTBUTEMBHOCTD

1.0

0.8

0.6

0.4

0.2

0.0

29/145

= ATK (MM + LLIM, AUC=0,55)
" e CHC (MM + LU + KOHTEKCT NOCTIE[0BATENbHOCTH, AUC=094) j
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T T I T
0.8 06 04 0.2 0.0

CneunnyHocTb

dur. 29




Obyuatouyit Habop faHHBIX TecToBbi HAbOD AAHHBIX

YacToTa UCTMHHO-NONOXUTENbHbBIX pesynbTaios
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= CHC(AUC=0,94) P = CHC{AUC=0,90)
e Crryyaitnbiid nec (AUC=0,93) % e (yuaitebiif nec (AUC=0,86)
e JloTMCTHY ECKAA perpeceud (AUC=0,87) T 0o e JlorucTuveckan perpeccust (AUC=0,83)
0.0 0.2 0.4 0.6 08 1.0 00 3.2 0.4 0.6 0.8 1.0
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Oeyxuenoueunan JHK
5 3
3 5
[lenarypauva
Onunolenoveynan [JHK
WsoTepmudeckas amnnuuKawis,
{7l OMOCPeroBAHAA CTyyaliHbIMU rek-
3122 51\,,& Y < CamMepam, C HeMeTHAMPOBaKHbiM  1100ChaT-
31 185~\ - A, C, GuT cnomoublo, Hanpumep, MOAUQULIAPOBAHHbI
& i [IHK-nonumepasbi 029 /LﬂyanHbWI 3110
— ﬂ __________ e rekcamep
3 - 93"" - BHoBb CHTe3MPOBAHHAS Lemb
L, A ot i .
Amnangukauma c Ft 3
BLITECHEHWEM LIENU
. t 3114 OparmenTauma monexyn JHK no
oRpeneneHHON ANNHbI
Foe T oom G e UA T .. G .. C UA ey

[Mpoayktel AHK nonHoreHOMHOM amnnugukaLmm

dur. 31A
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5 o s TeKcamepani, ¢ 6mA i Hemoaingn- Tuopocpar- .
i e uupoBarHbiMu G, G w T cnomousio, MOAUOUUUPOBAHHbIii
T g, ‘ S Hanpumep, HE-nomumepass 029 < Mggyuamam TeRGMmEp
3 ) < G BHOBE CHHTE3MPOBAHHAA LiENb
L o™ e i 5 3
f/ 5
Amnnuukauuma ¢
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Obyyatoui Habop AaHHbIX
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MexxumnynbsCHeIN nepuog,

P

A Oby4enue (AUC: 0,86)
Tectuposanue (AUC: 0,86)

&2 i@ - % ﬂ%@ — i@

YHacToTa NoXHO-NONOXKMTENBHBIX pe3ynbTaToB

L‘|aCT()Ta WCTUHHO-NONOXWTENBHBIX PE3YNbTATOB

dur. 32C
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Obyvatowyin Habop JaHHbIX

35

1o

I
e

%

2.0
15
1.0
0.5
0.0

MexuMnynbCHbI

Habop gadHbix no UA. Habop aatHbix fio mA

dur. 33A

TecToBbIN HAbop AaHHbIX

4.0
3.5

w
o

2.5

¥

b
o=

VYNBCHBIW Nepuoa

1.5

Mexumn

o
P

o
2

Habop gaHHeIX no uA Habop fatHsix no mA

dur. 33B



YacToTa UCTUHHO-NIONOXUTENBHBIX pe3ynbTaTtos
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MexumnynbsCHbIN nepmog

e

YacTtoTa noxHO-NONOXMTENBHBIX pe3ynbTaToB

our. 33C
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ObyyaroLwmi Habop AaHHbIX

Habop naxHsixno uA Habop fanHsix no mA

dur. 36A

TecToBbIN HAbop AaHHbIX

Habop aadHex no uA Habop gaHHbX N0 mA

dur. 36B
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o O6yuenue (AUC: 0,94)
&
f"‘, —— Tectuposanue (AUC: 0,93)
0 02 04 06 08

YacToTa noXHO-MONOXUTENBHbIX pe3yneTaTtoB

dur. 37
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TecToBbIV HAOOP AAHHbIX

P-sHauenue < 0,0001

—— MW (AUC:0,87)
—— CHC (AUC:0,94)

1.0 0.8 0.6 0.4 0.2 0.0

CneunduyHoCcTb

dur, 38
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ObyyatoLimnit Habop AaHHbIX
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TecToBbIN HAOOP OaHHbIX
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dur. 39B



YacToTa UCTUHHO-NIONOKUTENBHBIX PEe3ynbTaToB
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0.2 7
/= Obyuenue (AUC: 0,99)

’ Tectuposanue (AUC: 0,94)

0*%«" ;
0 02 04 06 08 1.0
UacToTa NoXHO-NONOXUTENBHBIX pGSyJ'leaTOB

dur. 40



Monekyna 1

Llent YotcoHa

Monekyna 2
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Monekyna 3

Uene Kpuka

Uenb YotcoHa

Uenk Kpuka

dur. 41
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YactoTa UCTUHHO-NONOXUTENBHBLIX PE3YIbTATOB
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YacToTa NOXHO-MONOXKATENBHBIX PE3YNbTATOR
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TecToBbLIN HAOOP AaHHbIX

KonuyecTBO CyOonpoyTeHun

dur. 43
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YpoBeHb MeETUNAAEHNHA
B Luenu YotcoHa (%)

dur. 44
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Kateropum OOyuaoLLyi Habop JaHHBIX TecToBbIl HA0Op AaHHBIX
[ONHOCTBI0 HEMETUINPOBAHHbIE 283 (7.0%) 276 (7.0%)
MonyMeTUnMpoBaHHble 401 (10.0%) 389 (9.8%)
MOMHOCTBI0 METUMNPOBAHHbIE 3194 (79.4%) 3142 (79.4%)
Yepeaylouleecs naTTepHs! 145 (3.6%) 148 (3.7%)

METUNPOBaHAA

dur. 45




[MOrMHOCTBIO HEMETUNMPOBAHHAs Morekyna

-~ Lienb Kpuka

HOHYMBTMHMDGBH HHaA MONeKyna

Llent YorcoHa

£ L e el e e “enb KpM Ka

[MorHOCTLIO METUMMPOBaHHAS MOTEKYNa

seene Llenb YotcoHa
Llens Kpuka

Monekyna ¢ YepeayoLUMIUCs naTTepHamMmn MeTUNMPOBaHKS

Llenb YotcoHa
Llenb Kpuka

dur. 46
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MOoeKyIIEl, CCKBCHUPOBAHHBIC C ITOMOLIBED
cekpenmposanns PacBio SMRT, u coctosnus

Hassarmg revios,| JlnnHa METH/INPOBAHHAS, OTIPE/IEIEHHBIC COTTIACHO Curnan
moneepienssix | CpG- BapUaHTaM OCYUIECTBACHUS, TIPENCTARICHHBIM | MCTHIHPOBIHUA
Xpomocomsl | Hagano Konen AMIPHHTHHY | OCTPOBKOB | B AAHHOM H300peTeHHH MOJICKY B!
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. 9
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chr2 80531367 | 80531719 | LRRTMI 352 U'_J;'_
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odur. 48
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[aTTEpHLI METUNMPOBAHMA MPUCYTCTBYHOT B 06nacTu
C OTLIOBCKVM UMMPUHTVHIOM

? HemeturmposarHbiin CpG ? MeTunmnposaHHblit CpG

Annenb A
" Llenk YotcoHa /

Uenb Kpuka

MaTepuHCKUI ransioTun OTUOBCKUI ransioTun

dur. 49

svi/es



53/145

Buonormyeckuin obpasel

Boinenenue OHK v nuruposaHme ¢ agantepamu B BUAE LINWUMEK

<

HeuseecTHble HewsBecTHble MoandukaLmm

- ‘,,,;‘lﬂialnep B B”ﬂe LLNUNBbKKA
,w,%‘w " "

