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MOCTIeIOBATEIFHOCTRIO-MHIIICHBI0. KOMIO3UIIMK TPUMEHSIOT IS PacCUICIUICHUS W MOXU(HUKAINN
MPEJCTABIAIONICH  WHTEpEC  IIOCIENOBATEIbHOCTA-MHIICHH,  BH3YAJIH3allMH  IPEACTABIAIONICH
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HaIpaBJIIEMON HYKJIea3bl U OJJHY WIH HeCKoIbKo Hamparisttonux PHK. Takke nmpeaycMOoTpeHbI ClIoCOOBI
1 HaOOPHI 1711 0OHapy)keHns nocuenosatensHocTd JJHK-Mumenn.
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PHK-HAITIPABJIAIEMBIE HYKJIEA3BI, UX AKTHUBHBIE ®PAI'MEHTBI U
BAPUAHTBI, A TAKXE CIIOCOBbBI IIPUMEHEHHW A

Q0sacTb TEXHUKHU

Hactosimee nzo0pereHne OTHOCUTCS K 00J1aCTH MOJIEKYJISIpHON OUOJIOTHH U
TreHHOMY peIaKTHPOBAHHUIO.

CchUiKka Ha IepevYeHb MOCIEI0BATEILHOCTEN, MPEACTABIEHHDIN B BUIE

TexcToBOro daiina yepes EFS-Web

Hactosimast 3asiBka conepxut [lepedeHp mocaenoBaTebHOCTEH, KOTOPBIH ObLI
npencrasiieH B popmare ASCII yepe3 cucremy EFS-Web snextponHoOI monadun
3asBOK YTpaBiieHUs No nateHTaMm u toBapHbIM 3Hakam CHIA (USPTO) u macTosmum
MOJIHOCTBHIO BKJIIOUEH MOCpeAcTBOM ccbliku. Y kazanHas konust ASCII, coznannas 11
aBrycrta 2020 r., HazeiBaercsa L103438 1170WO_0049 2 Seq List.txt u umeer
paszmep 489326 GalTOB.

IlpeminecTBYIONIMN YPOBEHb TEXHUKHU

IleneBoe penakTupoBaHue UJIU MOAU(DHUKALUA TeHOMAa OBICTPO CTAHOBUTCS
Ba)KHBIM HHCTPYMEHTOM (pyHIAMEHTAJbHBIX U NMPUKIAJHBIX UCCIETOBAHUN.
IlepBoHavanbHbIe METOABI BKIIOYAIN HYKJIE€A3bl IJIsI UHXXEHEPUH, TAKHE KaK
MeraHykKJieasbl, CIIUThIe HUHK-najblesble Oenku nan TALEN, TpeOyomue nonydeHus
XHUMEPHBIX HyKJea3 CO CKOHCTPYHPOBAHHBIMHU, IPOrPAMMUPYEMBIMH, CIEIH(PUIHBIMU
B OTHOLIEHUHU nociaenosarenpbHocTu JJHK-cBA3pIBaroOmumMyu foMeHamu,
crienn(pMIHBIMU IS KaXKJIOW KOHKPETHOH mocienoBatenbHocTH-MuimmeHu. PHK-
HalpasJjsieMble HyKJieasbl, Takue kak 0enku Cas, acCOUMMpPOBAHHBIE C
KJIACTEPUPOBAHHBIMU PETYJSIPHO PACMOJOKEHHBIMU KOPOTKMMHU NAJUHAPOMHBIMU
noeropamu (CRISPR — Clustered Regularly Interspaced Short Palindromic Repeats)
bakrepuanbHoii cuctembl CRISPR-Cas ((CRISPR)-associated — Cas), mo3BOJSIIOT
HaLeJINBATHCS HAa ONPEAeIEHHbIE MTOCIeA0BATEIbHOCTH MMyTEM 00pa30BaHuUs
KOMIUIEKCOB HykJea3 ¢ Hanpasisitomeit PHK, koropas cnenuduyecku
ruOpUANZUPYETCS C KOHKPETHOH LeIeBOH MOCHeq0BaTeNbHOCTRIO. [TonyueHne
Hanpasisromux PHK, cneunguyuapix B OTHOLIEHNH MUIIEHHU, MEHEe 3aTpaTHO U Ooiee
3¢ pexTUBHO, YeM CO3/1aHNEe XMMEPHBIX HYKJIea3 g KaKA0H MOCIe0BaTeIbHOCTH -

muuieHu. Takue PHK-nanpasiaseMble Hykj€a3pl MOKHO UCIOIb30BATh AJIs
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peIaKTUPOBAHUS F'€HOMOB HEOO0A3aTENbHO MyTEM BBEIECHUS CeNU(HIECKOTO IS
MOCJIEIOBATENbHOCTH JBYX1[€MIOYEYHOI O pa3priBa, KOTOPBII BOCCTAHABIUBAETCS C
MOMOII IO MOJBEPKEHHOTO OMHOKaAaM HErOMOJIOTUYHOro coequHenus: KoHnos (NHEJ —
non-homologous end-joining) AJs BBEAEHUS MYTallUU B OIPEAEICHHOE MECTO FreHOMA.
B npyrom BapuanTe rereposiorununas JJHK mMokeT ObITh BBeZieHa B TEHOMHBIN CailT
yepes3 HAMPaBJIEHHYIO 0 TOMOJIOTUH pemnapaluio.

Kpartkoe onucanue uzobpereHus

[IpenyioeHbl KOMIIO3UIIMHU U CIIOCOOBI CBSI3BIBAHUS MPEACTABIISIOMEH HHTEpeC
NOCJIe0BaTEIbHOCTU-MUIIeHU. KOMIO3UITMKU MOTYT OBITh MPUMEHEHBI IS
pacuierieHus Wil MOIU(PUKALMH MPEICTABISIIOMEeH HHTEPEC MOCIeI0BATEIBHOCTH -
MUIIEHHU, OOHAPYKEHUS MPEACTABISAIOIMENH HHTEPEC MOCIeA0BATEIbHOCTH-MUIIEHN H
MOAU(DUKAIINN SKCIIPECCHH MPEACTABISAIOMEH HHTEPEC MOCIEeI0BATEIBHOCTH.
Komnosunun conepsxat nonunentuabl PHK-nanpasnsemoit Hykneassl (RGN — RNA-
guided nuclease), CRISPR PHK (crPHK — CRISPR PHK), TpaHc-akTuBHpymue
CRISPR PHK (tracrPHK — trans-activating CRISPR PHK), nanpasasromue PHK
(gPHK — guide PHK), Monekyibl HyKJI€MHOBOH KHCJIOTHI, KOAUPYIOIIHE UX, a TAKKe
BEKTOPBI U KJIETKH-X0351€Ba, COAEp Kallle MOJIEKYJIbl HYKJIE€HHOBONW KUCIOTHI. Takxke
npeanoxensl cucteMbl CRISPR niist cBsi3pIBaHUS MpenCTaBASAIO e HHTEPEC
NocJie0BaTeNbHOCTU-MULIeHH, npudeM cuctema CRISPR copepxut nonunentun
PHK-HanpaBiasgeMoi Hykjea3bl U OAHY WIN Heckoabko Hanpasistomux PHK. Takum
oOpa3zom, criocoObl, MPEeIyCMOTPEHHbIE B HACTOSIEM U300pETEHNH, HAIPABJIEHbl HA
CBSI3bIBAHUE MPEACTABJSIOIEN HHTEPEC MOCIEA0BATEIbHOCTU-MUILIEHH U, B
HEKOTOPBIX BapUAHTaX OCYIIECTBJIEHUS HACTOSIIEr0 U300peTeHNs, Ha pacilerieHnue
WU MOIU(UKALMIO MPEACTABISIOMENH HHTEPEC MOCIeA0BATEIbHOCTH-MULICHH.
[Ipencrapisiromasi HHTEPEC MOCIEA0BATEIbHOCTh-MULIIEHb MOXKET OBIThH
MoAu(UIIMPOBAaHA, HAIPUMED, B PE3YJIbTATE HETOMOJOTHYHOTO COEANHEHUSI KOHLIOB
WJIM HAaNpPaBJCHHON MO FOMOJIOTHHU penapanuy ¢ BBEACHHONW JOHOPHOM
NOCJIeN0BaTEIbHOCTEI0. KpoMe TOro, mpenycMOoTpeHbl Crioco0bl U HAOOPHI s
obHapyskeHus nocienosarenpbHocTu-mutnenu JJHK monexkyner JJTHK ¢

HCIIOJIb30BAHUEM JAE€TEKTOpHOU oaHouenovyeunoin JJHK.

IHoapoOHoe onucanue u3odpereHue

MHorue Mmogu(uKauu U APYTHe BAaPUAHTBI OCYLIECTBIECHUS HACTOSAIIETO

I/1306peTeHI/IH, MNPpUBCACHHBIC HUKE, IMOHATHDBI CriClIaJIUCTaM B I[aHHOﬁ obyactu
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TEXHHKH, K KOTOPOH OTHOCHUTCS 3TO U300pEeTeHHE, C YUeTOM NPUHLHIIOB,
NpPEACTABICHHBIX B MPEIIMIECTBYIOMNX OMUCAHUAX U CBSI3aHHBIX C HUMHU (QUTypax.
Takum oOpas3om, clieAyeT YUUThIBATh, UTO H300pETeHUs HE JOJKHbBI OrPAHUYUBATHCS
KOHKPETHBIMHU BapUAHTAMHU OCYIIECTBJIECHUS, U YTO MOAUDUKALIMU U APYTUE BapUAHTHI
OCYILIECTBJICHUS NIPEAHA3HAYEHBI [JIsl BKIIOYEHUs] B PAMKH OXBaTa IPUJIaraeMbIX
BAPUAHTOB OCYINECTBJIEHUs N300peTeHusi. XOTs B ONMUCAHUU HCIIOJIb3YIOTCS
crienr(pUIeCKrue TEPMHUHBI, OHU HCIIOJb3YIOTCS TOJBKO IS ONTUCAHUS B

O6H.Iel'IpI/IH$ITOM CMBICJIC, @ HE B LHEJIAX OrPaHUYICHUA.

L. O630p

PHK-nanpasasiembie Hykiea3sl (RGN) mo3BOJAIOT LIeJI€eHanpaBJIeHHO
MaHUIYJIUPOBATh OJHUM CaiiTOM B T€HOME, U MOJIE3HBI B [JIaHE HAlleJUBAHUS Ha T'€HbI
A7 TepaneBTUUECKUX U UCCIIEOBATENbCKUX Lienel. Y pa3IudHbIX OpraHUu3MOB,
BKJIFOUass miekonuTtaromux, PHK-manpasasgeMbie Hyki€a3bl HCHOJB3YIOT AJS
WH)KEHEpHUU T'€HOMa, HallpuMep, NyTeM CTUMYJISILIMU HErOMOJOTUYHOTO COeANHEHUs
KOHIIOB U TOMOJIOTUYHON pexoMOuHanuu. Kommno3unun u cnocoObl, ONMMCAaHHBIE B
HACTOsIIeM U300peTeHNH, MPUMEHUMBI AJIS CO3JaHHA OJHOLENOYEYHbIX U
IABYXLETIOYEYHBIX Pa3pbIBOB B MOJUHYKJIEOTHAAX, MOANPUKAITUH MTOJUHYKIEOTUIOB,
o0HapyKeHHUsI KOHKPETHOTO caiiTa B MOJUHYKJEOTHAE UIH MOAUPUKALIUN SKCIIPECCUH
KOHKPETHOIO I'€Ha.

Onucanssle B HacTosAmeM n3obperenun PHK-HanpaBisiemble Hyki€a3bl MOTYT
U3MEHSTh 5KCIIPECCHIO T€HOB IMyTeM MOAN(UKALUU ITOCIe0BaTeIbHOCTH -MULIeHN. B
KOHKPETHBIX BapUAHTaX OCYIIECTBJIECHUs HacTosIero nsobperenus PHK -
HarpapJisieMble HyKJiea3bl HAPaBJSIOTCS K MOCIEN0BATEIbHOCTU-MHULIEHU C TOMOIIBIO
Hanpasisiromeid PHK (gPHK — guide RNA) kak yactu PHK-Hanpasnsiemoit
HYKJIEa3HOM CUCTEeMBbI KJIACTEPUPOBAHHBIX PEryJISIPHO PACHOJOKEHHBIX KOPOTKUX
nanuHapoMHbIX moBTOpOB (CRISPR — Clustered Regularly Interspaced Short
Palindromic Repeats). RGN paccmarpusatoT kak «PHK-Hanpasisiembie», MOCKOIBKY
Hanpagysitomue PHK obpasyror kommiekc ¢ PHK-HanpaBiseMbIMu HyKJiea3aMu JJIsI
HanpasineHuss PHK-nanpasiaseMo Hykyeassl Ha CBs3bIBAHUE C
MOCJIEI0BATENbHOCTBIO-MHULIEHBIO, 2 B HEKOTOPBIX BApPUAHTAaX OCYLIECTBJIEHUS
HACTOSIIIEero U300pEeTeHUs! IJIsl BHEIPEHUS OJHOIEMOYEYHOr0 U IBYXI[ETIOYEUHOTO
paspbiBa B L[ENEBYIO IMOCIEA0BATEIbHOCTD (MTOCIENOBATENIBHOCTh-MHIIEHD). [Toce

pacuienyieHus MociIea0BaTeIbHOCTU-MHULIEHN Pa3pbIB MOXKET ObITh penapupoOBaH
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TakuM obpasom, uto nocyienoBarenbHOCcTh JJHK 11eeBoil mocienoBaTebHOCTH
MoaupuIupyeTcs B mpoiecce pernapanuu. Takum o0pa3om, B HACTOSILIEM
n300peTeHun npeaycMoTpensl criocoObl npuMmeHenns PHK -manpasisemMbix HykiIeas
s Moaudukanuu nocaenosarenbHocTu-mMumenu B JIHK knerok-xo3sie. Hanpumep,
PHK-HanpaBisieMble HyKJiea3bl MOKHO HCIIOJIB30BATh ISl MOAU(DUKALIMH
MOCJIEAOBATEIbHOCTU-MULIEHH B TECHOMHOM JIOKYC€ 3YKapPUOTHYECKUX KJIETOK UJIH
MPOKAPUOTHYECKUX KIIETOK.

II. PHK-HanpaBisseMble HYKJIEA3bI

B Hacrosimem n3zoOperenuu npeaycmarpusaroT PHK-nanpasisieMbie Hykiieassl.
Tepmun PHK-nanpasnsiemas nykieasa (RGN) OTHOCHTCS K MOJHNENTHAY, KOTOPBIH
CBSI3BIBAETCS C OMPENEJCHHON MOCIEeA0BATENbHOCTBI) HYKJI€OTUAOB-MULIEHEN
crienupMIHBIM JJIsI TOCJIEIOBATEIBHOCTH 00pa30M M HANPABISAETCSA K LIEJIEBON
HYKJIEOTUIHOM MOCIEN0BATEIbHOCTH ¢ MOMOUIBbIO MOJIEKYJbl Hanpasisao e PHK,
KoTopast 00pa3yeT KOMIUJIEKC ¢ MOJUIENTHAOM U THOPUAN3HPYETCS C
MOCJIeIOBATENIbHOCThIO-MHUIIeHBI0. X0oTs1 PHK-Hampasisiemast Hykjieaza cnocoOHa
pacwemIsaTh NOCIE0BaTEeNbHOCTb-MULIEHD NIPU CBA3bIBAaHUU, TepMuH «PHK-
HampasJisieMasi HyKJjea3a» TaK)Ke OXBaThIBAET HykJieasbl, Hanpasisemble PHK,
KOTOpbIE CITOCOOHBI CBSI3BIBATHCS C LEJEBOI MOCIEN0BATENBHOCTHIO, HO HE
pacmemsaroT ee. Pacmennenue nociaenosarenbHoctu-mMmumenu PHK-nanpasasemon
HYKJI€a30d MOJKET NPUBECTU K OAHOLIENIOYEYHOMY UJIU ABYXLENOUYEYHOMY Pa3phIBY.
PHK-HanpaBisieMble HyKJiea3bl, COCOOHBIE pAaCIEIISITh TOJIbKO OAHY LeMb
ABYXILEOYEYHONU MOJIEKYJIbl HYKJIEHHOBON KHUCJIOTHI, HA3bIBAIOTCA HUKA3AMH.

K PHK-HanpaBisilO MM HYKJI€a3aM, OMTUCAHHBIM B HACTOSIIIEM H300pETeHUH,
otHocaTcss APG05733.1, APG06207.1, APG01647.1, APG08032.1, APGO05712.1,
APGO01658.1, APG06498.1, APG09106.1, APG09882.1, APG02675.1, APG01405.1,
APG06250.1, APG06877.1, APG09053.1, APG04293.1, APG01308.1, APG06646.1,
APG09748, APG07433.1, aMUHOKUCIOTHBIE MOCIEAOBATEIBHOCTH KOTOPBIX
npeacrtasiennl coorBeTcTBeHHO Kak SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69,
75, 82, 89, 95,103, 110, 117, 137 unu 235, u UX aKTUBHBbIE (parMeHThI UITH
BAPUAHTHI, KOTOPBIE COXPAHSIOT CIIOCOOHOCTD CBSI3BIBATHCS C MOCIEI0BATEIbHOCTHIO
HYKJICOTHAOB-MHIIEeHbIO crieruuyaeckum s PHK-nanpasnsemoi
NOCJIE0BATEIbHOCTH 00pa3oM. B HEKOTOPBIX M3 3TUX BaAPHUAHTOB OCYIIECTBIEHHUS
HacTosmero n3o0pereHust akTuBHbIN pparment winu Bapuantr RGN u3z APG05733.1,

APG06207.1, APGO01647.1, APG08032.1, APG05712.1, APG01658.1, APG06498.1,
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APG09106.1, APG09882.1, APG02675.1, APG01405.1, APG06250.1, APG06877.1,
APG09053.1, APG04293.1, APG01308.1, APG06646.1, APG09748 unu APG07433.1
Croco0eH pacensATh OJHO- WIJIM ABYXLENOUYEYHYIO MOCIeA0BATEIbHOCTb-MUIIEHb. B
HEKOTOPBIX BAPUAHTAX OCYINECTBJIEHUS HACTOSLIEr0 N300PETEHNs] aKTUBHbBIA BApUAHT
RGN u3 APGO05733.1, APG06207.1, APG01647.1, APG08032.1, APG05712.1,
APGO01658.1, APG06498.1, APG09106.1, APG09882.1, APG02675.1, APG01405.1,
APG06250.1, APG06877.1, APG09053.1, APG04293.1, APG01308.1, APG06646.1,
APG09748 unu APG07433.1 conep:kuT aMUHOKHCJIOTHYIO MOCJIEA0BaTENbHOCTD,
kKoTopasi mo Menbinei mepe Ha 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% unu Oojee UAEHTUUHA
AMUHOKHMCJOTHOM mociieA0oBaTeIbHOCTH, nipeactasiaeHHol B Buae SEQ ID NO: 1, 9,
16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117, 137 unu 235. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOAIETO H300pETeHUs aKTUBHBIIN
¢parmenT RGN u3 APG05733.1, APG06207.1, APG01647.1, APG08032.1,
APGO05712.1, APG01658.1, APG06498.1, APG09106.1, APG09882.1, APG02675.1,
APGO01405.1, APG06250.1, APG06877.1, APG09053.1, APG04293.1, APG01308.1,
APG06646.1, APG09748 unu APG07433.1 conepxut no menbiueil mepe 50, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,
1000, 1050 nnu Oonee HENMPEPHIBHO PACIIOJOXKEHHBIX AMUHOKHCJIOTHBIX OCTaTKOB
AMUHOKHUCJIOTHON MOCJIeIOBaTeNbHOCTH, npeacTaBieHHol B Buge SEQ ID NO: 1, 9,
16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117, 137 unu 235. PHK-
HaIpasJjsieMble HyKJieas3bl, TPeayCMOTPEHHbIE B HACTOSIIEM H300pETEHUH, MOTYT
Conep kaTh MO MEHbIIEH Mepe OAUH HYKJea3HbIll noMeH (HampuMmep, nomeH JJHKa3wi,
PHKa3we1) u no menpuieit mepe onqua PHK-pacnosnatomuii u/unu PHK-cBsi3bIBaro muii
NOMEH A7 B3aumopelicTsus ¢ Hanpasiasomumu PHK. JlononHuTenbHBIE TOMEHBI,
KOTOpbIe MOTYT ObITh OOHapyskeHbl B PHK -HanmpapisieMbIx HykJeas3ax,
NpeayCMOTPEHHBIE B HACTOSIIEM H300PETEHUH, BKIFOYAIOT, HO HE OIPaH UUHUBAKOTCS
umu: JIHK-cBsi3pIBaroIne TOMEHbI, TOMEHBI I'eJINKa3bl, JOMEHbBI B3aUMOICHCTBUS
Oenok-0eNoK U TOMEeHbl AUMepPH3alui. B KOHKPETHBIX BapUaHTaX OCYIIECTBIEHUS
HacTosimero nzooperenust PHK-Hanpasnsiemble HyKiIeas3bl, MPeayCMOTPEHHBIE B
HacTOsIEeM H300peTeHNU, MOTYT COAEpPIKaTh 1Mo MeHbwmel mepe 70%, 75%, 80%, 85%

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% , 98%, 99% u3 JHK -CBA3BIBAIOIUX

2

2

JOMEHOB, TOMEHOB I'eJINKa3bl, JOMEHOB B3aUMOAEHCTBUS OeJIOK-0eT0K U JOMEHOB

AUMEpU3aLUHU.
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HykneoTuanas nociaenoBaTebHOCTb-MULIEHb CBsA3bIBaeTcs ¢ PHK-
HaIpasJsieMOil HyKJiea3ol, NpelyCMOTPEHHON B HACTOAIEM N300peTeHNH, U
rubpunusupyercs ¢ Hanpasisomeit PHK, cesa3zannoit ¢ PHK -nanpasnsemoii
HYyKJIea30i. 3aTeM NOCIe0BaTeIbHOCTb-MULIEHb MOKET ObITh pacuieruieHa PHK-
HaIpaBJIsieMOil HyKJiea30, eciu MOoJUnenTu o01anaeT HyKJIea3HOi aKTUBHOCTBIO.
TepMHuHBI «pacIENUThy UIH «PACIIENICHUE» OTHOCATCS K TMAPOJHU3Y IO MEHbUIEH
Mepe onaHoM GhochonudPUPHOI CBSI3U B KapKace LeJeBON MOCIeN0BaATEIbHOCTH
HYKJIEOTUOB, YTO MOXKET MPUBECTH K OJHOLENMOYEUHBIM UJIN JBYXI€MOYEYHBIM
paspbiBaM B LEJIEBOI mocieaoBaTeNbHOCTU. PackpbiThie B HacTosimee BpeMsi RGN
MOTYT PaCLIEIIATh HYKJIEOTUIbl BHYTPHU MOJHHYKJIEOTHAA, QYHKIUOHUPYS KaAK
SHIOHYKJI€a3a, U MOTYT OBbITh 3K30HYKJI€a30H, yaajss MOCleOBaTeIbHbIC
HYKJICOTHABI ¢ KOHIA (5'- u/mnn 3'-KoHUA) NOJUHYKJIeOTHa. B npyrux BapuaHTax
OCYIIECTBJIEHUs HacTosimero n3odperenust onucaiusie RGN MoryTt pacmenisite
HYKJICOTHBI B LIEJIEBOH IMMOCIEA0BATEIBHOCTH B JIIOOOM IMMOJIOKEHUH MOJUHYKIEOTH A,
(G YHKIIMOHHUPYSI OMHOBPEMEHHO M KaK SHAOHYKJIea3a, U KaKk 3K30HYKJeasa.
Pacuennenue NoauHyKJI€OTHa-MULIEHH ONMCAHHBIMU B HacTosAlleM AokyMeHTe RGN
MOJKET NPUBECTU K CMELIEHHBIM pa3pblBaM WU TYIbIM KOHLAM.

Onucannble B HacTosimee BpeMs PHK-HanpasnsiemMble Hyka€a3bl MOTYT
NPEeACTaBIATh COOOHN MOCIEeN0BATENbHOCTH AUKOTO THIIA, TIOJYUYEHHbIE U3 BUIOB
Oaktepuii unu apxeii. B npyrom Bapuante PHK-HanpaBnisieMbie HyKJiea3bl MOTYT OBbIThb
BapUaHTaMH Ui pparMeHTamu nojaunentunos aukoro tuna. RGN gukoro Tumna
MOHO MOIU(PULIHPOBATH, HAPUMED, IJII U3MEHEHUSI aKTUBHOCTH HYKJI€a3bl UIIH
u3MeHeHus: cneunpuaHocTd PAM. B HEKOTOPBIX BapUaHTAX OCYILIECTBICHUS
HacTosmero uzodperenus npumeHsroT PHK -HanpaBiseMyro Hykieasy, He
BCTPEYAIOLIYIOCS B IPUPOAE.

B HekOTOpPBIX BapHaHTax OCYLIECTBIEHHS HacTosmero n3oodperenus PHK -
HampasJisieMasi HykJjeasa JeldCTByeT KaK HUKa3a, pacllerisisd TOJbKO OJHY LieNb
LeJIeBOU HYKJIeOTUAHOU nocnenosatenbHocTu. Takue PHK-nanpasnasemble Hykeasbl
UMEIOT OUH (YHKIUOHUPYIOUIUN HYKJIEa3HBbIH JOMEH. B HEKOTOPBIX U3 3THX
BAPUAHTOB OCYINECTBJIEHUS HACTOSIIEro H300peTeHns] ObUTH MyTHPOBAHBI
TOTIOTHUTENIbHbIE HYKJI€Aa3HblE TOMEHBI TAKUM 00pa30oM, UYTO HYKJI€a3HasI aKTUBHOCTD
CHHMJKE€HA UJIM YCTPaHEHA.

B npyrux BapmaHTax oCyleCcTBJICHUS HacTosmero nsooperenus PHK-

HalrpaBJissi€Masi HyKJji€a3da MOJHOCTBIO JIMIICHA HYKJIeaSHOfI AKTUBHOCTHU UJIN NPOSABIACT
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NOHMKEHHYIO HYKJI€a3HYI0 aKTHUBHOCTb, U B HACTOSIIIEM N300PETEHNUH €€ Ha3bIBAIOT
MEpPTBOW HYKJI€a30¥ UJIM HEAKTUBHOU Hykjea3ol. JIro6oit cnocod, N3BECTHBIN B
JAHHOM 00JIaCTH TEXHUKU IJIs BBEACHUS] MyTalluii B AMHUHOKHCIOTHYIO
NOCJIEA0BATENbHOCTD, Takol kak III[P-onocpenoBaHHbIll MyTareHes 1 CaiT-
HaNpaBJICeHHBIH MyTareHe3, MOKeT ObITh HCIOJb30BAH JUIS MOJYyUYEeHUsI HUKA3 WU
RGN 6e3 nykyieasHoi aktuBHOCTU. CM., Hanpumep, nyonukanuo US Ne
2014/0068797 u US 9790490, cyuiHOCTh KOTOPBIX BKJIIOYEHA B HACTOSILEE
u300peTeHrue MOCPEeACTBOM CChUIKH.

PHK-nHanpaisieMble HyKJieas3bl, He 00JaJaloIIe HyKJIea3HOW aKTHBHOCTBIO,
MO>KHO HCIOJIb30BaTh AJIS JOCTABKU CIUTBIX MOJUMNENTHAOB, MOJUHYKIEOTHAOB UIU
MalJlbIX MOJIEKYJ B ONpeleJIEeHHOE MECTO reHoMa. B HEKOTOpBIX U3 3TUX BapUAHTOB
OCYIIECTBJIEHUs HacTosimero n3odperenus nogunentuq RGN unu Hanpasisromas
PHK moryT OBITh CIIUTBI C AETEKTHPYEMOU METKOM, 4T0OBI 00ecnieunTh OOHApYKEHHE
KOHKPETHOM Mocieq0oBaTeNbHOCTH. B KauecTBe npumepa, He OrpaHUYUBAIOIIETO
obnacTu oxBara HacTosmero nzobperenus, RGN 6e3 Hyki1ea3HOH aKTUBHOCTH MOXKHO
CIUTh ¢ OOHAPYKUBaEeMOW MeTKON (Hanpumep, GJIyopeCcLEeHTHBIM OeIKOM) U HalleJIUThb
Ha KOHKPETHYIO MOCJIE0BaTEIbHOCTD, CBA3AHHYIO € 3a00J€eBaHUEM, YTOOBI
00HAPYXKHUTh MOCIEAOBATEIBHOCTD, CBA3AHHYIO C 3a00JIEBAHUEM.

B npyrom Bapuante RGN 0e3 Hykjea3HOH aKTUBHOCTH MOJKHO HaIl€JIUTh Ha
ONpeneseHHbIe MECTa F'eHOMA, YTOOBI H3MEHHUTD HKCIPECCUI0 HYKHOM
NOCJIENOBATEIbHOCTH. B HEKOTOPBIX BapHaHTax OCYLIECTBJIEHHUS HACTOSILETO
uzobperenus csa3biBanue PHK-HanpaBisieMoli MEpTBOI HYKJI€a3bl C
MOCJIEI0BATENbHOCTBIO-MHUIIEHBIO MPUBOIUT K MMOJABJIEHUIO 3KCIIPECCUH
MOCJIEIOBATENbHOCTU-MULIEHN UJIM M'eHa, HaXOASIerocs mojJ KOHTPOoJIeM
TPaHCKPUILUH MOCIEJ0BATEIbHOCThIO-MUIIEHbIO TTyTEM BMEIIATENbCTBA B
ces3piBanne PHK-nmonnmepassl uinu GpakTopoB TPAHCKPHUIILUH B LEJEBOH 00J1acTH
reHoma. B npyrux BapuaHTax OCYIIECTBJIEHUs HacTosmero n3odperenns RGN
(mampumep, RGN 6e3 HykJiea3HOW aKTUBHOCTH) UJIM €r0 KOMILIEKCHASI HAMPAaBJISIOIIAs
PHK nonosHUTENBHO CONEPKUT MOAYJIATOP 3KCIPECCUU, KOTOPBIN NPU CBS3BIBAHUHU C
NOCJIE0BATEIbHOCTBIO-MHUIIEHBIO CIYXKUT JUOO I MOAABICHUS, JTUOO st
aKTHUBALIMU 3KCIIPECCHUH MOCIE0BATENbHOCTU-MUIIEHH WU T'€HA, HaXOASLIEerocs mnoj
TPaHCKPUMNLMOHHBIM KOHTPOJIEM MOCJIE€A0BATENIbHOCTBIO-MUILIEHbIO. B HEKOTOPBIX U3

STUX BAPHUAHTOB OCYIIECTBJIEHUSI HACTOSIIETO U300PETEHHS] MOAYJISITOP SKCIIPECCUH
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MOJYJIUPYET 3KCIPECCHUIO LIENEBOM MOCIE0BATEIbHOCTH N PETYJIUPYEMOrO IreHa
NOCPEACTBOM 3IIUT€HETUUECKUX MEXAHU3MOB.

B HekOTOpPBIX BapHaHTax OCYIIECTBJEHHS HACTOSAIETO H300pETeHUsI MEPTBBIE
RGN unu RGN, obnagaromuii TOJIbKO HUKA3HOH aKTUBHOCTBIO, MOTYT OBITh HAll€JEHbI
Ha OTpeaesIeHHbIe YUaCTKH F€HOMa Uil MOIU(UKAIIUHU [TOCIE0BATEIbHOCTH
NOJIMHYKJIEOTUAA-MULIEHU MYTEM CIMSHUSA C TOJUIENTHAOM, PEIaKTUPYIOIIUM
OCHOBaHHeE, HAIpUMep, MOJUNENTUIOM Ae3aMHUHA3bl UJIU €r0 aKTUBHBIM BapUaHTOM
Wiu parMeHTOM, KOTOPBIH 1€3aMUHHUPYET HYKJICOTHAHOE OCHOBAHUE, YTO MPUBOIUT
K IPEBPaLeHHI0 OJJHOTO HYKJIEOTUAHOI0O OCHOBaHU B Apyroe. [lonunentun,
penakTUPYOINui ocHOBaHue, MOXkeT ObITh CIUT ¢ RGN Ha e€ N-koHue unu C-koHIe.
Kpowme Toro, monunenTun, peaakTUPYIO MU OCHOBAHUS, MOKeET ObITh ¢cUT ¢ RGN
yepes NenTuaHbli JuHKep. IIpuMep, HEe OrpaHMYNBAIOIINN PAMOK OXBaTa HACTOSIIErO
U300peTeHusl, MOJUIENTH 1A 1e3aMUHA3bl, KOTOPBI MOXKHO MCIIONIb30BATh AJISI TAKHX
KOMIIO3UIIUH B CITOCOOO0B, BKIOYAET UUTHANHIE3aMHUHA3Y MM a€HO3UH 1e3aMUHA3Y
(Takyro Kak ne3aMUHa3a, peAaKTHPYIOMasi OCHOBaHMS aaeHo3uHa, onucanuas Gaudelli
¢ coasT., Nature, 2017, 551:464-471, US 2017/0121693, US 2018/0073012,
WO0/2018/027078, unu nrobdas u3 nezamunas, onucanusix B PCT/US2019/068079,
CYIIHOCTb KaKJOH M3 KOTOPBIX BKJIIOUEHA B HACTOsILIee U300pETEHNE B BUJE€ CCHUIKH).
Kpome Toro, B jaHHOH 00JaCTH TEXHUKHU U3BECTHO, UTO HEKOTOPBIE CIUTHIE OeNKU
RGN u ¢pepmenTa, pegakTHPYIOIIETO OCHOBAHUS, MOTYT TaKXKe COAEePIKATh IO
MeHbIIeH Mepe OJUH MOJUIEeNTU A, CTAOUIN3UPYIOIHI ypaLuI, KOTOPBIH
yBEJIUYUBAET CKOPOCTh MyTallUU LUTUANHA, A€30KCULIUTUANHA UJIM IUTO3UHA B
TUMUJIUH, 1€30KCUTUMHUAUH U TUMHH B MOJIEKYJIE HYKJIEUHOBON KHCJIOTHI C
MOMOILIBIO Ae3aMUHa3bl. He orpaHnumnBaromume paMoK 0XBaTa HaCTOAIIEro
N300peTeHUsI NIPUMEPHI MOJHIENTHAOB, CTAOUIN3UPYIOIMHUX YPAIUI, BKIOYAKOT
MOJIMIIENTH b, ONMUCAHHLIE B MAaTEHTHOM 3asiBke US 63/052175, noganHoi 15 urons
2020 r., u nomeH uarudOuTopa ypanunraukosunassl (UGI — uracil glycosylase
inhibitor) (SEQ ID NO: 261), koTOpBIil MOXKET MOBLIIATH 3P (HEKTUBHOCTD
penaktupoBaHus ocHoBaHuU (US 10167547, BkOUeHHBIH B HacTOsIIee H300peTeHnE
B BUAe cchuikn). Takum oOpas3om, ciuTeiil 6enok moxet conepkarb RGN, onucanHyo
B HACTOSIIEM U300pETEHNH, UK €€ BAPUAHT, A€3aMHHA3Y M HEOOs3aTeIbHO 110
MEHbII e Mepe OIHMH MOJUMEeNTH, CTabunu3npymui ypanui, Takoi kak UGIL.