CekBeHupoBaHue PacBio SMRT ang nonyyenus MM n WA ans
yuyactko [JHK, Hecywmx caintbl CpG, reHOTUMOB M KOHTEKCTA Mo-
CrneaoBaTENbHOCTH

Uenb YoTcoHa

i
Uenb Kpuka

CpaBHeHue ¢
3TaroHHLIMKU NaTTepHamm

+

KnaccudmkaLms coCTOSHUA METUIMPOBAHMA MO rannoTunam

dur. 50



YpOBHW METUNMPOBaHWS NpK cekBeHnpoBaH PacBio (%)

62 64 66 68 70

60
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r=0,96
p-value=0,0023

§ I i I i
60 62 64 66 68 70

YpOBHM METUNUPOBaHNA NPy BucynbUTHOM cekBeHpoBaHuu (%)

dur. 51
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[NOTHOCTH METUNMPOBaHNA Mk BrCyNbOUTHOM cexBeHnpoBaHy (%)

dur. 52A
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YpoBeHb MeTUNMPOBaHUA Npu cekBeruposaHuy PacBio ¢ paspetueHuem 10 miH.n.o. (%)
45

r=0,74 20
p-3Hauerne<0,0001

&

40 50 60 70

YpoBEHb METUMMPOBAHMS NP Bic Oynbcbmom
CeKBEHUPOBAHIM C paspetlieHrem 10 MIH.M.O. (

dur. 52B
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r=0,97
P-sHauenne=0,007

0.08 0.08
M ans chrY (%, BS-ceks.)

dur. 53
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BBpOHTHOCTb METUNUPOBaHUA

00 02 04 06 038

1.0

Ob6yu4arowmnn Habop AaHHbIX

HemetunmpoBanHble  MeTnMpoBaHHble

dur. 55A

B&pOﬂTHOCTb METUNUPOBaHKA

00 02 04 06 038

1.0

TecToBbIN HAabOP AAHHBLIX

HemetunmpoaHHble  MeTunuposaHHbie

dur. 55B
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COOTHOLLEHWE YKUCTa KOMKIA

COOTHOLLEHWE YMCna KOMKIA
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TBR3033T(cekBeHupoBaHue SMRT PacBio)

Homep xpomocombl [pupocT Yncna Konuit
‘ lNoTeps uncna Konwmit

v
1% 15 17 e

0 500 1000 1500
WHaeKe reHOMHOrO rpynn1poBaHs

dur. 56A

TBR3033T(6ucynbhpuUTHOE CeKBEHUPOBaHUe)

MpupocT unena konui

Homep xpomocombi )
Motepa uncna konwit
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MHOEKC reHOMHOrO rpynnMpoBaHiis

dur. 56B




CoOTHOLLEeHMe Yucna Konun
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TBR3032T(cekBeHnpoBaHue SMRT PacBio)

| Homep xpomocombl

*

L]

4
PRSI,
’ #

MpupocT uncna Konuii

d

B ?!3 & 1011 12

o
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#

MoTeps uncna Konuit
14 16 18 2022
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]

2 3 4 5 8

s ¥, ~ BT 1821 X
g 500 1000 1500

WNHaeKc reHOMHOrO rpynnupoBaHms

dur. 57A

TBR3032T(6ucynb¢putHOEe CeKBEHUPOBaHUE)
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.‘ E

13 15 17 19721 X

500 1000
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dur. 57B
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JHK nnasmbi

Flesma A

% eknaga [JHK

CekpeHuposaHue PacBio

bucynbduTHOE CEKkBeHMpOBaHWe

s MeTunom KoHTPONbHBIX TKaHelt

[ _d

T-numbouur flayens

wo{ TKaHeBOE KapTuposaHue [JHK nnasmel
i
50 -
fInaienta
. 1 _
Heiirpodun B-numdount T-numouut Nevens flerkoe Tonctas  fnauenta

KilliKa

dur. 58
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=0,034

r=0,91
P-3Hauyenne

14 0¢ Si
(01goeq auHeaodvHaaNa9)

(%) vmHeaodurdey wossHeNL ndu 191HaheL Telg

6 18 20 22 24 26 28
Opaxuus [IHK nnoaa (%)

1

14

dur. 59



Tpyninst O6pastipi CGBOKyﬂHou Kaptuposanubie | KapTupopaHHoCTs E;’gﬁ;ggg;f; :g Konuuecrso Kapmupyemble Kaprﬂmgnzmmx
cybnpouteruit | cybnpoutenua | cybnpoutenuii (%) seiiky SMRT (x) aueex SMRT AYeliKM queg(%)
Marepunaaii obpazey ' . . . . 5 o .
ﬂem“mpmmp;sm M13183w ko Rer ot 30873525 88 134 3.157.310 Lz 727
Mnaenta HN15153 23013428 16374 758 T2 104 235800 1575540 857
TRRI02T 20184 513 15232744 755 131 1,742 900 1,447 85 848
Tearn FHK , ,
TBRAGET 22830802 17478004 L4 81 28580 2,157,196 2
Mpwieraioupe TBRIOZM 7348410 SB6448 10 iz 1286 Bast 142 4471570 850
MOPOBNETRANE 1 yer3osan 76852880 | 60,145.452 763 128 6.000.227 4,702,130 78.4
81 44777423 835587 633 77 7R850 5650900 50
Ofipazey ) ; , s 5 o
neﬁm(umapﬁom ¥2 A BA0 758 32094 845 882 88 121812 3823328 5340
U108 (300poBbie . ’ : g s :
KC;H)EJOEbeI@ F1 4012808 24717 285 618 65 7361 008 3800382 8240
beKT) M2 152530411 | 88,506,520 58.1 77 21704606 | 11,563,500 53.1
Areroue HepG2 47308982 | 34581721 73.1 73 6,220,000 4,750,581 76.4

dur. 60

S¥i/e9
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Npumep ayxuenoyeuroin monekynst JHK (X) ¢
HeU3BECTHOM MOCNEOBATENBHOCTEIO N NHdopMatnelt
0 METURVPOBAHUN

Uenb Yotcona X(a)

3’

(eKBEHUPOBAHME Y DNpESENeHNe
CTaTyCOB METUNVPOBAHNA
, A

AganTep coCTpyKTypoil
[WAMNbKa-NeTNA

NaTTepHbI METHAUPOBAHNSA [aTTepHbl METUNHPOBAHIA OMHO
QHOI Hemu monekynbl AeyxienoyeyHon IHK

! }

YpoBeHb METURMPOBAHUS OfHOM Lienn:  YpoBEHb METUIUPOBAHUA OfHON
KOMUYECTBO METWNIMPOBAHHEIX OCHOBAHWUI MONeKynsl AByxienoyeyHoi HK:

SRR E R SRR AR R RS SR

0

B LienH, Pa3fieneHHOe Ha COBOKYMHOE KO/YECTBO METUNTMPOBAHHBIX 1

KONUYECTBO METUIMPYEMbIX OCHOBAHWA,  OCHOBAHWIA B ABYXLENOUEUHOR

Hanplfimep, ypoBeHb METUIMDOBaHHA Monexyrie, pasfenerHoe Ha COBOKyMHoe y'poggm, Memunuposaxus

OfJHOIE LiETTH OIHOLENOYEYHOIH KOMMUECTBO METHIMPYEMBbIX 0CHOBAHUI, 2eHoMHEoll obnacmu

monexynsl X(a) cocrasnaer 2/5, 7. 8. Hanpumep, ypoBeHs METUNIPOBAHUA ¥ me

40%; ypoBeHs MeTUIHPOBZHIA OfHOM OFHOI MoseKyns! AByxuenoyeuroit JHK e W ® 1009

Leny ofHouenoveyHol monekynbi X(b)  monexynst X cocragnaet 3/10, 1o ectb 30%. .
cocTagngier 1/5, T. e, 20%. YpoBeHb METUNADOBAHUA HECKON bKIXK LENER

dur. 61



MnotHoCTD METANUPOBaHMA, oNpeaenedHan CNoMOLLbIo

bucynbduTHoro cekpeHupoBaua (%)

HepG2 Onyxonesan TnauenTa Mpuieraiouias NleiirouyrapHbi
TKaHb HOpMA/BHAR  cniofi
T4k TKaHb

dur. 62A

MInoTHOCTL METUMPOBAHUS, ONPEENEHHAS C AIOMOLIBIO
ceksetmposanna PacBio (%)

& 8 8 8

8

Cexeennpoeanue PacBio

HepG2 Onyxoneeas [nauenta Mpuneraiowsan MeiikouumapHsil

TKaHb HOpManbHas cnoit
TUK THaHb

dur. 62B
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[noTHOCTL METUNNMPOBAHIA, onpefeieHHan ¢
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dur. 63A
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AM

&

dur. 63C
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T 22
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45 50 55 80 65 70
M
dur. 63B
lNnaueHTa

[puneratoLias HopMansHas
TKaHb

Onyxoneeas TkaHb LK
NevkounTapHbIA crion

Hep(G2 (knetoyHas nuHua MLUK)




HepG2 (knetouHas nunms LK)
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dur. 64A

F2 (neikouuTapHbIi Coi)

[noThocTs MeTUNPOBaHUA

dur. 64B

(%)
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YpoBeHb METMNMPOBAHWA C NOMOLLBIO CekBeHpoBaHus PacBio

¢ paspetuetuen 1 MaH.n.0. (%)

100

HepG2 (knetouHas nuHusa NUJK)

r=0,99 ’
P 3HayeHne=0 s

20 40 60 80

YpoBeH: METUNUPOBAHUA C NOMOLWLIO BucynbdutHoro
CEKBEHMPOBaHNA ¢ paspeiuetvem 1 mnH.n.o. (%)

dur. 65A

100

YpoBeHb METUNUPOBaHIUS C NOMOLLLI0 cekBeruposanua PacBio

¢ paspetteruem 1 maoHno (%)

100

F2 (nekouuTapHbIX crnon)

r=0,87 s
P 3Havyenne=0 ’

20 40 60 80

YpoBeHL METUIMPOBAHIA ¢ NOMOLLLIC BUCYNbAUTHOO
CEKBEHMPOBAHMA ¢ paspeteHnem 1 mnH.mo. (%)

dur. 658

100
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YpoBeHb MeTUNUPOBAHUS C NMOMOLLbI0 cexseHupoBanus PacBio ¢
paspetueruem 100 1.n.0. (%)

HepG2 (knetouHasa nuHusa IN'UK)

40 60 80 100

20

1=0,98 y
P 3l~h’:1tnem/1e=0§ o

§ i 3

20 40 60 80

YpoBeHb METUANPOBAHKS C NOMOLLbI0 BUCKYNbgMTHOTO

CeKBeHMpOBaHWA ¢ paspetteriem 100 T.n.0. (%)

dur. 66A

YpoBeHE METUIMPOBAHNA C NOMOLLBI0 cexBeHrpoBaHna PacBio ¢
paspetwenuem 100 1.n.0. (%)

20 40 60 80 100

0

F2 (neitkouuTapHbii crnon)

r=0,81 g o #
P sHaveHne=0 o :

],

=3

i

¥ i

20 40 60 80 100

YpoBeHb METUNUPOBAHNS C NOMOLLBIO BUCKYNbGUTHOIO

cexBeHvpoBannA ¢ paspetteqnem 100 r.n.o. (%)

dur. 668
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TBR3033T (onyxonb IN'UK)
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YpoBeHb METUNMPOBAHNS C NOMOLLbI0 CEKBEHUPOBAHNA
PacBio ¢ paapelierviem 1 MiH.n.o. (%)
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Sequel Il Sequencing Kit 2.0
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Sequel Sequencing Kit 3.0
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CybnpouTeHms <

;| MOCTPOEHNE KOHCEHCYCHOI
7 1ocriefoBaTeNbHOCTH

— 8802

KKI

Bblumcnenne cpegrnx aHadenui LA u MATT no KKIT cornacHo
COOTBETCTBYIOLMM cybnpouTtermsm B ZMV.

3

.
CocTaBneHnue okHa onpegeneHus, cocroswero ua WA, MU n

KOHTEKCTa NocneAoBaTenbHOCTU. KOHTEKCT nocnefoBaTenbHOCTH
onpeaensT 13 nocnegosarensHocTh KKI.

‘%g >

b

OnpefeneHue cTaTyca METUNIMPOBAHMS COMMacHo
n30bpeTenmio.

dur. 88
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YacToTa UCTUHHO-NONOKUTENBHBIX pes3ynbTaToB
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YacToTa NoXKHO-NONOKUTENBHBIX Pe3ynbTaToB
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5’ necbocchopunupoBanme
3’ pobasnenne ooHT®

5’

9104

Kommnexc (as9

4

WHkybauwms ¢ komnnekcom Cas9

3 5’

Cneumdpnueckoe BHeCEeHWE LieneBbIX
paape3os ¢ 9'-P n 3-OH-koHuamu ¢
nomolsto komnnekca Cas9d

9108

ajanTepbl B Biae Wnunek

Ynanenue agantepos, ninHernHon [JHK n veuenesoi [JHK ¢ nomouibio
3K30HYKNeasbl (Hanpumep, ak3oHykneass! [ u VII).

CeKBeHMPDBaHME OT)J,eﬂbHOI:"I MONEeKynb! B pearnibHOM BpeMeHU

AHanua MoaudukaLid ocHOBaHWi ¢ ucnons3oBaHnem MAT, LA
W KOHTEKCTa NOCreA0BaTeNbHOCTH COrMacHo M300peTeHuo

dur. 91
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Cas9

dur. 92
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Mony4eHune LeneBbIX NOCNENoBaTeNLHOCTEH MEX Y ABYMS CaliTaMy paspesaHus Hykneasbl cas9d

YYYCCN ' NGGXXX
PAM PAM

dur. 93

Ski/sol
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bucynbgutHoE cekBeHMpOBaHe Ceksenuposanue PacBio

10

T T T T T T

3
0 20 40 60 80 100 0 20 40 60 80

lnotHocTe MeTuAnpoBaHusa (%) [noTHocTs MeTunupoBaHka { %)

dur. 94
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CorracHo Haweu Moaenm

20

Pacnpegenexie ypoBHeA METUNMPOBAHUS

i i
Q- s -

! I i 1 1
0-20 20-40 40-60 60-80 80-100
[NOTHOCTL METUNMPOBaHKUS NpK BucynbUTHOM cekBeHnpoBaHin (%)

dur. 95
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Tkanu YposeHb meTunuposaxus Alu (%)
NelikouuTapHbIfA Crow 89.54
MeYeHsb 88.18
Toncras Kuwwka 89.56
Nerxoe 91.52
TOHKIA KMLLIEYHNK 86.56
Hagnoueuxux 89.07
KupoBsas TkaHb 91.44
[NogxenygouHas xeneaa 85.82
Moar 91.79
LK 76.74
lnauexTa 73.04

dur. 96
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Tunbl paka

BLCA: YporennanbHaa KapUuHomMa MOUeBoro ny3bips
BRCA: MHBa31BHaA KapLnHOMa MONOYHOI Xene3bl
OV: Cepo3Has ajieHOKapLMHOMA ANYHUKOB