PHK-HanpaBisieMble HYKJ1€a3bl, CIUTbIE C MOJUNENTUAOM UJIH JOMEHOM, MOTYT

OBITH pa3feeHbl UJIU COEUHEHBI IMHKEPOM. TepMUH «JINHKEP», UCIOJIb3yEMbIH B
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HACTOsIIeM U300pETeHNH, OTHOCUTCS K XMMUUYECKOH TPYIINe WU MOJIEKYJIe,
CBSI3BIBAIOINEH BE MOJIEKYJIBI HJIM ABA (PparMeHThl MOJIEKYJIbl, HATIPUMED,
CBSI3BIBAOINMI JOMEH U IOMEH paclIeNeHNs Hykjea3bl. B HEKOTOPBIX BapuaHTax
OCYLIECTBJICHHUSI HACTOSIIIETO U300peTeHUs INHKEP COEANHSET CBIA3bIBAIOINUI JOMEH
gPHK PHK-HanpasiseMoll Hykjeas3bl U NOJUNENTU, PEAAKTUPYIOLUI OCHOBAHUS,
TakoOMN Kak Je3aMHHa3a. B HEKOTOpBIX BapHaHTaX OCYILIECTBJIEHUS HACTOSIIEr0O
u3obpereHus nuHKep coenuusier MmepTByr0 RGN u nezamunasy. Kak npaBuiio, TUHKeEp
PaCIIONIOXKEH MEXAY ABYMsI IPYMIaMH, MOJIEKYJIaMH WU (pparMeHTaMu MOJIEKYJ HJIH
(bITaHKUPOBAH UMHU U COEAUHEH C KaXKIbIM U3 HUX KOBAJEHTHON CBS3bIO, TAKUM
obpazom, oObenuHss UX. B HEKOTOPBIX BapHaHTaX OCYIIECTBJICHUS HACTOSIIETO
NU300peTeHUst TUHKEP MPEeNCTaBIsIeT COO0H aMHUHOKHCIOTY HJIM MHOJKECTBO
aMHUHOKHCJIOT (Hampumep, nentun win 0ejaok). B HekoTopsIx BapuaHTax
OCYIIECTBJICHUSI HACTOSIIEr0o H300peTeHUsI TUHKEP MPENCTaBIsieT OO0
OPTraHUYECKYI0 MOJIEKYJy, TPYIIY, OJUMEP UM XUMUYECKHH ¢pparMeHT. B
HEKOTOPBIX BapUAHTaX OCYIIECTBJIEHUS HACTOSLIEro N300 pEeTEeHNs JINHA JTUHKEpa
coctaBiseT 5-100 aMMHOKHCIOT, Hanpumep, S5, 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, 30-35, 35-40, 40-45, 45-50, 50-
60, 60-70, 70-80, 80- 90, 90-100, 100-150 unu 150-200 aMUHOKHUCJIOT B JJIMHY.
Takxe paccmaTpuBaroTcs OoJiee AJTMHHBIEC HIN KOPOTKUE JTUHKEPHI.

Onucannble B HacTosimee BpeMs PHK-HanpaBnsembie Hyki1ea3bl MOTYT
comepkaTh IO MEHbLIEH Mepe OOUH CUTHAI simepHoi nokanuzauuu (NLS — nuclear
localization signal) nns ycunenust tpancnopra RGN B sanpo kietku. CurHaibl
SANEPHON JOKAJIU3aIUU U3BECTHBI B TAHHOW O0JIACTH U, KaK MPABUIIO, BKIOYAIOT
NOCJIE€OBATEIbHOCTh OCHOBHBIX aMHHOKHCIIOT (CM., Hanmpumep, Lange ¢ coast., J.
Biol. Chem., 2007, 282:5101-5105). B HEeKOTOpPBIX BapUaHTaX OCYLIECTBICHUS
HacTosmero nzobperenuss RGN conepxur 2, 3, 4, 5, 6 unu 60jee CUTHAJIOB SIIEPHON
nokanu3anuu. CurHan (CUrHaJBl) SAEPHOHN JIOKAIU3ALUA MOTYT OBITh
rereposiorndHbiMu NLS. IIpuMepsl curHanos siAepHO JOKaIu3aluu, He
OTPAHUYHUBAIOIINE PAMOK OXBAaTa HACTOSLIEr0 H300PETEHHNS U TPUMEHUMBIE JUIS
onucaHHbIX B HacTosiuee BpeMs RGN sABast0TCA cUrHalaMu siiepHON JIOKalu3aluu
6onpmoro T-anturena SV40, HykneornazmMuHa u c-Myc (cMm., Hannpumep, Ray ¢
coaBT. Bioconjug Chem, 2015, 26(6):1004-7). B onpeneneHHbIX BapHaHTax
ocyIecTBJIeHUs HacTosmero n3oopereHuss RGN BKIIOYAIOT MOCIEN0BATENIBHOCTH

NLS, npencrtasnennbie kak SEQ ID NO: 125 unu 127. RGN moxer conepxaTb OAHY
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WIN HECKOJbKO mocienoBarenabHocTed NLS Ha N-konne, C-koHIe uiau kKak Ha N-
koHLe, Tak 1 Ha C-koHue. Hanpumep, RGN moxkeT cogepxath nBe
nocnenoBareabHocTH NLS B N-koHLIEBOH 00acTH U UeThIpE MOCIE0BATEIbHOCTH
NLS B C-koHuesoii obnactu.

Jpyrue nocinenoBaTelbHOCTh CUI'HAJIOB JIOKAJINU3aLlU, U3BECTHBIE B TaHHOMN
00J1acTH, KOTOPBIE JIOKAJTU3YIOT MOJUIENTUIBI B OMPEAEIeHHbIX CyOKIeTOUHBIX
MECTOIOJIOKEHUSX, TAK)KE MOTYT OBITh UCTIOJb30BaHBI sl HaueauBaHus RGN,
BKJIFOYasi, HO UMH HE OTPaHUYUBASCh, MOCIEIOBATEIBHOCTH MJIACTHIHOMN
JOKAJIM3AIUH, IOCIEA0BATEIbHOCTH MUTOXOHAPHATBHON JIOKAJIU3ALNU U CUTHAJIbH bIe
NOCJIEJOBATEIbHOCTH JBOMHOTO HALIEJIMBAaHUS, KOTOpble HalleleHbl HAa RGN. kak B
IJIACTUIAaX, TaK U B MUTOXOHJAPHX (CcM., Hanpumep, Nassoury, Morse, Biochim
Biophys Acta, 2005, 1743:5-19; Kunze, Berger, Front Physiol, 2015,
dx.doi.org/10.3389/fphys.2015.00259; Herrmann, Neupert, /UBMB Life, 2003,
55:219-225; Soll, Curr Opin Plant Biol, 2002, 5:529-535; Carrie, Small, Biochim
Biophys Acta, 2013, 1833:253-259; Carrie ¢ coast., FEBS J, 2012, 276:1187-1195;
Silva-Filho, Curr Opin Plant Biol, 2003, 6:589-595; Peeters, Small, Biochim Biophys
Acta, 2001, 1541:54-63; Murcha ¢ coasrt., J Exp Bot, 2014, 65:6301-6335;
Mackenzie, Trends Cell Biol, 2005, 15:548-554; Glaser ¢ coaBst., Plant Mol Biol,
1998, 38:311-338).

B HEKOTOpPBIX BapHaHTaX OCYLIECTBJIEHUS HACTOSLIEr0 N300PETEHNsI U3BECTHBIE
B Hactosimee BpeMsi PHK-HanpasnsieMble HykJiea3pl COAEpIKaT IO MEHbLIEH Mepe OJUH
MPOHUKAIINHUN B KJIETKY TOMEH, KOTOPbIH criocoOCcTByeT nornoineHnio RGN
kyierkamu. [IpoHuKaromue B KJI€TKy JOMEHbI H3BECTHBI B JAHHOHN 00JaCTH U OOBIYHO
COCTOSIT U3 YYAaCTKOB IMOJIOKUTEJIBHO 3aPSIKEHHBIX aMUHOKHUCIOTHBIX OCTATKOB (T.€.,
MOJIMKATHOHHBIE IPOHUKAIOIIHUE B KJIETKY JOMEHBI), YePEAYIOIHUXCS MOJISIPHBIMH
AMHUHOKHCJIOTHBIMH OCTaTKaMU M HETOJISIPHBIMU aMHUHOKHUCIOTHBIMH OCTAaTKaMHu (T.€.,
aM(punaTHYecKue MPOHUKAKINE B KJIETKY JOMEHBI), UIU ruapod oOHBIX
AMHUHOKHCJIOTHBIX OCTaTKOB (T.e., ruApooOHBIE TPOHUKAOIIHNE B KJIETKY JOMEHBI)
(cm., manpumep, Milletti F., Drug Discov Today 2012, 17:850-860). Ilpumepom, He
OTPAHUYHMBAIOIIUM PAMKH OXBAaTa HACTOSIIETO H300PETEHUs, TPOHUKAIOIIETO B KIETKY
IOMEHa SIBJISIETCS] TPAHCAKTUBHUPYIOLUNA akTuBaTop TpaHckpunuuu (TAT) u3 Bupyca
UMMYHOnepUIuTa YenoBeka 1.

Curnan simepHOM JOKaNIU3aLNU, CUTHAJ MJIACTUAHON JIOKAJINU3aLUH, CUTHA

MHUTOXOHAPUAJIBbHON JOKAIU3aLUU, CUTHAJ JIOKAIU3AaLUU C JBONHON
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HAIpPaBJIEHHOCTBIO U/MJIN NPOHUKAOMIUN B KJIETKY JOMEH MOTYT OBITh PACIOJIOXKEHBI
Ha aMuHO-koHIe (N-koHIle), KapOokcunbHOM KoHIE (C-KOHIIE), UM BO BHYTPEHHEH
nokanuszauuu PHK-nanpasisgemMol Hykieasbl.

H3BecTHble B HacTosmee BpeMss RGN MoryT ObITh ciiuThl € 3 PEKTOPHBIM
JOMEHOM, TaKUM Kak JIOMEH pacllelIeHUs, JOMEH 1€3aMUHAa3bl UJIU JOMEH
MOZAYJIATOpPA SKCIPECCHUH, NPSIMO U KOCBEHHO Uepe3 JUHKepHbIH nentun. Takon
IOMEH MOXKET ObITh pacnojoxkeH Ha N-koHue, C-KOHIIe UJIM BO BHYTPEHHEH
nokanuszauuu B PHK-Hanpasasemoil Hykiea3bl. B HEKOTOPBIX U3 3TUX BapUAHTOB
OCYINECTBJICHUs HacTosmero nzodperenust komnoHeHT RGN cnuToro 6emnka siBiseTcs
MepTBOi Hykineaszoil RGN.

B HEKOTOPBIX BapHaHTaX OCYIIECTBJICHHS HACTOSAIIETO H300PETEHUS CITUTHIHI
6enox RGN comepuT NOMeH paclieruieHus, KOTOPBIN MpeaAcTaBisieT coboil oo
IOMeH, crocoOHbIN pacmeniaTe noaunykiaeotun (T.e., PHK, JIHK unu rubpun
PHK//IHK), u BkJIFOYaeT, HO UMH MEPEeUCHb HE OrPAHUYNBAETCS, SHAOHYKII€a3bl
PECTPUKLIMHU U XOYMHUHT-3HJOHYKJI€a3bl, TAKME KaK SHIOHYKJIea3bl Tuna IIS
(mampumep, Fokl) (cm., nHanpumep, Belfort ¢ coast., Nucleic Acids Res, 1997,
25:3379-3388; xH.: «Nucleases», mox pen. Linn ¢ coast., u3n. Cold Spring Harbor
Laboratory Press, 1993).

B npyrux BapuaHTax OCyLIECTBJIEHHUS HACTOAIIETO U300peTeHUs CIUTHIN Oesok
RGN conepxut 1oMeH Ae3aMUHAa3bl, KOTOPBIH Ae3aMUHUPYET HYKIEOTUIAHOE
OCHOBaHHE, YTO MPHUBOJIUT K IPEBPALIEHUI0 OAHOTIO HYKJIEOTHAHOIO OCHOBAHUS B
Apyroe, u BKJIIOYAET, HO HE OTPAHUYHMBAETCA UMH, PEJAKTOPbl OCHOBaHUMN
UUTHAWHAE3aMUHA3Y UK afeHo3uHae3aMuHasy (cM., Hanpumep, Gaudelli ¢ coasr.,
Nature 2017, 551:464-471, US 2017/0121693, US 2018/0073012, US 9840699,
WO0/2018/027078).

B HEKOTOpPBIX BapHaHTaX OCYLIECTBICHHUS HACTOSIIEr0 U300peTeHHs
s dextopubiii nomeH ciuToro 6enka RGN moxker ObITh JOMEHOM MOAYJISITOPA
SKCIPECCUHU, KOTOPBIH ABJISAETCS TOMEHOM JIMOO I YCUJIEHUSI, TUOO IS MMOIaBICHHS
TpaHCKpHUMNLUH. JJOMEH MOAYyIATOPA HKCIPECCUU MOXKET MPENCTABISATh COOOH JOMEH
SMHUTEHETHYECKON Moau(puKaLuK, JOMEH pernpeccopa TPAHCKPHUIIIIUN HJIH JOMEH
AKTUBALUH TPAHCKPUIILIUY.

B HeKOTOpPBIX MOJOOHBIX BApHAHTAX OCYILIECTBIEHHS HACTOSALIETO U300peTeHUs
MOZIYJISATOP dKcnpeccuu ciautoro 0eiaka RGN conepkuT fOMEH 3NMUTeHeTUYEeCKOH

Moau(puKauu, KOTOpbii koBaseHTHO Moauduuupyer JHK wnu ructonnsie 6enku,
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U3MEHsISl CTPYKTYPY T'MCTOHOB HU/UJIM XPOMOCOMHYIO CTPYKTYpY 0€3 H3MeHeHus
nocaenosarenapHocTu JIHK, 4TO npuBOAUT K U3MEHEHUSIM B HKCIIPECCUU T'€HOB (T.€.,
NOBBILIAOINAS UJIM MTOHMIKaOmas perynsanus). HeorpaHuunrenbHble IpUMeEpPbI
SMUT€HETHYECKUX MOJU(UKALUI BKIOYAIOT alleTUJIMPOBAHNE UM METUIUPOBAHHE
OCTAaTKOB JIN3WHA, METUIIMPOBAHNE apTrUHUHA, pocHopunupoBaHue cepuHa u
TPEOHNHA, YOMKBUTHHUPOBAHUE JIN3UHA U CYMOMJIMPOBAHNE I'MCTOHHBIX OEJKOB, a
TaKX€ METUJIMPOBAHUE U THJPOKCUMETUINPOBaHUE OCTAaTKOB uto3uHa B JJHK.
Heorpann4yurtenbHble MPUMEPHI JOMEHOB 3MUTC€HETUUECKON MOAUDUKAIIUN BKIIOYAOT
IOMEHBI THCTOH-aleTUIATPaHchepasbl, TOMEHbI THCTOH-AEAleTUIa3bl, TOMEHBI THCTOH-
MeTuITpaHchepassl, JOMEHBI THCTOH-AeMeTua3bl, foMenbl JJHK-metunrpanchepassr
u gomenbl JIHK-gemernnassr.

B npyrux BapmaHTax OCYLIECTBICHHUS HACTOSAIIETO H300PETEHUS MOAYJISITOP
SKCIPECCUHU CIUTOTO OeKa COAEPKUT JOMEH pernpeccopa TPAHCKPHUILUH, KOTOPBIH
B3aMMOJICHCTBYET C 3JIEMEHTAMH KOHTPOJIS TPAHCKPUIIIIUU U/ unu Oenkamu,
peryaupyrouuMu TpaHckpunuuio, TakumMu kak PHK -monumMepassr u pakTopsl
TPAHCKPUILUH, AJ CHUXKEHUS UM TEPMUHALMU TPAHCKPUIILIUY 10 MEHbLIEH Mepe
OHOTO reHa. JIoMeHBl penpeccopoB TPAHCKPHUIIIIMK U3BECTHBI B JAHHON 001acTH U
BKJIIOYAIOT, HO HE OrPaHUYUBAIOTCS UMH, Spl-nogoOHBIe penpeccopsl, noMeHbl [kB u
cesizanHyto kopobky Krippel (KRAB — Krippel associated box).

B eme onHUX BapHaHTax OCYIIECTBIEHUS HACTOSLIEr0 H300peTeHUs MOAYISATOP
SKCIPECCUHU CIUTOrO OeKa COAEpIKUT AOMEH aKTUBAIMU TPAHCKPHUILIUU, KOTOPBIH
B3aMMOZAEHCTBYET C 3JIEMEHTAMH KOHTPOJISI TPAHCKPHUIILUN U/ 1IN OenKaMu,
pPeryaupyoUMMU TPaHCKpUNLUIO, TakuMu kak PHK-nmonumMepassr u GpakTopbl
TPAHCKPUINLMY, AJs YBEJIUUYEHUs UM aKTUBALUM TPAHCKPUIILMHU IO MEHbIIENH Mepe
OIHOTO reHa. JIoMeHbl aKTHBAIIMU TPAHCKPUIILIMH U3BECTHBI B JAHHOH 00acTH U
BKJIOYAIOT, HO HE OTPAHUYUBAIOTCS UMM, TOMEH aKTHUBALMU BUPYyCa NPOCTOrO reprneca
VP16 u nomen aktuBauuu NFAT.

OmnuceiBaembie B HacTosAmeM n3obperennu noaunentunsl RGN moryt
comepkaTb OOHAPYKMBAEMYIO METKY HUJIM METKY AJsl OYUCTKH. JleTeKkTupyemas MeTka
WU METKa JJIs1 OYUCTKH MOXKET OBbITh pacrnojioxkeHa Ha N-koHue, C-KOHIe Uiau BHYTPHU
PHK-nanpaBisieMoil Hykjiea3bl U COeIMHEHa 00 MpsMO, THO0 KOCBEHHO Uepes
JUHKEpPHBIN nenTuja. B HEKOTOPBIX U3 3TUX BAPUAHTOB OCYLIECTBJIEHHS HACTOSLIETO

nzobperenusi komnoHeHT RGN ciurtoro Genka mpencrasiser codboil MEPTBYIO
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Hykjeasy RGN. B npyrux BapuanTax ocyiecTtsiaeHus komnoneHT RGN cautoro
Oenka nmpexncrasisier coboit RGN ¢ HUKa3HOW aKTUBHOCTBIO.

JIeTEKTUPYEMOU METKOMU SBJISIETCSI MOJIEKYJIA, C MOMOLIbIO KOTOPOU MOXHO
BU3YaJIM3UPOBATH WM HAOIIOAaTh HHBIM 00pa3oM. JleTekTupyemas MeTKa MOXKET
OpiTh ciuta ¢ RGN B Buzge ciutoro Oenka (Hanpumep, GIyopeclUeHTHOTO Oenka) uiu
MOKET MPEACTABIATh COO0 HEOONMbIIYIO MOJIEKYY, KOHBIOTHPOBAHHYIO C
nonunentuaoM RGN, KOTOpyr MOKHO 0OHApPYKUTh BU3YaJIbHO WU IPYTUMH
criocobamu. JleTeKTupyeMble METKH, KOTOPbI€ MOTYT OBITh CIUTBHI C U3BECTHBIMHU B
Hactosimee BpeMs RGN B Bune ciautoro 6enka, BKIOYAOT JII0OOH AETEKTHPYEMBbIii
OeJKOBBIM JOMEH, BKJIKOYAas, HO, HE OTPAHUYNBASCh UM, (PIYyOPECLEHTHBIN OeJIOK UIN
O€JKOBBIM JOMEH, KOTOPbIH MOKHO OOHAPYKUTh C TOMOIIBIO CIIEU(UIECKOTO
antutena. HeorpanuuurenbHble pUMeEPhI (PIIyOPECLEHTHBIX OEIKOB BKJIIOYAIOT
3enensle payopecuentHole Oenku (Hanpumep, GFP, EGFP, ZsGreenl) u sxenteie
dbnyopecuentusie 6enku (Hanpumep, YFP, EYFP, ZsYellow1). HeorpanuunrenbHbie
IpUMEPBl METOK, MPEACTABISIOIUX MaJIble MOJIEKYJIbI, BKJIIOYAIOT PAAUOAKTUBHbIE
MeTKH, Takie kak "H u °°S.

ITonunentuael RGN takke MOTyT cofepkKaTbh METKY OUMCTKH, KOTOpast
npeacTasisieT co0oi MO0y MOJIEKYTy, KOTOPYIO MOXHO MCIOJIb30BATh IS
BBIJICJICHUS OeJKa UJIM CIUTOTO Oesika U3 cMecH (Hampumep, OMOJIOTHIECKOro
oOpasua, KynbTypaibHOU cpenbl). HeorpanuyureabHble MPUMEPbl METOK OYHUCTKHU
BKJIFOYAIOT OMOTHH, myc, O0enok cBa3biBaHus ManbTo3bl (MBP — maltose binding
protein) u rimyratuoH-S-tpancdepasy (GST — glutathione-S-transferase).

II. Hanpasasiromas PHK

Hacrosiiee nzobperenue npenycmatpusaeT Hanpasisiomue PHK u
KOAUPYIOLIME UX MOJUHYKJIeoTuabl. Tepmun «Hanpasiastomas PHK» orHocuTcs k
HYKJIEOTUAHOMN MOCIe10BaTEIbHOCTH, UMEIOLIell TOCTATOUYHYI0 KOMIIJIEMEHTAPHOCTb C
1[€JIEBOI HYKJICOTUIHOW MOCIEA0BATEIbHOCTHIO JIsI THOPUAN3ALNY C [EJIEBOH
MOCJIE0BATEIbHOCTBIO U NPSIMOTO CBA3BIBAHUSA accounuposannon PHK-
HaIpaBJsieMOUN HyKJieas3bl C LeJIeBON HYKJIEOTUIHON MOCIEeA0BAaTEIbHOCTEIO. Takum
obpasom, cooTBeTcTByromas Hanpasistomas PHK RGN npencrasnsier coboit ogHy
niu Heckosibko Mosiekya PHK (kak mpaBuiio, oqHy HJIM AB€), KOTOPBIE MOTYT
cBsa3biBaThCcs ¢ RGN u HanpasnsaTe RGN ans cBA3bpIBaHUA C ONpeaeeHHON
MOCJIE0OBATENIbHOCTHIO HYKJIEOTUOB-MUIIEHEN, U B T€X ciyuasx, korga RGN

o6nanaeT HUKAa3HOM MU HYKHeaSHOﬁ AKTUBHOCTbBIO, TAKXKE PACIICIUIAOT HEJICBYIO
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HYKJICOTHAHYIO nocienoBarenbHocTh. OObiuHO Hanpassstomas PHK conepxxut PHK
CRISPR (crPHK), a B HEKOTOPBIX BapHaHTaX OCYIIECTBJIEHUS HACTOSIIETO
nzo0perenus — tpanc-akrusupyouyo PHK CRISPR (tracrPHK). Hatusnbie
Hanpasisomue PHK, koropeie conepskar kak crPHK, Ttak u tracrPHK, oObrano
cozxepkat nBe otaenbHble Mosiekysnbsl PHK, koTopsle rubpuansupyrores apyr ¢
APYroM MOCPEeACTBOM MOBTOpsArOLIeNcs nociaenosarenbHoctu crPHK u
AHTUIIOBTOPSIOLIENCS nmocaenoBaTebHOCTH tracrPHK.

HarusHble npsiMble moBTOpsOLINECS ocaenoBaTenbHocTu B Maccuse CRISPR
00OBIYHO UMEIOT AIMHY OT 28 10 37 map OCHOBAaHH, XOTS JJIMHA MOJKET BapbUPOBATH
oT npumepHo 23 a0 npumMepHo 55 n.H. CrelicepHble NOCIEA0BATEIbHOCTH B MaCCHBE
CRISPR 00pMHO UMEIOT JJIUHY OT IPUMEPHO 32 10 nMpuMepHO 38 M.H., XOTs JJIHNHA
MOJKeT COCTaBJATh OT npumepHo 21 no npumepro 72 n.H. Kaxnareiit maccus CRISPR
O0OBIYHO CONEPKUT MeHee S0 eNMHUL MOCIeA0BATEIbHOCTH TOBTOPOB-CIIEHCEPOB
CRISPR. CRISPR TpaHCKpuOHpPYIOTCS KaK 4aCTh AJUHHOTO TPAHCKPHUIITA,
HazbpIiBaeMoTro nepBUIHBIM TpaHckpunToM CRISPR, koTOpHIil BKIIOUaeT OonbpLIyro
gacth MaccuBa CRISPR. Ilepsuunsiii Tpanckpunt CRISPR pacmiennsercs 6enxkamu
Cas ¢ obpazosanuem crPHK unu, B HEKOTOpPBIX ciaydasx, ¢ oOpaszosanuem npe-crPHK,
KOTOpBIE Jajiee MPOLeCCUPYIOTCs nononHuTeabHbiMu Oenkamu Cas B 3penbie crPHK.
3pensie crPHK copep:xat cnelicepHyo MoCieq0BaTENbHOCTh U MOBTOPSIIOLIYIOCS
nocnenoBarenbHOCTE CRISPR. B HEKOTOpBIX BapuaHTax OCYIIECTBJIEHUS] HACTOSIIEr0
n3zobperenus, B koropbix npe-crPHK nponeccupyrores B 3penbie (1in
npoueccupoBanubie) crPHK, co3peBaHue Briro4aeT yaajieHue NPUMEPHO OT OJHOTO
10 puMepHO mecTu wiu 6onee 5', 3' unu 5' u 3' HykneoTHunoB. B 1mensx
penaKkTHPOBaHUs F€HOMAa UJIM HalleJUBAHUSA Ha KOHKPETHYIO MPEeCTaBJISA0 LIYI0
UHTEpeC MOCIeN0BATENbHOCTD HYKJIEOTHOB-MUILIEHEH 3TU HYKJIEOTUABI, KOTOPbIE
YIAISAIOTCA BO BpeMs co3peBaHus MoJiekysl npe-crPHK, He saBasroTcs
HEOOXOAMMBIMH JUISI CO3/IaHUS UJIIN KOHCTPpYHUpOBaHus Hampasisromein PHK.

PHK CRISPR (crPHK) comep:kuT cnielicepHYIO MOCIeA0BATEIbHOCTD U
nosTopsitouryrocs nocinegosareabHOCT CRISPR. «CneiicepHas mocienoBaTeibHOCTHY
npeacTaBisieT cOO0 HYKICOTHHYIO OCIEOBATEIbHOCTD, KOTOpas
HEMOCPEICTBEHHO I'HOPUIN3UPYETCS C MPEACTABIAIOIIENH HHTEpEC
MOCJIEI0BATENbHOCTBIO-MULIEHBI0. ClieificepHYyI0 MOCIeA0BATENbHOCT KOHCTPYUPYIOT
TakuM 00pa3oMm, 4ToOBI OHA OblIa MOJHOCTHIO UM YaCTUYHO KOMILJIEMEHTAPHOM

NpeACTABIAI e HHTEepEC NMOCIe0BAaTeNbHOCTU-MUIIEHU. B pa3nuuHbIX BapuaHTax
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OCYIIECTBJIEHUSI HACTOSIIEr0o N300peTeHUs CreficepHas MociIe0BaTeIbHOCTh MOXKET
copepkKaTh OT IPUMEPHO 8 HYKJIEOTHAOB 10 npuMepHO 30 HyKIeOTUI0B uiu Oonee.
Hanpuwmep, cneiicepHas nociaea0BaTEIbHOCTh MOKET COCTABIATh NPUMEPHO 8,
npuMepHo 9, npumepno 10, npumepno 11, npumepno 12, npumepno 13, npumepno 14,
npumepHo 15, npumepno 16, npumepno 17, npumepno 18, npumepno 19, npumepHo
20, npumepHo 21, npumepHO 22, npumMepHO 23, npuMepHO 24, npuMepHO 29,
npuMepHo 26, mpumepHo 27, npumepHo 28, npumepHo 29, npumepHo 30 unu Gonee
HYKJIEOTU/IOB B JUIMHY. B HEKOTOPBIX BapHaHTax OCYIIECTBJIEHUS HACTOSLIErO
n300peTeHust CreiicepHas MocjeI0BaTEIbHOCTh MOXKET COlepKaTh OT mpuMepHo 10 mo
NpUMEPHO 26 HYKJI€OTUAOB B JUIMHY, UJIU NpUMepHO OT 12 no npumepno 30
HYKJICOTHOB B JUTUHY. B 0COOEHHO MpeAnoOYTUTENbHBIX BAPHAHTAX OCYIIECTBICHUS
HACTOSIIIEro U300pEeTeHUs! IJINHA CIIEHCEPHOH MOCIeA0BATEIbHOCTH COCTABISAET
npuMepHO 30 HyKJI€OTUAOB. B HEKOTOPBIX BapUaHTaX OCYINECTBJIEHUS HACTOSILETO
N300pETeHUsI CTENEHb KOMIUIEMEHTAPHOCTH MEXKy CrelcepHOM
MOCJIEN0BATEIbHOCTBIO U COOTBETCTBYIOLIEN MOCIEA0BATEIbHOCTBIO -MUIIEHBIO NTPU
ONTHUMAJIbHOM BbIPABHUBAHUU C UCIOJb30BAHUEM MOAXOAIIErO aJITOPUTMA
BbIpaBHUBAHUS cocTasiseT npuMepHo 50%, npumepuo 60%, npumepuo 70%,
npumepHo 75%, npumepHo 80%, npumepHo 81 %, npumepHo 82%, npumepHo 83%,
npumepHo 84%, npumepHo 85%, npumepHo 86%, npumepHo 87%, npumepHo 88%,
npumMepHo 89%, npumepHo 90%, npumepHo 91%, npumepHo 92%, npumepHo 93%,
npuMepHo 94%, npumepHo 95%, npumepHo 96%, npumepHo 97%, npumepHo 98%,
npumepHo 99% unu 6onee. B 0coOOeHHO MPeanOYTUTEIbHBIX BapHAHTAX
OCYIIECTBJICHUS HACTOSILIEr0 U300peTeHHsI CrielicepHas MOCAeA0BATEIbHOCTD HE
UMeeT BTOPUYHON CTPYKTYpPbI, KOTOPYIO MOXKHO NMPEACKa3aTh C UCTIOJIb30BAHUEM
T000r0 MOAXOASIIIEro aJIrOPUTMA CBOPAYMBAHUS MOJHHYKJICOTHAOB, H3BECTHOTO B
NaHHOU obyiacTh, BKJIFOUasi, HanpuMmep, moMmumo npodero, mFold (cm., Hampumep,
Zuker, Stiegler, Nucleic Acids Res., 1981, 9:133-148) u PHKfold (cMm., Hanpumep,
Gruber ¢ coasrt., Cell, 2008, 106(1):23-24).

IToBTopsromasics nocnenosarenbHoCcTh PHK CRISPR conepxut HyKI€OTUIHYIO
NOCJIEIOBATEIbHOCTD, KOTOPAsl BKIIOYAET 00JIaCTh C JOCTATOUYHOM
KOMIUIEMEHTapHOCThIO 1 rubpuausannn ¢ tractPHK. B paznuunabix BapuanTtax
OCYIIECTBJICHUS] HACTOSIIEro n300peTeHus nocaenoBarebHocTh moBTopoB CRISPR
PHK MozxeT cogepxkaTb OT NPUMEPHO 8 HYKJIEOTUAOB A0 NPUMEPHO 30 HYKIE€OTUOB

unu 6onee. Hanpumep, nosropsromasicsi mocaenosareabnocts PHK CRISPR mosxkeT
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conepxxkath npuMepHO 9, npumepno 10, npumepHno 11, npumepno 12, npumepHno 13,
npuMepHo 14, npumepno 15, npumepno 16, npumepHno 17, npumepno 18, npumepHO
19, npumepno 20, npumepHo 21, npumepHo 22, npuMepHO 23, IpUMepHO 24,
IpUMepHO 25, npuMepHo 26, npumMepHo 27, npuMepHO 28, npuMepHO 29, npuMepHO
30 nnu Gonee HYKJIEOTHUIOB B JUIMHY. B HEKOTOpPBIX BapHaHTAaX OCYLIECTBJIEHUS
HACTOsIIEero u3o0peTeHus MoBTOpsitomasics nociaenosareabHoctb CRISPR moxer
colepkaTh NpuUMepHO 21 HyKJI€OTH B JJIMHY. B HEKOTOpBIX BapuaHTax
OCYIIECTBJICHUS HACTOSIIEr0 U300PETEHHsI CTEMEeHb KOMIIJIEMEHTAPHOCTH MEXIY
nostopspouieiica nocaenosarenbHocTeio CRISPR u cooTBeTrcTByIOIIEH
nocaenosarenpbHOCThIO tracrPHK npu onTuManbHOM BBIpaBHUBAHUHU C
HCIIOJIb30BaHUEM MOAXOASIIET0 aJiTOPUTMa BbIpaBHUBAHUS COCTABJISIET IPUMEPHO
50%, npumepHo 60%, npumepHo 70%, npumepHo 75%, npumepHo 80%, npumepHoO
81%, npumepHo 82%, npumepHo 83%, npumepHo 84%, npumepHo 85%, npumepHO
86%, npumepHo 87%, npumepHo 88%, npumepHo 89%, npumepHo 90%, npumepHo
91%, npumepHo 92%, npumepHo 93% , npumepHo 94%, npumepHo 95%, npuMepHO
96%, npumepHo 97%, npumepHo 98%, npumepHo 99% unu Gonee. B HEKOTOPBIX
BAPUAHTAX OCYLIECTBICHUS HACTOSIIEro H300pETEHUs MOBTOPSIOINASAC
nocinenosarenbHOCTh CRISPR conepxuT HykI€0THIHYIO nocienoBaTeabHOCTh SEQ
ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111, 118, 240, 273
iy 287, unu ee aKTUBHBIN BapUaHT WU (parMeHT, KOTOPbIN NP BKIOYEHUH B
Hanpasisomy PHK cnocobGen HanpasiasaTh cneuUYHOE K MOCIeI0BATEIbHOCTH
cBs3bIBaHUE accouunpoBaHnHo PHK-HanpaBiasiemoil Hykjeas3bl, IPeIyCMOTPEHHOMN B
HACTOsIIeM H300pETeHUH, C TPEACTABISAIOLIEH HHTEPEC MOCIEI0BATEIbHOCTHIO -
MUIIEHBIO. B HEKOTOPBIX BapUaHTaX OCYINECTBICHHUS HACTOAIETO H300peTeHUs
aKTHUBHBIA BapUaHT noBTOpstoelicsa nociaenosareabHoctu CRISPR
MOCJIE0BATEIbHOCTH JUKOTO TUIA COAEPKUT HYKICOTUIAHYIO MOCIEA0BATEIbHOCTD,
koTopasi mo MeHbinei mepe Ha 40 %, 45 %, 50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80
%, 85 %, 90 %, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% wunu Gonee
UJEHTHUYHA NOCJIeJOBATEIbHOCTU HYKJIEOTUAHON MOCIe10BaTEIbHOCTH,
npencrasiaenHol kak SEQ ID NO: 2, 10, 17, 24 , 31, 39, 47, 55, 62, 70, 76, 83, 90,
96, 104, 111, 118, 240, 273 unu 287. B HEKOTOPHIX BapUaHTaX OCYLIECTBJICHUS
HACTOSIIIEro N300peTeHUsI aKTUBHBIN (parMeHT MOBTOPSAIOLIEHCS
nocnenosarenbHocTd CRISPR nocienoBaTenbHOCTH AMKOIO TUIA COAEPIKUT IO

MeHblueii mepe 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 umu 20
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MOCJIEIOBATENbHBIX HYKJIEOTH0B HYKJIEOTUAHON MOCIEI0BATEIbHOCTH,
npencrasiaenHoi kak SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96,
104, 111, 118, 240, 273 unu 287.