PAAD: AzeHokapunHoma nofixenyouHoN xenebl
HCC: [enaTouennionApHas KapLUMHOMa NneyeHn

LUAD: AneHokapumuHoma nerkoro

STAD: AeHoKkapuuHoMa Xenyaka

SKCM: HakokHas MenaHoma Koxu

UCS: KapumHocakpoma matku;

i

dur. 97
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CoBokynHbIi ypoBeHb MeTunMpoBaHus (%)
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YpoBeHb METUNMPOBAHWA, OnpeaeneHHbIn ¢ nomoLbk SMRT-ceks. (%)
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YpoBeHb METUNMPOBAHNS, onpefeneHHbin ¢ nomolbto BC-ceks. (%)

dur. 99
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KosumenTt xoppemaimu

m}%ﬁ?ﬁéﬁ;}gﬁzﬁ > %w%cﬁgf Konnuectro caiitos CpG
1 0.797 25,606,068 (23,949,832-27,008,582)
10 0.873 21,668,418 (18,263,886-23,515,147)
20 0.933 14,276,212 (10,526,406-16,736,887)
30 0.952 6,736,890 (4,255,452-10,449,814)
40 0.948 3,420,790 (2,232,511-5,792,825)
50 0.941 1,684,871 (1,278,475-3,055,876)
60 0.929 911,961 (707,295-1,581,313)
70 0.917 532,422 (350,001-866,045)
80 0.907 284,375 (177,698-534,540)
90 0.906 150,974 (98,000-333,933)
100 0.875 89,788 (58,552-182,861)

dur. 100



[nyBuHa cyGnpouTeHus (X)
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LnuHa monekynbl OHK (1.0.0.)

dur. 101
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1020

MonyyeHne MHOXKECTBA NEPBLIX CTPYKTYP AaHHbIX, KaXas Nepeas CTPYKTypa AaHHbIX
NEPBOTO MHOXECTBA NEPBLIX CTPYKTYP [aHHBIX COOTBETCTBYET COOTBETCTBYHILLEMY
OKHY HYKNEOoTW0B, CEKBEHNPOBAHHbIX B COOTBETCTBYIOLLE MONEKYNe HyKNenHOBO
KMCNOTbI M3 MHOXECTBA NePBbIX MOMEKYN HYKNEWHOBOW KUCTOTI, Fe KaXAyo U3 NepBbiX
MOMNEKYN HYKITEMHOBBIX KUCTIOT CEKBEHUPYIOT MyTEM N3MEPEHUA UMNYILCOB B CUTHare,
COOTBETCTBYIOLEM HYKNEOTUAAM, TPUYEM MOaMDVKaLMs UMEET 3BECTHOE NEpBoE
COCTOSIHME B HYKNEOTW/E B LIENEBOI NO3MLMIA B KaX/10M OKHE KaX/j0i NepBoii MONeKyns
HYKTNENHOBOI KACNOTHI, NIPU STOM Kas/jas NepBan CTPYKTYPa [JaHHbIX COMIEPXUT 3HAUEHUS
ANA onpefeneHHbIX CBOWCTB

L 1022

'

CoxpaHeHie MHOXeCTBa NepBbix 0byyaroLux BLIDOPOK, kaaas 13 KOTOPbIX BKIKOYaeT
B ce0f OZ1HY 13 NEPBOTC MHOXECTBa NEPBbIX CTPYKTYP A@HHBIX 11 IEPBYIO METKY,
0b03HaYaloLLyio NepBoe COCTOsHWE Ana MoAnGUKaLMKM HYKNeoTUaa B LENeBoi nosuLum

L. 1024

MonyyeHne BTOPOro MHOXECTBA BTOPbIX CTPYKTYP AaHHLIX, NPUYEM Kaxaas BTopan
CTPYKTYpa [aHHbIX BTOPOTO MHOXKECTBA BTOPbIX CTPYKTYP A@HHBIX COOTBETCTBYET
COOTBETCTBYIOLEMY OKHY HYKNEOTUIO0B, CEKBEHUPOBAHHbIX B COOTBETCTBYIOLEN MONEKYNE
HYKNeNHOBOW KUCTOTHI M3 MHOXECTBA BTOPLIX MOMEKYN HYKNeWHOBLIX KUCTOT, rae
MOAVMKALMA MEET UBBECTHOE BTOPOE COCTOAHWE B HYKNEOTUAE B LIENEBON NO3MLU
B NpeAenax Kaxkgoro OKHa Ka ol BTOpOi MONEKyIbl HyKNeMHOBOM KCTOThI, NpK 3TOM
Kax[iasl BTopasl CTPYKTYpa [aHHbIX COIePXAT 3HAYEHUS AN TeX e CBOWCTB, YTO ¥ NepBoe
MHOKECTBO NEPBLIX CTPYKTYP AaHHbIX

CoxpaHeHne MHOXeCTBa BTOPbIX 00yyariLyx BEIDOPOK, Kak/as U3 KOTOPbIX BKIHOYAET
B ce0f1 O[HY 13 BTOPOrO MHOXECTBA BTOPBIX CTPYKTYP [A@HHBIX 1 BTOPYIO METKY,
obo3HavaroLLyio BTOpoe cocTosHME AN1s MoAndvKaLiv HyKNeoTHAa B LENeBoH Nouuui.

|
|

|

|

. 1026
rd

|

|

|

|

Oﬁy‘{eHME Moaeny ¢ MCrnonb3oBaHemMm MHOXeCTBa NepBbiX OGWBEOMMX BblﬁOpOi{ ",
HEO6F133TE'H§:HG, MHOXECTBa BTOpbIX o6yqamm,v|x BbIGODOK, rfie BeIXOgHbIe JaHHbIe Mogenu
onpefendlT, UMeeT N MO]]M(*)W{&L‘WO HYKNeoTna B u,eneaoﬁ Mo3uLi B COOTBETCTBYIOLLEM

OKHE

dur. 102
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MonyyeHue BXOOHOM CTPYKTYPBI [laHHbIX, PUYEM BXOOHaA CTPYKTYpa
[aHHEIX COOTBETCTBYET OKHY HYKNEOTUIO0B, CEKBEHPOBAHHbIX B MOMEKyNe
HYKIEMHOBOM KMCNOTbI 0BpasLia, Mpy 3TOM MOTEKYITY HYKNEWHOBOI KUCTIOTE
oBpaalia CeKBEHMPYIOT MYTEM M3MEPEHUA UMMYMECOB B OMTUYECKOM CUTHare,
COOTBETCTBYIOLIEM HYKNEOTHY, NPU 3TOM BXO[IHaS CTPYKTYpa AaHHbIX
COLEPKUT 3HAYEHMS ANA CrieayIoLLMX CBOICTE:

[NS K2XKOOTO HYKMEOTIWA B NPeenax okHa:

WOBHTUMHOCTb HYKNeoTHaa,

MOVILIVIO HyKIEOTIAA OTHOCUTENEHO LIENEBOI NOSMLIMM B Npedenax
COOTBETCTBYIOLLETO OKHa,

LUMPUHY MMMYNbCa, COOTBETCTBYIOLLETO HYKNeoTuay, 1
MEXKVMNYNbCHbIRA NEpHOA, NPEACTABNSIOLLINA BPEMS MEXTY MMITYTIECOM,
COOTBETCTBYIOLLEM HYKNIEOTUAY, U IMNYINBCOM, COOTBETCTBYIOLLIEM COCELHEMY
HYKNeoTuay

- 1032

l

BBop, BX0HO CTPYKTYPb! laHHbIX B MOLENb

— 1034

OnpeneneHie ¢ NOMOLLBI0 MOLENM TOro, NPUCYTCTBYET N MOAUMKALMA
B HYKNEOTYE B LENEBOi NoauLim B Npeienax OkHa B BXOLHOM CTPYKType
[O@HHBIX

- 1036

dur. 103
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[ann |

Fannll

O Hemetvnmposattbiii CpG

® MetunupoeaHHsin CpG

[ann |

Fann il

WHaeke oTHocuTenbHoro aucbanaHca MeTUIMPOBaHWA Ha OCHOBE
rannoTmnos, Hanpumep, YpoBeHb MeTunuposaHus ann | - YposeHb
meTunuposaHus Fann |i

dur. 104
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CekseHuposanue PacBio

Vgermidikaro YpoBeHb MeTUAN- YpoBeHb Me-

Chr Hauano KOHel| [nunxa rgﬂnOTmnHomp pOBaHitA B NpNe- | TNVpoBarina
BroKa raoujei HeoNyxo- | B OMyXONeBoi

NIEBOW TKaHU TRAHM
lannl | Tannll | Tann! | Tann il
chrl 56312395 56347696 35301 | hap1927 68.2 67.4 60.3 23.5
chrl 194413819 | 194424806 10987 | hap5953 52.8 495 48.8 93
chrl | 220674478 | 220699011 24533 | hap6863 63.0 64.5 50.4 17.3
chr10 | 113088792 | 113124248 35456 | hapl11838 062.7 63.4 38.1 5.7
chrll | 5482746 5498801 16055 | hap12904 70.3 75.0 16.3 51.7
chrll | 42819351 | 42852772 33421 | hap14385 54.6 54.9 65.3 17.8
chrll | 57983961 | 58051078 67117 | hapl14930 67.3 064 58.2 18.6
chrll | 60174708 | 60204209 29501 | hap14990 584 59.8 49.6 10.8
chrl2 | 128079419 | 128114656 | 35237 | hap22249 60.0 583 12.1 45.2
chrl5 | 20480575 | 20533464 52889 | hap29631 64.7 69.1 27.7 59.3
chr15 94902853 | 94946231 43378 | hap32161 74.1 74.5 74.9 15.8
chrl5 | 96526684 | 96549225 22541 | hap32221 70.8 68.8 28.9 64.4
chrl6 | 31595372 | 31613277 17905 | hap33499 55.9 59.3 46.3 14.4
chrl6 | 80151778 | 80182097 30319 | hap34821 71.1 71.0 11.5 51.8
chrl6 | 82519715 | 82554191 34476 | hap34920 71.3 66.5 47.4 13.0
chrl7 | 21668593 | 21685572 16979 | hap36049 50.3 478 674 19.6
chr17 | 44999177 | 45012087 12910 | hap36640 47.1 4572 31.6 35.1
chrl7 | 69911623 | 69926625 15002 | hap37435 67.3 63.0 37.8 52
chrl8 11441122 11458521 17399 | hap38335 65.5 66.8 65.9 22.4
chrl8 | 23405569 | 23423387 17818 | hap38673 66.3 61.7 33 481
chr18 | 68887284 | 68925031 37747 | hap40390 63.0 61.0 22.0 53.4
chr18 | 69487809 | 69505470 17661 | hap40414 74.5 74.1 333 72.2
chr2 | 41480394 | 41514135 33741 | hap43972 54.0 54.0 14.9 77.8
chr2 114171214 | 114182880 11666 | hap46226 72.4 68.8 797 16.7
chr2 123762541 | 123797629 35088 | hap46589 66.7 68.1 24.0 54.5
chr2 125236882 | 125241950 5068 | hap46673 58.9 59.2 10.7 46.4
chr2 130016110 | 130040331 24221 | hap46833 54.6 50.8 5.6 41.6
chr2 137757638 | 137783716 | 26078 | hap47090 61.8 61.4 13.5 69.2
chr2 144128597 | 144160845 32248 | hap47343 65.8 66.6 9.3 50.3
chr20 | 15736792 15753459 16667 | hap51505 78.9 74.3 458 77.3
chr20 | 26167979 | 26177235 9256 | hap51868 55.0 52.2 385 68.6
chr20 | 44255808 | 44264190 8382 | hap32246 57.4 56.1 9.7 50.6
chr20 | 59518410 | 59559273 40863 | hap52761 61.0 62.4 30.0 72.8
chr2l | 21402034 | 21424129 22095 | hap53197 63.5 67.3 25.0 75.5
chr21 | 24750027 | 24768793 18766 | hap53333 68.2 64.6 34 38.9
chi21l | 26666833 | 26701575 34742 | hap53418 62.1 66.5 47.6 16.7
chr3 2364024 2387896 23872 | hap55539 67.4 67.8 54.9 10.9
chr3 | 21036965 | 21049451 12486 | hap56223 54.8 514 53.1 21.1
chr3 56011690 | 56046642 34952 | hap57346 64.2 61.2 71.2 22.6
dur. 105A
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chr3 | 73330942 | 73371216 | 40274 | hap57939 60.9 62.9 9.4 429
chr3 | 106372440 | 106401301 | 28861 | hap59077 67.8 67.9 13.8 53.2
chr3 | 107772994 | 107807482 | 34488 | hap59122 69.6 73.5 30.4 66.4
chr3 | 116742501 | 116776747 | 34246 | hap59493 64.3 69.1 14.1 51.6
chrd | 171076306 | 171100102 | 23796 | hap61495 68.0 66.0 80.6 48.8
chrd | 193058272 | 193080344 | 22072 | hap62231 65.5 64.7 54.6 20.0
chr4 | 30411613 | 30432317 | 20704 | hap63589 59.3 60.6 53.4 14.6
chr4 | 31304718 | 31338193 | 33475 | hap63633 60.2 60.0 7.2 55.0
chr4 | 92003467 | 92030505 | 27038 | hap65794 63.3 65.1 54.1 21.7
chrd | 1552246597 | 155250915 | 26218 | hap68104 60.5 57.5 573 25.0
chr5 | 2281802 2299281 17479 | hap69632 71.5 66.9 69.9 6.6
chr5 | 4624948 4664704 39756 | hap69739 62.8 61.0 14.0 52.0
chr5 | 89593236 | 89606080 | 12844 | hap72628 76.6 74.0 203 78.4
chrd | 119214026 | 119233058 | 19032 | hap73698 62.8 61.2 57.6 13.1
chrd | 119940397 | 119972658 | 32261 | hap73720 59.1 54.7 53.8 12.2
chr5 | 132859668 | 132877415 | 17747 | hap74150 62.5 66.6 59.5 283
chr6 | 26914610 | 26936918 | 22308 | hap76887 419 40.9 71.9 32.6
chr6 | 66879106 | 66957243 | 78137 | hap78266 61.6 59.6 254 62.0
chr6 | 77349083 | 77377529 | 28446 | hap78674 64.5 66.4 27.0 62.9
chr6 | 159738794 | 159751033 | 12239 | hap81616 79.6 79.0 21.2 59.8
chr? | 26585255 | 26641907 | 56652 | hap83161 66.2 64.7 49.4 13.3
chr7 | 48214640 | 48248036 | 33396 | hap84003 76.0 76.7 78.0 323
chr7 | 88558182 | 88575482 | 17300 | hap85335 63.8 59.6 63.8 22.9
chr7 | 96588562 | 96607580 | 19018 | hap85620 60.4 63.1 19.7 50.0
chr7 | 122942180 | 122956897 | 14717 | hap86454 423 39.0 19.2 50.0
chr7 | 132321970 | 132344802 | 22832 | hap86807 614 60.7 52.5 11.5
chr7 | 153296219 | 153302441 | 6222 | hap87487 48.7 53.7 64.4 19.3
chr7 | 156356247 | 156371897 | 15650 | hap87631 74.9 71.6 87.5 56.6
chr7 | 159091986 | 159119486 | 27500 | hap87738 54.0 49.1 52.0 13.2
chr® | 51530582 | 51550889 | 20307 | hap89477 66.4 65.7 68.0 19.9
chr8 | 63513932 | 63537543 | 23611 | hap89942 62.0 63.3 11.6 48.4
chr8 | 72373321 | 72398122 | 24801 | hap90226 58.0 54.9 71.6 320
chr® | 94100451 | 94141855 | 41404 | hap90991 652 65.7 36.2 68.7
chr8 | 109300499 | 109326404 | 25905 | hap91510 63.6 67.7 29.5 63.8

our. 1058
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CexsenupoBare PacBio