B HexoTOpBIX BapHaHTax OCylIeCTBJIEHUs HacTosuero nzoobperenus crPHK ne
SABJAETCS NPUPOAHON. B HEKOTOPBIX M3 ATUX BAPUAHTOB OCY LIECTBJIECHUS] HACTOSIETO
uzo0perenus crnenuduyeckas nosropsromascs nocienosareabHocth CRISPR He
CBsI3aHA CO CKOHCTPYHPOBAHHOM MOCJIEA0BATENbHOCTBIO CIielicepa B IpUPOLIe, U
nopTopsiouycs nocnegosarenbHOocTh CRISPR paccmaTpuBaroT kak
reTepOoJIOTUYHYIO MOCJIEeI0BAaTEIbHOCTh B OTHOLIEHUH MTOCIIe0BAaTEIbHOCTH crelcepa.
B HekOTOpPBIX BapHaHTax OCYILIECTBJICHHS HACTOSAIIETO H300pETeHUsl creicepHas
MOCJIEI0BATENbHOCTD SIBISETCS] CKOHCTPYUPOBAHHON NOCIEA0BATENbHOCTBIO, KOTOpast
He CYIIECTBYeT B IIPUPOAE.

Tpanc-aktuBupyromas monekyna PHK CRISPR unu tracrPHK conepxur
HYKJICOTHAHYIO MMOCIEA0BATEIbHOCTD, BKIOYAKIYIO 00J1aCTh, KOTOpPasi UMEET
DOCTATOYHYI0 KOMIIJIEMEHTAPHOCTD Ui THOPUAN3ALUY C MIOBTOPSIIOIIEHCS
nocnenosarenbHocThi0o CRISPR B crPHK, koTOpas ynomuHaercs B HacTOsLEM
ONMHMCAaHUU Kak 00J1aCTh aHTUIIOBTOPA. B HEKOTOPBIX BapHaHTAX OCYLIECTBICHUS
HacTosImero n3obperenus: mosekyna tractPHK nonmonHuTenbHO comep UT 001acTh,
UMEIOIYI0 BTOPUUHYIO CTPYKTYpPY (Hampumep, cTe0enb-neTist) uiu ¢GOopMbl
BTOPUYHOM CTPYKTYpBI IpU rudpuausanuu ¢ coorsercTpyromei eit crPHK. B
ONpeNeIeHHBIX BApUAHTAX OCYINEeCTBIEHUs HACTOSLIEro n300peTeHus o0nacThb
tractPHK, mosHOCTBIO UM YaCTUUYHO KOMILJIEMEHTAapHAs MOBTOPSIOIIEHCs
nocnenosarenbHocTH CRISPR, HaxonuTcs Ha 5'-KOHIE MOJIEKYJBI, a 3'-KOHeI]
tractPHK comep:kXuT BTOPHYHYIO CTPYKTYpYy. ITa 00JaCTh BTOPUYHON CTPYKTYPBI
OOBIYHO BKJIFOYAET HECKOJBKO HITUJIEK, B TOM YHUCJIE HEKCYCHYIO LIMUIbKY, KOTOpas
HaxOJUTCs PALOM C aHTU-TOBTOPsIOIIENCs MocaeNoBaTeabHOCThI0. HekcycHas
LINUJIbKA YaCTO UMEET KOHCEPBATUBHYIO MOCJIE0BATEIbHOCTh HYKJIEOTHAOB B
ocHOBaHHWU cTepxkHs mmmibku ¢ MOTHBOM UNANNA, CNANNG, CNANNU,
UNANNG, UNANNC nnmn CNANNU (SEQ ID NO: 8,37, 45, 53, 68 u 102,
COOTBETCTBEHHO), OOHAPYKEHHYI BO MHOTHX HEKCYCHBIX mmujbkax B tracrPHK.
Yacto Ha 3'-koHue tracrPHK uMeroTcs koHLEeBble IINUIbKH, KOTOPbIE MOTYT
pas3nIuyYaThCs MO CTPYKTYpPE U KOJIHUUYECTBY, HO 4acTo coaepxkar Rho-He3aBucumyro
IIMUJIBKY TEPMUHATOPA TPAHCKpUNUMH ¢ Oonpmum conepxkanueM GC, 3a koTopoit

caenyet orpe3ok U Ha 3'-koHue. Cm., Hanpumep, Briner ¢ coast., Molecular Cell
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2014, 56:333-339, Briner, Barrangou Cold Spring Harb Protoc, 2016, doi:
10.1101/pdb.top090902, u US 2017/0275648, cymHOCTH KaXA0H U3 KOTOPBIX
BKJIFOYE€HA B HACTOSIIEE ONUCAHUE B BUJE CCHUIKHU.

B pa3nau4HBIX BapHaHTax OCYIECTBIEHUs HACTOSLIEr0 H300peTeHust 00IacTh
aHTu-noBTOpOB tracrPHK, xoTOpas moMHOCTBHIO UJIM YACTUYHO KOMILJIEMEHTapHA
nocnenosarenbHOCTH MoBTOpoB CRISPR, comepxut ot npuMepHO 8 HYKJIEOTHUIOB 10
npumMepHo 30 HykJaeoTnnos unu 6onee. Hanmpumep, o0nacTe cnapuBaHust OCHOBAHUM
MEXIY MOCIEN0BATENbHOCTIO aHTU-NTOBTOPOB tracrPHK u mocnenoBaTenbHOCTHIO
noBTopoB CRISPR moxer cocraBnsaTs npuMepHo 8, npuMepHo 9, npumepHo 10,
npuMepHo 11, npumepno 12, npumepHo 13, npumepro 14, npumepHo 15, npumepHO
16, npumepno 17. , npumepno 18, npumepHo 19, npumepno 20, npumepHo 21,
npuMepHO 22, npuMepHO 23, npuMepHO 24, npuMepHO 25, npuMepHO 26, NPUMEPHO
27, npumepno 28, mpumepHo 29, mpumepro 30 uiau Gojee HyKICOTHIAOB B JUINHY. B
ONpeAeeHHBIX BAPUAHTAX OCYIIECTBJIEHUS HACTOSLIEro H300peTeHns: 00JacTh aHTH -
noBTopoB tracrPHK, koTopas moJHOCTBIO UM YaCTUUYHO KOMILJIEMEHTAapHA
nocnenosarenbHocTH nosropos CRISPR, umeer B anuny okono 20 Hykyaeotunos. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOSILIEr0 N300pETEHNUs CTENEeHb
KOMIIJIEMEHTAPHOCTU MEXY MOBTOpstoieiics nociaenopareabHocThio CRISPR u
COOTBETCTBYIOIIEN MOCIENOBATEIbHOCTBIO aHTU-TTOBTOPOB tracrPHK mnpu
ONTUMAaJbHOM BbIPABHUBAHUHU C UCIOJIb30BAHUEM MOAXOAALIEr O aJrOpUTMa
BBIPABHHUBAHUS COCTaBJsAeT npuMepHO 50%, npumepHo 60%, npumepno 70%,
npuMepHo 75%, npumepno 80 %, npumepHo 81%, npumepro 82%, npumepuo 83%,
npumepHo 84%, npumepHo 85%, npumepHo 86%, npumepHo 87%, npumepHo 88%,
npumepHo 89%, npumepHo 90%, npumepHo 91%, npumepno 92%, npumepHo 93%,
npumepHo 94%, npumepHo 95%, npumepHo 96%, npumepHo 97%, npumepHo 98%,
npumMepro 99% unu Oonee.

B pasnu4HBIX BapuaHTax OCYLIECTBICHHS HACTOSAIETO H300PETEHUS BCs
tractPHK mosxeT conepskats npumMepHO OT 60 HYKJIEOTHIOB A0 MPUMEPHO OoJiee uem
140 nyxneorunos B nnuny. Hanpumep, tracrPHK Moxer Bxnrodate npumepHo 60,
npuMepHo 65, npumepno 70, npumepHo 75, npuMmepHo 80, npuMepHO 85, NpUMEPHO
90, npumepno 95, npumepHo 100, npumepno 105, npumepro 110, npumepno 115,
npumMepHo 120, npumepno 125, npumepno 130, npumepHo 135, npumepno 140 unu
Oosiee HYKJIEOTHAOB B JJIMHY. B HEKOTOPBIX BapHaHTaX OCYIIECTBJIEHUS HACTOSIIETrO

nzo0perenus tractPHK conepsxut npumepro ot 80 1o npumepHo 90 HYKJII€OTHAOB,
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BKJIFOUast npuMepHO 80, npumepno 81, npumepHo 82, mpumepHo 83, npuMepHO 84,
npuMepHo 85, npuMmepHo 86, npuMepHO 87, mpumepHo 88, npuMepHO 89 U NpUMepHO
90 HykJIEOTHAOB B JUIMHY. B onpeneneHHbIx BapuaHTax OCyILIE€CTBICHUS] HACTOSALIETO
nzobperenus tractrPHK coxgepxut npumepHo 85 HYKJIEOTUAOB B UINHY.

B onpeneneHHBIX BapHaHTaX OCYLIECTBIEHHs HACTOSALIETO N300pETEeHHs
tracrPHK BkmtouaeT HykneoTuaHyro nocienoparenbHocTh SEQ ID NO: 3, 11, 18, 25,
32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112 unu 119, unu ee akTUBHbIN BapUaHT
win GparMeHT, KOTOPbIH NpH BKIUYEeHNHU B Hanpasiswomyo PHK cnocoben
HaIpaBJIATh CeU(PUIHOE K MOCIEIOBATEIBHOCTH CBI3bIBAHUE ACCOLMUPOBAHHON
PHK-HanpaBasieMoil HyKJjieas3bl, IpeAyCMOTPEHHOH B HACTOSILIEM H300pETeHUH, C
NpeaCTaBIAI0 e HHTepeC MOCIe0BaTeNbHOCThIO-MHUIIEHbIO. B HEKOTOPBIX
BApUAHTAX OCYLIECTBICHUS HACTOSAIETO N300PETeHUsI AKTUBHBIN Bap HAHT
nocnenosarenpHocTy tractPHK nukoro tuna cogepXuT HyKJIEOTHAHYIO
MOCJIEI0OBATENIbHOCTh, KOTOpas Mo MeHblIei mepe Ha 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
wiu 0oJiee MPOLEHTOB UASHTHYHA HYKJIEOTUIHOW MOCIeN0BATENbHOCTH,
npencrasiaenHoi kak SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97,
105, 112, 119, 241, 274 nnu 286. B HEKOTOPBIX BapUaHTax OCYLIECTBJIECHHUS
HACTOsIIero n300peTeHust akTUBHBIN pparmeHT nociaenosarenbHocTu tracrPHK
MOCJE0BATEIbHOCTH JUKOIr0 TUIA COAEPKUT MO MeHblue mepe 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80 uau Gojee HEMPEPBIBHO PACTIOIOKEHHBIX
HYKJICOTUIOB B HYKJICOTHIHOM MOCIeN0BATEIbHOCTH, TIpeAcTaBiaeHHoi kak SEQ ID
NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112, 119, 241, 274 unu
286.

JIBe MONUHYKJIEOTUAHBIE OCIEI0BATEIbHOCTH MOXKHO CUUTATh 10 CYLIECTBY
KOMIUIEMEHTAPHBIMHU, KOTJA JIBE MOCJIEIOBATEIbHOCTH THOPUANUZUPYIOTCS APYT C
APYTOM B JKECTKHX YCJIOBHUSIX. AHAJIOTHYHBIM 00pa3zom nonaratoTt, 4To RGN
CBSI3BIBAETCS] C KOHKPETHOM MOCIE0BATEIbHOCThIO-MUIIEHBIO CTIELH(UIHBIM JUIS
MoCJieIOBaTEbHOCTH 00pa3oMm, ecnu Hanpasisromas PHK, ceszannas ¢ RGN,
CBSI3bIBAETCS C MOCJIEA0BATENbHOCTBIO-MUILIEHBIO B JKECTKUX ycaoBusax. [loxg
«KECTKHUMH YCIOBHIMMY FIIH <CKECTKUMH YCIOBHIMU THOPUANZALIUIY
NOApPa3yMeBAIOT YCIOBUs, IPU KOTOPBIX JABE MOJUHYKIECOTUAHbIE
NOCJIEIOBATEIbHOCTH OyAyT rUOPUAN3UPOBATHCS APYT C APYTOM B 3aMETHO OOJbIIei

CTENEHH, YeM C IPYTUMH NOCIEOBATENbHOCTAMH (HaIpuMep, o MeHbIIel Mepe B 2



10

15

20

25

30

20

pasa mo cpaBHeHHIO ¢ GoHOM). XKecTkne ycaoBus 3aBUCAT OT MOCTIEN0BATEIbHOCTH U
OynyT pa3HBIMHU B pa3HbIX 00CTOSATENbCTBAX. OOBIYHO KECTKIUMHU YCIOBUAMU OyIyT
T€, B KOTOPBIX KOHLEHTPAL M COJIU COCTaBJsieT MeHee npumMepHO 1,5 M nona Na,
o0braHO mpumepHo ot 0,01 no 1,0 M koHueHTpanuu nona Na (Wiau Apyrux coseit) npu
pH ot 7,0 no 8,3, a TemnepaTypa cocTaBiiseT 110 MeHbIuell mepe npumMepHo 30°C nis
KOPOTKUX MOCHenoBaTeNbHoCTeH (Hanpumep, oT 10 1o 50 HyKJI€OTHIOB) U MO
MeHbIelt Mepe okojio 60°C as AMUHHBIX OCea0BaTebHOCTEN (HampuMep, Oojee
50 Hykaeotunos). XKecTkue yCIOBHS TaK:Ke MOTYT OBITh JOCTUTHYTHI MPU N00ABIECHUH
necTabMIN3NPYIOLUIUX areHTOB, TaKuX Kak ¢popmamun. [Ipumepsl yciaoBuil HU3KOM
JKECTKOCTH BKJIIOYAKOT THOpuau3anum ¢ 0ydpepusim pactBopom 30-35% dopmamuna, 1
M NacCl, 1% SDS (nomeunncynbdara HaTpusi) npu 37°C u npomsiBky B 1X-2X SSC
(20X SSC = 3,0 M NaCl/0,3 M tpuHatpus uurpara) npu tremneparype ot 50 no 55°C.
TunuuHbIe YCIOBUS YMEPEHHON CTPOrOCTH BKIOUAOT rudpunnzamnuto B 40-45%
dopmamuze, 1,0 M NaCl, 1% SDS npu 37°C u npomsiky B 0,5X-1X SSC npu 55-
60°C. Tunu4Hble yCIOBUS BBICOKOH JKECTKOCTH BKJIOYAT rudbpuansanuo B 50%
dopmamuze, 1 M NaCl, 1% SDS npu 37°C u npomsiky B 0,1X SSC npu 60-65°C.
HeoOs3aTenbHo, mpombIBOUHBIE Oy(deprl MOTYT coaep:kaTh oT npumepHo 0,1% mo
npumMepHo 1% SDS. IIponomKuTenbHOCTh THOPUAN3ALNH OOBIYHO COCTABIISAET MEHEE
npuMepHO 24 4, 0OBIYHO OT NpuUMepHO 4 1o npuMepHo 12 4. [IponomKUTeNnbHOCTD
BPEMEHH IPOMBIBKU OyAeT MO MEHbIIEH Mepe JOCTATOYHOM IS TOCTHIKECHHUS
paBHOBECHS.

Tm npexncrasnsier coboii Temmnepatypy (pu onpeneseHHONH HOHHOM cuiie U pH),
npu Kotopoit 50% KoMILIEeMEHTapHOH MMOCIe0BaTEIbHOCTU-MULIIEHU
rUOPUANZUPYETCS C UIeaTbHO MONOOpPaHHON MOCaen0BaTeNbHOCTRIO. [Ins rubpuios
JHK-THK Tm mMoxHO npuOJU3UTENBHO MOHATh U3 ypaBHeHUs Meinkoth u Wabhl,
Anal. Biochem. 1984, 138:267-284: Tm = 81,5°C + 16,6 (log M) + 0,41 (%GC) - 0,61
(% dpopmamupa) - 500/ L; rne M — MONSIPHOCTH OAHOBAJEHTHBIX KaTUOHOB, %GC —
MPOLEHTHOE COoJlepKaHNe I'YaHO3MHOBBIX U LIUTO3UHOBBIX HykjaeoTuaos B JJHK, %
dbopMaMua — MPOIEHTHOE coAepikaHue GopMaMuIa B pacTBOPE AJs THOPUIU3ALIHH,
a L — nnuna rubpuna B mapax ocHoBaHuH. OOBIMHO JKECTKUE YCIOBUS BHIOMPAIOT
TakuM 00pa3om, 4ToOBl OHM ObUTH PpUMEPHO Ha 5°C HUKE TeMIepaTypbl NJIABJIECHUS
(Tm) nnst KOHKPETHOH MOCIENOBATENBHOCTH U €€ NOTOJHEHHUsS NIPU OTPeaeTeHHON
noHHo cusne u pH. OnHako B 04€Hb KECTKUX YCIOBUSIX MOXKHO UCIIOJNb30BATH

ruOpUAN3aLNI0 U/ UIU IPOMBIBKY NpH Temnepatype Ha 1, 2, 3 unu 4°C Huxe
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Temnepatypsl miuasieHus (Tm); B yMEpEHHO JKECTKUX YCIOBUSIX MOXHO HCIOJIb30BATh
ruOpUAN3aLNI0 U/ WU IPOMBIBKY IpH Temnepartype Ha 6, 7, 8, 9 unu 10°C Huxe
Temnepatypsl miuasieHus (Tm); B yCIOBUAX HU3KON JKECTKOCTH MOYKHO HCIIOJIb30BATh
ruOpuaN3aLnI0 U/ UM IPOMBIBKY mpu Temmnepartype Ha 11, 12, 13, 14, 15 unu 20°C
HIke Temneparypsl iasieHus (Tm). Mcnonb3ys ypaBHeHHE, KOMIO3UIMH IS
ruOpuan3aluy ¥ IPOMBIBKH, a TAKXKe JkejaeMyro Tm, cienuanucTsl ¢ OOBIYHON
KkBaJu(puKanueil MOHMyT, 4YTO BapHaLMH KECTKOCTH PACTBOPOB IJIsl THOPHUAN3AIUU
W/WJTU IPOMBIBKH IO CYIIECTBY omnucaHbl. [IogpoOHOe pyKOBOACTBO MO rTHOpUAU3AIUU
HYKJICMHOBBIX KHCJIOT MOJKHO HaWTH B KH.: Tijssen «Laboratory Techniques in
Biochemistry and Molecular Biology — Hybridization with Nucleic Acid Probesy,
1993, uacts I, rnasa 2 (Elsevier, Hoto-Hopk); ku.: «Current Protocols in Molecular
Biology», mox pen. Ausubel ¢ coast., 1995, rnasa 2 (u3n. Greene Publishing and
Wiley-Interscience, Horo-Hopxk). Cm. kH.: Sambrook ¢ coast. «Molecular Cloning: A
Laboratory Manual» (1989, 2e u3n., usa-so Cold Spring Harbor Laboratory Press,
Plainview, Hero-Hopk).

Hanpasnsarmas PHK moxeT npencrasisate cuctemy oagHoHanpasiswomen PHK
unu u3 apyHanpasisomed PHK. Ongnonanpasnstomas PHK conepxut crPHK u
tracrPHK B onnoi monekyine PHK, Torga kak cucrema asynanpasisomenn PHK
Bryirouaet crPHK u tracrPHK, npucyrcrByromue B AByX pasHbix mojaekyynax PHK,
ruOpUaN3UPOBAHHBIX APYT C APYTOM IO KpaiiHeH Mepe uepes 4acThb
nocaenosareabHocTd noBTopoB CRISPR B crPHK u no meHnbineit Mmepe yacthb
tracrPHK, xoTopbie MOTYT OBITh MOJHOCTHIO MJITH YaCTUYHO KOMILIEMEHTAPHBI
nosropsoouieiica nocnenosarenbHoctTu CRISPR B crPHK. B HekoTopbIX U3 3THX
BAPUAHTOB OCYINECTBJIEHUS HACTOsIIEero uzodperenus, rae Hanpasisromas PHK
npencrapisieT codoit oqHonanpasistomyw PHK, crPHK u tracrPHK pa3genenst
JUHKEPHON HYKJIEOTUAHOU NocienoBaTenbHOCTh0. Kak npaBuno, 1uHKepHas
HYKJICOTHAHAS NOCIE0BATEIbHOCTD MPEACTABIsIET COO0H MOCIeN0BATENIbHOCTD,
KOTOpast He BKJIIOYAeT KOMIUIEMEHTapHbIE OCHOBAaHMUsI, YTOOBI N30exkaTh 00pa3oBaHUs
BTOPUYHON CTPYKTYPbl BHYTPU UJIU BKIIOYEHUS HYKJIEOTHAOB JIMHKEPHON
HYKJIEOTUAHOMN MOCIeN0BaTeIbHOCTH. B HEKOTOPBIX BapuaHTax OCYIIECTBIECHUS
HACTOSIIIEero N300pEeTeHUs TUHKEPHAs! HYKJIEOTUHAS MTOCIEeI0BATEIbHOCTh MEKIY
crPHK u tracrPHK umeer no menswei mepe 3, Mo MeHbLIEH Mepe 4, 1O MEHbIIEN
Mepe 5, Mo MeHbLIel Mepe 6, MO MeHblIel Mepe 7, MO MeHbLIeH Mepe 8, Mo MeHbIIen

mepe 9, mo menbiueil mepe 10, mo Mmenpuei mepe 11, mo menbiueit mepe 12 unu Gonee
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HYKJIEOTUAOB B AJIMHY. B onpeneNeHHbIX BApUAHTAX OCYLIECTBJIEHUS HACTOSALIErO
N300peTeHUs TUHKEPHAsi HYKJIEOTHUHAs [TOCJIEN0BATENIbHOCTh OJTHOHAIPABJISAIO SN
PHK BkarouaeT no MmeHblIed Mepe 4 HyKJIEOTU1a B AJUHY. B HEKOTOpPBIX BapuaHTax
OCYLIECTBJICHUSI HACTOSIIETr0 U300 peTeHUs INHKEePHAs HYKJIEOTUAHAS
nocyieoBaTeNbHOCTh npeacrasieHa kak SEQ ID NO: 123,

Onunonanpasnswomas PHK unu nsynanpasnsromas PHK moxeT ObITh
CUHTE3UpPOBaHA XUMUUYECKU UJIU NMyTeM TPAHCKPUIILHUU 7 Vilro. AHaIU3bI s
omnpeneaeHus cnequ(pUIHOro Mo MOCAeNOBaATEIbHOCTU CBsI3biBaHHsS Mexay RGN u
Hanpagsitomneidr PHK u3BecTHBI B HaHHOUW 00JIACTH U BKJIIOYAIOT, HO HE
OrpPaHUYMBAIOTCS UMH, AHAJU3bI CBA3BIBAHUS 1 VilF'O MEXAY dKCIPECCUPOBAHHON
RGN wu Hanpasasromein PHK, koTopsie MOTYT OBITE MOMe4eHBI OOHAPY KHUBAEMOMH
MeTKOH (HampumMep, OMOTHHOM), UCIIOJIB3YEMO B aHAJIN3€ C OCAKIAEHHEM, B KOTOPOM
ynaBnuBamT koMmruieke Hanpasisomeid PHK: RGN no obnapyxuBaemoii MmeTke
(Hampumep, rpaHyigaMu co crpentaBuanHoM). KorrponpHas Hanpasisomas PHK ¢
MOCJE€A0BATENbHOCTBIO UJIU CTPYKTYPOU, HE UMEIOLIEH OTHOLIEHUs K HaNPaBJIsAIO LEeH
PHK, mMoxeT uCnonabp30BaThCs B KAYECTBE OTPULATEIBHOIO KOHTPOJS AJIs
Hecnerupuueckoro cesazpiBanuss RGN ¢ PHK. B HekoTopsIx BapuaHTax
OCYILEeCTBJIEHUs HacTosmero n3odperenus Hanpasasaomas PHK npencraBnena xax
SEQ ID NO: 4, 12, 19, 26, 33, 41, 49, 57, 64, 72, 78, 85, 92, 98, 106, 113 unu 120,
r7e crefcepHas moCiIe 0BaTeIbHOCTh MOXKET IPEACTABISATh COO0H Kaky-1u00
IIOCJIEIOBATEIbHOCTD M 0003HAYAETCSA KaK MO -N-110CIeI0BATENbHOCTD.

B npyrux BapmaHTax OCYIIECTBJICHHS HACTOSINETrO N300pETeHMs HANPaBIISIOMIAs
PHK mosxeT ObITh BBEZI€HA B KJIETKY-MHIIEHb, OPTaHEJIy U SMOPHOH B BUJE
mosekysbsl PHK. Hanpasnsromas PHK moxkeT ObITh TpaHCKpUOUpPOBaHA il Vilro Uiu
CHUHTE3MpOBaHA XMMHUUYECKU. B Npyrux sapuaHTax OCyleCTBICHUS HACTOSLIETO
N300peTeHUs] HyKJIEOTUIHAS TOCIEIOBATEIbHOCTD, KOJUPYIOIIAsh HAMIPABJISIIO YO
PHK, BBOAUTCA B KJIETKY, OpraHeJTy WU 5MOPUOH. B HEKOTOPBIX U3 3TUX BAPUAHTOB
OCYIIECTBJICHUSI HACTOSIIEr0 N300pEeTEeHHsI HYKJICOTHUHAS MTOCIEI0BATENIBHOCTbD,
konupyromas Hanpasisitomyw PHK, GdyHkIIMOHANBHO CBsSI3aHA ¢ MPOMOTOPOM
(mampumep, nmpomoropom PHK-nmonumepassr I11). [IpoMmoTop MokeT ObITh HATUBHBIM
IMPOMOTOPOM HJIU IE€TEPOJOTHYHBIM IO OTHOLIEHHUI) K HYKJIE€OTUIHOU
MOCJIE0BATENbHOCTH, KOAUpyomen Hanpasiaaomy PHK.

B pasnuuHbIX BapuaHTax OCYLIECTBICHHS HACTOSAIETO H300pETeHUS

Hanpasistomas PHK Mosker ObITh BBE€I€HA B KJIETKY-MUILIEHb, OPTaHEJIy UIIH
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5MOpHOH B BuAE pUOOHYKJIEOMPOTEMHOBOIO KOMIIJIEKCA, KaK ONMHCAHO B HACTOSIIEM
uzobperenun, rae Hanpasisitomas PHK cesizana ¢ monunentunom PHK -
HamnpasJisieMOU HYKJI€a3bl.

Hanpasnsrwomas PHK nanpasasier accounnpoannyro PHK-nanpasasemytro
HyKJIea3y K KOHKPETHON MPeACTaBIAI0 el HHTepeC HYKJIEOTUAHOM
NOCJIEI0BATEIbHOCTU-MUIIEHU MTOCPEACTBOM rubpunuzanuu Hanpasistomeid PHK ¢
L[eJIEBOM HYKJEOTUAHOM NMOCIEN0BAaTEeNbHOCTHI0. HykneoTuaHas nocnenoBaTebHOCTD -
muineHb MoxkeT conepxkath JJHK, PHK wiu ux koMOMHALMIO U MOXKET OBITh
OJHOLIEMOYE€YHON UJIH IBYXLenoyeuHoil. HykaeoTuaHON mocieaoBaTeIbHOCTHIO -
MUIIEeHbI0 MOXkeT ObITh reHoMHast JIHK (t.e., xpomocomuas JIHK), nnazmungnas JJTHK
wiu monekyina PHK (manpumep, marpuunast PHK, pubocomansnas PHK,
tparcnoptHas PHK, mukpoPHK, manas uarepdepupyromas PHK). Hykneorunnas
MOCJIE0BATEIbHOCTb-MHUIIEHb MOXET OBITh CBsi3aHa (M B HEKOTOPBIX BapHaHTaxX
OCYIIECTBJIEHUsS HACTOSIIIEro n3o0peTeHns pacieruieHa) ¢ nomompo PHK-
HanpabJsieMOHN HyKJieasbl /1 Vilro Uiy B KieTke. XpoMOCOMallbHasi
MOCJIEIOBATENIBHOCTD, HA KOTOPYI0 HanesneH RGN, MoxkeT ObITh siAepHOH, MIaCTUAHON
UM MUTOXOHAPHUAJIBbHON XPOMOCOMAJIIBHON MOCJIEA0BATEIbHOCTBIO. B HEKOTOPBIX
BApUAHTAX OCYLIECTBICHUS HACTOSAIIETO H300pETeHUs MOCIE0BATEIbHOCTD
HYKJI€OTUAOB-MUILIEHEH YHUKAJIbHA B LIeIEBOM F'€HOME.

HyxneotunHas nocienoBaTeabHOCTb-MUIIEHb IIPUMBIKAET K MOTHUBY,
npuMbikawiemy k nporocneiicepy (PAM — protospacer adjacent motif). CmexHbIi
MOTHB MpoTOCHeiicepa 0OBIYHO HAXOIUTCS B Mpeaeax OT MpUMepHO | 10 mpuMepHO
10 HYKJI€OTHUAOB OT MOCAEI0BATEIPHOCTH HYKJIE€OTUIOB-MUILIEHEH, BKJIKOYAs
NPUMEPHO 1, MpUMepPHO 2, IPpUMEPHO 3, IPUMEPHO 4, MPUMEPHO 5, IPUMEPHO 6,
NpUMEpPHO 7, NpUMEPHO 8, mpuMepHO 9 unu npuMepHo 10 HyKJI€OTUAOB OT LENEeBOU
HYKJICOTHAHOH mocyienoBaTesbHOCTH. PAM MoxkeT ObITh ¢ 5'- uinu 3'-KOHIA LeneBOon
MOCJIE0BATENIbHOCTU. B HEKOTOPBIX BApHAaHTAaX OCYILECTBJIEHUS HACTOSIIErO
uzobperenuss PAM npencrapisieT coboit 3'-koHeI 1eIeBOH MOCIeI0BATEIbHOCTH JIIs
u3BeCTHbIX RGN. O0pruHO PAM siBIsieTCS KOHCEHCYCHON MOCENOBATEIbHOCTHIO
NPUMEPHO U3 3-4 HYKJI€OTUIOB, HO B ONpEJeIeHHbIX BApUAHTaX OCYILECTBIECHUs
HACTOSIIEro N300peTeHnsl MOKeT UMeThb B IUIHHY 2, 3,4, 5, 6, 7, 8, 9 wiu Oonee
HYKJICOTHAOB. B pa3iIuyHbIX BapHaHTax OCYIIECTBJIEHUS HACTOSIIEro H300peTeHus

nocienosarenbHocTh PAM, pacnozHaBaemas onucsiBaeMbiMu RGN, conepxut
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KOHCEHCYCHYIO MOCJIeI0BAaTEeIbHOCTD, peAcTaBieHHy0 kak SEQ ID NO: 7, 15, 22,
29, 36, 44, 52, 60, 67, 81, 88, 101, 109 unu 116.

B onpeneneHHbIX BapuaHTaxX OCYLIECTBJIEHHs HacTtosimero uzooperenus PHK-
HampasJisieMasi HykJjeasa, uMmerouas nociegosaresbHocts SEQ ID NO: 1, 9, 16, 23,
30, 38, 46, 54, 61, 69, 75, 82, 89,95, 103, 110 unu 117, unu ee akTUBHbIM BapUaHT
Wiu (parMeHT CBSI3bIBAET COOTBETCTBEHHO LIEJEBYIO HYKJICOTHUIHYIO
MOCJIEIOBATENbHOCTD, CMEKHYIO C MMOCeN0BaTeNbHOCThI0 PAM, npencTaBieHHYO Kak
SEQ ID NO: 7, 15, 22, 29, 36, 44, 52, 60, 67, 81, 88, 101, 109 unu 116. B HexoToprIX
BapHaHTaxX OCYINECTBJIEeHUs HacTosIero nsooperenuss PHK-Hanpasnsemas Hykiieasa,
umeromast SEQ ID NO: 54 unu 137, unu ee akTUBHBIA BapUAHT WIN (ParMeHT,
CBSI3BIBAET LI€JIEBYI0 HYKJIEOTHUHYIO MOCIE0BATEIbHOCTb, CMEXHYIO C
nocnenosarenbHocThi0 PAM, npencrasiennyio kak SEQ ID NO: 147. B HekoTOpBIX
nogoOHBIX BapUAaHTAX OCYIIECTBIEHHS HacTosmero n3obpererus RGN cBs3biBaeTcs C
HanpasJsoLIed NOoCleA0BaTEeNbHOCTbHIO, BKIIOYAOLIENH TOBTOPSAIOLIYIOCS
nocienosarenbHocTh CRISPR, nmpencrasnennyro kak SEQ ID NO: 2, 10, 17, 24, 31,
39, 47, 55, 62,70, 76, 83, 90, 96, 104, 111 unu 118, cOOTBETCTBEHHO, WU €€
AKTUBHBIM BapHAHTOM WJIHU (pparMeHTOM, U mocienoBareabHOCTh tracrPHK,
npencrasiaeHHyto kak SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97,
105, 112 unu 119, cCOOTBETCTBEHHO, WJIN €€ aKTHUBHBbIA BapHAHT WU (ParMeHT.
Cuctembl RGN, onucanuble HUke B mpuMepe 1 1 Tabn. 1 u 2 HacTOSIIEro OnucaHus.

B nanHOi 00nacTH TEXHUKH U3BECTHO, UYTO CEIU(PUIHOCTD
nocyienoBarebHOCTH PAM niist naHHOro pepMeHTa HyKJiea3bl 3aBUCHUT OT
KoHIeHTpanuu ¢pepmenTa (cMm., Hanpumep, Karvelis ¢ coast., Genome Biol, 2015,
16:253), u ee MoxHO MOAU(UIUPOBATH MYyTEM U3MEHEHUS IPOMOTOPA,
ucnoab3yemoro s skcnpeccut RGN, unu koinuyecrsa pubOOHYKIEONPOTEHHOBOTO
KOMILIEKCA, JOCTABJISEMOIO B KJIETKY, OpraHeJlIy WU SMOPHUOH.

IIpu pacno3HaBaHUU COOTBETCTBYHOLIEH nocienosarenbHocTu PAM, RGN
MOJKEeT pacIleliATh L[eJIEBYI0 HYKJIEOTUIHYIO MOCIe0BaTEIbHOCTb B ONIPEEIEHHOM
caiite pacuieruieHus1. B HacTosimeM n300peTeHUN CAalT pacUIeNIeHHs] COCTOUT U3 JIBYX
KOHKPETHBIX HYKJIEOTHUIOB B LI€J€BOI HYKJIEOTUIHON M1OCIE0BATEIbHOCTH, MEXAY
KOTOPBIMHU HYKJIEOTHUHAsI IOCIE€A0BATENbHOCTD paciiemiserca ¢ nomoubio RGN.
CaliT pacuienyieHus MOXKET COAEPKaTh 1% u Zﬁ, 2% n 3ﬁ, 3% n 4ﬁ, 4"y Sﬁ, 5%y 6ﬁ, 7" u
8" umu 8" u 9™ mykneorun us PAM B mo6Gom Hanmpasnennu, 5' unu 3'. B HEKOTOpPBIX

BapuaHTax OCYLIECTBJICHUA HACTOALIECTO 1/1306peTeH1/1$1 camnT pacmi€nijicHUA MOXKET
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HaxOIHUThCS Ha paccTtosiuuu Oonee 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 unu 20
HykJeoTnn0B oT PAM nu6o B 5°-, nubo B 3’-HanpaBieHuu. B HEKOTOPBIX BapHaHTax
OCYILECTBJIEHUSI HACTOSIIEro H300pEeTEeHUs CANT pacLIeNIeHnuss MOXKET HaXOUThCS Ha
pacctosHuu 4 HykiaeoTuaos oT PAM. B apyrux BapuaHTax OCyLIE€CTBJIEHUS
HACTOSLIEro N300peTeHNs CAalT paclenIeHus] HAXOUTCS Ha PacCTOSHHUH 15
HykjieotunoB oT PAM. ITockonbky RGN MoOryT paciienyisTh [eleBY0 HYKJIEOTHIHYIO
NOCJIEJOBATEIbHOCTD, YTO MPUBOAUT K 00OPa30BAHUIO CTYMEHYATHIX KOHIIOB, B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOSIIEr0 N300 PETEHHsS CAHT pacIlerIeHHs
ONpeNeNsIOT Ha OCHOBAHUM PACCTOSIHUS IBYX HyKJeoTunos oT PAM Ha
MOJIOKUTENBbHOM (+) LeNu MOJMHYKJIEOTHAA U PACCTOSHUSA ABYX HYKJIEOTHAOB oT PAM
Ha OTPULIATENbHOMN (-) LIeNH MOJUHYKJICOTH/A.

PAM paccmatpuBaroT kak otanuuTeabHyo uepty PHK-HanpaBnsembix Hykieas
cucteMm CRISPR tuna II (Szczelkun ¢ coast., PNAS, 2014, 111: 9798-9803; Sternberg
¢ coaBT., 2014, Nature 507: 62-67). CnenyeT oTMeTUTD, 4TO X0Ts1 APG06646.1 1
APGO04293.1 pynkumonupyrot kak PHK-nanpasisiembie Hykiiea3sl 1 001agar0T
MHOTHMHU U3 T€X XK€ NOMeHOB, uTo U HykJjea3bl CRISPR Cas9 tuna II, xaxnas u3 Hux
He umeet TunuuHoro PAM-s3aumoneiicteyromero nomena ((PID — PAM-Interacting
domain); 6a3a nanubix InterPro: IPR032237; 6a3a nanubix Pfam: PF16595).
CootsercrBerHo, APG06646.1 u APG04293.1 Ttaxkke He 007anal0T XapakTepHOH
noTpebHOCTHIO B MOTHBEe PAM, KOTOpas npeacTapsieT coO00# MoCae0BaTEeIbHOCTD U3
2-5 HyKJICOTHAOB COTJIACHO ONMMCAHHOMY BbIlle. BMecTO 3TOro 3TN 0eNKu UMET
yHuKajdbHbIe qoMeHbl pacno3HaBanus JJHK Ha cBoux C-konmax (octatku 821-1092 B
APGO06646.1 (mocnenoBaTeIbHOCTh NOJHOHN IiuHBI npeactasieHa kak SEQ ID NO:
117); octarku 1064-1401 B APG04293.1 (mocnenoBaTelbHOCTh MOJHOMN JJIMHBI
npeacrtasieHa kak SEQ ID NO: 103). Takue yHUKaJIbHBIE TOMEHBI PACIIO3HABAHUS
JIHK nmo3BosA0T Hykj1€a3aM pacllenaaTh 10 TEeHOMHOMY CalTy-MHUIIEHU HA OCHOBE
OJTHOHYKJIEOTHAHOTO MOTHBA BOJIM3H T€HOMHOM nocienoBatenbHOCcTH-MUuIIeHu (SEQ
ID NO: 109; cm. Tabun. 2).

APGO04293.1 takxe obnanaeT YHUKAIbHBIM CUTHATYPHBIM TOMEHOM H3 133
AMHUHOKHCJIOTHBIX OCTAaTKOB, PACMOJOKEHHBIM Osmoke K N-koHny (octaTtku 144-276).
DyHKIUS 3TOr0 TOMeHa Heu3BecTHa He ToabKo y Hyksea3 CRISPR Cas9 tuna II, HO 1

BOOOILIE B JaHHONU 00J1aCTU TEXHUKU.
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1I1. Hykneotunel, komupvionue PHK-manpasasemble Hykiaeasbl, CRISPR PHK

n/unu tracrPHK

B Hacrosmem n300peTeHny npeaIoKeHbl NOJUHYKJISOTH b, CONEpIKaIue
nzBectHble B Hactosmee BpeMs PHK CRISPR, tracrPHK w/unu sgPHK, u
MOJIMHYKJIEOTUABI, COAEPKALIUE HYKICOTUIHYIO MMOCIEA0BATEIbHOCTD, KOAUPYIOLIYIO
yctaHoBJeHHbIe B HacTosuee Bpems PHK -nanpasnsemsie Hykneassl, CRISPR PHK,
tracrPHKs n/unu sgPHK. M3BecTHBIC MOTUHYKJICOTU bl BKIOYAKOT MOJHHYKJICOTUIBI,
conep Kaliue WM KOOUPYIOIIHUe MOBTOPAIYCcs nocneqosarenbHocTh CRISPR,
CONlep KAy HYKJIeOoTHAHYI0 nocienoBarenpbuocts SEQ ID NO: 2, 10, 17, 24, 31, 39,
47,55, 62,70, 76, 83, 90, 96, 104, 111, 118, 240, 273 unu 287 uiau ux aKTUBHBIN
BAPUAHT WJIH PPArMeHT, KOTOpbIe Oyy4uH BKIOUEHHbIMHU B Hampasisomy PHK
CIOCOOHBI HAMPABJATh CIEHH(PUUECKOE B OTHOIIECHUH MOCJIEI0BATEIbHOCTH
cBsA3bIBaHUE accouunpoBanHoi PHK-HanpaBiasemMoil Hykiaeas3bl ¢ IpeACTaBISAIOIIEH
UHTEpeC NOCIEeN0BaTEIbHOCThIO-MUIIEHbO. BCe ONUCaHHbIe MOJUHYKJIEOTHUAbI
SIBJISIFOTCST BKJIFOYAO UMY Uinn kogupyromumu tracrPHK, conepxxamumn
HykJeoTuausie nocienosarenbnoctd SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63,
71,77, 84,91, 97, 105, 112, 119, 241, 274 unu 286 unu uX akTUBHBIN BApUAHT UJIH
¢bparmMeHT, KOTOpBIE IPHU BKJIIOUYEHUH B Hampapisitouyo PHK cmocoOHbI HanpaBisTh
crienuUueckoe 1Mo mocyiienoBaTeNbHOCTH cBsi3biBaHue PHK-Hanpasnsromeit Hykaeassl
C LIeJIeBOH MOCIEA0BATENbHOCTBIO, IPeACTaBIA el nHTepec. Takxke
IpeayCMOTPEHBI MOJUHYKJIEOTUABI, KOTOpble KoaupyoT PHK -nanpasnsemyro
HyKJiea3y, COAep KAy aMUHOKHUCIOTHYIO MOCIEI0BATEIbHOCTD, IPEACTABICHHYIO
kak SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117,
137 unm 235, a TakKe UX aKTUBHBIE (PPArMEHTHI MJIM BAPHAHTHI, KOTOPBIE COXPAHSIOT
CIOCOOHOCTH CBSI3BIBATHCS C I€JIEBON HYKJICOTHAHOU moclienoBatebHOCThI0O PHK -
HaIpaBJIsieMbIM CIeU(PUIECKUM B OTHOIIEHUH MMOCJEOBATEIbHOCTH 00pa3om.

Hcnonp3oBanue TEpMHUHA CIIOJIUHYKJIECOTHU» HE NPEAHA3HAYEHO AJIs
OTPAHUYEHHUsS] HACTOSIIETO U300 PETeHNUS MOJHHYKICOTHAAMH, IPEICTABIISIO LUMHU
JIHK. CneumnanucraMm B JaHHOHN 0OJIACTH MOHSITHO, YTO MOJUHYKJICOTUABI MOTYT
BKIHOYaTh pudonykieotuns (PHK) n komOunanuu puboHYKI€OTHAOB U
ne30KCUPUOOHYKIeOTHAOB. Takne ne30KCUPUOOHYKIEOTUbI U PUOOHYKIEOTH B
BKJIFOYAKOT KaK BCTPEYAIOIIHUECS B IPUPOAE MOJIEKYJIbI, TAK U CUHTETUYECKHUE aHAJIOTH.
K HuMm oTtHOCATCS menTtuaHble HykienHosble KuciaoThl (IIHK nnu PNA — peptide

nucleic acid), xumepsr ITHK-JITHK, 3abnokupoBanHble HykienHOBbIe kKucaoTsl (3HK
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unu LNA — locked nucleic acid) u mocienoBaTenbHOCTH, CBSI3AHHBIE C
dochornoparom. IlonMHYKIEOTHABI, ONTUCAHHBIE B HACTOSIIEM H300PETEHNUHU, TAKXKe
OXBATHIBAIOT BCE (POPMBI MTOCIENOBATENBHOCTEH, BKIIIOYAs, TOMUMO TP OYEro,
olHOLeno4YeuHble popMbl, AByxuenodeunsie Gopmbl, rudpunsl JHK-PHK,
TPUILIEKCHBIE CTPYKTYPBI, CTPYKTYPBI TUMA «CTeOETb-TIETIS» U T.II.

MounekyJibl HyKJIEHHOBBIX KUCIOT, koaupytoiue RGN, MoryT ObITh
ONTUMU3UPOBAHBI IO KOJOHAM JJIsI SKCIIPECCUU B MPEACTABISAIONIEM HHTEPEC
opranuszme. «ONTUMHU3UPOBAHHAS 1O KOAOHAM» KOAUPYIOIIas MOCIeI0BaTEeIbHOCTD
NpeacTaBisieT COOOH MOMMHYKIEOTHAHYIO KOTUPYIOUIYIO TTOCIEA0BATEIbHOCTD, IS
KOTOPOU CKOHCTPYHUPOBAHA YACTOTA U3MEHEHHUS KOJOHOB, UMHUTHPYIOIIAsI 4aCTOTY
HCTIOJIb30BAHUS KOJOHOB, MPEIHA3HAUEHHYIO JJIsi HUMUTAIUHA YaCTOTHI UCIOJIb30BAHUS
MPEANOUYTUTENbHBIX KOJOHOB WJIN YCJIOBUHM TPAHCKPUIILIMU B KOHKPETHOM KJIETKE -
xo3siuHe. [1oBbIIaeTCs 3KCIpecchsi B KOHKPETHOMN KJIEeTKE-X035MHE UJIU OPTAaHU3ME B
pe3yibTaTe U3MEHEHUs OJHOIO MJIM HECKOJbKUX KOJOHOB Ha YPOBHE HYKJIEHHOBOM
KHCJIOTHI TAKMM 00pa3oM, U4TO TPAHCIUPyeMasi aMUHOKHCIJIOTHAS MOCIEA0BATEIbHOCTD
He U3MeHsIeTCsl. MOJIEKYJIbl HYKJIEHHOBBIX KUCJIOT MOTYT OBbITh ONTHMU3UPOBAHBI
NOJIHOCTBIO UJIM YaCTUYHO. B maHHO# o0nactu ecTh TaOMUIBI KOJOHOB U APYTHE
CCBUIKH, COAep Kamue HHPOPMAIUIO O MPEANOUYTEHUSIX ISl LIUPOKOTO Kpyra
opranu3mos (cMm., Hanpumep, Campbell, Gowri, Plant Physiol., 1990, 92:1-11, rne
NPUBOIAT 00CYXKAeHUE MPUMEHEHHSI KOAOHOB, MPEeANOYTUTENbHBIX AJIsl pacTeHuii). B
JAHHOW 00JIACTH TEXHUKHU U3BECTHBI METOABI CUHTE3a I'€HOB, MPEANOYTUTEIbHBIX IJIs
pacrenuii. Cm., Hanpumep, US 5380831, US 5436391, Murray ¢ coaBrt., Nucleic Acids
Res., 1989, 17:477-498, BkiItOUeHHbIE B HACTOsIIIee M300pEeTEHNE B BUMIE CCHLIKH.

IMonunykneorunsl, kogupyroiue RGN, crPHK, tracrPHKs w/unu sgPHK,
MpPeNyCMOTPEHHbIE B HACTOSIIEM JJOKYMEHTE, MOTYT OBbITh B 3KCITPECCUOHHBIX
KacceTax JJisl SKCIPECCUH i1 VitFo WU 3KCIIPECCUH B MPEACTABISIONIUX UHTEPEC
KJIETKe, opraHesie, smOpuoHe unu opranusme. Kaccera moxer Bkito4ath 5'- u 3'-
PeryJsITOpHBIE MMOCIEeNOBATEIbHOCTH, QYHKIHOHAIBHO CBSI3aHHBIE C
nonuHykyaeorunom, kogupyromum RGN, crPHK, tracrPHKs n/unn sgPHK,
NpeayCMOTPEHHBIE B HACTOSIIEM U300PETEHUHU, YTO 00ECIeUnBAET SKCIPECCHIO
nojauHykyieotuna. Kaccera MOXXeT JOMOJHUTENBHO COMEPKATh [0 MEHbLIEH Mepe
OJWH JOTMOJHUTEIbHBIN T'€H UJIM T€HETUUYECKUHN 3JIEMEHT, OTHOBPEMEHHO
TpaHchopMupyeMblii B opraHu3Me. Eciin BKIIIOYEHBI JOTIOJHUTENbHBIEC TeHbI WU

3JIEMEHTHI, KOMITIOHEHThI PYHKLIHMOHAIBbHO CBsI3aHbl. TepMUH «(QYHKIIMOHAIBHO
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CBSI3aHbI» MpeAHa3Ha4YeH i1 0003HaueHHUS (PYyHKIIMOHAIBHON CBSA3U MEXAY ABYMSI
winu Oonee snementamu. Hanpumep, nelicTByomas CBsI3b MEXKY MPOMOTOPOM H
MpeNCTaBISAIO e HHTEepeC KOOUPY e 00aacTbio (HanmpuMep, 001acThio,
konupyromeit RGN, crPHK, tracrPHK u/unu sgPHK) aBnsercsa pyHkunoHanbHON
CBSI3bI0, KOTOpAsi MO3BOJIAET 3KCIPECCUPOBATh NPEACTABISIOYI0 HHTEPEC
KOAUPYIOIYI 00nacTh. OYHKIMOHANBHO CBSI3aHHBIEC 3JIEMEHTHI MOTYT OBITh
CMEKHBIMHU UJIM HAXOAUTHCS TUCTAHUHOHHO. [Ipu ucnonb3oBaHuu aist 0003HAYEHUS
COEAMHEHUs ABYX 00acTel, KONUPYIOIUX OeJIOK, TEPMHUH « QyHKIIMOHAIBHO
CBSI3aHHBIE» MOJPA3yMEBAET, YTO KOJUPYIOIINE 00JaCTH HAXOATCS B OAHON M TOH Ke
paMKe CUMTBHIBaHHS. B Npyrom BapuaHTe, JOMOJHUTENbHBIA I'eH (F€HBI) HIIH 3JIEMEHT
(31€MEeHTBI) MOTYT OBITH NMPEICTABIEHBI HA HECKOJBKUX YKCIPECCUOHHBIX KacCeTax.
Hanpumep, nocienoBaTenbHOCTh HYKJIE€OTHUI OB, KOAUPYIOIIAsl U3BECTHbIE B
HacTosiee BpeMss RGN, MoxeT HaXxOIUThCS Ha OJHOH KacceTe 3KCIPecCcuu, TOrAa Kak
MOCJIE0BATENIbHOCTh HYKJI€0TUA0B, koaupywwmas crPHK, tracrPHK unu Bcro
Hanpasysiromyo PHK, MoxeT HaxoquThCs Ha Apyrou kaccere skcnpeccuu. Takas
SKCIIPECCUOHHAs KacceTa CHa0KeHa MHOKECTBOM CAWTOB PECTPUKINHU U/UIU CAHTOB
peKOMOMHAINY U1 HHCEPLUHUH MMOJUHYKIEOTHAOB, MOAJIEKAIMUX TP AHCKPUIIIUOHHOM
peryJsiuu peryasTopHbIx oOnactel. Kaccera skcnpeccun MOKET AOMOTHUTENbHO
COJIEPKATh CEJIEKTUPYEMbI MapKEPHBIN I'€H.

KacceTa skcrnpeccuu MOXeT BKJIIOYATh B HANIPABJIEHUU TpaHCKpunuuu 5'-3'
005acTh MHULMALNH TPAHCKPUIIUHU (1, B HEKOTOPBIX BAPUAHTAX OCYIIEC TBIEHHUS
HACTOSINEro u300peTeHus:, TpaHcsiuuu), T.e. mpomotop, RGN-, crPHK-, tracrPHK-
u/unu sgPHK-konupyomue noJunenTia o HacTosImeMy H300pETEHHUI0, a TaKKe
00JIacTh TEPMUHAIIUH TPAHCKPUNLHUH (U, B HEKOTOPBIX BAPHUAHTAX OCYILECTBJICHUS
HACTOSINETro N300peTeHUs, TPAHCISILUK), T.€. 00JaCTh TEPMUHAIUH,
(YHKIIUOHUPYIOIIUE B MPEICTABISIIOMEM HHTEpeC opraHnu3Me. I[IpoMoTops! Mo
HACTOSIIIEMYy U300PETEHHIO CIIOCOOHBI HAMPABIATD UJIM CTUMYJHPOBATH 3KCIPECCHIO
KOOUPYVIOIIEH MOCIe0oBaTeIbHOCTU B KJIETKe-X03s1uHe. PerynsitopHbie obnactu
(Hampumep, MPOMOTOPBHI, OOJNACTH PEryJsILUU TPAHCKPUILUH U 00JaCTH TEPMHUHALIUH
TPAHCIISILMHN) MOTYT OBbITh SHAOTE€HHBIMH HJIM F€TEPOJOTHYHBIMU IO OTHOLIEHUIO K
KJIETKE-XO35IMHY UJIHU IpyT K Apyry. Mcnoap3yeMblll B HACTOSEM U300peTEeHUH
TEPMHH «Te€TEPOJIOTHYHBIN» B OTHOLIEHUH MOCIEI0BATEIbHOCTH MPEACTABIIsIET COOOMH
MOCJIEI0BATENbHOCTD, KOTOPasi MPOUCXOAUT OT APYroro BUa UIJIH, €CJIH OHA

NPpUHAOJICIKUT K TOMY K€ BUAY, CYIIECCTBCHHO U3MCHCHA MO CPABHEHHIO C €€ HAaTHUBHOM
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¢dbopmoii Mo cocTaBy M/HIM T€HOMHOMY JIOKYCY B PE3yJIbTAaTE MPeaHAMEPEHHOTO
BMEIIATENbCTBA YeJIOBEKa. B HacTosmeM n300peTeHNN XUMEPHBIN I'eH COAEPKUT
KOJUPYIOIYIO MOCIEN0BATENbHOCTD, QYHKIIMOHAIBHO CBSI3aHHYIO C 00JaCThIO
MHULMALUT TPAHCKPUIILUH, KOTOPasi T€TePOJOrNYHa B OTHOLIEHUH KOAUPYIOLIEH
NOCJI€JOBATEIbHOCTH.

[Topxonsmue 00IacTU TEPMUHALMN MOXKHO MOJTYYUTh U3 Ti-miasMunsl us A.
tumefaciens, Taxue Kak 00JIaCTU TEPMUHALUH OKTONMMHCUHTA3bl U HOMAJIMHCHHTA3HI.
Cwm. Takxe Guerineau ¢ coaBT., Mol Gen. Genet, 1991, 262:141-144; Proudfoot, Cell,
1991, 64:671-674; Sanfacon ¢ coaBT., Genes Dev, 1991, 5:141-149; Mogen ¢ COaBT.,
Plant Cell | 1990, 2:1261-1272; Munroe ¢ coaBT., Gene, 1990, 91:151-158; Ballas ¢
coaBT., Nucleic Acids Res, 1989, 17:7891-7903; Joshi ¢ coaBt., Nucleic Acids Res,
1987, 15:9627-9639.

K nOomONTHUTENbHBIM PEryJIsTOPHBIM CUTHAJIAaM OTHOCSITCS, HO UMH HE
OTPAHUYHUBAIOTCS, CTAPTOBBIE CAWTHl HHUIHALMN TPAHCKPHUIILIUH, OTIEPATOPHI,
AKTUBATOPBI, SHXAHCEPHL, IPYTUe PETYIATOPHBIE 3JTEMEHTHI, pUOOCOMAabHbIE CANTHI
CBSI3BIBAHMSI, KOJOHBI HHULIMALUH, CUTHAJbI TepMUHALKMY U npyrue. CMm., Hanpumep,
US 5039523 u US 4853331; EPO 0480762A2; Sambrook ¢ coaBT., kH.: «Molecular
Cloning: A Laboratory Manual», 1992, nox pen. Maniatis ¢ coast. (u3x. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, Hero-Mopk), B nanbHeiimem cchlika
naetcs kak «Sambrook 11»; kH.: «Advanced Bacterial Genetics» mon pen. Davis ¢
coaBsT., 1980 (u3x. Cold Spring Harbor Laboratory Press), Cold Spring Harbor, Hero-
WMopk, u mpuBeIeHHbIE B HUX CCBUIKM.

[Tpu mpUTOTOBIEHUHU KACCEThI IKCIPECCHU MOKHO MaHHUIYJIHPOBATH
paznuunbiMu Gpparmentamu JIHK, uToOb1 o0ecnieunts nmocnenosarenbHoctu JJHK B
HaJJIeXalel OpUEeHTAIMH U, IPU HEOOXOAMMOCTH, B HAJJIEXKAIEH paMKe
cuutbiBaHusA. C 310 nensto nis coenunenus pparmentos JJHK moryt OviTh
UCIIOJIb30BAaHBI AJANTEPhI TN JTUHKEPBI, HJIM MOTYT OBITh 3aJ€ICTBOBAHBI IPyTrUe
MaHHNYJSIOUH A1 o0ecriedeHns: yaoOHbIX CAWTOB PECTPUKINH, YAAJCHUS JIHITHEH
JHK, ynaneHusi caiiToB peCTpUKIUU | T.1. J{J1st 3TOH el MOTYT ObITh IPUMEHEHBI i71
Vitro MyTareHes, penapauus npaiiMepoB, peCTPUKLHS, OTKHUT, TOBTOPHBIC 3aMEHBI,
HarpuMep, TPAH3UIUU U TPAHCBEPCHH.

B nmpakTuke HacTOAImMEro n300peTeHus MOKHO UCIOJIb30BATh P MPOMOTOPOB.
IIpoMoTopbl MOryT ObITh BBIOpaHbI UCXOAs U3 Tpebyemoro pesynbpraTta. HykienHoBbIe

KHCJIOTBI MOXKHO KOM6I/IHI/IpOBaTb C KOHCTUTYTHUBHBIMU, HHAYLIUPYCMbBIMU,
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criennpUIHBIMH ISl CTAAUU POCTA, CIEU(PUIHBIMU ISl TUTIA KJIETOK,
NPEeANOYTUTENbHBIMHU ISl TKAHEH, crieuUIHBIMU ISt TKAHEH WU IPYTUM U
IPOMOTOpPAaMHU AJISl SKCIPECCUM B MPEACTABIAKOIIEM HHTepec opranusme. CMm.,
Harpumep, NpoMoTopsl, onucanusie B WO 99/43838, US 8575425; US 7790846; US
8147856; US 8586832, US 7772369; US 7534939; US 6072050; US 5659026; US
5608149; US 5608144; US 5604121; US 5569597; US 5466785; US 5399680, US
5268463; US 5608142; US 6177611; 5T maTeHThbI BKJIKOYEHbI B HACTOSIIEE
n3o0peTeHrue B BUE CChUIOK.

JIns 5KCrpeccuy B PaCTEHUSIX K KOHCTUTYTHUBHBIM IPOMOTOPAM TaKXe OTHOCSITCS
npomoTtop CaMV 35S (Odell ¢ coasr., Nature, 1985, 313:810-812); akTuH puca
(McElroy ¢ coasr., Plant Cell, 1990, 2:163-171); youksutun (Christensen ¢ coasT.,
Plant Mol. Bio, 1989, 12:619-632; Christensen ¢ coaBT., Plant Mol. Biol, 1992,
18:675-689); pEMU (Last ¢ coast., Theor. Appl. Genet, 1991, 81:581-588); MAS
(Velten ¢ coast., EMBO J, 1984, 3:2723-2730).

[IpuMepaMu UHOYLHPYEMBIX IIPOMOTOPOB sABJIAOTCS mpoMoTop Adhl, koTopsrii
UHAYLUHUPYETCs THIOKCUEN MIIM XOJIOAOBBIM CTpeccoM, npomoTop Hsp70, koTopslii
UHAYLUPYETCS TETIOBbIM cTpeccoM, mpomoTop PPDK u npomoTop nenkapOokcunassi,
KOTOpble 00a MHAYIUPYIOTCS CBETOM. Tak:ke MpUMeH UMbl XUMUYECKH HHAYLUPYEMBbIE
IIPOMOTOPBI, TAKKE KaK MPOMOTOp In2-2, KOTOPBIM HHAYLUPYETCS AaHTUAOTOM
repounmnos (US 5364780), npomoTop Axigl, KOTOPBIH HHAYLUPYETCS AYKCUHOM H
crenrpuUeH s TameTyMa, HO Takke akTuBeH B Kaumoce (PCT US01/22169),
CTEPOUI-4yBCTBUTEJIbHBIE MPOMOTOPHI (cM., HanpuMmep, npomotop ERE, koTopsrii
UHIYLUPYETCSA 3CTPOT€HOM, U MPOMOTOP, HHAYLHUPYEMBIH MIOKOKOPTUKOUAAMH,
onucaHHbIMU B myOnukanusx Schena c coast., Proc. Natl. Acad. Sci. USA, 1991,
88:10421-10425; McNellis ¢ coast., Plant J. 1998, 14(2):247-257), u npOMOTOPHI,
UHAYLHAPYEMble TETPALUKINHOM H PENPECCHPYEeMble TETPALUKINHOM (CM., HAIPUMED,
Gatz ¢ coasrt., Mol. Gen. Genet. 1991, 227:229-237; US 5814618; US 5789156);
CBEJICHUsSI IPUBEAEHBI B HACTOSILIIEM M300PETEHUH B BUIE CCHUIOK.

TxanecnenuduyHbIe UIH TPEANOUYTHTEIbHBIC ISl TKAHEH MPOMOTOPHI MOXKHO
UCIIOJIb30BaTh AJIs LeJIeBON 3KCIPECCUU HKCIPECCUOHHON KOHCTPYKIUU B KOHKPETHOM
TKaHH. B HEKOTOPBIX BapuaHTaX OCYIIECTBJIEHHS HACTOSIIETO U300peTeHUs
IPOMOTOPEI, Cie(UIHBIE WIH MPEANOUYTHTEIbHBIE IS ONPENeIEHHbIX TKaHEeH,
AKTHUBHBI B PACTUTENbHOHN TKaHU. IIpuMepsl MpOMOTOPOB, HAXOAAIIUXCS MO

KOHTPOJIEM PA3BUTHA Y paCTeHHﬁ, BKJIIOHAIOT NIPOMOTOPBI, KOTOPHBIC NNPEANTOYTUTEIIBHO
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MHULUUPYIOT TPAHCKPUIILMIO B ONpENEeIEeHHbIX TKAHAX, TAKUX KaK JIUCTbS, KOPHHU,
IJIOABI, CeMeHa WU HBeThl. « TkaHecnennu(UUHBIIN» MPOMOTOP MpEeACTaBIsieT COOOMH
IPOMOTOP, KOTOPBIN MHULIMUPYET TPAHCKPUINLIMIO TOJBKO B ONpPENEeJEeHHbIX TKaHAX. B
OTJINYME OT KOHCTUTYTHUBHOMN 3KCIIPECCUU T€HOB, TKaHecneupuIHas 3Kkcrnpeccus
SABJAETCS PE3YyJbTATOM HECKOJBKHUX B3aMMOJEHCTBYIOUIUX YPOBHEH r€HHOU
perynsaunu. Kak TakoBble, IPOMOTOPBI U3 TOMOJIOTHYHBIX UIIN OJIU3KOPOACTBEHHBIX
BUJIOB PACTEHUN MOTYT OBITh MPEAMNOYTHTEIbHBIMH JJISI UCTIOb30BAHUS IS
noCTUKeHUs 3P (HEKTUBHON U HAAEKHON SKCIPECCUH TPAHCTEHOB B KOHKPETHBIX
TKaHsIX. B HEKOTOPBIX BapuaHTaX OCYIIECTBJIEHHS HACTOSIIEro U300pETEHNsT KacceTa
SKCIPECCUHU BKJIOYAET MPOMOTOP, CieIU(PUUIHBIA B OTHOLIEHUH ONMpPENeICHHONH TKaHH.
ITonsiTue «IPOMOTOP, NPEANOUYTUTEIBHBIN B OTHOLUICHUHU ONPENETCHHON TKAaHU
O03HA4YaeT, YTO OH HHULIMUPYET TPAHCKPUINLUIO NPEANOUYTUTENBHO B JAHHOW TKaHH, HO
He 00513aTeIbHO MOJHOCTHIO WU UCKJIIOYUTENbHO B ONPEAEICHHON TKaHH.

B HEeKOTOPBIX BapHaHTaX OCYIIECTBIIECHHS HACTOSAIIETrO U300PETEHUS MOJIEKYJIbI
HykJienHOBOH kuciotel, kogupyomue RGN, crPHK u/unu tracrPHK, conepsxar
IpOMOTOP, crienupUIHbIN A THHA KIeToK. [IpoMoTop, «cnenuduyHbIi B
OTHOUIEHUH THUIA KJIETOK», ABJIAETCS IPOMOTOPOM, KOTOPBIH B MEPBYI O4Yepeab
YIPaBJIAET 3KCIPECCUEN B ONPEAECICHHBIX TUIIAX KJIETOK B OJJHOM HJIM HECKOJIbKUX
opraHax. HekoTopbie npuMepbl paCTUTEIbHBIX KJIETOK, B KOTOPBIX B MEPBYIO OUE€PEab
MOTYT OBITh aKTUBHBI ClIeU(pUYECKHE [JI THIA KJIETOK IPOMOTOPHI,
GYHKIMOHUPYIOIINE B PACTEHHX, BKIIOYAIOT, Hanpumep, kierku BETL, cocynucteie
KJIETKU B KOPHSIX, JUCTBAX, KJIETKH CTEOJSI U CTBOJIOBBIE KIETKH. MOJIEKYIIbI
HYKJIEMHOBOM KUCJIOTHI TaAK)K€ MOTYT BKJIKOUYATh NIPOMOTOPBI, IPEANOUTUTEIbHbIE OIS
ONpEAENIEHHBIX TUIIOB KJIETOK. IIpOMOTOp «IpeanodYTUTENbHOIO THIA KJIETOK»
npeacTasisieT coO0I MPOMOTOP, KOTOPBIHA TJIABHBIM 00pa30M YIPaBISET SKCIPECCUEr
B OCHOBHOM, HO HE€ 00s3aTEJbHO MOJHOCTBIO WJIH UCKIIOYUTENBHO B ONPEeaeIeHHbIX
TUIAX KJIETOK B OJJTHOM HJIM HECKOJIbKUX OpraHax. HekoTopsle NpuMepsl KJIETOK
pacTeHui, B KOTOPBIX MOTYT OBITh MPEAMOUYTHTEIbHO aKTUBHBI IPOMOTOPBI
NPEeANOYTUTENBHOIO TUTIA KJIETOK, (YHKIIUOHUPYIOILINE B PACTEHUSX, BKIIOYAIOT,
Hanpumep, kiaeTku BETL, cocyaucTbie KIETKU B KOPHSIX, JTUCTBSX, KIETKH CTEONS U
CTBOJIOBBIE€ KJIETKHU.

[TocnenoBaTenbHOCTH HYKJIEUHOBBIX KUCHOT, koaupytouue RGN, crPHK,
tractPHK u/unu sgPHK, MoryT ObITh (YHKIIMOHAIBHO CBSI3aHBI C

NOCJIEIOBATEIbHOCTBIO MPOMOTOpPA, KOTOpas pacnoszHaercs parosoit PHK -
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noauMepason, Hanpumep, ansa cunresa MPHK in vifro. B Takux Bapuanrax
OCYILECTBJIEHUSI HACTOSIIEro n300peTeHust TpaHckpuduposanHas in vitro PHK moxer
OBITH OYHMIIEHA JJIsI UCTIOJBb30BAHUS B METOJIaX 110 HACTOSIIEMY U300PETEHHIO.
Hanpumep, mpoMOTOpHAas MOCAEOBATEIBHOCTD MOXKET MPEACTABIATh COOOM
IPOMOTOPHYIO mocyienoBarebHOCTh ¢paros T7, T3 unu SP6 unu Bapuant
npoMoTopHo# nocnenosareabHocTH 17, T3 unu SP6. B takux BapuaHTax
OCYIIECTBJIEHUS] HACTOSIIEro N300peTeHusT YKCIpeccupoBaHHblin Oenok u/unu PHK
MOTYT OBITh OYHIIEHBI I UCIOJb30BAHUS B METOAAX MOAM(PUKALIUU T€HOMA,
OMHUCAaHHBIX B HACTOSAIIEM U300pETEHUH.