Moy R | Voot ue
Chr Haiano KOHel| [lnvtia Fan”é?g?: oro ?atou.geﬁ HEO?IyXO- B onye(onesoﬂ
neBol TKaHN TKaHU
fann! | Tannll | Taanl | Tannll

chr9 | 27803548 | 27888202 | 84654 | hap58508 64.2 60.9 20.6 754
chré | 242149 386636 144487 | hap47880 62.3 63.3 774 322
chr5 | 28219159 | 28302858 | 83699 | hap44666 59.3 58.0 16.8 58.2
chr5 18119943 18153743 | 33800 | hap44475 61.6 65.0 53.2 21.7
chr7 | 24906307 | 25046195 139888 | hap52069 69.3 68.7 44.0 76.2
chrl5 | 27689897 | 27752573 | 62676 | hapl18337 65.9 61.9 64.8 20.5
chrl2 | 42183870 | 42212433 | 28563 hap12045 63.5 68.4 19.4 51.2
chr21 | 9825597 9935752 110155 | hap34175 54.3 53.5 60.9 29.1
chr2 118813055 | 118893366 | 80311 hap30060 62.6 62.3 77.0 38.6
chr6 | 90307702 | 90344869 | 37167 | hap49779 69.1 66.4 84.7 53.9
chr7 | 107932914 | 108049376 | 116462 | hap53838 67.2 62.9 438 764
chr? 137039327 | 137160933 | 121606 | hap34447 59.5 60.9 22.9 72.0
chrl7 | 21193754 | 21254930 | 61176 | hap22633 59.2 54.3 69.7 31.6
chrl2 | 11473697 11644714 171017 | hap11451 62.8 66.4 35.5 75.9
chrs 129212299 | 129353349 | 141050 | hap46632 50.9 54.5 455 14.0
chrll | 93910738 | 94028887 118149 | hap10288 67.6 63.6 36.6 74.2
chr3 131707434 | 132003636 | 296202 | hap38642 57.8 559 17.9 60.2
chrd | 43024004 | 43161785 137781 | hap36769 69.1 66.5 46.1 80.2
chr3 190403156 | 190606658 | 203502 | hap39947 60.9 6l1.6 36.9 72.7
chrl5 | 40218970 | 40279780 | 60810 | hapl8606 534 57.5 79.1 474

dwur. 106




Tunn Tkanei

KoanuecTeo ranjoTHnabX 6/10KOB,
AEMOHCTPHPYIONINX Auchananc
METHIMPOBAHHUS MEKAY ABYMSH

rANIOTHIAMHE B ONYXOJEBBIX TKANAX

Kojigecrso ranjoruisnIx
G510K0B, AEMOHCTPHPYIOUIHX
[mcﬁaﬂaﬂc METHAHDOBAHHA MCKAY
ABYMS TAIIOTHHAMH B TAPHBIX
APHJIETA IO X HEOMYXOIeBBIX

TKAHAX
Toscran knmxka 92 47
I'pyas 57 i3
TMouxa 68 18
Jerxoe 31 21
Mpexcraresibuan xKejesa) 26 19
Kenynox 2 0

dur. 107A

147517



Tunsr TRaneH

Koauuecrso ranjioTHIHLIX
GII0K0B, IEMOHCTPHPYIOIHX
AHCOATAHC METHIHPOBAHUS

Jocrynua undopmanus
0 CTAJHH OUYX0/IH

MERTY ABYMS TRIVIOTHHAMH B {TNM)
ONYX0/IeBLIX TRAHAX
— 18 T2
Pyt 57 13
68 T3a
I
OMKa 0 =

dur. 107B

Ski/oel
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ObpaseL KpoBu bepemeHHON

/ \\\

[OHK nenkouutapHoro cros JHK nnaambl
Cexksenuposanne SMRT CekpenupoBanue SMRT

!

MarepuHckun Fann |

Mateputckuit Fann |1

O MewmnuposanHbii CpG @ Hemetunposatibiit CpG

Accouumposanne JHK nnasmel ¢ MaTepHCKUMK rannoTunamu

[ann |

lannll

YpoBeHb MeTunnposanns [ann | (%) < YposeHb metunuposanus [ann I (%)

!

Mnog yHacnegosan [ann |

dur. 108
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Ananua monekyn JHK u3 Buonoruyeckoro obpasya gna

1090 ONpe[IeneHNsl VX PacTIONOXEHUS B TANOHHOM reHome, utobel — 1091

onpefennTb COOTBETCTBYIOWNE anneni 1 onpeaenuTs cTatyc
METUINMPOBaHUA

'

Wnermudpmraliyus onHoro v GoMbILIEro KOMMYECTBA FeTePOSUTOTHBIX NOKYCOB, kaxapiiua | 1092
KOTOPbIX MMeeT HepBblﬁ dlnefb Nepsoro ramnoTina u BTOpOﬁ arnnerbs BTOPOro rannotuna

Wrermudbukaipst nepeoro Habopa monexyn JHK, keokasn w3 KoTophIX 1093
pacronoxeHa B MoboM 13 FETepOSUTOTHBIX FOKYCOB, BKTIONaR COOTBETCTBYIOLIMIA
w a ¥ 1
NepBbIi annenb, U BKIK0Yas No MeHbLUeH Mepe OfuH U3 N TeHOMHbIX CalToB |
N |
Onpefenexve NepBoro ypoBHA METUANPOBaHWA NepBol YacTk Nepeoro . 1094

rannoTnna

WnenTudmrkauun etoporo Habopa monekyn QHK, kaxaan 13 KoTopbix
pacnonoXeHa B Mobom 13 reTepo3UroTHLIX NOKYCOB, BKNOYAs
COOTBETCTBYIOLL M BTOPOI annenb, ¥ BKNOYan 10 MeHbLUel Mepe ogvH ua N 1095
TEHOMHbIX CaNToB

l

OHPEAEHEHME BTOPOrO ypOBHA METUNWUPOBaHKA IEDBOW YaCTW BTOPOIO 10986
rannotna

!

PacueT 3HaqeHus ﬂapameTp?, MCNonb3ya NEPBLIA YPOBEHL METUNWDOBAHA W | . 1007
BTOPOW YpOBEHb METUNUPOBAHWUA.