B onpeneneHHBIX BapHaHTaX OCYLIECTBICHUS HACTOAIIETO U300peTeHUs
nonuHykygeotun, koaupyrwoumuid RGN, crPHK, tracrPHK w/unu sgPHK, Takxe moxer
OBITH CBSI3aH C CUTHAJIOM MOJIMAZeHUIUPOBaHUs (Hanpumep, curHanom nonu(A) SV40
U APYTHUMHU CUTHaJaMH, QYHKIHOHUPYIOIUMH B PACTCHUSX ) H/UIIM TIO MEHbIIEH Mepe
C OZJHOM MOCJIeA0BaTEeNbHOCTbIO TEPMHUHAIIMY TpaHCKpuniuu. Kpome toro,
MOCJIeIOBATENbHOCTD, kKonupyromast RGN, Takxke MoxkeT ObITh CBsI3aHa C
MOCJIEIOBATEIbHOCTBIO (MJIU MOCIEA0BATENBHOCTIMHI), KOIUPYIOIIEH M0 MeHbIIEeH
Mepe OMH CUTHAJ ePHOM JIOKAJU3alUH, 10 MEHbIIEN Mepe OOUH AOMEH,
NPOHUKAKIIHUHI B KJIETKY, H/UJIM IO MEHbIIEH Mepe OJUH CUTHAJIbHBIN MEeNTUx,
CIOCOOHBIN OCTABIATDH OCNIKU B ONpeesIeHHbIe CYOKIETOUHbIE MECTOIOIOKEHUS, KaK
OMKCAHO B HACTOSIIEM U300PETEeHHH.

Monunykaeorun, kogupyromuiit RGN, crPHK, tracrPHK, u/unu sgPHK, mosxeTt
NPUCYTCTBOBATh B BEKTOPE UJIM MHOXKECTBE BEKTOPOB. T€pMUH «BEKTOP» OTHOCUTCS K
MOJUHYKJIEOTUIHON KOMIO3UIUH JJIsI IepEeHOca, JOCTABKH UJIU BBEIEHUS
HYKJIEMHOBOM KHUCIIOTHI B KJIEeTKY-X035iuH. [loaxoasiuiue BEKTOPbI BKJIKOYAKOT
IUTa3MUIHBIE BEKTOPBI, (ParMuabl, KOCMHUIbI, UCKYCCTBEHHbIE/ MUHU -X POMOCOMBI,
TPAHCIIO30HBI M BUPYCHBIE BEKTOPHI (HAIPUMED, JEHTHBUPYCHBIE BEKTOPBI,
aZeHOaCCOLMUPOBAHHBIE BUPYCHBIE BEKTOPBI, OaKyJIOBUPYCHBIH BEKTOp). BexTop
MOJKET COJep>KaTh AOIMOJHUTENbHbIE TOCIEA0BATENIbHOCTH KOHTPOJISI 3KCIPECCUHU
(Hampumep, SHXaHCEPHBIE NMOCIEeA0BATEIbHOCTH, MocienopaTenbHocTH Ko3aka,
MOCJIEI0BATENbHOCTH MOJHAEHUIUPOBAHUS, [TOCIE€A0BATEIbHOCTH TEPMUHALIUU
TPAHCKPHIILUH), CENIEKTHPYEMble MapKEPHBbIE MOCIEA0BATEIbHOCTH (HAIPUMED, TeHBI
YCTOWYMBOCTH K aHTUOMOTHKAM), TOUKH Ha4aja PeruInKaliuu U APyTHe.
JlonomHUTENBPHYI0 HHGOPMALIIO MOKHO HailTu B KH.: Ausubel ¢ coast., «Current

Protocols in Molecular Biology», u3n-so John Wiley & Sons, Heio-Hopx, 2003; B
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kH.: Sambrook u Russell, «Molecular Cloning: A Laboratory Manual», uzn-so Cold
Spring Harbor Press, Cold Spring Harbor, Heto-Hopk, 3e usnanue, 2001.

BexTop Takxke MOXKET COAEPkKAaThb CEJIEKTUBHBIN MAPKEPHBIN I'€H AJA CEJNEKLUU
TpaHCOPMUPOBAHHBIX keTOK. CeJeKTupyemMble MapKepHbIE I'eHbl UCIIOIb3YIOT IS
CeJeKINHU TPaHCHOPMHUPOBAHHBIX KJIETOK WJIU TKaHeld. MapKkepHble T'eHbl BKJIOYAOT
reHbl, KOAUPYIOIHE YCTOHUYUBOCTD K aHTHOMOTHUKAM, HAalIPUMep, TeHbI, KOJUPYIOLINe
HeomuuuHpochorpanchepasy II (NEO) u rurpomuriuadpocdorpanchepasy (HPT), a
TaK)Ke TeHbI, TPUIAIOIINE YCTONYNBOCTh K TePOULMIHBIM COSTUHEHUSIM, TAKUM KakK
0 (OCHHAT AMMOHHUS, OPOMOKCHHUJI, UMHAA30JIMHOHBI U 2,4 -nuxyiopdeHokcuamnerar
(2,4-10).

B HEKOTOPBIX BapHaHTaX OCYIIECTBJICHHS HACTOSIIErO H300pETeHHUS KacceTa
SKCIPECCUU WU BEKTOP 3KCIPECCHH, COAEPIKAIMI MOCAeI0BATEIbHOCTb,
koaupyromy nonunentug RGN, MoxkeT JOMOTHUTEIPHO COAEPKATh
nocyienoBarebHOCTh, konupyromyto crPHK w/unn tracrPHK, unu crPHK u tracrPHK,
obbenuHeHHbIe MUt co3nanus Hanpasistoueit PHK. ITocienoBaTenbHOCTD
(mocnenoBarenbHOocTH), Kopupyromas crPHK w/unu tracrPHK, moxeT ObITh
($YHKIIMOHAIBHO CBsI3aHA [0 MEHbIIEH Mepe C OAHOH MOCIEN0BATENbHOCTHIO
KOHTpoOJsA TpaHckpunuuu s sxcnpeccuu crPHK w/unu tracrPHK B mpencrasnsomem
UHTEpEeC OpraHu3Me WM KieTKe-Xo3siuHe. Hanpumep, NONMHYKIE€OTHA, KOOUPYIO LU
crPHK w/unu tracrPHK, moxeT ObITh pyHKLMOHAIBHO CBA3AH C
MOCJIEI0OBATENIBHOCTBIO IPOMOTOPA, KoTOpas pacno3Haerca PHK-nonumepaszoit 111
(Pol III). ITpumepsl noaxoasuux npomoropos Pol III BkirodarT, HO He
orpanununBatoTcs umu, U6, U3, H1 u 7SL PHK npomoTops! maekonutaromux u U6 u
U3 npomoTopsl puca.

OTMeueHo, YTO SKCIPECCUPYIOLIHNEe KOHCTPYKIIUU, COAepIKallie HYKIEOTUAHbIE
nocnenosarenbHocTH, kogupyromue RGN, crPHK, tracrPHK w/unu sgPHK, moxHO
UCIIONb30BaTh U TPAaHC(POPMALMH MPEICTABJISIOIUX HHTEPEC OPTaHU3MOB. MeTObI
TpaHC(HOPMALIUU BKJIOYAIOT BBEJCHNE HYKICOTUIHOW KOHCTPYKIINH B
npeacTaBIA UM nHTepec opranusM. Ilon «BBegeHueM» MoJpa3yMeBaeTCsl BBEEHUE
HYKJICOTHAHON KOHCTPYKIUHU B KJIETKY-XO035IMHA TAKUM 00pa3oM, 4TO KOHCTPYKIIHUS
MOJIy4aeT JOCTYI BHYTPb KJIETKU-X03siMHA. Cioco0bl Mo HACTOSIIEMY U300pEeTEHHUIO
He TpeOYIOT KOHKPETHOIO METO/1a BBEACHHS HYKJIEOTUIHON KOHCTPYKLIUH B
OPraHU3M-XO03s5IUH, TPeOYeTCs TOJIBKO AJIS TOTO, YTOOBI HYKJIEOTHUHASI KOHCTPYKIIUS

MOJIy4HJIa JOCTYI BHYTPb IO MEHbIIEH MEpPe OJHOMN KJIETKH OPraHu3Ma-xO03suHa.



10

15

20

25

30

34

KneTka-xo03siuH MOXKET ObITh 3YKapUOTHYECKOHN MM MPOKAPUOTHYECKON KJIeTKOoH. B
ONpeaeIeHHBIX BAPUAHTAX OCYILIECTBIEHUS HACTOSLIEro U300peTeHus
9YKapUOTHUUYECKAas KIETKa-X035HUH SIBJISIETCS KIETKON pacTeHus, KIeTKOH
MJIEKOTIUTAIOLIIEr0 UM KJIETKOH HacekoMoro. Metobl BBeIeHUs HYKJIEOTHIHBIX
KOHCTPYKLHI B paCTeHUs U JPyTrUe KJIETKU-X035€Ba U3BECTHBI B JaHHOI 00sacTu
TEXHUKH, BKJIIOYasi, HO, HE OrPAHUYUBASICh UMH, CIIOCOOB! cTaOMIBHOM
TpaHchopMaum, cnocoObl TPAH3UTOPHOHN TpaHC(HOPMALIMU U CIIOCOOBI,
OTMOCPEIOBAHHBIE BUPYCAMH.

[IpuMeHeHNnEe METOAOB MO3BOJISIET MOJYYUTh TPAHC(HOPMHUPOBAHHBIH OPraHU3M,
TaKOW KaK pacTeHUe, BKIOUAs LeJIble PACTEHHS, a TAKXKE OPTaHbl PaCTEHUS
(Hampumep, TUCTbsI, CTEOJIM, KOPHU U T.J.), CEMEHA, PACTUTEJbHbIE KJIETKH,
NpOMAaryJibl, 3apOABIIIN U UX MOTOMCTBO. KneTku pacteHuit MOryT ObITh
nuddepeHIupOBaHHBIMU WIH Henu(phepeHUnPOBAHHBIMH (HaIpuUMep, KaJlyc, KJIETKH
CYCNEH3HMOHHOH KYJBTYPhI KJIETOK, MIPOTOILIACTHI, KJIETKH JIUCTHEB, KIETKH KOPHS,
KJIETKH (PIIO3MBI, MBLIbIA).

«TpaHcreHHbIE OPTaHU3MBIY, UIIH KTPAHC(HOPMHUPOBAHHBIE OPTaHU3MbD», HIIH
«CTaOUJIBHO TPAHCPOPMUPOBAHHBIE» OPTAHU3MBI, NN KJIETKH, UM TKAHU OTHOCSTCS K
OpraHu3MaM, B KOTOPbI€ BHEAPEH MJIM HHTETPUPOBAH MOJUHYKICOTHA, KOJAUPYIO LU
RGN, crPHK w/unu tracrPHK no Hactosimemy n3o0OpereHnto. YCTaHOBJIEHO, YTO
ApYrue 3K30T€HHbIE UM SHAOTEHHbIE MTOCIeA0BATENbHOCTH HYKJIEHHOBBIX KUCJIOT WU
¢parmentos JIHK Takke MOTYT OBITh BKJIIIOUEHBI B KJIETKY -X03siMHa. TpaHcdopmanms
¢ moMoubl Agrobacterium, onocpenoBaHHasi arpoOaKTEPUSIMHU HIH METOJIOM
MOJIEKYJIIPHON OUOIUCTUKH, OCTAETCS ABYMSI IPEUMYINECTBEHHO UCTIOJIb3YEMbIMU
NOAXONAMU I TpaHCHOpMaLUK PaCTUTEIbHBIX KJIETOK. TeM He MeHee,
TpaHChOpPMALUS KJIETKH-XO035MHA MOXKET ObITh OCYLIECTBJICHA MyTeM HH(PEKLHH,
TpaHCHEKLUNH, MUKPOUHBEKIIUHU, JIEKTPOMOPAIUN, MUKPOTIPOCKIINH, OMOJIUCTUKHU HIIH
6oMOapAUPOBKHU YaCTULIAMH, 3JIEKTPOTIOPALIMU, TPUMEHEHHS BOJIOKOH
CUNIMKaresns/yriepona, ¢ MIOMOIIbI0 YIbTPa3ByKa, ¢ mpuMeHeHueM 11917, coBMecTHOrO
ocaxknenus: pocharom kanbaus, meronom nojaukaruonnoro JIMCO, DEAE-
IEKCTPAHOBOT'O METOA, ONIOCPEIOBAHHOI'O BHPYCAMHU METOA, ONMOCPETOBAHHOTO
JUIMIOCOMaMHU METOAA U APYyrux. /s BBEJEHUS C TOMOIIBIO BUPYCOB MOJUHYKIECOTH A,
kopupyromero RGN, crPHK wu/unu tractPHK, ncnonp3yior neHTUBHUPYCHOE,
aZeHOBUPYCHOE M aJ€HOACCOLMUPOBAHHOE OMOCPEOBAHHOE BUPYCAMH BBECHHUE U

SKCIPECCHUIO, a TAKXKE UCIOJb3YIOT KayJIUMOBUPYCHI, reMuHuBUpychl 1 PHK-BupycChI
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PacTEeHUN.

IIporokousibl mpoBeaeHus: TpaHCHOPMALIMH, a TaK)Ke MPOTOKOJIBI BBEACHUS
MOJIUIENITHAOB WU MOJUHYKJIEOTUIHBIX MTOCJIEI0BATEIbHOCTENH B PACTEHUSI, MOTYT
BapbUPOBATH B 3aBUCHUMOCTH OT THUIA KJIETKU-XO3s5MHA (Hanpumep, KJIeTKH
OJHOJOJIBHOTO MJIM ABYJOJBHOTO PACTEHHUS ), MIpeaHA3HAUCHHOMN 1Jisl TpaHChopmauu.
Mertonbl TpaHchOpMaMu U3BECTHBI B TAHHOH O0JIACTH U BKJIIOYAKOT T€, KOTOPbIE
onrcanbl B US 8575425; US 7692068; US 8802934; US 7541517; cymHOCTDb KaXOTO
U3 3THX MAaTEHTOB BKJIIOYEHA B HACTOsIIee n3o0peTeHue B Bume ccbuiku. CM., Takxke,
Rakoczy-Trojanowska M., Cell Mol Biol Lett, 2002, 7:849-858; Jones ¢ coasr., Plant
Methods 2005, 1:5; Rivera ¢ coaBT., Physics of Life Reviews, 2012, 9:308-345;
Bartlett ¢ coaBrt., Plant Methods, 2008, 4:1-12; BatesG.W ., Methods in Molecular
Biology, 1999, 111:359-366; Binns, Thomashow, Annual Reviews in Microbiology,
1988, 42:575-606; Christou P., The Plant Journal, 1992, 2:275-281; Christou P.,
Euphytica, 1995, 85:13-27; Tzfira ¢ coast., TRENDS in Genetics, 2004, 20:375-383;
Yao ¢ coasr., Journal of Experimental Botany, 2006, 57:3737-3746, Zupan,
Zambryski, Plant Physiology, 1995, 107:1041-1047; Jones ¢ coast., Plant Methods
2005, 1:5.

Tpanchopmauus MoOXKeT MPUBECTH K CTAOMIBHOMY MJIM BPEMEHHOMY BKJIFOUEHUIO
HYKJIEMHOBOW KUCJIOTHI B KJIeTKy. [IpenmnonaratoT, uto «cTabunbHas Tpanchopmanusy
03HAYaEeT, UTO BBEJIEHHAS B KJIETKY-XO035IMHA HYKJICOTUIHAS KOHCTPYKLIUS
UHTETPUPYET B FT€HOM KJIETKH-XO035IMHA U CMOCOOHA MepeaaBaThCsi MO HACIEACTBY.
IMonpa3ymeBarwT, 4YTO «BpeMeHHas TpaHCHOpMaLHsI» O3HAYAET, YTO MOJUHYKIEOTH I
BBOJUTCS B KJIETKY-XO35IMHA U HE HHTETPUPYET B €€ TEHOM.

MeTtoabl TpaHchopMaIUK XJTOPOTIIACTOB U3BECTHBI B TAHHON 00JIaCTU TEXHUKHU.
Cwm., manpumep, Svab ¢ coaBt., Proc. Nail. Acad. Sci. USA, 1990, 87:8526-8530;
Svab, Maliga Proc. Natl. Acad. Sci. USA, 1993, 90:913-917; Svab, Maliga, EMBO J.,
1993, 12:601-606. DtoT meroa ocHoBaH Ha noctaBke [JHK, cogepkameit
CEJIEKTUBHBIA MapKep, ¢ MOMOIIBIO NYyIWKK yacTul U Hauenusanuu JIHK Ha
IUTACTUIHBIN T€HOM IMOCPEACTBOM IOMOJIOTHYHOH pexoMOunanun. Kpome Toro,
MJIAaCTUHAS TpaHCHOpMaALUs MOKET OBITh OCYLIECTBJIEHA MyTeM TPAHCAKTUBAIUH
MOJTYAIIETO MePEeHOCUMOro IIACTHAAMHU TPAHCTEHA TOCPEACTBOM MPEAMOUYTUTETLHON
B TKAHSX 3KCIPECCUU KOOAUPYEMOMU B AApe U ynpasisemon ninactugou PHK -
nonumepasbl. Takas cucreMa onucana B nyonukanuu McBride ¢ coast., Proc. Natl.

Acad. Sci. US4, 1994, 91:7301-7305.



10

15

20

25

30

36

TpanchopmMupoBaHHbIE KIETKH MOTYT OBbITh BbIpallleHbl B TPAHCTEHHBIN
OpraHu3M, TaKOH KaK pacTeHue, pyKOBOACTBYSCh OObIUHBIMU MeTOaMu. CM.,
Hanpumep, McCormick ¢ coast. (1986) Plant Cell Reports 5:81-84. 3aTem 3T
pacTeHHs MOTYT OBITh BBIPALIEHbI U JUOO ONBIJIEHbI OHUM U TE€M K€
TpaHC(HOPMHUPOBAHHBIM IITAMMOM, JUOO Pa3HbIMHU LITAMMAMH, U UAEHTHPULHUPOBAH
MOJIYYEeHHBIN THOPUI, UMEIO NN KOHCTUTYTUBHYIO SKCIpeccHio Tpedyemon
(eHOTUITHYECKOH XapaKTepUCTHKH. MOKHO BBIPACTUTH ABA WK OOJiee MOKOJIEHHUIA,
4TOOBI TAPAHTUPOBATD, YTO SKCIPECCHS JKeJIaeMOro (eHOTUITHYECKOTO MPU3HAKA
CTaOUJIBHO MOAAEPKUBAETCS U MEPENAETCS 1O HACJIEACTBY, a 3aT€M MOKHO coOpaTh
CeMeHa, YTOOBI rapaHTUPOBATh JOCTHKEHUE JKeJIaeMoro PeHOTUIIHYECKOTO MPU3HAKA.
Takum obpas3om, HacTosmee n3odpeTeHne odecneunBaeT TpaHCHPOPMUPOBAHHBIE
ceMeHa (Takke Ha3blBaeMble KTPAHCTEHHBIMH CEMEHAMUY ), UMEIOI e HYKJICOTHUHYIO
KOHCTPYKLHIO 110 HACTOSIIIEMY H300pETEHHI0, HAIPUMEP KaCCeTy 3KCIPECCUH IO
HACTOsIIEeMYy U300PETEeHHIO, CTA0OMIBHO BKIOUEHHYIO B UX TE€HOM.

B npyrom Bapuanre, TpaHCHOPMHPOBAHHBIE KJIETKH MOTYT ObITh BBEICHBI B
OpraHu3M. DTH KJIETKHU MOTJIH MPOUCXOIUTh U3 OPraHU3Ma, B KOTOPOM KJIETKH
TpaHC(HOPMUPOBATH €X ViVo.

IIpenycMOTpeHHBIE B HACTOSILIEM H300pETEHUH MOCIEOBATEIbHOCTH MOYKHO
UCIIOJIb30BaTh sk TpaHCPopManuu JOObIX BUAOB PACTEHHH, BKJIIOYAsi, HO, HE
OTpaHUYMBASICh UMHU, OTHOAOJbHBIE U IBYNOJbHbIE pacTeHus. [Ipumepsl
NPEACTABISAIONX HHTEPEC PACTEHHUH BKJIIOYAIOT, HO HE OTPAHUYNBAIOTCS UMHU,
KYKYpPY3y, COpPro, MIIeHUIy, NOJACOJHEUHUK, TOMHUIOPBI, KPECTOLBETHBIE, Mepell,
KapTodenb, XJIOMOK, PUC, CO, CAXapHYI CBEKJy, CaXapHBII TPOCTHHK, Tabak,
SYMEHb U MACJIHYHBIN parc, Brassica sp., TIOUEepPHY, POXKb, MPOCO, cadiop, apaxuc,
cranakuil kaprodenb, MAHUOKY, Kode, KOKOC, aHaHAC, IIUTPYCOBBIC AEPEBbs, KAKao,
yaii, 0aHaH, aBOKaJ0, MHXKHUD, I'yaBa, MAHTO, OJIUBKH, MMaNaiio, KeIbI0, MaKaaa MU0,
MUHIaJb, OBEC, OBOIIH, 1E€KOPATUBHbBIE PACTEHUS U XBOWHBIE 1ePEBBS.

OBowIM BKJIKOYAKT, HO MMH MepeYeHb HE OTPAHUYUBAETCS, MTOMUAOPHI, CaJaT,
3eJeHyio ($acosb, TMMCKY0 (acoib, ropox U npencrasutenei pona Curcumins, Takue
KaK OTypel, MyCKYCHYIO bIHIO U MYCKYCHYIO IbIHIO. JleKOpaTUBHbIE PaCTEHUS
BKJIFOYAIOT, HO UMH MepeYeHb HE OTPAHUYUBAETCS, a3aJIMHU, TOPTEH3UU, THOUCKYCHI,
PO3bI, TIOJBIIAHBI, HAPLUHCCHI, METYHUHU, TBO3AUKH, TYaHCETTUH U XPU3AHTEMBI.
IIpennouTuTENbHO, PACTEHUSMH 10 HACTOSAIEMY U300PETEHUIO SABISIOTCA

CEIbCKOXO03sIHCTBEHHBIE pacTeHUs (HanpuMep, KyKypy3a, COpro, MiieHuua,
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MOJCOJTHEYHHUK, IIOMUIOPHI, KPECTOLBETHBIE, TepeLl, KapTodespb, XJIOMOK, pUc, cos,
caxapHas CBEKJa, CaxapHbI TPOCTHHK, Tabak, SUMEeHb, MACIUYHBIA pamnc u T.1.).

B HacrosimeM n3o0peTeHnn TEpMUH «PAaCTeHHE» BKJIIOYAET KJIETKU pacTeHUH,
IMPOTOMJIACTBI PACTEHUH, KYJIbTYpbl KJIE€TOK TKaHEH pacTeHUM, U3 KOTOPBIX PACTEHUs
MOTYT OBITh pereHepUpPOBaHbI, KAJIyChl PACTEHUHN, 3apOCIN PACTEHUH U KJIETKU
pacTeHui, KOTOPbIE SABIAIOTCSA UHTAKTHBIMU B PACTEHUSX MU YaCTAX PACTEHHUH, TAKUX
KaK 3apOABIIIY, IMbLIbLA, CEMANOYKH, CEMEHA, JIUCThS, [IBEThI, BETKH, IJIOJBI, 3€PHA,
KOJIOChSI, TIOYATKH, IIeTyXa, CTeONU, KOPHU, KOHUYMKH KOPHEH, MbIIbHUKH U T.11.
TepMHuH «3epHO» O3HAUAET 3peible CeMeHa, MPOU3BeAeHHbIE KOMMEPUECKUMU
MPOU3BOAUTENSAMH IJIs Liesel, OTINYHBIX OT BhIpAaIllMBaHUS WJIM BOCIIPOU3BOACTBA
Buza. [IoToMcTBO, BapUaHThl U MyTaHThl CO3JAHHBIX PACTEHUI Tak)ke BXOAST B paMKHU
OXBaTa HACTOSIIEr0 N300pETEHUsI MPHU YCIOBUH, UYTO 3TH YACTH COAEPKAT BBEIACHHBIC
noNuHyKJIeoTuasl. Kpome Toro, mpenycMaTpuBarT nepepadoTaHHbId paCTUTEIbHBIHI
NPOAYKT MJIM TOOOYHBIN MPOAYKT, KOTOPBIH COXPAaHSAET MOCIEI0BATEIbHOCTH,
pPacKpbIThle B HACTOSILEM JTOKYMEHTE, BKJIIOUasi, HAIPUMEp, COEBbIN LIPOT.

IMonunykneotunsl, kogupyroumue RGN, crPHK w/unu tracrPHK, Takxe MoxxHO
UCIIONb30BaTh Ut TpaHCPOpManHH JOOBIX MPOKAPUOTUYECKUX BUIOB, BKJIIOYAs, HO,
HE OrpaHUYMBAsICh UMHU, apXxeu u Oakrtepuu (Hanpumep, Bacillus sp., Klebsiella sp.
Streptomyces sp., Rhizobium sp., Escherichia sp., Pseudomonas sp., Salmonella sp.,
Shigella sp., Vibrio sp., Yersinia sp., Mycoplasma sp., Agrobacterium sp.,
Lactobacillus sp.).

IMonunykneotunsi, kogupyroiue RGN, crPHK u/unu tracrPHK, mosxHO
UCIIOJb30BaTh Ui TpaHCPOpMaLMU KaKUX -THO0 SYKAPUOTUUECKHUX BHJIOB, BKJIIOYAS,
HO UMH HE OTPAaHHYHMBASICh, ’KUBOTHBIX (HAIPUMeEpP, MIEKOTTUTAIO LITUX, HACEKOMBIX,
pBIO, ITUL U penTHINi), TpuOBI, amed, BOIOPOCIel U IPOACKeEN.

JIns BBeeHUsI HYKJIEUMHOBBIX KUCIOT B KJIETKU MJIEKONUTAIUX UJIN TKAHU -
MHUIIEHH MOXXHO UCTIOJb30BaTh OOBIYHBIC BUPYCHBIE U HEBUPYCHBIE METOJIBI IEPEHOCA
reHoB. Takue cmocoObl MOKHO MCIOJIB30BATh IS BBEJCHUS HYKJIEUHOBBIX KHCIOT,
Koaupyromux koMrnoHeHTsl cucteMbl CRISPR, B kiieTku B KyJbType WU B
opraHusme-xo3sinHe. HeBupycHble BEKTOpHBIE CUCTEMBI AocTaBku BKJIKO4YaroT JJHK -
mwrasmuasl, PHK (Hanpumep, TpaHCKPUNT BEKTOPA, ONMMCAHHOTO B HACTOSAIIEM
TOKYMEHTE), TOJIYI0 HYKJIEHHOBYIO KHUCIOTY U HYKJIEHHOBYIO KHCJIOTY B KOMILIEKCE C
HOCHUTEJIEM JOCTaBKH, TAKMM KakK JUMOCOMa. BupycHbIE BEKTOpHBIE CUCTEMBI

nocrasku Bko4daroT JHK- u PHK-Bupycel, KOTOpbIE OCIE NOCTYIJIEHUS B KJIETKY
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UMEIOT JTU0O0 3MHUCcOMaIbHBIE, TUO0 HHTETPUPOBaHHBIE TeHOMBbI. O030pbl METOIOB
TeHHOH Tepanuu mpeacrasieHsl B nybnukauusax: Anderson, Science, 1992, 256: 808-
813; Nabel,Feigner, 7IBTECH, 1993, 11:211-217; Mitani, Caskey, 7/BTECH, 1993,
11:162-166; Dillon, TIBTECH, 1993, 11:167-175; Miller, Nature, 1992, 357:455-460;
Van Brunt, Biotechnology, 1988, 6(10): 1149-1154; Vigne, Restorative Neurology
and Neuroscience, 1995, 8:35-36; Kremer, Perricaudet, British Medical Bulletin,
1995, 51(1):31-44; xu.: Haddada ¢ coaBT., «Current Topics in Microbiology and
Immunology», mox pen. Doerfler, Bohm, 1995; Yu ¢ coast., Gene Therapy, 1994,
1:13-26 (1994).

MeTtonbl HEBUPYCHOM JOCTABKU HYKJIEUHOBBIX KHCJIOT BKJIIOYAKT JIUMO(EKIHIO,
HYKJIEO(EKIUI0, MUKPOUHBEKIIUIO, OUOTUCTHKY, BUPOCOMBI, JIUITOCOMBI,
UMMYHOJIUTIOCOMBI, TMOJUKATHOH WU JINIUJ. KOHBIOTAThl HYKJIEMHOBBIX KUCIIOT,
ronyo JIHK, uckyccTBeHHBIE BUPHOHBI U YCUJIEHHOE areHTom noraomenue JJHK.
Jlunogexuus onucana, Hanpumep, B US 5049386, US 4946787, US 4897355, a
peareHTsl it TUNO(EeKIINHU MOKHO IPUOOPECTH HAa KOMMEPUYECKOH OCHOBE
(mampumep, nponyktel Transfectam ™ u Lipofectin™). KatnonHble 1 HEHTpaIbHbBIE
JUMUIBI, KOTOPBIE MOAXOAAT i 3P (PEeKTUBHON TUNMO(EKINN MOJUHYKIEOTHIOB C
pacmo3HaBaHUEM PEeLEeNnTOPOB, BKIOUAKT onucanHbie B WO 91/17424; WO 91/16024.
JlocTaBKa MOJXET OCYLIECTBIATHCS B KJIETKU (HApUMeEp, BBECHUE in Vilro UIIU ex
Vivo) WU TKaHU-MUIIEeHHU (HanpuMep, BBeAeHue in vivo). Ilpurorosnenue
KOMIUIEKCOB JIUMTUA: HYKJIEHHOBAasA KMCJIOTA, BKJIIOYas 1ieJeBble JIUIOCOMBI, TAKHE KaK
UMMYHOJIMTTUIHbIE KOMILIEKChI, H3BECTHBI CIIELIMAINCTaM B JaHHOM obyiacTtu (cMm.,
Hanpumep, Crystal, Science, 1995, 270:404-410; Blaese ¢ coast., Cancer Gene Ther,
1995, 2:291-297; Behr ¢ coasr., Bioconjugate Chem, 1994, 5:382-389; Remy ¢
coaBT., Bioconjugate Chem, 1994, 5:647-654; Gao ¢ coasrt., Gene Therapy, 1995,
2:710-722; Ahmad c coaBrt., Cancer Res, 1992, 52:4817-4820; US 4186183, US
4217344, US 4235871, US 4261975, US 4485054, US 4501728, US 4774085, US
4837028, US 4946787).

Hcnons3osanue cucrem Ha ocHoBe BUpycoB PHK nnu JIHK nns nocrtasku
HYKJICMHOBBIX KHCJIOT HCIOJIb3YET MPEHUMYIIECTBA BBICOKOPA3BUTBIX MPOLECCOB IS
HaLleJINBAHUS BUPYCA HA OINpENEJICHHbIE KIETKH B OPraHU3Me U JOCTaBKU BUPYCHOM
NOJIE3HOI HAarpy3KH B siAPO. BUpyCHBIE BEKTOPBI MOKHO BBOJIUTH HEMOCPEACTBEHHO
nanueHTam (in vivo) WM UX MOXHO HCIOJIb30BaTh AJIs JICUEHUS KJIETOK ih Vilro, a

MOAU(PUITMPOBAHHBIE KJIETKH MOXKHO HEOOs3aTeIbHO BBOAUTH MALIUEHTAM (€X Vivo).
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OObI4HbIE BUPYCHBIE CUCTEMBI MOTYT BKJIIOYaTh BEKTOPBI PETPOBUPYCHBIE,
JEHTUBUPYCHBIE, aIEHOBUPYCHBIE, a€HOACCOLMUPOBAHHBIE BEKTOPHI U BHpyCa
IPOCTOrO repreca Ais nepeHoca reHoB. MHTerpauus B reHOM X035iMHA BO3MOJKHA C
OMOIIBIO METOJIOB IIEPEHOCAa I'€HOB PETPOBUPYCA, JEHTUBUPYCA U
aZeHOaCCOLMUPOBAHHOTO BUPYCA, YTO YaCTO MPUBOAUT K JAJIUTEIbHON 3KCIIpecCuun
BCTPOEHHOTO TpaHcreHa. Kpome Toro, Beicokasi 3 eKTUBHOCTh TPAHCAYKLIMH
HaOJIf01aach BO MHOTHX PA3HBIX THIAX KJIETOK U TKAHSIX-MHIIEHSIX.

Tpomnusm peTpoBUpyCa MOKHO U3MEHHUTD 3a CUET BKJIIOUYEHUS 9yIKEePOTHBIX
OenkoB 000JIOUKH, pACIINPSISA MOTEHUHAIBHYIO MOMYJISIHNIO KJIETOK-MULICHEH.
JIeHTUBHPYCHbIE BEKTOPBI MPEACTABISAIOT COOON PETPOBUPYCHBIE BEKTOPBI, KOTOPbIE
CrOCOOHBI TPAHCAYLHUPOBATH WM HHPULHPOBATh HENENSIIIHECS KISTKU U OObIYHO
NPOAYLHUPYIOT BBICOKHE BUPYCHBIE TUTPBIL. Takum oOpa3om, BEIOOP CHCTEMBI IIEpeHOCa
PETPOBUPYCHOTO r'eHa OyAeT 3aBUCETh OT TKAHU-MHUIIEHU. PeTpOBUPYCHBIE BEKTOPBI
COCTOSIT U3 LUC-AEHCTBYIOLUIUX JJIMHHBIX KOHIEBBIX MTOBTOPOB C YIaKOBBIBAIOIIEH
crocoOHOCTHIO A0 6-10 T.1M.0. 4yKEepPOAHON MOCIENOBATENbHOCTH. MUHIMAIbHBIE
nuc-aercreyromue LTR gocTaTouHbl A0 penjaukauuy U yIaKOBKU BEKTOPOB,
KOTOPBIE 3aTE€M HCIIOJIB3YIOTCA ISl HHTErPALlUH TEPANIEBTHUYECKOTO I'eHa B KJIETKY -
MUIIEHb 1J1s1 o0ecrnedeHns MOCTOSTHHON 3Kcnpeccnu TpancreHa. [lupoko
UCIIOJIb3yeMbl€ PETPOBUPYCHBIE BEKTOPHI BKJIIOYAIOT BEKTOPHI, OCHOBAHHBbIE HA BUpPYCE
neiiko3a Mbimeit (MuLV — murine leukemia virus), Bupyce seiiko3a ruO00HOBBIX
obe3psH (GaLV — gibbon ape leukemia virus), Bupyce ummyHoaedpunura o0e3bsH
(SIV — Simian Immuno deficiency virus), Bupyce ummyHoneduiura denoseka (B1Y)
u ux komOuHauusx (cMm., Hanpumep, Buchscher ¢ coasrt., J. Viral., 1992, 66:2731-
2739; Johann ¢ coasrt., J. Viral., 1992, 66:1635-1640; Sommnerfelt ¢ coast., Viral.,
1990, 176:58-59; Wilson ¢ coast., J. Viral., 1989, 63:2374-2378; Miller ¢ coasrt., J.
Viral, 1991, 65:2220-2224; PCT/US94/05700).

B BapmaHTax OCyIIEeCTBJICHUS HACTOSIIEr0 U300pEeTeHHs, rIe NPEeANOYTUTEIbHA
BPEMEHHas SKCIIPECCHUsI, MOTYT HUCIOJIb30BATHCS CUCTEMbI HA OCHOBE aIEHOBHPYCOB.
BekTopbl Ha OCHOBE aJleHOBUPYCA CIIOCOOHBI K OYE€HBb BBICOKOU 3 PEeKTUBHOCTH
TPAHCOYKLUU BO MHOTHX THUIAX KJIETOK U He TPeOYIOT KJIeTOYHOTro neyenusi. C Takumu
BEKTOPaMH OBLIN MOJY4YEeHbl BBICOKHE TUTP U YPOBHHU 3KCIPECCHU. DTOT BEKTOP
MOYHO MOJy4aTh B OOJBLINX KOJHMYECTBAX B OTHOCUTEIBHO MPOCTONH CUCTEME.
BekTopsl anenoacconuuposanHoro supyca (AAV — Adeno-associated virus) Takxe

MOT'YT NPUMEHATHCA AJIsA TPAHCAYKIHUU KJICTOK LEJCBbIMU HYKJICUHOBBIMU KUCJIOTAMU,
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HanpuMep, NOJyUeHUE /M VilFo HyKJIEUHOBBIX KUCJIOT U NENTUAOB, U IS IPOLEeAyp
TeHHOW Tepamnuu in vivo u ex vivo (cM., Hanpumep, West ¢ coast., Virology 1987,
160:38-47; US 4797368, WO 93/24641; Katin, Human Gene Therapy, 1994, 5:793-
801; Muzyczka, J. Clin. Invest., 1994, 94:1351. KoHCcTpyKIIMu peKOMOMHAHTHBIX
BeKTOpOB AAYV onucansl B psige nydnukanuii, B Tom uncie B US 5173414; Tratschin ¢
coaBT., Mol. Cell. Biol., 1985, 5:3251-3260; Tratschin ¢ coasr., Mol. Cell. Biol.,
1984, 4:2072-2081; Hermonat, Muzyczka, PNAS, 1984, 81:6466-6470; Samulski ¢
coasT., J. Viral., 1989, 63:03822-3828). YnakoBbIBaroI1e KIETKHU OOBIYHO
UCTIONB3YIOT sl GOPMUPOBAHUS BUPYCHBIX YACTHI], CIIOCOOHBIX MH(PUIIUPOBATH
KJIETKY-X03sinHa. K TakuM KJIeTKaM OTHOCATCA KJIeTKU 293, KOTOpbI€ YIaKOBBIBAIOT
aneHoOBUpYC, U KiueTku yJ2 unu knetku PA317, koTopble ynakoBbIBalOT PETPOBUPYC.

BupycHble BEKTOPBI, HCIOJb3yEMble B TEHHOH Tepanuu, OOBIYHO CO3AI0T MyTEM
MOJIy4eHUs KJIEeTOYHON JIMHUH, KOTOpas YIaKOBBIBAET BEKTOP HYKJIEHHOBOM KHUCIOTHI
B BUPYCHYIO 4acTHIy. BeKTOpBI OOBIYHO COAEpIKaT MUHUMAJIbHbIE BHPYCHBIE
NOCJIEIOBATEIbHOCTH, HEOOXOUMBIE JJIsl YIAKOBKH M MOCIEAYIOM el HHTerpanun B
X0351MHa, IPU 3TOM JIpyTrie€ BUPYCHBIE MOCIE]0BATEIbHOCTU 3aMEHSIOT
SKCIPECCHOHHON KaCCEeTOM A MOJUHYKIeoTH1a (MOJUHYKIEOTHIOB), TOAJIEKALTUX
skcrpeccuu. OTCYTCTBYIOIINE BUPYCHBbIE PYHKIIMN OOBIYHO MOCTABIAIOTCS B BUJE
TpaHCa yNaKOBOYHOMN KjeTouHoU nuHuei. Hanpumep, Bextopel AAV, ucnonb3yemblie
B F€HHOH Tepanuu, OOBIYHO COAEPIKAT TOJbKO nmocienosarenbHocTu ITR u3 renoma
AAV, KoTOpble HEOOXOIUMBI JJIS1 YIIAKOBKH U MHTETPALIMH B T€HOM XO35IMHA.
Bupycnasa IHK ynakoBaHa B KJI€TOUHYIO JUHUIO, KOTOpPAas COACPKUT XEIMEPHYIO
IIa3MUYy, KOOUPYIOLIYIO Apyrue reHbl AAV, a IMEHHO rep u cap, Ho 0e3
nocnenosarenpHoctei ITR.

JIMHUS KJIETOK Takke MOXKET ObITh MHPULUHPOBAHA aJJEHOBUPYCOM B KA4ECTBE
xennepa. Xelnnep-Bupyc HHAYLUPYeET pernkauuio Bekropa AAV u skcnpeccuro
reHoB AAV c nnazmunei-xennepa. BcnoMorarensHas niasMuia He yakoBaHa B
3HAYUTENbHBIX KOJINYECTBAX U3-3a OTCYTCTBUSA nocnenosarenpHocteit ITR.
KoHTaMuHauus aieHOBHPYCOM MOXKET OBITh MOHMKEHA, HAPUMEP, C TOMOIIBIO
TepMHYECKON 00paboTKH, K KOTOPOH afeHOBUPYC Oojee uyBCTBUTENECH, yeM AAYV.
JlonoJHUTENbHbIE METOABI AOCTABKU HYKJIEUHOBBIX KMCJIOT B KJIE€TKHU U3BECTHBI
criequajnucTaM B naHHo# obnactu. Cwm., Hammpumep, US 20030087817, BKIFOUEHHBINH B

HacTosIIee U300peTeHne B BUIE CCHLIKH.
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B HekOTOpPBIX BapHaHTax OCYIIECTBJICHHS HACTOSAIETrO H300peTeHUs KIIeTKa-
XO035IMH BPEMEHHO UJIM OCTOSHHO TPaHCPUUUPOBAHA OAHUM UJIN HECKOJIbKUMHU
BEKTOpPAaMH, ONMMCAHHBIMH B HACTOAIIEM U300peTeHNU. B HEKOTOPBIX BapHaHTaX
OCYLIECTBJICHUSI HACTOSIIEr0 U300peTeHUs KIETKY TPAaHCPULHUPYIOT TaK, KaK 3TO
IPOUCXOAUT B MpHUpOae y CyObekTa. B HEKOTOPBIX BapUAHTAaX OCYLIECTBICHUS
HacTosIero u3ooperenHus y cyobekra OepyT TpaHchuuupoBaHHYIO KiIeTKy. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJICHHS HACTOSAIETO H300PETEHUs KJIETKY MOJyYarT
U3 KJIETOK, B3SIThIX y CyOBEKTa, TAKMX KaK KJIEeTO4YHas JUHUA. B nanHo# obnactu
TEXHHKH U3BECTHO OOJIbIIOE pa3HOOOpa3ue KJIETOYHBIX JUHHUH AJIS TKAHEBBIX KYJIBTYD.
IIpuMeps! KIETOYHBIX TMHUN BKIIOYAIOT, HO He orpanuuyuBatoTcs umu, C8161, CCRF-
CEM, MOLT, mIMCD-3, NHDF, HeLaS3, Huhl, Huh4, Huh7, HUVEC, HASMC,
HEKn, HEKa, MiaPaCell, Panel, PC-3, TFl, CTLL-2, CIR, Rat6, CVI, RPTE, AlO,
T24, 182, A375, ARH-77, Calul, SW480, SW620, SKOV3, SK-UT, CaCo2, P388DI,
SEM-K2, WEHI- 231, HB56, TIBSS, lurkat, /45.0/, LRMB, Bcl-1, BC-3, IC21,
DLD2, Raw264.7, NRK, NRK-52E, MRCS5, MEF, Hep G2, HeLa B, HeLa T4, COS,
COS-1, COS-6, COS-M6A, knetku snuTenuss no4ku o0e3bsiabl BS-C-1, ¢pubpobdbaacter
smOpuona meimmu BALB/3T3, 3T3 Swiss, 3T3-LI1, ¢ubpobnacter smOpuoHa
yenosekal32-dS; ¢pubpodbracter mpimu 10.1, 293-T, 3T3, 721, 9L, A2780,
A2780ADR, A2780cis, A172, A20, A253, A431, A-549, ALC, B16, B35, BCP-I
knerku, BEAS-2B, bEnd.3, BHK-21, BR 293, BxPC3, C3H-10T1/2, C6/36, Cal-27,
CHO, CHO-7, CHO-IR, CHO-KI, CHO-K2, CHO-T, CHO Dhfr-/-, COR-L23, COR-
L23/CPR, COR-L235010, CORL23/ R23, COS-7, COV-434, CML TI, CMT, CT26,
D17, DH82, DU145, DuCaP, EL4, EM2, EM3, EMT6/AR1, EMT6/AR10.0, FM3,
H1299, H69, HB54, HB5S5, HCA2, HEK-293, Hela, Hepalclc7, HL-60, HMEC, HT-
29, nunus kaetok Jurkat, knerku /Y, xiaerku K562, Ku812, KCL22, KGI, KYOlI,
LNCap, Ma-Mel 1-48, MC-38, MCF-7, MCF-10A, MDA-MB-231, MDA-MB-468,
MDA-MB-435, MDCKII, MDCKII, MOR/ 0.2R, MONO-MAC 6, MTD-1A, MyEnd,
NCI-H69/CPR, NCI-H69/LX10, NCI-H69/LX20, NCI-H69/LX4, NIH-3T3, NALM-1,
NW-145, OPCN/OPCT nunus xietrok, Peer, PNT-IA/ PNT 2, RenCa, RIN-5F,
RMA/RMAS, knetku Saos-2, Sf-9, SkBr3, T2, T-47D, T84, nunus knerok THPI,
U373, U87, U937, VCaP, knetku Vero, WM39, WT-49, X63, YAC-1, YAR u ux
TPAaHCT€HHbIC Bapualuu. JIMHUU KJI€TOK MOJKHO MOJYYHUTh U3 Pa3HBIX HCTOYHUKOB,

U3BECTHBIX CIIEI[UAJIUCTaM B 3TOH obsacTu (CM., Hapumep, AMEPUKAHCKYIO
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KOJUTeKIMI0 TUMOBBIX KyabTyp (American Type Culture Collection — ATCC)
(Manaccac, mrat Bupmxunams)).

B HekOTOpPBIX BapHaHTax OCYIIECTBJEHHS HACTOSAIIETrO U300peTeHUs KIETKY,
TPAaHCOUIIMPOBAHHYIO OJHUM MJIM HECKOJbKUMH BEKTOPaMH, ONMMMCAHHBIMH B
HACTOsIIIeM M300pETeHUH, UCIIOIB3YIOT JIsl CO3AaHUsI HOBOM KJIETOYHOM JTUHUH,
coAeprKalleld OAHY UJIM HECKOJIBKO MOCIEA0BATENIbHOCTEH, OJYYEHHbIX U3 BEKTOpa. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOSIIETO U300pEeTEeHUs KJIeTKa, BPEMEHHO
TpaHchuupoBanHas komnoHeHntamu cucremMbl CRISPR, kak onucano B HacTosmem
u3obpeTeHun (Hampumep, NyTeM BpeMEeHHOUW TpaHC(EKLHH OJHOTO UM HECKOJIbKUX
BekTOpOB i Tpanchexuun PHK), n MoguduumpoBaHHas 3a cueT aKTUBHOCTH
kommiekca CRISPR, ucnonp3yercst st co3ganusi HOBOW KJIETOUHOW JIUHUH,
copepkalen KJIeTKu ¢ MoguduKauei, HO JUIIEHHbIE KaKOW-Tu00 npyroi
5K30T€HHOH MOCJIEI0OBATENIbHOCTH. B HEKOTOPBIX BapHaHTaX OCYIIECTBICHHUS
HACTOSIIIEr0 N300pETEeHUsI KJIETKH, BPEMEHHO HJIH MOCTOSIHHO TPAaHCHHUIIUPOBAHH ble
OJTHUM HJIM HECKOJbKHMH BEKTOPAMH, ONMMCAHHBIMHU B HACTOSIIEM H300PETEHUH, HIIH
KJIETOUHBIE JINHUHU, TTOJYUYEHHbIE U3 TAKUX KJETOK, UCTIONB3YIOT I OLIEHKH OJHOTO
WJIU HECKOJIbKUX TECTUPYEMBIX COeTUHEHUH.

B HekOoTOpPBIX BapHaHTax OCYIIECTBJIEHHS HACTOSLIErO U300peTeHUs OUH UIIU
HECKOJIbKO BEKTOPOB, ONMCAHHBIX B HACTOAIIEM H300PETEHNH, UCTIONB3YIOT JJIs
MOJIyY€HHUs] TPAHCTEHHOTO OTJIMYHOTO OT YeJIOBEKa OpraHu3Ma, TPaHCT€HHOI'0
JKUBOTHOTO WJIM pacTeHus. B HEKOTOpPBIX BapHaHTaX OCYIIECTBJIEHUS HACTOSLIEro
U300peTeHUsI TPAHCTEHHBIM JKUBOTHBIM SIBJIIETCSI MJI€ KOIMTAIOIIEE, TAKOE KaK MBIIb,

KpbICa UJIU KPOJIHUK.

IV. BapuauTsl ¥ dparMeHTHl IMOJHUIIESNITUAOB U NOJUHYKJIECOTUIOB

B HacrosilmeM OnmMcaHWy NMPEeNCTaBJICHbl AKTUBHBIE BAPUAHTHI U ()PArMEHTBI
BCTpevarmeiics B mpupone (T.e. nukoro tuna) PHK-nanpasnsemoit Hykieassl,
AMUHOKHCJIOTHAS MOCJIEeI0BATEIbHOCTh KOTOpOM npeacTtasieHa B Buae SEQ ID NO: 1,
9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117, 137 unu 235, a takxe
AKTUBHBIE BAPHAHTHI U PparMeHThI BcTpevarmuxcs B npupoae nosropo CRISPR,
TaKUX KakK MOCJAeN0BaTEIbHOCTD, ipeAcTaiaeHHas B sune SEQ ID NO: 2, 10, 17, 24,
31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111, 118, 240, 273 unu 287, a Takxe
AKTUBHBIM BapuaHT U pparMeHTHl BcTpedaromuxcs B npupoae tracrPHK, takux xak

MOCJIE0OBAaTENIbHOCTD, NpencrtasaenHas kak SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56,
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63,71, 77,84,91, 97, 105, 112, 119, 241, 274 unun 286 u KOAUPYKOLIUE UX
MOJUHYKJIEOTUIBI.

XOTs aKTUBHOCTb BapUaHTa WM (parMeHTa MOXKET ObITh U3MEHEHA 110
CPAaBHEHUIO C HHTEPECYIOIIUM MOJUHYKICOTUAOM UJIU MOJUNENTUAOM, BADUAHT U
(dparMeHT NOJKHBI COXPAHATH (PYHKIIMOHATIBHOCTD IPEICTABISIOIEr0 HHTEPEC
NOJINHYKJIEOTHAA WIH nonunentuaa. Hanpumep, Bapuant uinu GparMeHT MOKET
UMETb MOBBIIIEHHYI0 aKTUBHOCTD, MOHU)KEHHYI0 aKTUBHOCTD, APYTroi CIEKTp
AKTUBHOCTH WJIH JTIFO00€ NPyroe U3MEHEHHe aKTUBHOCTH IO CPABHEHUIO C
NPEeICTABISAIO UM UHTEPEC MOJTUHYKJICOTUIOM UJIH MOJUNENTHIOM.

®parMeHTHl U BapUaHThI BCTpedaromuxcs B npupoae noaunentunos RGN,
TaKWUX KaK OMHUCAHHBIE B HACTOSIIEM U300peTeHHH, OYAYT COXPAHATH CieU(PUIHYIO
nas nocnenosarensHocty PHK-nanpasnasemyro JJHK-cBA3bIBarOmYy0 akTUBHOCTE. B
OTpeaeNIEeHHBIX BAPHAHTAX OCYIIECTBJIEHHS HACTOSLIEro H300peTeHns: pparMeHThl U
BapHaHThI NpUPOAHBIX nonunentunoB RGN, Takue kak onucaHHbIE B HACTOSAIIEM
N300pETEHNH, COXPAHAT HYKJIEA3HYI0 aKTUBHOCTD (OJHOLIENIOUYEYHYIO WIIH
IBYXIIEMOYEYHYIO).

®parMeHThl U BapuaHThl NpupoAHbix NoBTOpoB CRISPR, Takux xak onucaHHbIe
B HACTOSI[EM U300PETEHHH, COXPAHIAT CIIOCOOHOCTh, OYAYUM YaCThIO HANPaBJISIOIIEH
PHK (conmepxameii tracrPHK), csaspiBath 1 HanpasisaTe PHK-nanpasnsemyro
HykJeasy (B kommuiekce ¢ Hanpasysmomeit PHK) k nieneBoii HykineoTHaHOM
IIOCJIEIOBATEIbHOCTH CHEU(DUUHBIM JUIS TOCIE0BATENIBHOCTH CIIOCOOOM.

TepmuH «pparMeHT» OTHOCUTCS K YACTH MOJHHYKJICOTUAHON UK
NOJIMNIENTUAHOHN MOCIET0OBATEIbHOCTH MO HACTOSIEMY H300peTeHur0. « DparMeHThbI»
WIN «OMOJIOTUYECKU aKTHUBHBIE YaCTHU» BKJIIOYAIOT MOJUHYKJICOTH b, COAEPIKAINE
AOCTATOYHOE KOJUYECTBO CMEXHBIX HYKJIEOTHUIOB ISl COXpPaHEHUsI OMOJIOTHYECKOH
aKTUBHOCTH (T.€. cBsA3bIBaHUA U HampaBieHuss RGN cnenuduyHbM 15
NOCJIEJOBATEIBHOCTH 00Pa30M K I1eJIeBOI HYKJIEOTUAHON MOCIEA0BATEIbHOCTH, KOT1a
OHAa BKJIFOUEHA B COCTAaB HyKJeoTHAHOHN Hampasisromeir PHK). «®parmenTery win
«OMONOTHYECKN aKTUBHBIC YACTU» BKJIIOYAIOT MOJIUIENTHABI, COAEPIKALINe
JOCTaTOYHOE KOJIMYECTBO CMEXHBIX aMUHOKHUCIOTHBIX OCTaTKOB ISl COXPAaHEHUs
OMOJIOTHYECKON aKTUBHOCTH (T.€. CBA3BIBAHUSA C MOCJIENOBATEIBHOCTHIO HYKJIEOTHU OB -
MUIIEeHEeH creuuUIHBIM JJIsl TOCIeI0BATEIBHOCTH 00pa3oM npu oOpa3oBaHUHN
Hanpagsitomeir PHK). @parmentsr 6enkoB RGN BKIIIOYAIOT T€, KOTOPBIE KOPOUE, 4eM

MOJIHOPA3MEPHBIC MOCJICAOBATCJIbHOCTHU, U3-3a UCITIOJIB30BAHUA aJIbTEPHATUBHOTO
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caifTa cTapra HHXe MO Lenu. buonornyecku aktuBHas 4acth 0eaka RGN MoxkeT ObITH
MOJIMNENTUAOM, KOTOPBIA BKJIOUYaeT, Hanpumep, 10, 25, 50, 100, 150, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050 unu
OoJiee pacroyIOKEHHBIX CMEXHO aMUHOKHUCIOTHBIX OCTaTKOB MOCJIEI0BATEIbHOCTEH
SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117, 137
unu 235. Takue OUOMOrUYECKU aKTUBHBIE YACTH MOTYT OBITh MOJyYEHBI C TOMOIIBIO
PEKOMOMHAHTHBIX METOJOB M OLIEHEHBI MO CIeUUYUIHON AT MOCIEN0OBATETbHOCTH
PHK-nanpasnsiroment JJHK-cBs3biBaromei akTMBHOCTU. bUOJIOrnuecku aKTUBHBIN
¢dbparmeHT noBTopsroneiics nocienosarenbHoctu CRISPR mMosket comepxkaTh mo
MEHbIIEH Mepe 8 Mocaen0BaTeIbHBIX AMUHOKHUCIIOT TTocaenoBatenbuocteit SEQ ID
NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111, 118, 240, 273 unn
287. buonoruuecku akTHBHas 4acTb NOBTOpsAwoLIeiics nocnenosarenbHoctu CRISPR
MOKeT OBITh MOJUHYKJIEOTHUIOM, BKJIIOUAK UM, Hampumep, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19 unu 20 HenpepbIBHO paCHOJOKEHHBIX HYKJIEOTHUIOB
nocinenosarensHocTd SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96,
104, 111, 118, 240, 273 unu 287. buonoruuecku akTuBHas 4acTh tracrPHK moxeT
OBITh MOJIMHYKJIEOTUIOM, KOTOPBIN conepkut, Hanpumep, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80 unu 6oee CMeXHBIX HYKJIeOTUNOB nocienosarenbuaocteit SEQ ID NO: 3, 11,
18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112, 119, 241, 274 unu 286.

Kak npaBuio, «BapuaHThD 03HAYAIOT MO CYLECTBY CXOJIHbIE
MOCJIeN0BATENbHOCTH. [{JIsi MOJUHYKJIEOTHAOB BAPUAHT BKJIKOYAET IeJIECLHI0 H/HIH
nobaBjeHNEe OJHOTO UJIM HECKOJBKUX HYKJIEOTUOB B OJHOM HJIU HECKOJbKHUX
BHYTPEHHUX CAalTaX B HATUBHOM IMOJUHYKJICOTHAE U/UITH 3aMEeHY OJTHOTO WJIU
HECKOJIbKUX HYKJIEOTHUJIOB B OJTHOM MJIHM HECKOJIbKUX CaliTaXx B HATUBHOM
nojuHykJeoTune. cronb3yemblil B HACTOSIIEM U300pEeTEHUH TEPMHUH «HATUBHBINY
WM «TUKUWA TUID» NPUMEHHUTEJIbHO K MOJUHYKJIECOTUAY UJIH MOJUINENTUAY O3HAYAET
BCTPEYAKOIIYKOCA B IPUPOJE HYKJICOTUAHYIO MOCAEA0BATEIbHOCTD UJIH
AMUHOKHCJOTHYIO MOCIEA0BATEIbHOCTb, COOTBETCTBEHHO. [[JIs1 MONMHYKIE€OTU A0B
KOHCEpPBATUBHBIE BAPUAHTHI BKJIIOUYAIOT T€ MOCIEA0BATEIbHOCTH, KOTOPbIE U3-3a
BBIPOKJAEHHOCTH F€HETUYECKOr 0 KOJIa KOJAUPYIOT HATUBHYK) aMUHOKHUCJIOTHYIO
MOCJEeA0BAaTEIbHOCTh NPEACTABISAIOINErO0 HHTEPEC reHa. BeTpevaromuecs B npuponae
aJiieNIbHbIe BAPHAHTBI, TAKHE KaK 3TH, MOTYT OBITh HACHTU(PUIUPOBAHBI C

HUCIIOJIb30BAHUEM XOPOILIO U3BECTHBIX METOAOB MO.]'IGKy.]'I;[pHOfI 6I/IOJ'IOFI/II/I, TAaKHX KakK,
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Harpumep, noaumepasHas nennas peakuus (IILP) u meroasl rubpuanzanuu,
onucaHHble HUXke. K BapuaHTaM MOJUHYKJIEOTUIOB TaKXK€ OTHOCATCS
MOJUHYKJIEOTU b, TOTYUYEHHbIE CHHTETUYECKUM MYTEM, TAKHE KaK T€, KOTOpbIE
NOJy4€Hbl, HAIIPUMED, C UCIONb30BAHUEM CAUT-HANIPABIEHHOTO MyTareHesa, Ho
KOTOpBIE€ MO-MPEKHEMY KOAUPYIOT NPEACTABIAIINN UHTEPEC NONUNENTUA UIIH
nonuHykJieoTun. Kak npasuyio, BApuaHTbl KOHKPETHOIO MOJUHYKJIEOTHAA, ONTUCAHHbBIE
B HACTOsIeM M300peTEeHNH, O MeHblIel Mepe npudnuzutenbHo Ha 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% wu OoJiee MPOLEHTOB UASHTUYHBI MTOCIEN0OBATEIBHOCTH 3TOTO
KOHKPETHOTO MOJUHYKJIEOTH A, YTO ONpeesIeHO IporpaMMaMu BbIpaBHUBAHUS
MOCJIeI0BATENbHOCTEN U apaMeTpaMu, TaKXKe OMMCAHHBIMU B HACTOSILI[EM ONMUCAHUU.

BapuaHTBl KOHKPETHOrO MOJMHYKJIEOTH A, OMMUCAHHOTO B HACTOAILIEM
n3o0pereHud (T.€., STAJOHHBIN MOJUHYKIEOTH), TAKKE MOKHO OLIEHUBATHh MyTEM
CPaBHEHUsI NPOLEHTHON UAEHTUYHOCTH MOCIEJ0BATENbHOCTH MEXKAY MOJUNENTHAOM,
KOJAMPYEMBIM BaPUAHTHBIM MOJUHYKJIEOTHAOM, U NOJUNENTUIOM, KOAUPYEMbIM
STAJIOHHBIM NOJUHYKJIeOoTUAOM. [IpoLieHTHAasA UAEHTUUYHOCTD [OCIEA0BATENIbHOCTEN
MeXAy JOOBIMHU ABYMsI MOJUMENTUIAMH MOKET ObITh PaCCUNTAaHA C UCIOIB30BAHUEM
IpOrpaMM BbIPaBHUBAHUs MOCIEA0BATENbHOCTEN U TapaMETPOB, TAK)KE ONMUCAHHBIX B
HacrosmeM u3obperenuu. Ecnn moOyro gaHHYIO Napy MOJMHYKJIEOTHAOB, ONMMCAHHBIX
B HACTOSAIIEM U300pETEeHUH, OLICHUBAIOT MyTEM CPaBHEHMsS MPOLIEHTA UAEHTHUYHOCTH
IIOCJIEIOBATEIbHOCTEH, OOIUX At ABYX MOJUIENTUIOB, KOTOPBIE OHU KOAUPYIOT,
MPOLEHT UAEHTUYHOCTHU MOCIEN0BATEIbHOCTENH MEXAY IBYMS KOJUPYEMBIMH
MOJIUTIENITHAAMH COCTABJISIET 1O MeHbIIell Mmepe npumepHo 40%, 45%, 50%, 55%.,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% wunu Gonee.

B onpeneneHHBIX BapHaHTaX OCYLIECTBICHHUS HACTOSAIIETO H300pETeHUS
ONMCaHHBIE B HEM MOJMHYKJIEOTUAb! KoaupyroT noaunentus PHK-nanpasnsemon
HyKJIeas3bl, COAEep KAl aMUHOKUCIOTHYIO NTOCJIEeA0BAaTENbHOCTD, KOTOpasi MO
MeHblueit mepe Ha 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82 %,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% wnm GoJnee MPOLEHTOB UASHTUYHA AMUHOKHUCJIOTHOM MOCIEA0BATEeIbHOCTH
SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110, 117, 137
unu 235.
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buonoruuecku akTuBHbIA BapuaHT noaunentuna RGN no Hacrosmemy
N300pETEHNUI0O MOXKET OTJIMYAThCS MPUMEPHO Ha 1-15 aMMHOKHMCIOTHBIX OCTAaTKOB,
npuMepHo Ha 1-10, Hanpumep, npuMepHo Ha 6-10, Bcero Ha 5, Bcero Ha 4, BCero Ha 3,
BCEro Ha 2 UJIM BCEro Ha | aMUHOKMCIIOTHBIN OCTaTOK. B KOHKPETHBIX BapuaHTax
OCYLIECTBJICHUS HACTOSIIETO U300 peTeHUs MOJUNENTHABl MOTYT coepkaTh N -
KoHLeBoe min C-KOHI[EBOE yCeueHHe, KOTOPOe MOXeT ObITh cieacTBueM aenenuu 10,
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 250,
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050
aMHUHOKHUCIIOT Wi Oosee ¢ N- v C-KOHIa MOJUNEeNTH A,

B ompeneneHHBIX BapHaHTaX OCYLIECTBICHHUS HACTOSAIIETO H300peTeHUS
NpeayCMOTPEHHBIE B HACTOSIIEM U300PETEHUHN MOJUHYKICOTHABI CONEPIKAT HITH
koaupyrT noBTop CRISPR, conepkamuit HykJI€OTUAHYIO MOCAEIOBATEIbHOCTD,
kKoTopasi mo MeHbinei mepe Ha 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% wnu Gonblle MPOLUEHTOB UISHTUYHA HYKJICOTUIHON
MoCJIeN0BaTeNIbHOCTH, npeactasaenHon kak SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55,
62, 70, 76, 83, 90, 96, 104, 111, 118, 240 , 273 unu 287.

PackpeITble B HACTOSIIEM AOKYMEHTE MOJIUHYKIECOTUBI MOTYT COAEPKATh UIIU
xoauposath tractPHK, conep:xamyro HyKI€OTUAHYIO OCIEA0BATEIbHOCTh, KOTOpas
no MeHbInel mepe Ha 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 81%, 82%
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% wiu OoJblle MPOLEHTOB HAESHTUYHA HYKJIEOTHIHON MOCIeN0BATEIbHOCTH,
npencrasiaenHoi kak SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97,
105, 112, 119, 241, 274 unu 286.

buonoruuecku akruHble BapuaHThl nosTopa CRISPR unu tracrPHK mno
HACTOSIIEMYy M300PETEHHIO MOTYT OTJIMYAThCS MPUMEPHO Ha 1-15 HyKI€OoTHUIOB,
npuMepHo Ha 1-10, Hanpumep, npuMmepHo Ha 6-10, Bcero Ha 5, Bcero Ha 4, Bcero Ha 3,
BCEro Ha 2 WJIM BCero Ha 1 HykjaeoTuna. B HEKOTOPBIX BapraHTaxX OCYIECTBJIEHUS
HACTOSIIIEro U300pETEHUsI MOJUHYKIEOTUBI MOTYT CONEpPIKaTh 5'- unu 3'-yceueHue,
KOTOpOe MOKeT ObITh cienctBueM aejiennu 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80 HykysieoTUnOB WIH OoJiee ¢ 5'- uau 3'-KOHLA MOJUHYKJIEOTH/IA.

Ycranosneno, uro moaupukanuu nonunentuaos RGN, nosropos CRISPR u
tractPHK, npenycMOTpEeHHBIX B HACTOSAIEM U300PETEHH U, MOTYT OBITh OCYIIECTBIIEHBI

nyTeM CO34aHUs BAPUAHTOB 0enKoB U MOJIMHY KIICOTHUAOB. HSMeHeHI/IH,
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pa3paboTaHHbBIE YEJIOBEKOM, MOTYT OBITh BBEJCHBI IyTEM MPUMEHEHHUSI METOIOB CaNT-
HanpaBJIEHHOTO MyTareHesa. B qpyrom BapuaHTe NpupoOHbIE, €lle HEU3BECTHbIE UIU
elre He AeHTU(QULHPOBAHHBIE MOJUHYKJICOTUABI U/ UIN MOJTUNIENITHABL, CTPYKTYPHO
u/unu GyHKUHMOHAJIBHO POACTBEHHbBIE OMMCAHHBIM B HACTOSIIEM U300pETEHUHN
MOCJIE€IOBATEJbHOCTSIM, TAKXKEe MOTYT ObITh HAECHTH(UIIUPOBAHBI 1 OHU BOUAYT B
obyiacTh OxBaTa HacTOsIero n3odpereHus. KoHcepBaTUBHbIE AMUHOKHUCIOTHBI €
3aMeHbl MOTYT OBITh CII€JIaHbl B HEKOHCEPBATUBHBIX O00JIACTSIX, KOTOPbIE HE U3MEHSIIOT
¢yukuo 6enkoB RGN. B kadecTBe anbTepHATHBBI MOTYT OBITh OCYIIECTBJICHBI
Moau(puKanuu, yaydmaromne aktTuBHOCTh RGN.

K BapuaHTaM MOJMHYKJIEOTHUIAOB U OEJIKOB TaKKe€ OTHOCSTCS
MOCJIEIOBATENIbHOCTH U O€JIKU, OJyYEHHbIE B Pe3yJbTaTe MyTareHHBIX U
pekoMOWHAaHTHBIX Mpouenyp, Takux kak neperacoska JJHK. C momompbro Takoi
MPOLENYPHI OJUH WU HECKOJBKO pa3iudHbIX O0eakoB RGN, onmucaHHBIX B HACTOSIIEM
uzobperenun (Hanpumep, SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89,
95, 103, 110, 117, 137 wnu 235), uaMeHSOT Ajisl co3aanusi HOBOro oeixka RGN,
obnanaruiero Tpedyembimu cBolictBamu. Takum oOpa3om, Oubnuorexn
PEKOMOWHAHTHBIX MOJUHYKJIEOTUIOB CO3AI0T U3 MOMYJISIHUU MOJUHYKJIEOTUIOB C
POACTBEHHBIMH MOCJIEA0BATEIBHOCTIMH, BKJIIOYAIOMUX 00JIacTH
MOCJIE0BATEIbHOCTEN, KOTOPbIE UMEIOT CYIECTBEHHYIO UAEHTUYHOCTh
HIOCJIEIOBATEIbHOCTEH M MOTYT OBITH TOMOJIOTHYHO PEKOMOUHHUPOBAHBI i1 VIlro WIH in
vivo. HanipuMmep, UCnosb3ysi TaKOW MOJAXO0A, MOTHBBI MTOCIEI0BATEIbHOCTH,
KOAUPYIOIIHE MPEICTABISIOIME HHTEPEC TOMEH, MOTYT OBITh MEPETACOBAHBI MEXKIY
nocyenoBarenbHOCTIMU RGN, npeacTaBlieHHBIMU B HACTOSIIEM H300pEeTEHNH, U
apyrumMu u3BecTHbIMU reHamMu RGN 1iist mony4deHust HOBOTO reHa, KOOUPYOIIEro
OeJIOK ¢ yNy4YIIeHHBIM MPEACTABISIOMNNA HHTEPEC CBOMCTBOM, TAKUM KakK
yBenauueHHast Ky, B ciiyuae pepmenrta. Ctparerun takoit neperacosku JJHK u3BecTHbI
B naHHou obnactu. Cm., Hanpumep, Stemmer, Proc. Natl. Acad. Sci. USA, 1994,
91:10747-10751; Stemmer, Nature, 1994, 370:389-391; Crameri ¢ coaBT., Nature
Biotech. 1997, 15:436-438; Moore ¢ coaBT., J. Mol. Biol 1997, 272:336-347; Zhang ¢
coaBT., Proc. Natl. Acad. Sci. USA, 1997, 94:4504-4509; Crameri ¢ coaBT., Nature,
1998, 391:288-291; US 5605793; US 5837458. «IlepeTacoBaHHass» HYKJIEUHOBAs
KHUCJIOTA MPEACTABIAET COOON HYKJIEUHOBYIO KUCIOTY, MOJYYEHHYIO C 1O MOIIBIO
MPOLEeNYPhl MEPETACOBKHU, HAIPUMED, JTIOOOH OMUCAHHON B HACTOSAIIEM U300PETeHUH.