'

CpaBHeHe 3HaYEHNA NApaMeTpa C 3TANOHHBIM 3HAYEHUEM 1098

,

Onpe,qeneHme Knaccmbmxau,wm 3abonesatud B OpraHnamMe ¢ UCNoNb3oBaHneM
CpaBHEHWA 3HAa4YCHKA NapameTpa € 3TanoHHLIM 3Ha4eHUeM

— 1099

dur. 109
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OparmeHT Yenoseka OparMeHT MblLLK
Amnnudukaums 1
BCEro reHoma AmnnudukaLms
i BCEro reHoma
M. Sssl 1

MeTunmpoBaHHbie HemeTunupoBaHHble

CwmeLuvBaHue 1 nepekpecTHoe nUrnpoBaHue

dur. 110
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®parmeHT Yyenoseka OparmeHT MbiLn
- i Amnnudukaums
Amnnudukayms BCEro reHoma

BCEro reHoma

HemeTunupoBaHHsle MeTunupoBaHHbie

CwelunBaHve u nepeKkpecTHoe n1urupoBaxine

a MmbpuaHaa JHK yenoeeka 1 MbiLLm
b ]

c ?2 [HK Tonbko yenoseka

e ~ [HK Tonbko mbilum

dur. 111



Yacrota (%)
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0.08 0.10

0.06

0.02

0.00
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= [1HK Tonbko yeroBexa
= = = [IHK TonbKo MbiLLu
»+=+ [opuaHas [IHK yeroseka u MbiLLK

4 | | |/ i
0 2000 4000 6000 8000 10000
[OnuuHa (n.0.)

dur. 112
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OHK (A) [HK (B)

PacLiuenneHne goepmMeHTOM
pecTpukLmmn

dur. 113



(1) AHK BbIpOBHEHA TOMNMLKO C ATANOHHLIM FEHOMOM YenoBeKa =

npoyTEHNE

S e

(2) OHK BLIpOBHEHA TOMBKO € 3TANOHHLIM FEHOMOM MbilLM

npo4TeHne

[eHOM Mbittin

Monyqenne MUM, Onpenenetie
LW n koHTeKkcTa COCTOSHM
(3) AHK yactuyHO BbipOBHEHa ¢ obeumu - MOCNEAOBATENBHOCTEN, - %y o rnupoBaHus

STANOHHLIM FreHOMOM YesioBeka U Mbillu OKPYREHOLLIUX CaHTEL ce

Caitr coenymenms; Cant RE 11410

NPOYTEHNE ;
IR
 Yenoseueckas - MslWwnHanA
 [IHK-4acTts [OHK-vacTs

o —————— T———

['eHom yenoseka [eHOM - MbitLm

dur. 114

Ski/iel
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MmbpupHas [HK yenoBeka
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YyacTb

Uenoeeyeckas

MBbILLA
dur. 115
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Yactota (%)
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0.06