HepeTaCOBaHHble HYKJI€CMHOBBIC KUCJIOTHI MMOJIYHAaOT IyTEM peKOM6I/IHaI_II/II/I
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(pu3nueckoii MM BUPTYATbHON) ABYX WU OOJiee HYKJIENHOBBIX KUCIOT (MM
criequpUUIEeCKUX OTPE3KOB), HAPUMeEP, HCKYCCTBEHHBIM H, HEOOs3aTeIbHO, OOpPaTHBIM
obpazom. OOBIYHO B MpoIeccax MePeTacoOBKH MCIMOJAb3YIOT OJUH HJIHU HECKOJIbKO
STANOB CKPUHMHTA A1 HACHTU(UKALMH TPEACTABISIO X HHTEPEC HYKICHHOBBIX
KHCIIOT;, 3TOT 3Tall CKPHHUHIA MOKET OBITh BBIIOJHEH A0 HJIU MOCe TI000ro stana
pexoMOuHanuu. B HEKOTOPBIX (HO HE BO BCEX) NMEPETACOBAHHBIX BapHAHTaX
OCYLIECTBJICHHUS] HACTOSIIIETO U300PETEHUS JKEJATENbHO BIMOJHUTh HECKOJBKO
payHIOB pekoMOUHALMU mepen oTOOpOM, 4TOOBI YBEJIHYUTH pa3HooOpasue myia,
nojjexkamero ckpuHuHry. O0muii mporecc pekoMOUHALMHU U OTOOpa HEOOSA3aTENbHO
NOBTOpPsieTCst 0OpaTHBIM 00pa3oM (peKypCcHUBHO). B 3aBUCHMMOCTH OT KOHTEKCTa
nepeTacoBKa MOXKET OTHOCUTHCS K 00IIeMy MpoLeccy peKOMOUHAIMY U OTOOpa WJIH,
Ha000pOT, MOJKET MPOCTO OTHOCUTHCS K PEKOMOWHAIMOHHBIM 4aCTsIM 00IIero
npouecca.

B HacTosimeM n300peTeHUN MOHSITHS «MAEHTHYHOCTh MOCJIEeI0BATEIbHOCTH» UJIN
KUIEHTUYHOCTH» MPUMEHHUTEIBHO K IBYM MOCJIEAOBATEIbHOCTAM MOJIHHYKICOTHIOB
WJIH TIOJIMTIENTUAOB OTHOCSITCS K OCTaTKaM B JIBYX MOCJEI0BATEIbHOCTSX, KOTOPbIE
SIBJISIFOTCSI OIMHAKOBBIMH NPH BbIPABHUBAHUU JJI1 MAKCHMAJIbHOTO COOTBETCTBHUS B
yKa3aHHOM OKHe cpaBHeHHus. Korja mpoueHT HAeHTHYHOCTH MOCIeI0BATEIbHOCTH
UCIOJIB3YIOT B OTHOLIEHUHU O€JKOB, MPU3HAETCS, UYTO MOJOKEHUS OCTATKOB, KOTOpbIE
He UJEHTHYHBI, YaCTO OTJIMYAIOTCS KOHCEPBATUBHBIMU 3aMEHAMU aMUHOKHUCIIOT, NPU
5TOM aMHHOKHCIJIOTHBIE OCTATKH 3aMEHEHBI JPYTUMH aMUHOKUCIOTHBIMH OCTaTKaMH C
AHAJIOTUYHBIMH XHMUYECKHUMHU CBOWCTBAMH (HampuMep, 3apsiAoM UIU
ruapopOOHOCTHIO) U MTO3TOMY HE U3MEHSIOT (YHKIMOHAIbHBIX CBOUCTB MOJIEKYJIBL.
Ecnu mocinenoBaTebHOCTH OTIUYAIOTCS KOHCEPBATHBHBIMU 3aME€HAMHU, MPOLIEHT
UIEHTUYHOCTH MOCIEI0BATEIbHOCTH MOXKET OBITh CKOPPEKTHPOBAH B CTOPOHY
yBeJUYEHHUsI, YTOOBI CKOPPEKTHPOBATh KOHCEPBATHBHBIN XapaKTep 3aMeEHHBI.
[TocaenoBaTeIbHOCTH, KOTOPbIE OTIUYAIOTCS TAKUMH KOHCEPBATHBHBIMH 3aMEHAMHU,
HA3bIBAIOT UMEIOLIUMHU «TOA00HE MOCIeI0BATEIbHOCTEH» HIIH «CXOACTBOY.
B03MOKHOCTH BBIMOJHEHUSI TAKOW PEryJIHMPOBKH U3BECTHBI CIIELUATMCTAM B TaHHOM
obnactu TexHHKH. Kak mpaBHiO, OHU BKJIOYAET OLEHKY KOHCEPBATUBHOM 3aMEeHbI KaK
YaCTUYHOTI'O, a HE MOJTHOTO HECOOTBETCTBHSI, TEM CAMBIM YBEJIUYHBAs IPOLICHT
UICHTUYHOCTH MocenoBaTeabHOCTH. TakuM o0pa3om, HampuMep, €ClIu UASHTUYHON
AMHUHOKHCJIOTE MPHCBAMBAETCS OLIEHKA 1, a HEKOHCEPBATUBHOI 3aMeHe

NpUCBaNMBACTCs HYJICBAsA OLICHKA, KOHCGpBaTHBHOfI 3aMCHEC NMpPHUCBAUBACTCsA OLICHKA OT
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Hyns 10 1. OueHKy KOHCEpBAaTUBHBIX 3aME€H PACCUMUTBHIBAIOT, HAIIPUMEp, KaK B
nporpamme PC/GENE PC/GENE (pupma Intelligenetics, MaynTun-Brio,
Kanupopuus).

B HacTrosimeM n300peTeHnn «IPOLEHT UASHTHYHOCTH MOCIeA0BATEIbHOCTHY
O3HA4YaeT 3Ha4YEeHUE, ONpeaeNsieMoe MyTeM CPaBHEHUs JBYX ONTHMAJIbHO
BBIPOBHEHHBIX MTOCJIE€IOBATEIbHOCTEH B OKHE CPaBHEHUs, IPU TOM 4acCTh
MOJUHYKJIEOTUHOHN MOCIEOBATEIbHOCTH B OKHE CPaBHEHUSI MOXKET COJepKaTh
WHCEPLHU W Aesieluu (T.€., mpoOesibl) MO CPaBHEHUIO C 3TAJIOHHON
MOCJIEIOBATENBHOCTD (KOTOPasi HE CONEPKUT UHCEPUMH WITH JeJIeluil) IJis
ONTHUMAaJIbHOTO BBIPABHUBAHUS ABYX mocienosarenpbHocTeil. [IpoueHT paccuuTeiBaeTCs
nyTeM OIpeAeNeHus] KOJINYeCTBa MO3ULIUN, B KOTOPBIX UEHTUUYHbIE OCHOBAHUS
HYKJICHHOBOW KHUCJIOTHI FJIM AMHHOKHCJIOTHBIE OCTATKH BCTPEYAIOTCS B 00enx
NOCJIEOBATEIBbHOCTSX, YTOOBI MOJYUYHTh KOJUYECTBO COBIMANA0 LIUX MMO3ULHH, TyTEM
JeJIeHHs] KOJIMYECTBA COBNAJAOIUX MO3UIHNI Ha 00Iee KOJIMYECTBO MO3UIUNA B OKHE
CpaBHEHHUs U YMHOXKeHUs pe3dynprata Ha 100, 4TOOBI MOTYUHUTH MPOLEHT
UJEHTUYHOCTH MOCJIEeA0BATEIbHOCTH.

Ecnu He ykazaHO MHOE, 3HAUEHHS] UIEHTUYHOCTH/CXOICTBA
NOCJIEIOBATEIbHOCTH, NPEICTABIEHHbIE B HACTOSAIEM U300PETEHU U, OTHOCATCS K
3HAa4YEeHUIO, ToJdy4yeHHOMY ¢ nomoinbio GAP Version 10 ¢ ucnonp3oBanuem
CIeAYIOLIUX MapaMeTpoB: % UAEHTUYHOCTH U % CXOACTBA AJI HYKJICOTHIHOM
HocJIe10BaTeIbHOCTH ¢ ucnosnb3oBanneM GAP Weight = 50 u Length Weight = 3, a
TaK)ke MaTpULbI OLIeHOK nwsgapdna.cmp; % UAEHTHYHOCTH U %Yo CXOACTBA IS
AMHUHOKHCJIOTHOH MOCNeoBaTeIbHOCTH ¢ ucnosnb3oBanueM GAP Weight = 8 u Length
Weight = 2, a Takxe matpunsl oueHok BLOSUMG62; unu kakoii-nubo npyroi
S5KBUBAJEHTHON UM nporpamMmsl. Iloa «3KBHBaNeHTHON NPOrpaMMOil»
NOAPa3yMeBAETCS JIF00asi MporpaMMa CpaBHEHUS MOCIEA0BATEIbHOCTEH, KOTOpast s
JTHO0BIX ABYX paccMaTPHUBAEMBbIX MOCIEI0OBATEIbHOCTENH CO3/1a€T BHIPABHUBAHHUE,
UMelollee UAEHTUYHbIE COBNAJEHUs] HYKJIE€OTUIOB UJIM AMUHOKHUCIOTHBIX OCTATKOB U
UJEHTUYHBIN MPOLEHT UIEHTUYHOCTH MOCIEA0BAaTEIbHOCTEN IO CPaBHEHUIO C
COOTBETCTBYIOILINM BbIpaBHUBaHUEM, co3naHHbIM GAP Version 10.

JIBe mocien0oBaTeNbHOCTH SIBJISIIOTCS KONTHUMAJIbHO BHIPOBHEHHBIMMY», KOT'1a OHU
BBIPOBHEHBI JJIs1 OLIEHKH CXOJCTBA C UCIIOJb30BAHUEM ONPEAEICHHON MaTPHULIB
aMHUHOKHCJIOTHBIX 3aMeH (Hanpumep, BLOSUMG62), mrpada 3a Hanu4ue ramna u

mrpada 3a yIUIMHEHHUE I'31a, YTOOBI MOJYYUTh MAKCUMAJbHO BO3MOXKHBIN Oan nis
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5TOMW Maphl MOCAEAOBATENbHOCTEH. MaTpULIBl aMUHOKUCIOTHBIX 3aMEH U UX
UCIIOJIb30BAHUE JUISI KOJIMYECTBEHHOM OLIEHKH CXOJCTBA MEXAY ABYMs
NOCJIEJOBATEIbHOCTSIMHU XOPOILIO U3BECTHBI B JAHHOM 00JaCTH U ONMUCAHBI HAIPUMED,
Dayhoff ¢ coast. B kH: «Atlas of Protein Sequence and Structurey, non pen. M.O.
Dayhoff, 1978, T. 5, npunosxkenue 3, c. 345-352, Natl. Biomed. Res. Found.,
Bamunrron, okpyr Konymousi; Henikoff ¢ coast., Proc. Natl. Acad. Sci. USA, 1992,
89:10915-10919. Matpuuy BLOSUMG62 yacTo HCNONB3yIOT B KA4Y€CTBE MAaTPHUILIbI
3aMeIeHHUs IO YMOJYaHUIO B TPOTOKOJIAX BbIPABHUBAHUS MOCJIEI0BATEIbHOCTEN.
IMITpad 3a cymecTBOBaHHE I'31a HAJAraeTcs 3a BBEAEHHE OJHOTO AMHHOKHCJIOTHOTO
r37a B OJAHY U3 BBIPOBHEHHBIX MOCJIENOBATEIbHOCTEH, a mTpad 3a yIJIMHEHHUE I31a
HaJlaraeTcs 3a KaKAYI0 JOTOJIHUTENBHYIO MYyCTYI0 AMUHOKUCJIOTHYIO MO3ULHIO,
BCTABIICHHYIO B YK€ OTKPBITHIA I31. BripaBHNBaHUE OnpenensieTcs MOJIOKEHUSIMH
AMHUHOKHCJIOT Ka)XKIOW MOCIE0BATEIbHOCTH, C KOTOPBIX HAUMHAETCS U 3aKaAHUHBAETCS
BBIPABHUBAaHUE, U, HEOOs13aTENIBHO, BCTABKON I'311a UJIM HECKOIBKUX I'3TIOB B OJHY HJIH
o0e mocae0BaTeNbHOCTH, YTOOBI MOJYYUTh MAKCUMAJIbHO BO3MOXKHYIO OLIEHKY. XOTS
ONTUMAaJIbHOE BBIPABHUBAHNE U OLIEHKY MOJXHO BBIIIOJTHUTH BPYYHYIO, 3TOT MPOLIECC
yIPOINAETCs 3a CUET UCIOJb30BAHUS PEaJn30BAHHOTO KOMIIBIOTEPOM aJroOpUTMa
BbIpaBHUBaHUs, Hanpumep, BLAST 2.0 ¢ npoOenamu, onucannoro B Altschul ¢
coasT., Nucleic Acids Res., 1997, 25:3389-3402, koTOpBIii €CTh B CBOOOTHOM JOCTYIIE
Ha BeO-caiite HannonanpHOro HeHTpa OMOTEXHOJOTHYECKOH nHpOopMauu
(www.ncbi.nlm.nih.gov). OnTumManbHbIe BBIPABHUBAHKS, B TOM YHCIIE
MHO’KECTBEHHBIE BBIPABHUBAHUS, MOTYT OBITh MOATOTOBJIEHBI C HCTIIOJIb30BAHHEM,
Hanpumep, PSI-BLAST, noctynnoii Ha calite www.ncbi.nlm.nih.gov u onucanHoi B
nyonukanuu Altschul ¢ coaBt., Nucleic Acids Res., 1997, 25:3389-3402.

Urto xacaeTcsi aMUHOKHUCJIOTHOW MOCIEI0BATEIbHOCTH, KOTOPask ONMTUMAJIBHO
BBIPOBHEHA C 3TAJOHHOM MOCIEA0BATEIbHOCTHI, AMHHOKHCIOTHBIN OCTATOK
«COOTBETCTBYET» MOJOKEHUIO B 3TAJIOHHOHW MOCIEN0BATEIbHOCTH, C KOTOPBIM OCTAaTOK
criapuBaeTcs npu BelpaBHUBaHUH. «llonokeHne» 0003HAYAETCS YUCIOM, KOTOPOE
NOCJIE0BATEIbHO HASHTHPULUHPYET KaXKAYI0 aMUHOKHUCIOTY B 3TAJIOHHOM
NOCJIEJOBATEIbHOCTH Ha OCHOBE €€ MOJIOXKEHHSI OTHOCUTeNbHO N-koHna. U3-3a
OeNe i, UHCePUUH, YCeUeHU U, CIIUSIHUN U T. 1., KOTOPble HEOOXOIUMO YUUTHIBATH
IIpU ONpEeeNIEHUN ONTUMAJIBHOTO BBIPABHUBAHUS, B O0IIEM Cllydyae KOJIUIECTBO
AMHUHOKHCJIOTHBIX OCTATKOB B TECTUPYEMON MOCIEA0BATEIbHOCTH, ONPENENIsIeMOe

NpOCThIM MMOACYETOM OT N-KOHI_Ia, He 0053aTeNIbHO COBIIagacT ¢ HOMEPOM
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COOTBETCTBYIOINEH MO3ULMHU B STAJIOHHON nocuenosarenbHocT. Hanpumep, B ciydae
ACJICI U B BprOBHeHHOﬁ TECTOBOM IocCJIeJOBATCIIBHOCTH HE 6YI[eT AMHUHOKHUCJIOTHI,
COOTBETCTBYIOLIEH MOJIOKEHUIO B TAJTOHHOHN MOCJIEN0BATEIbHOCTH B MECTE JI€IELUH.
IIpu HanuuuKu BCTABKU B BBIPOBHEHHON 3TAJOHHON MOCIEN0BATENbHOCTU 3Ta BCTABKA
He OyZeT COOTBETCTBOBATh HU OJHOMY IOJIOKEHUIO aMHHOKHCIIOTHI B 3TAJIOHHON
NIOCJIEIOBATEIBPHOCTU. B ciiyuae ycedueHus: UM CIUSIHUS MOTYT OBITh YUaCTKH
AMHUHOKHUCJIOT JIKOO B 3TAJOHHOH, MO0 B BRIPOBHEHHOW MOCJE0BATEIbHOCTH,
KOTOpPbIC HE COOTBETCTBYOT HU OI[HOI\/'I AMHUHOKHCIIOTE B COOTBeTCTBYIOLLIeﬁ

MNOoCJIEA0OBATCIBbHOCTH.

V. AnTurena

Antutena k nomunentuaaM RGN uiau puboHyKI€ONpOTenHAM, BKIO YA UM
nonunentuabl RGN no HacTosimemMy n300peTEeHUI0, BKIIIOUYAsi T€, KOTOPbIe HMEIOT
AMUHOKHCJOTHYIO TOCIEN0BATEIbHOCTD, MpeacTasieHHyo kak SEQ ID NO: 1, 9, 16,
23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110 unu 117, unu ux akTUBHbIE
BapHAHTBI WK (PArMEHTHI TAK)KE BXOASIT B 00JIACTh OXBaTa HACTOSIIETO
nzobperenusi. CriocoObl MOMYYEeHUs AHTUTEN XOPOIIO U3BECTHBI B JAHHON obyiacTH
(cm., Hanipumep, kH.: Harlow, Lane «Antibodies: A Laboratory Manual», 1988, uza-so
Cold Spring Harbour Laboratory, Cold Spring Harbor, Hero-Hopx; natent US
4196265). OTu aHTUTENa MOKHO HUCIOJb30BaTh B HAO0Opax ayist OOHAPYKEHHS U
Bbiaenenus noaunentuaoB RGN wnn pubonykneonporenHos. Takum obpa3om,
naHHOe n300peTeHne obecrnednBaeT HAOOPbI, COAEPIKAIINE AHTUTENA, KOTOPBIE
crieupUUecKr CBI3BIBAIOTCS C MOJHUIIENTUAAMY UJIH PUOOHYKIEOTPOTEHHAMHU,
OMUCAHHBIMU B HACTOSIIEM U300pEeTEHNH, BKJIIOYAs, HATIPUMED, MOJHUIEITH/IbL,
umeromue nocienosarenbHocTh SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75,
82, 89, 95,103, 110 wnu 117.

VI. CucteMsl u DI/I6OHVKJ'IGOHDOTGI/IHOBI:;IG KOMIIJICKCHI AJIsA CBA3BIBAHUS

IPEACTABISIIOINEN HHTEPEC IMOCIEIOBATSIbHOCTH-MUIIEHU U CIOCO0BI UX NOJIYYECHHUA

B Hacrosimem n300peTeHnH MpeayCMaTPUBAOT CUCTEMY CBSI3bIBAHUS
NPEACTABIAKIIEN HHTEPEC NOCIEI0BATEIbHOCTU-MUIIEHU, KOTOPask COAEPKHUT IO
MEHbIIENH Mepe oaHy Hanpasiasmwyw PHK nin kogupyomyro ee HyKJI€OTUAHYIO
MOCJIE0BATENbHOCTD, U IO MeHbIIeN Mepe oany PHK-nanpasiaseMyro Hykineasy uiau
KOAUPYIOLIYIO €€ HYKJIEOTUIHYIO nociaenosatenbHocTh. Hanpasnsomas PHK

ruOpuanu3UpPyeTCs C MPEACTABIAIOIIEl HHTepeC MOCIe0BATeIbHOCTBIO -MULIEHBIO, &
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Takke oOpasyer koMmiuiekc ¢ nojunentugoM RGN, Tem cambIiM HampasJisis
nosunentus RGN Ha cBs3bIBaHUE C MMOCAENOBATEIbHOCThIO-MUIIEHBIO. B HEKOTOPBIX
U3 3TUX BAPUAHTOB OCYLIECTBIEHUsS HacTosAmero nzooperenus RGN Bkiatouaer
aMUHOKHUCJIOTHYI0 nocnenosatenbHocTh SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61,
69, 75, 82, 89, 95, 103, 110, 117, 137 unu 235 unu ee akTUBHBIN BapUAHT UJIU
¢parmMeHT. B pa3znu4YHbIX BapHaHTaX OCYLIECTBJICHHUS HACTOSINEro H300peTeHus
Hanpasisitomas PHK conepxxut nmosropsitouyrocs nocnegosarenbHocTh CRISPR,
BKJIFOUAIO Y0 HYKJEOTHIHYIO nocienoBarenbHocTh SEQ ID NO: 2, 10, 17, 24, 31,
39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111, 118, 240, 273 unu 287 unu ee akTUBHBIN
BapuaHT win pparMeHT. B onpeneneHHbIX BapHAHTaX OCYIIECTBJICHUS HACTOSIIETO
uzoOperenus Hanpasisromas PHK conepsxkur tracrPHK, Brirogaromyro
HYKJIeOTUAHYIO0 nocnenosarenpHocTs SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63,
71,77, 84,91, 97, 105, 112, 119, 241, 274 unu 286, Uiy €€ aKTUBHBIA BAPUAHT WU
¢parment. Hanpasnsromas PHK cuctembl MmoskeT ObITh 0HOHaNpasisitomed PHK unu
nsyxHanpasasiromed PHK. B onpenenenHeIx BapuaHTax OCYLIECTBIEHUS HACTOSIIETO
nzo0perenus cucrema BkirodaeT PHK-Hanpasisemyio HykIieasy, reTepOJOrHIHY IO
Hanpagysitomed PHK, npu atom RGN u Hanpasnsromas PHK B npupone He o0pasyior
KOMIIJIEKCOB.

Cucrtema ans CBSI3pIBaHUs NPEACTABIAKILIEH HHTEPEC MOCIEI0BATEIbHOCTH -
MHUILIEHH, MPEIyCMOTPEHHAsI B HACTOSIIIEM U300PETEHNH, MOXKET OBbITh
pUOOHYKJIEOMPOTEHHOBBIM KOMIIJIEKCOM, KOTOPBIH MpencTasiseT coO0l Mo MeHbIIeH
Mepe onHy mojekyny PHK, cBsA3aHHYI0 MO MeHbIIel Mepe ¢ OMHUM OEJIKOM.
IIpenycMOTpeHHBIE B HACTOSIIEM U300pEeTEHUN PUOOHYKIEOMPOTEUHOBBIE KOMIJIEKChHI
colep:kat no MeHblIel Mepe oaHy Hamnpasisaromy PHK B kauecTBe koMnoHeHTa
PHK u PHK-HanpasisieMyr HykJea3y B KaueCTBe OCJIKOBOro KOMIOHeHTa. Takue
pUOOHYKJIEOTTPOTEHMHOBBIE KOMITJIEKCHl MOTYT OBITh BBIIEJICHBI U OUHINEHBI U3 KJIETKU
WM OPraHu3Ma, KOTOPbIe €CTECTBEHHBIM 00pa3oM skcnpeccupyroT nojaunentua RGN
1 CKOHCTPYHUPOBAHBI AJIsl SKCIPECCUHU KOHKPEeTHON Hamnpasiswowmen PHK,
crienupUIHON B OTHOIIEHUH MPEACTABISIONIEH HHTEPEC MOCIeT0BATEIbHOCTH -
MuiieHu. B apyrom BapuaHnte pubOHYKJICONPOTEUHOBBIH KOMILJIEKC MOXKET OBbITh
BBIJICJICH M OYHIIEH U3 KJIETKU HJIM OPpraHu3Ma, KOTOpbIe ObLIN TpaHCHOPMHUPOBAHBI
noJuHykjgeoTuaamu, kogupyromumu noaunentug RGN u nanpasasromyo PHK, u
KYJIbTUBUPOBAH B YCJOBHSX, obecrneynBaruux skcnpeccuro nogunentuna RGN u

Hanpasisomeid PHK. Takum oOpa3oM, npeasokeHbl CIIOCOObI MOMyYeHUs
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nommmnentuaa RGN wiu pubonykneonporennosoro kommiekca RGN. Takue cocoOwr
BKJIIOYAIOT KYJIbTUBUPOBAHUE KIETKH, COAEpKalIeld HYKICOTUIHYIO
NOCJIE0BATEIbHOCTD, Koaupyomyto nonunentus RGN, a B HEKOTOPBIX BapHaHTax
OCYLIECTBJICHUS] HACTOSIIETO U300 peTeHUsI HYKJICOTHAHYIO MOCIEA0BATEIbHOCTD,
koaupyromyo Hanpasiasgomyo PHK, B ycnoBusx, B KOTOPBIX 3KCIPECCUPYETCS
nonunentug RGN (1 B HEKOTOPBIX BapHaHTaX OCYIIECTBJIEHUS HACTOSLIETO
uzobperenus Hanpasiswmas PHK). 3arem nonunentug RGN unu
pubonykyeonporenH RGN MOXHO BBIACIUTD U3 JIM3aTa KYJIbTUBUPYEMBIX KJIETOK.

MeTtonab!l ounctku nmonunentuaa RGN unu puOOHYKI€ONPOTEHHOBOTO
kommiekca RGN u3 nusarta 6uonornueckoro obpasia U3BECTHBI B JaHHOHN o0JiacTu
(Hanmpumep, S3KCKIO3UOHHAs u/unu adpunHas xpomarorpadpus, 2D-PAGE, BOXX,
obpameHnHo-(pa3zoBas xpoMaTorpadusi, HUMMYHOINPEUUNUTAUA). B KOHKpETHBIX
metonax nogunentua RGN mony4arT peKkOMOMHAHTHO, U OH COIEPIKAT METKY IJIs
OYMCTKH, TOMOTAIUHA OUYUCTKE, BKIIOYAs, HO, HE OrPAHUYUBASCh UMH, TIyTaTHOH-S-
tpancdepasy (GST — glutathione-S-transferase), xutun-cs3vBaromuii 6enok (CBP —
chitin binding protein), ManbpT030-CBsI3BIBAOIIUIN Oenok, Tuopenokcus (TRX),
nonmu(NANP), meTky Tannemuoi apunnoi ounctku (TAP — tandem affinity
purification), myc, AcVS5, AUI1, AUS, E, ECS, E2, FLAG, HA, nus, Softag 1, Softag
3, Strep, SBP, Glu-Glu, HSV , KT3, S, S1, T7, V5, VSV-G, 6xHis, 10xHis, 6enox-
HocuTenb Ouotunkapookcuna (BCCP — biotin carboxyl carrier protein) u
kaiapmonynuH. Kak npasuno, meuensiii nonunentuag RGN unu
puOOHYKJIeOTPOTeMHOBBIN kKoMIIekec RGN ouMINarT ¢ HCMOIb30BAHUEM
UMMOOMJIM30BaHHONW MeTainueckoit ahppuunoit xpomarorpaduu. Cieayer mOHUMATh,
YTO MOTYT OBITh HCIIOJIB30BAHBI H APYTHE MOJOOHBIE METOABI, U3BECTHbIE B JAHHOU
obyacTu, BKJIOYas Apyrue GopMbl Xpomatorpadguu uin, Hanpumep,
UMMYHOIIPEUITUTALHIO, OTAEJBHO UJIN B KOMOUHAIIUY.

«BpIneeHHbIN» UIN «OYUINEHHBIHY» MOJUMENTH] U er0 OUOJOTHYEeCKHU
aAKTHUBHAS 4acTh (PAKTUUECKU CBOOOJHBI OT KOMIIOHEHTOB, KOTOPbIE OOBIYHO
CONPOBOXKIAIOT UIIM B3aUMOJEHCTBYIOT C MOJUIIENTHIOM, IPUCYTCTBYIOIIHUM B €0
€CTEeCTBEHHOM OKPYKeHHH. TakuM oOpa3oM, BbIAEICHHBIA UM OYHIINE HHBII
NOJIMNENTHA MPAKTUYECKH HE CONEPIKUT APYTOro KIETOYHOro MaTepuala UiH
MaTepHaia KyJbTypaJbHOW CPebl, €CIU OH MOJy4YeH PEKOMONHAHTHBIMH METOIAMH,
WJIU MPAKTUYECKH HE COAEPIKUT XUMHYECKUX MPENIeCTBEHHUKOB MU APYTHX

XUMHUYECKUX BCIICCTB, €CJIM OH CUHTC3UPOBAH XUMHUYCCKHUM IIYTEM. BeJ'IOK,



10

15

20

25

30

54

NPaKTUYECKU HE COAEP KAIUM KJIETOUHOTO MaTepHaa, BKIOYAEeT Mpenaparsl Oenka,
copepxamue MmeHee npumepro 30%, 20%, 10%, 5% umn 1% (o cyxomy Becy)
KOHTaMUHaHTHOTO Oenka. Korna Genok uim ero OMOJOTrHYeCKH aKTHBHYIO YacCTh I10
HACTOSILIEMY N300pPETEHHIO MOJYUaI0T PEKOMOMHAHTHBIM MyTEM, ONTHUMAJIbHO
KyJbTypalibHasi cpefa npencrtapisier codoit menee npumepHo 30%, 20%, 10%, 5%
i 1% (1o cyxoMy BeCy) XMMHYECKHX MPEeJIeCTBEHHUKOB WU NMPEACTaABIISIOMUX
UHTEpPEeC XUMHYECKUX BEIIECTB, & MUMEHHO HEOENKOBBIX COCIMHEHHU.

KoHkpeTHbIe METOABI, TPEAYCMOTPEHHBIE B HACTOSIIIEM H300pETeHUHN IS
CBSI3BIBAHMS W/ UJIU PACINETUICHUsS IPECTABISIIOMEH HHTEPEC MOCIEeI0BATEIBHOCTH -
MUIIEHH, BKJOYAKOT UCIOJIb30BaHNE COOPAHHOTO 7 Vitro puOOHYKIEONMPOTEHHOBOTO
kommiekca RGN. Coopka pubonykieonporennoBoro kommiaekca RGN in vitro moxer
OBITh OCYIIECTBJIEHA C UCIOJNB30BAHHEM JIIOOOTO METOAA, U3BECTHOTO B JAHHOM
obnactu, B koropom nonunentuy RGN konTaktupyet ¢ Hanpasisiromeit PHK B
yCcIoBHsX, obecrneunBaromux cBsa3biBanue nonunentuaa RGN ¢ Hanpasisromeir PHK.
B Hacrosimem n300peTeHnn NpUMeHsIeMbIE TEPMUHBI KKOHTAKT», K KOHTAKTUPOBAHUEY,
«KOHTAaKTHUPYIOIIUNH» OTHOCATCS K IOMELIEHNUI0O KOMIIOHEHTOB HYXHOH peakiuu
BMECTE B YCJOBUSX, IPUTOAHBIX AJIs OCYIIECTBJIEHHUs 3TOH peakuuu. [lonunentun
RGN, nony4ueHHbIH B pe3yJbTaTe TPAHCIALUHU iN Vilr0, MOKET OBITh BBIEJIEH U
OUYMINEH U3 Ouojgormyeckoro odbpasua, KIETOYHOIO JIM3aTa UM KYJbTYpPaJIbHON CPENHl,
unu nonydeH xumudeckum cuate3oM. Ilonunentun RGN u nanpasnsromas PHK
MOTYT OBITh PUBEAECHBI B KOHTAKT B pacTBOpe (Hanmpumep, Oy(hepHOM COJIeBOM
pacTBOpe) nomyckasi cOOpKy in vitro puboHykieonporenHoporo komriekca RGN.