——— [HK Tonbko yenoseka
= == [IHK Tonbko mbiium
~~~~~~~ [MbpuaHan [IHK yenoseka 1 MbiLIK

0

{
2000

i i i i
4000 6000 8000 10000

[OnvHHa (n.0.)

dur. 116



BepoATHOCTE METUNMPOBAHMS

CpG

canta
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1.0
0.8
0.6
0.4
ﬁ‘-z ’
0.0 s e
OHK tonbko  HK Tonbko Yenoseveckas MbilnHas
YenoBeka MbILLK YacTb YacTb
\ J
1
Mmbpuaras JHK
YenoBeka
W MbILLIV

dwur. 117



bucynbduTHoe cekBeHupoBanme CexpenupoBanie PacBio

Konuuectao caiftos Cph MnotHocT MeTvnuposanma (%) | Komuuecrso caiitos (pG [notHocTs MeTnMpoBanuA (%)
1) Tonbko uenoseyeckas 2.230.407 41.4 16,226,014 56.0
2) Tonbko MblivHan 2. 728,499 1.6 8.398 240 w7
3) lu6pugHas [JHK venoseka: Yenoseyeckan uacTb 73,780 46.8 4838454 574
v MbiLu MbilwiHas yacTb 76,312 2.3 4,385,046 121

dur. 118

Ski/ict

bucynbdutHoe cexreHuposaHue (expenupoBaHne PacBio
Kommuectso caiftos (pG MnoTHocTb MeTwMpoBaHUs (%) konuuecto caittos (pG |1 MnotHocts MeTunMpoBaHua (%)
1) TonbKo yenoseyeckasn 2838088 1.6 14,503,548 1.6
2] TonBKo MbilMHasA 18134974 B24 11,348 558 71.5
3) Tnbpuanan QHK uenoseka; Yenoseyeckan 4actb 67.37% 1.8 5824379 13.4
¥ MY MblLuHas vacTh 58,242 674 5.093.087 722

dur. 119



YpoBeHb meTunupoBaHug (%)

10

« ——
bucynodumoe CekseHuposanve Bucynbumoe  (exsennposanue

(EKBEHUPOBAHUE PacBio

&

(EKBEHUPOBaHUE PacBio

s

NHK OHK

TONbKO YyenoBeka TONBKO MbILLN

dur. 120A

YpogeHb metunupoBaHms (%)

40

20

bucynbdumioe  (exsenuposanne bucynbgutHoe (ekBeHMpoBaHie
CeKBEHUPOBaHHE PacBio €eKBEHIPOBaHIE PacBio

= =

IIHK IHK
TONbKO YenoBeKa TONbKO MbILLIK

dur. 120B

Skireet



YpoBeHb MeTunipoBanus (%)

50 60

40

10

0

20 30

i
i
%
!’<

bucynngurhoe  CexeenmpoBanuve bucynbduHoe  CexenupoBaHue
CeKBEHPOBaHME PacBio (EKBEHIPOBaHMe PacBio

YenoBeyeckas yactb MbllwmrHan yacTb

dur. 121A

YpoBeHb Metunuposanus (%)

40

& £

bugynogurroe  Cexsenmporanuie  Bucymodutvoe  (exeenivposatine
(EKBEHUDOBaHNE PacBio (eKBEHMPOBAHWE PacBio

Yenoseueckas yacTb MbllwuHaa yacTb

dur, 121B

ski/ect



Human-mouse

junction
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dur, 122A
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dur. 122B
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1230

BrinonHeHue cekBeHnpoBatus 0TAeNLHON Monekynbl Ans monekynst [IHK,
yTobbl NOMYYMTL NPOUTEHNE NOCNE[OBATENLHOCTH, KOTOPOE [aeT CTaTyC
MEeTUNMpoBatus B kaxiom u3a N caiitos, N coctasnset 5 unv bonbuie, rie
CTaTyCbl METUNMPOBAHUS NPOYUTEHNSA NOCNEAOBATENLHOCTY (HOPMUPYIOT
naTTepH METANMPOBAHMS

. 1232

l

MepemetllieHie NaTTepHa METUNMPOBAHIUA MO OAHOMY UK bonbLuemy
KONMYECTBY 3TaNOHHLIX NATTEPHOB, KOTOPLIE COOTBETCTBYIOT XUMEPHBIM
MONEKynam, KOTopble MEIOT [1BE YacTu U3 [IBYX YacTell 3TanoHHOTo reHoma
YENOBEKA, MPUYEM OfIMH Uk DOMbLUIEE KOMMYECTBO STANOHHBIX NATTEPHOB
BKITIOYAIOT B ce0A nepeMeHy MexXy COCTOSHUAMMA METUNPOBaHMS 1
COCTOSHUSIMY HEMETUNPOBAHHMA

. 1234

V[,U,EHTM(*}VIKEQMH No31LMKA COBNAAeHWA MeXY NatTepHOM METUNMPOBaHA 1 NepBbiv

ITanoHHLIM NATTEPHOM W13 OOHOMO Unn BONbLIETO KONWYECTBA 3TANOHHBIX NarTepHos,

NpY-3TOM NO3MLMA COBNafdeHuA WJEHTVI(bMUMQyET COeAHERVE MEXY ABYMA YacTAMU
3TanoHHOIO FeHOMa YenoBeKa B NpOoYTeHWX NocneoBaTensHoCTH

L 1236

HOﬂyHEHME CoedMHEeRWA KaK MecTa CrnnAaHMA FeHOB B XMMEQHOﬁ Mornexyne

. 1238

dur. 123
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//
12405
obpasey, \ P petektop  ——0 12402
12408 Auanua 12415
\
[epxarens obpasua 12425
12404 A 4
/ 12403 Mpoueccop  [——— 12405
BrelwuHsa
namsTs
Norvyeckan cuctema
YetpoiicTeo
XpaHeHHs namaTs \\ .
12445

dur. 124

12400

ski/ect



v

KOHTPOIMNEP CUCTEMHAS LEHTPANBHbIN NMPUHTEP YetpoiicTeo cbopa
BBOIA/BLIBO[A NAMATH [POLIECCOP 74 AaHHbIX
71 72 73 85
A A A A 3
- Y \ Y h 4 A\ A
o A F A
h 4 A 4 A A 4
NoPT )
AIJANTEP BBOOABLIBOA YCTPOVCTBO(A) BHELLHWW
ANCINEA 77 K’HAB?QTVPA XPAHEHUA WUHTEPDEIC
82 79 81
X
‘
MOHUTOP
76

dur. 125
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'eHomHas [HK
5’%@;}/.«u.w.w.w.w.w.wﬂ/maCG@ QQGG QCGG 3,
3. GGCC GGCC GGCC 5

Paciennetiie dhepmMeHTOM PECTPUKLIK,
wanpumep, Mspl (calit pacnosnasanus CACGG)

Y ons g @
¥ GO0E
5&:‘,{? * F i 0
. el 5C6G 7
¥ GOCE
Buifop pasmepa
FOGG e
Penapauua koHuos [JHK u A-Hapaimeanue
§ C6G cooA
¥ A §
7 ¥ Nurviposarie ¢ WNTEYHLIMK apanTepamu,
S T8 Hecyupmu 5T BoicTyn
g&&mk’%mmf;%

OumcTKa OT HENUTMPOBAHHBIX: af1aNTEPOB, NMHEHON
OHK 1 He nonHocTbio Konbueson [IHK ¢ nomouwpio
3K30HYKNea3 (Hanpumep, akaoHykneass: Il u Vi)

CexBeHUpOBaHMe OTAENHONM MOMEKYNbI B PeansHOM BPEMEHH

Aranua moaudrkaLui ocHoBaHW ¢
mcnonbaosatven MM, WK v xoHTekcTa
NocrefoBaTensHOCTY COTNacHo n3obpeTeruio

dur. 126
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28

15

Yacrota (%)

100 1000 10000 100000

Pasmep dparmentos, pacujennenHsix Mspi (no)

dur. 127A

20

1.5

Yactota (%)

200 400 600 800 1000

Pasmep parmeHToB, pacuiennenHsix Mspl (n.o.)

dur. 127B



[TpoueHT monekyn .

Mpefenax guanasosa | Konuuectso monexyn B MpoueHT Mofiekyn 8 KoRH4ecTRe Konuecrso caiiros Koﬂgogf;HTafané);C?&;:fcﬂ
fnanazon Konuuectgo | PA3MEDOB MO OTHOWEHWIO}  nuana3oHe pasmepos, [LanazoHe pazmepoe, CeKBEHUpYeMBIX CpG, nonagatouinx B Bblﬁg apsM epa " iom bie
pasmepos MosTekyn K COBOKYTHOMY nepeKpbiBalouiuxca ¢ fepekpbIBAIOLLUNCA ¢ Giftos (o6 Tipefesbl 0CTPOBKOB P pashep P

(no.) KOMAYECTBY GPArMEHTOB | ocrposkamu (pG ocTposkamm (pG (%) P (pG T B

(%) octposkos (pG (%)

50-200 526,543 23.03 104,059 19.76 2,358,020 885,041 37.53
200-400 269,562 11.79 23,927 8.88 1,781,556 353,087 18.82
400-600 177,776 777 7,369 4.15 1,468,561 107,130 7.29
600-800 133,927 5.86 3,673 2.74 1,326,544 48,851 3.68
800-1000 104,976 4.59 2,168 2.07 1,193,233 25,821 2.16
1000-2000 311,596 13.63 4,596 1.47 4,610,504 58,288 1.26
2000-3000 149,468 6.54 1,771 1.18 3,036,951 25,106 0.83
3000-4000 86,760 3.79 809 0.93 2,165,171 10,785 0.50
5000-6000 36,931 1.62 266 0.72 1,242,712 3,412 0.27
6000-7000 25,027 1.09 202 0.81 947,874 3,354 .35
7000-8000 17,597 0.77 86 0.49 736,830 791 011
8000-9000 12,858 0.55 76 0.60 583,680 993 017
9000-10000 9,184 0.40 48 0.52 461,935 591 0.13
10000-15000 20,790 0.91 a7 0.47 1,255,731 2,003 0.16
15000-20000 5,111 0.22 16 0.31 414,400 163 0.04
20000-25000 1,441 0.06 & 0.42 147,731 34 0.02

dur. 128

SrL/ovrl



MpoueHT caintoB CpG
B npegenax CpG-octpokoB (%)

40 60 80 100

20

141/145

Accll-pacienneHHsie

’ mesenees [ SplpaciienneHHble

’ st G OMOVHUPOBAHO

200 400 600 800 1000
Paamep cdparmeHTOB (n.0.)

dwur. 129
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l'eHomHas [IHK

5. CCGG CCGG CCGG 3
3 GGCC GGCC GGCC -7
Pacuiennexve hepmeHTOM PECTPUKLK, HAaNpUMEP,
Mspl (caitt pacnosnaeanus CMCGG)

B gty co¥

Brifop pasmepa

i o o¥x
% G

=

ﬁw@k\%%&aw ¥

gl ‘

Turvposatne ¢ WNUNeYHbIMK aganTepamu,
Hecyumu 5’ Boictyn CG

W W%%?mnﬁ\\ e

%% O
M

QumncTka OT afanTepos UK AUMEPOB aaanTepos

QuucTKa OT HeNUIMPOBAHHBIX 8/1aNTePOB, IMHEHON
JIHK v He nonHocTsio. Konblesoi [IHK ¢ nomolso
aK3oHyKneas (Hanpumep, sk3oHykneasst H u VI

CEKBEHMPOBHHME OTAENBHOW MOneKynbl B peanbHOM BpEMEHN

AHanus MoardyKaLwiA OCHOBaHYIA ¢
vcnonssosaduem MM, LW v xoxTekcTa
nocneioBaTENLHOCTI COMNAcHD u30BpeTeHnio

dur. 130
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l'eHomuas [JHK
5 CCGE COGG LCGG ¥
F GGCC GGLC GGCC 5

Paciennetvie (hepmMeEHTOM PECTPUKLM,
Hanpumep, Mspl {caliT pacnosnasanna CACGG)

5 C06 ¥
S QLS
¥ . rha Goc s
Beibop pasmepa
E R o
¥ BECE
Fan "I Nuruposaniie ¢ aedocdopunitpoBaHHbIMH
’%%Mg@ O WIAKAEYHBIMY afanTepami, Hecylmmu 5' BbicTyn CG

e s
{ 2 e

%Wm%\
QuucTia oT agantepos
QocdopunupoBarme 1 CoeguHEHE
paspeisos [JHK-nurasoit
/ - " *‘{M%
0 3 W e, ; .
’ imwﬁ? i #

QuucTka 0T HeNUIMPOBAHHKIX afanTepos, nuueitHon [THK
1 He nonHocTbio Konbuesoit [HK ¢ nomolysio sk30HYKNeas
(Hanpumep, akaoHykneassl Il u VII).

CexBeHupoBaHMe OT/IENLHON MONIEKYNbI B PearnbHOM BpEMEHU

AHanus mogiuKauii OCHOBaHWUI C MCNONE30BaHNEM
M, LW u koxuTereTa nocnenoBaTebHOCTY COFNAacHo
n3obpeTeHmo

dur. 131
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O6pasLibl
nevKkouMTapHOro Cros

owur. 132
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