VII. Cnocolbl CBSI3bIBAHUS, PACLICILUICHUS U MOOTUDUKALIUHA

ONoCJEeaA0BaTECJIbHOCTH-MUINIEHHU

B HacrosimeM onmucaHuU MpenycMaTPHUBAIOT CIIOCOOB! CBS3BIBAHUS, PACIIETIIICHHS
U Mo UKaLHUK [EeJIeBOH MOCIeI0BATEIbHOCTH HYKJIEOTHAOB, MPEICTABIISIOIIEH
uHTepec. CrocoObl BKITIOYAOT NOCTABKY CHUCTEMBI, COlepIKallell Mo MeHbIuell Mepe
oaHy Hanpasisiromyo PHK nnn kogupyromuil ee NONUHYKIEOTHU U IO MEHbIIEH
Mepe onuH nosunentu RGN unu koaupyounil ee NoJIUHYKICOTH] I, B LIEJIEBYIO
NOCJIEJOBATEIbHOCTD HJIM KJIETKY, OPraHeJUly MJIM SMOPUOH, COAEpIKAIIHNE LETEBYIO
NOCJIEOBATEIbHOCTh. B HEKOTOPBIX U3 MOAOOHBIX BAPHAHTOB OCYINECTBICHUS
Hactosmero uzooperenust RGN conep kT aMHHOKHCIOTHYIO MOCIE0BATENbHOCTb,
npencrasiaennyto kak SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95,

103, 110, 117, 137 unu 235 unu ee akTUBHBIN BapuaHT uiau GpparmenT. B paznuunabix
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BApUAaHTAaX OCYLIECTBICHUS HACTOAIETro n3o0perenus Hanpasisaomas PHK conepsxur
nopTopsiouyrocs noBTopHocTh CRISPR, coaep:kalnyo HyKJI€OTUIHYIO
MOCJIEI0OBATENbHOCTD, NMpeacTaBaeHHyto kak SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55,
62, 70, 76, 83, 90, 96, 104, 111, 118, 240, 273 unu 287 unu ee akTUBHbIA BapUAHT
win ¢pparmMeHT. B onpeneneHHbIX BapHaHTaX OCYI[ECTBIEHUS HACTOSLIErO
uzoOperenus Hanpasisromas PHK conepsxur tracrPHK, comepkaimyr HyKICOTUIHYIO
MOCJIeI0OBaTENbHOCTD, mpencrapieHnyo kak SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56,
63, 71,77, 84,91, 97, 105, 112, 119, 241, 274 unu 286 unu ee akTUBHBbIA BapUAHT
unu ¢parment. Hanpasnsromas PHK cuctemsr moxet ObITh ogHOHanpasisomei PHK
wiu nyHanpassitomeit PHK. RGN cuctemsl moker ObITh MepTBOH RGN,
obyanaromeil HUKa3HOH aKTUBHOCTBIO, UM MOKET OBITh CJIMTBIM MOJUIENTHIOM. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOSLIEr0 N300 PETEHHS CIUTBINA
MOJIMIENTH CONEPKUT OTPEJaKTHPOBAHHBIN 10 OCHOBAHUAM IMOJUNENTU]I, HAIPUMED,
UUTHUAWHAE3aMUHA3y WU aJeHO3MHAe3aMiHa3y. B n1pyrux BapuaHTax oCylleCTBJIEHUS
HacTosmero n3obperennss RGN-ciuTelil 6€J0K conepKUT OOPATHYIO TPAHCKPHUIITA3Y.
B npyrux BapuaHTax ocyuiecTBiIeHHUS HacTosAmero n3ooperenus RGN-ciautoiii 6enok
COAEPIKUT MOJUMENTU, KOTOPBIH PEKPYTUPYET KOMIIOHEHTHI ()YHKLIMOHAIBHOTO
KOMILJIEKCA penapanuy HyKJIE€UHOBBIX KUCJIOT, HAIpUMep, KOMIIOHEHT
MeTaboMUYeCKOro MyTH SKCUU3NOHHON penapanun Hykiaeotuaos (NER — nucleotide
excision repair) Uiu 3KCHU3MOHHON pernapauny HyKJIEOTUIOB, CBSI3AHHOH ¢
tpanckpunuuein (TC-NER — transcription coupled-nucleotide excision repair) (Wei ¢
coaBT., PNAS USA 2015, 112(27):E3495-504; Troelstra ¢ coast., Cell 1992, 71:939-
953; Marnef ¢ coast., J Mol Biol 2017, 429(9):1277-1288) cornacHo
npeasaputenbHoii 3asske US No. 62/966,203, nogannoii 27 situBaps 2020, CyIIHOCTB
KOTOPOH BKJIFOYEHA B HACTOsIIEee N300pETEHNE B BUIE CCbUIKH. B HEKOTOPBIX
BapHaHTaX OCYINECTBJCHUS HAacTOsAIero nsooperenuss RGN-cnuteiii 0eok ConepKuT
CSB (van den Boom ¢ coasr., J Cell Biol 2004, 166(1):27-36; van Gool ¢ coasr.,
EMBO J 1997,16(19):5955-65; npumep npencTaBieH HIXE B BUJIE
nocaenoBarenabHocTu SEQ ID NO: 268), koTopas siBisieTcst yaacTHUKOM nyTu TC-
NER (sxcuu3noHHas penapanus HyKJI€OTHAOB, CBA3aHHAsA C TPAHCKPHUIILUEH) U
y4acTBYET B PEKPYTHUPOBAHUU APYTUX UJ€HOB. B Apyrux BapuaHTax OCyLIEeCTBJIEHUS
HacTosmero n3obperenus: 51oT RGNABP-ciuThili 6€10K COnepKUT aKTUBHBIA JOMEH

CSB, takoii kak KHCJIOTHbIA noMeH CSB, BKIHOYAKO MU aMUHOKUCIIOTHBIE OCTATKHU
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356-394 nocnenosarenpHoctu SEQ ID NO: 268 (Teng ¢ coasrt., Nat Commun 2018,
9(1):4115).

B onpeneneHHBIX BapuaHTaxX OCYLIECTBIEHHS HacTosmero nuzodbperenuss RGN
n/unu Hanpasisomas PHK aBiasercsa reTeponornyHoil B OTHOIIEHUH KIIETKH,
opraHessl win 5MOpuoHa, B kKotopbie BBOAAT RGN w/unu Hanpasmsiromyro PHK (unu
NOJIMHYKJIEOTU A (HYKJIEOTU Ib), KOAUPYIOLIUe N0 MeHbleld mepe oy RGN u
Hanpagsitomy PHK).

B Tex BapmaHTax OCYIIECTBJIEHUS HACTOSIIETrO U300PETEHHs, B KOTOPBIX CIIOCO0
BKJIFOYAET JOCTABKY MOJUHYKJIEOTU A, Konupyromero Hanpasisiomyw PHK u/unu
nonunentug RGN, Ha clienyromem 3Tamne KIETKY W SMOPUOH MOXKHO
KYJbTUBUPOBATH B YCIOBHUSX, B KOTOPBIX 3Kcpeccupyercs Hanpasuasomas PHK
u/vwnu nonunentua RGN. B pa3auuHbIX BapHaHTaX OCYINECTBICHUS] HACTOSIIETO
n300peTeHust Crocod BKIIOYAET MPUBEAEHHUE LEJIEBOH MOCIEN0OBATEIbHOCTH B KOHTAKT
¢ pubonykyeonpoTenHOBbIM KoMITIekcoM RGN. PuOoHyk1eonpOTenHOBBIN KOMITIEKC
RGN mosxeTt conepxxare RGN, xoTopas siBisieTcss MepTBOI HyKJIea3oil unu obmagaer
HHUKA3HOU aKTUBHOCTBIO. B HEKOTOPBIX BApHAaHTAaX OCYILUECTBJIEHUS HACTOSIIErO
nzo0perenust RGN puOoHyKI€ONpOTEMHOBOIO KOMIIJIEKCA MPEACTaBIsAeT cO0O0i
CJIIUTBHINA MOJUIENTHU, COAEPIKAIMUN MOJUNENTUI, PEIAKTUPYIOLNN OCHOBaHus. B
HEKOTOPBIX BAPUAHTAX OCYLIECTBJIEHUS HACTOALIETrO U300pETeHUs CIOCOO BKIIOYAET
BBEJICHUE B KJIETKY, OpraHelIy HIJIH 9MOPHOH, COepIKaliie LEeJeBYIO
IIOCJIEI0OBATEIBbHOCTD, pUOOHYKI€ONpoTenHOBOro KoMiiuekca RGN.
PubonykneonporenHoBbIi koMmiekc RGN MokeT ObITh OUMIIEH U3 OHOJOrHYECKOTO
obOpasua, mojgy4yeH peKOMOMHAHTHO M 3aTE€M OUMINEH UJIU cOOpaH in vitro, Kax
OMHUCAHO B HACTOSIEM M300peTeHnH. B TeX BapuaHTaxX OCYIIECTBJIEHHS HACTOSLIErO
u3obpeTeHusi, rae puOOHYKIIeONPOTeNHOBBIN KoMIIekec RGN, KOTOphIii KOHTAKTHUPYET
C MOCJIeIOBATEIbHOCTBIO-MUIIEHbIO, HJIH OPTAHEJION KIETKH, HJIH YMOPHUOHOM,
coOHMparoT in Vifro, METOA MOXET OMOJHUTEIbHO BKIOYATh COOPKY KOMILIEKCA i7
Vifro 10 KOHTAKTa C MOCJIEI0BATEIbHOCTBIO-MUILIEHBIO, KIE€TKOH, OPTraHeI0N UIIu
SMOpPUOHOM.

OunieHHbIH U COOPAHHBIN in Vifro puOOHYKIEONpPOTenHOBBINH KoMIieke RGN
MOYKHO BBECTH B KJIETKY, OPTaHEJUy HJIH SMOPHUOH C UCIIOJNIB30BAHUEM JIF0OOOTO
METOJa, H3BECTHOTO B TaHHOH 00JaCTH, BKJIIOYAs 3JIEKTPONOPALIHIO, HO HE
orpaHn4uBasch €10. B npyrom Bapuante nonunentua RGN n/unu nonuHykiaeoTun,

KOAUPYIOILIMNA UK BKJIKOYao MUl Hanpasiaamyw PHK, MoxxHO BBECTH B KIIETKY,
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OpraHeJuly WJiu >MOPHUOH C UCIOJIB30BAHHEM JIFOOOTO METO/A, H3BECTHOTO B JAHHOM
obnactu (Hampumep, MeToAa SJIEKTPONOPALIUH ).

IIpu nocrtaBke UM KOHTAKTE € MOCIEI0BATEIbHOCTHIO-MUILIEHBIO UJIN KIETKOM,
OpraHeIoi WiIn YMOPHOHOM, COEPIKALIUM MTOCIE0BATEIbHOCTh-MHUIIEHD,
Hanpassitomast PHK nanpasnsier RGN Ha cBsi3biBaHHE ¢ OCJIEA0BATEIBHOCTHIO -
MHUILIEHBIO CHIeUH(pUUHBIM JJIs TOCIEeN0BaTEeIbHOCTU 00pa3oM. B Tex BapuaHTax
OCYLIECTBJIEHUsS HacTosimero u3odperenus, rae RGN obnanaer HykieasHoH
akTUBHOCTBIO, nonunentua RGN pacuiensieT HHTEPECYIO VIO MOCIe10BATEIbHOCTh-
MUIIEHb MPU CBA3BIBAHUM. [10CI€10BaTENbHOCTh-MUIIEHD BIIOCIECTBUH MOXKET OBITh
MOAU(DHUIIMPOBAHA C TOMOLIBI0 MEXaHU3MOB HIAOTE€HHON penapalmy, TAKHX KaK
HETOMOJIOTUYHOE COeIMHEeHNEe KOHIIOB UJIU penapalus, HalpaBjieHHas Ha TOMOJIOTHIO,
C MPEeAYCMOTPEHHBIM JOHOPHBIM MOJUHYKJIEOTHAOM.

MeTtoab! usmepeHnus casasbiBanus nonunentuna RGN ¢ nocinenoBaTenbHOCTBIO -
MHUIIEHBI U3BECTHBI B TaHHOH O0JACTH U BKJIIOYAKOT aHAJIN3bl HMMYHONIPEIUITUTALUN
XpOMaTHHA, aHAJIU3bl U3MEHEHUs MOABUKHOCTHU B ree, aHanusbl ocaxaeHus JHK,
penopTepHbIe aHAN3bI, aHAJTU3bI 3aXBaTa U OOHAPYKEHHUS HA MUKPOIIJIAHIIETAX.
AHanoruuHelM 00pa3oM, METOJbl U3MEPEHHUS PACILISINICHUS W MOAU(DUKauu
NOCJIEIOBATEIbHOCTU-MHUIIEHN U3BECTHBI B TaHHON O0JAaCTH U BKJIIOYAKOT aHAJIH3bI
paclleIUIEHUs1 [k Vilro WU [h Vivo, B KOTOPBIX paclUIeIIEHUE MOATBEPIKAAETCS C
nomoitusto TP, cexBeHHpOBaHUS UK TreNb-3JiekTpodopesa ¢ nodaBieHueM Wi O6e3
n00aBiIeHUsI COOTBETCTBYIOIEH METKH (HapuMep, paauonu3orona, GayopecueHTHOro
BEIECTBA) K LIEJIEBOU MOCIEeIOBATEIBHOCTH ISl 00serdeHus oOHapy KeHHUsI
NPOAYKTOB pa3pylueHus. B 1pyrom BapuaHTe MOXKHO HCIIOJIb30BaTh aHAIU3 PEaKIUU
SKCMOHEHUUANIbHON ammnpukanuu, 3anyckaemoit paspsiBoM (NTEXPAR — nicking
triggered exponential amplification reaction). (cm., Hanpumep, Zhang ¢ coast., Chem.
Sci., 2016, 7:4951-4957). PacenyieHue in vivo MOXKHO OLIEHUTD C MOMOIIIBIO aHATN3a
Surveyor (Guschin ¢ coast., Methods Mol Biol, 2010, 649:247-256).

B HEKOTOPBIX BapHaHTax OCYLIECTBICHHS HACTOSIIETO H300PETEHUS METObI
BKJIIOYAIOT HCTIOJIb30BaHue ogHoro tuna RGN B kommiekce ¢ 6oee ueM ogHOM
Hanpasysirouet PHK. bonee yuem onHa Hanpasasromas PHK moxeT HanenuBaTbCcs Ha
paszHble 00J1aCTH OJTHOTO I'eHa WUJIM MOKET HaIleJUBAThCS Ha HECKOJBKO I'€HOB.

B Tex BapmaHTax OCYIIECTBJIEHUS HACTOSLIEr0 N300pEeTEeHNs, I1e JOHOPHBIN
MOJMHYKJIEOTU]] HE IPEAYyCMOTPEH, ABYX1EMOYEUHbIH pa3pbiB, BBEIECHHbBIN

nonunentuaoM RGN, MoxkeT ObITh pernapupoBaH C MOMOMIBIO MPOIECcCa penapanun
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HeromosiorudHoro coenuaennsi KOHIOB (NHEJ — non-homologous end-joining). 13-3a
noasepskeHHON omubkaMm npupoasl NHEJ BoccTaHOBIEHHE NBYXIIETOYEUHOTO
pa3pbiBa MOKET MPUBECTU K MOANGPUKALNH LIEJTEBONH NMOCIEN0BATEIbHOCTH.
Hcnonb3yemelil B HACTOSIIEM U300PETEHUH TEPMUH «MOAU(PUKALIUS» B OTHOIICHUH
MOJIEKYJIbl HYKJIEMHOBON KHUCJIOTBI OTHOCUTCS K U3MEHEHUIO HYKJIE€OTHAHOU
IIOCJIEIOBATEIbHOCTH MOJIEKYJIbI HYKJI€UHOBOH KHCJIOTHI, KOTOPOE MOXKET OBITh
Aenenuei, HHCepLuue Win 3aMeHOM OJJHOTO UJIHM HECKOJbKUX HYKJICOTUAOB UJIH UX
koMOuHauued. Monudukauus HeJeBOl MoCIeq0BaTeIbHOCTH MOKET MPUBECTH K
SKCMPECCUU U3MEHEHHOT0 O€JIKOBOTO MPOAYKTA MM MHAKTUBAIIUH KOOUPYIOII e
MOCJIE0BATEIbHOCTH.

B Tex BapmaHTax OCYIIECTBJIEHHS HACTOSLIETO U300PETECHUS, TIe UMEET Csl
JOHOPHBIN MOJUHYKJIEOTH], JOHOPHAs MOCIEA0BATEIbHOCTh B JOHOPHOM
MOJIMHYKJIEOTUE MOKET ObITh MHTErPUPOBAHA MJIM 3aMEHEHA LIEJIEBOH HYKJIECOTHIHOM
MOCJIEI0OBATENBHOCTBIO B XOJI€ penapaluy BBEAEHHOIO ABYXLENOYE€YHOr0 pa3phliBa,
YTO NPUBOAUT K BBEJECHUIO 3K30T€HHOW JOHOPHOU MOCIEN0BAaTENbHOCTU. Takum
00pa3oM, TOHOPHBIH MOJTUHYKJIEOTH ] COAEPKUT JOHOPHYIO MOCIEA0BATENbHOCTD,
KOTOPYIO JKEJIaTEJIbHO BBECTHU B MPEACTABJISIOLUIYI0O HHTEPEC MOCIEA0BATEIbHOCTD-
MHUIIEHb. B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHUS HACTOAIETO U300peTeHUs
JOHOPHAs MOCJIEN0BATEIbHOCTh U3MEHSIET UCXOAHYIO MOCIEeN0BATEIbHOCTD
HYKJEOTUAOB-MUIIEHEH TaKUM 00pa3oM, YTO BHOBb HHTETPUPOBAHHAS JOHOPHAS
IIOCJIEIOBATEIBbHOCTD He OyaeT pacno3HaBaThes U pacmeniasitbess RGN, MuTerpanus
JOHOPHOH MOCIEN0BATENbHOCTH MOXKET OBITh YCHJIEHA BKIIOYEHUEM B JTOHOPHBIN
NOJIMHYKJIEOTU A (HIAHKUPYIOLIUX MOCIEeI0BATEIBHOCTEH, KOTOPBIE HMEIOT
CYLIECTBEHHYI UIEHTUYHOCTD MOCIEN0BATEIbHOCTH C MOCIEN0BATEIbHOCTIMH,
(bIAHKUPYIOIMKUMHU HYKJICOTHIHYIO MOCIET0BATEIbHOCTh-MULIEHb, YTO AEJIAeT
BO3MOJKHBIM IIPOLIECC penapaluy, HallpaBJIeHHbIN 0 roMoaoruu. B Tex BapuanTax
OCYIIECTBJICHUS] HACTOSIEro n300peTeHus, B KoTopeix nojunentug RGN BBonuT
ABYXLENOYE€YHbIE CTYNIE€HYAThI€ PA3PbIBbl, AOHOPHBIN MOJIUHYKJIEOTH] MOKET
COoAepKaTh JOHOPHYIO MOCJIENOBATEIbHOCTD, (PIAHKHPOBAHHYIO COBMECTUMBIMH
BBICTYIIAMH, YTO MO3BOJSET OCYILIECTBIATh NPSIMOE JUTHPOBAHUE NTOHOPHOM
MOCJIE0BATEIBHOCTH € PACIIEIVIEHHON LEeJeBOW HYKJIEOTUAHON
MOCJIE0BATEIbHOCTBIO, COAEPKALEH BBICTYIIbI, TOCPEACTBOM HETOMOJOTUYHOTO

npolecca pernapalnuy BO BpeMs penapalnuy ABYXLENOoueyHOro pa3pbiBa.
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B Tex BapmaHTax OCYIIECTBJIEHUS HACTOSLIETO U300PETEHUs, B KOTOPBIX METON
BKJIIO4YaeT ucrnosbzoBanue RGN, sBusromielics HIKa30M (T.€., CHOCOOHOH pacIienysaTh
TOJIBKO OAHY L[EMb JBYXIEMNOYEYHOr0 MOJUHYKJIEOTH Ia), METOJ MOKET BKJIIOYATh
BBeJeHUEe ABYX HUKa3 RGN, HalleJeHHbIX Ha UAEHTUYHBIE UJIN NEPEKPhIBAIOINECS
L[€JIEBbI€ TTOCJIEN0BATEIbHOCTH, U PACILEIIATh Pa3HbI€ HUTH MOJUHYKJIEOTHAA.
Hanpumep, nukaza RGN, koTopast paciiensieT TOJIbKO MOJOXKUTENbHYIO (1) Lenb
ABYXLETOYEYHOTO MOJUHYKJIEOTH A, MOKET ObITh BBEI€HA BMECTE CO BTOPOH HUKAa30U
RGN, xoTopas pacuienyisieT TOAbKO OTPULIATEJbHYIO (-) LeMb ABYXLEMOYeYHOTO
MOJUHYKJIEOTHUA.

B pasnu4HbIX BapuaHTax OCYLIECTBICHHS HACTOSAIIETO H300peTeHUS
NpeayCcMaTPUBAIOT METO/ CBSI3bIBAHUS L[€J1€BOI HYKJIEOTHIHON NMOCIeA0BaTeIbHOCTU
1 0OHApyKEHHS LEJEeBOH MOCIEA0BATEIbHOCTH, BKJIOYAKOIHI BBEJCHUE B KJIETKY,
OpraHeJuly Uju 3MOPUOH MO MeHbInel Mepe onHoil Hanpasnstomeid PHK uwin
MOJMHYKJIEOTHIa, KOAUPYIOIIEro ee, U o MeHblIel Mepe ogHoro noaunentuaa RGN
WJIM KOJAUPYIOLIETO €€ MOJUHYKICO0TH A, SKCnpeccupyrouero Hanpasiswomywo PHK
u/wnu nounentua RGN (ecnu BBeAeHBI KOOUPYIOMKHE MOCAEIOBATEIbHOCTH ), TAE
nonunentug RGN npexacrasnser coboi MmepTByto Hykjeasy RGN u 1omoJHUTEIbHO
COAEPKUT OOHAPYIKUBAEMYIO METKY, KPOME TOT'O METOJI IOMOJHUTEIbHO
npeaycMaTpHUBAaeT BhIsABIEHHE OOHapykuBaemoil Metku. OOHapykuBaemas MeTKa
mMoxeT ObITh ciuTa ¢ RGN B Buae cnutoro Genka (Hanpumep, GpayopeciueHTHOTO
Oeska) UM MOXET MPEeACTABIATh CO00I HEOONBINYI0 MOJIEKYITY, KOHBIOTHPOBAHHYIO C
nonunentuaoM RGN uin BKIOYEHHYIO B HETO, KOTOPYIO MOXHO OOHApYIKUTh
BU3YaJIbHO UJIU JIPYTUMHU CPEICTBaAMHU.

Takke B HACTOSIIIEM U300PETEHUHU MPETYCMATPUBAIOT METOABI MOAYJIHUPOBAHU S
SKCIPECCUU LeJIEBON MOCIeN0BAaTEIbHOCTH UM MPEACTABISIOIEr0 HHTEPEC reHa Nnpu
peryJupoBaHUH LEJEeBOH mocienoBarebHOCTH. CTIOCOOBI BKIIOYAIOT BBEICHUE B
KJIETKY, OpraHeJiIy Wik 3MOPHOH MO MeHbInel Mepe onHol Hanpasisitomed PHK unu
NOJMHYKJIEOTH/Ia, KOAUPYIOIIEro ee, U N0 MeHbluell Mepe onHoro noaunentuga RGN
WM KOJAUPYIOLIETO €ro NOJUHYKJIEOTHAA, SKCIpeccupyrouero Hanpasisomywo PHK
w/unu nomunentun RGN (eciau koaupyroOLIMe NOCIE0BATEIbHOCTH BBEICHBI), TAe
noymnentun RGN npexncrasnsier coboit mepTByto Hykieasy RGN. B HekoTopsIx u3
5THUX BAPUAHTOB OCYINECTBJIEHUS HACTOSIIEro n3o0peTeHust MepTBas Hykieaza RGN

npencTaBisieT coOOU CIUTHIN OeoK, Coaep KalIuii JOMEH MOAYJISITOPA SKCIPECCUU
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(T.e., IOMEH 3MHUTIe€HEeTHIECKON MOIU(PUKALNH, TOMEH aKTUBALUH TPAHCKPUIILIUU HIIH
IOMEH pernpeccopa TPAaHCKPHUIILHMH ), KaK ONMUCAHO B HACTOSLIEM U300peTEeHHH.

Hacrosimee onucanue Takxe NpeayCcMaTpUBaeT METOABI CBI3bIBAHUS U/HIIH
MOAU(DUKALIUY MIPEACTABIAIOIENH HHTEpEC HYKJIEOTHAHON MOCIe10BaATEIbHOCTH -
MUIIEHU. MeTOABI BKIIOYAIOT CUCTEMY AOCTABKHU, COAEPIKALIYIO IO MEHbIIEH Mepe
oany Hanpasysouyw PHK unu nonunykiaeoTun, KOQUPYOIUA ee, U MO MEHbIIEH
Mepe OUH CIUTHINA nmonunentua, cogepxauuit RGN no HacTosmeMy u300peTeHHIo U
MOJUMENTH, PEAAKTUPYIOLUIUN OCHOBAaHUS, HAIpUMep, UUTUIUHAE3aMHUHA3Y UIU
aleHO3UHe3aMUHA3y, UIH NOJUHYKJICOTUA KOAUPYIOIUN CIAUTBIA NOJUNENTHN, K
NOCJIEIOBATEIbHOCTU-MHUIIEHHU FIIH KJIETKE, OpraHellsie I SMOPUOHY, COepIKaIM
MOCJIE0BATEIbHOCTb-MHUILEHb.

CnenuanucTy B 1aHHOW 00JIAaCTH U3BECTHO, UTO JIIOOOH U3 ONMHUCAHHBIX B
HACTOsIIIee BPeMsI METOJIOB MOXKET OBITh MCITOJNb30BAaH JJIsl HALIGJIUBAHHUS HA OAHY
L[EJIEBYIO MOCJIEN0BATEIBHOCTD UJIM HECKOJBKO LIEJIEBBIX MOCIEI0OBATEIbHOCTEN.
Takum 006pa3omM, METOABI BKJIKYAIOT MpuMeHeHue ogqHoro nojunentuaa RGN B
KOMOMHALIMH ¢ HECKOJIBKMUMHU OTHAeNbHbIMU Hanpasisitomumu PHK, koTopsie moryT
HAaLEeJIMBATbCsl HA HECKOJBKO OTAEJbHBIX MOCIEN0BATEIbHOCTEN B MPeAeaax OAHOTO
reHa U/Uiu HECKOJIbKUX IeHOB. Takke B HACTOsIIEM H300pETEHNUU ONMUCHIBAIOT
Croco0bl, B KOTOPBIX HECKOJIBKO pa3inuuHbIx Hanpapisomux PHK BoxsT B
KOMOMHAIMIO ¢ HECKOJIBKUMU paszinudHbiMu nosaunentuaamMu RGN. Otu
Hanpasisiomue PHK u Hanpasnstomue PHK/monunentuausie cucremsr PHK/RGN
MOTYT HALlEJUBATbCs HA HECKOJbKO PA3JIMYHBIX [TOCJAEA0BATEIbHOCTEN B NIpeaenax
OJTHOTO T€Ha W/UJIU HECKOJIbKUX T'€HOB.

B onHOM 00BeKkTe HACTOSIIETro H300peTeHUs MPeayCMaTPUBAIOT HAOOPHI,
coaepKamue Kakoi-1ud0 OOUH MU HECKOJIBKO JIFOOBIX 3JIEMEHTOB, ONMMCAHHBIX B
NPUBEIEHHBIX BbILIE METOAAX U KOMIIO3ULUAX. B HEKOTOPBIX BapuaHTax
OCYIIECTBJICHUSI HACTOSIIEr0 N300peTeHust HAOOp CONEPIKUT BEKTOPHYIO CUCTEMY H
MHCTPYKILHUH MO IPUMEHEHHIO Habopa. B HEKOTOPBIX BapuaHTax OCYLIECTBICHUS
HACTOSIIIEro N300pEeTeHUsI BEKTOPHAS CHCTEMAa COAEPIKUT (@) MepPBBIi PeryIsaTOPHBIHI
3JIeMeHT, (YHKLUHOHAJIBHO CBSI3aHHBIN ¢ mocienoBaTenpHocThio JIHK, xonupyromeii
nocnenosarenbHOCTh CrPHK, 1 OMH nnu HECKOJNBKO CAUTOB AJisi HHCEPLUU
HamnpasJIsIIOLIEeN MOCAEeA0BATEIbHOCTHU BbILIE MO LENHU OT KOAUPYEMOU
nociaenosarenpbHocTu crPHK, npuuem npu skCrnpeccuu HampasJsAroIas

NoCJaeaA0BaTCIIbHOCTD HAIIPABJIACT CHeLII/I(l)I/ILIHOG K IMOCJHEA0BaTCIbHOCTHU CBA3BIBAHUEC
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xommiekca CRISPR ¢ nocnenoBaTenbHOCTHIO-MHUILIEHBIO B 3YKAPUOTUUYECKOH KIETKE,
npu 3ToM Komruiekc CRISPR conepsxur pepment CRISPR B kommnuekce ¢
nonuHykygeorunom Hanpasisromet PHK; u/unu (0) BTOpoit peryinsiTOpHbIN 3J1€MEHT,
(YHKIMOHAJIBHO CBSA3aHHBIN ¢ KOAUPYIOLIEH (epMEHT MOCIe0BATEIbHOCTBIO,
konupyromeii ykazanubsiii pepmenT CRISPR, conepskarueii mocienoBaTebHOCTD
ANEePHON JIOKAIN3ALUH. DJIEMEHTBl MOT'YT OBITh IPEAYCMOTPEHBI 110 OTAEIBbHOCTH UIIN
B KOMOMHAIUSIX U MOTYT COJEPKATHCS B JIIDOOM MOIXOASAIEM KOHTEHHEPE, TAKOM KaK
(bnakoH, my3bIpeK WU Mpodupka.

B HEKOTOPBIX BapHaHTaX OCYLIECTBICHHS HACTOSAIETO H300peTeHus Habop
BKJIFOYAET HHCTPYKLIMHU HA OJTHOM WJIM HECKOJBKHUX S3bIKaX. B HEKOTOPBIX BapHUaHTaX
OCYINECTBJICHUSI HACTOSIIEro n300peTeHnss Habop BKIIOYAET OAUH HJIH HECKOJIBKO
peareHToB IJIs HCIIOJb30BAHUS B MPOLIECCE, UCTIONB3YIOIEM OJUH N HECKOJIBKO
3JIEMEHTOB, ONMMUCAHHBIX B HACTOsIIEM H300peTeHnn. PeareHTol MOTyT OBITH B THOOOM
noaxonsmeM KoHTeHepe. Hanpumep, HaOop MOKET comepKaTh OJUH UJIU HECKOJBKO
peakunoHHBIX OydepoB uau Oydepos s xpaHeHus. PeareHTsl MOTYT MOCTaBIATHCS B
dbopme, MpUTOAHON IJI HCIIOJIB30BAHMUS B KOHKPETHOM aHallu3e, WId B popme,
Tpebyromeii 1o0aBIeHUs] OOHOTO HJIN HECKOJBbKUX APYTUX KOMIIOHEHTOB Iepen
UCIIOJIb30BaHUEM (HampuMep, B BUAE KOHIEHTPATa UIN JTUOPUIN3UPOBAHHON POpPMBI).
bydep moxet ObITh M0OBIM Oypepom, BKIOUAs, HO HE OTPAHUYUBASACH STHUM,
kapOoHaTHO-HaTpueBkIil Oydep, OukapOonaTHO-HaTpueBbIi Oydep, GopaTusiil Oydep,
Tpuc-oydpep, MOPS-6ydep, HEPES-0ydep un ux komOunanuu. B HekoTOpbIxX
BapHaHTaX OCYIIECTBJEHHUS HACTOSIIEro u3oopeTeHus Oydep sABJseTCs HeJOYHBIM. B
HEKOTOPBIX BapUaHTaX OCYIIECTBJIEHUs HacTosimero nsobperenus oydep umeer pH ot
npuMepHo 7 no npumepso 10.

B HEKOTOpPBIX BapHaHTaX OCYLIECTBICHHS HACTOSAIETO H300peTeHus Habop
COAEPKUT OJUH MU HECKOJIBKO OJIUTOHYKJIEOTUIOB, COOTBETCTBYIOLIUX
HaIpaBJSOIIEH MOCIeT0BATEIbHOCTH, ISl UHCEPLUHU B BEKTOP TaKUM 00pa3oM,
9TOOBI PYHKLIMOHAJIBHO CBSI3aTh HATIPABJISIOMYIO MOCIEI0BATEIbHOCTD U
pPeryJsITOpHBIN 3J1eMeHT. B HEKOTOPBIX BapHaHTax OCYLIECTBJIECHUS HACTOSIIETO
n3o0pereHust HAOOp COMEPIKUT MOJUHYKIEOTHI-MATPHULY TOMOJIOTUYHOM
pekombuHanuu. B onHOM 00bekTe HacTOsEero n300peTeHNs MPEeNyCMaTPUBAIOT
crmocoObl MPUMEHEHHS] OJTHOTO UJIK HECKOJIbKUX dyieMeHTOB cuctembl CRISPR.
Komnnexkc CRISPR mo Hacrosimemy nsobperenuto odecrneunBaet 3¢ PpekTUBHOE

cpenctBo st moaudukanuu noaurykieoruna-mumenu. Komminexkc CRISPR no
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HACTOSIIEMy U300PETEHUIO HMEET MUPOKOe NPUMEHEHHE, BKIOYas MOAN(PUKALTNN
(HaanMep, AcjeUun, UHCEPUHUHU, TPAHCIIOKAINN, MHAKTHUBAllUU, aKTHUBALlUH,
pe€OaKTUPOBAHUEC OCHOBaHHﬁ) MNOJIMHYKJICOTHAA-MHUIICHHU B KJIETKaX MHOKECTBC THUIIOB.
Taxum ob6pazom, kommiekc CRISPR mno HacTosimemy n300peTeHHIO UMEeT IHPOKUIt
CIEKTP NPUMEHEHUH, HalpuMep, B TEHHON Tepanuu, CKPUHUHIE JIEKapCTB,
AuarHoctuke 3abosneBaHuil u nporHo3uposannu. Tunosoii kommiekc CRISPR
conepxxut pepment CRISPR B koMmiekce ¢ HampaBsiOLUEH MOCIE0BATEIbHOCTBIO,

FI/I6pI/IHI/ISOBaHHOﬁ C MOCJIEAOBATCIIbHOCTbIO-MUIICHBIO B MMOJIUHYKJIICOTUAC-MUIICHU.

VIII. IleneBble DOJIUHVKIEOTUABI

B onHOM 00bekTe HAacTOsmEro n300peTeHus MPeaycMaTpUBaOT CIIOCOOBI
Moau(UKALUU MOJUHYKJIEOTUJa-MHUIIEHH B 3YKAPHOTHYECKOW KJIETKE, KOTOPbIE MOTYT
OCYILIECTBIATBCS I VIVO, eX ViVOo WU iN Vifiro. B HEKOTOPBIX BapUaHTaX
OCYILIECTBJICHUS HACTOSIIEr0 N300peTeHHs Cmoco0 BKIIOYAET MoJydeHue odpasua
KJIETKH, UJIU MOMYJISIHUU KJIETOK YeJIOBeKa, JKUBOTHOTO MM pacTeHHs (BKIHOYas
MHUKPOBOJOPOCIHN), U MOAU(PUKALUIO KJIETKH WU KJIeTOK. KynbTHBUpPOBaHHE MOXKET
NPOUCXOAUTD HA MI000# cTanuu ex vivo. KieTka uinm kieTku MOryT OBbITh TaKKe
NOBTOPHO BBEJEHBI B )KUBOTHOE (HO HE B YEJIOBEKA) MJIM pacTeHUe (BKIOUAs
MUKPOBOZOPOCIIH).

Hcnonb3yst eCTECTBEHHYI0 H3MEHYHMBOCTb, PACTEHUEBOIbI KOMOMHHUPYIOT
HauOoJiee MOJIe3HbIe I'eHbI I TOJYYeHUs HY KHBIX Ka4eCTB, TAKUX KaK YpPOXKaiHOCTb,
Ka4yeCTBO, OTHOPOAHOCTD, BBIHOCINUBOCTh U YCTONYUBOCTD K BPEAUTEISIM. DTH
TpebyeMble KauecTBa TaKKe BKJIOYAIOT POCT, MPEANOYTHUTEIbHYIO TJIUHY IHS,
TpebOBaHUsI K TEMIIEpAType, CPOK Hadasia LIBETEHUs UJIU MJIOJOHOLIEHHUs, COepIKaHUE
JKUPHBIX KUCJIOT, YCTOMYMBOCTD K HACEKOMBIM, OOJIE3HAM, YCTOHYHBOCTD K
HEMAaTOIaM, YCTOHYHUBOCTh K TPUOHBIM MOPaKEHUSAM, YCTOHYUBOCTD K repOuLmnaam,
YCTOMYHMBOCTD K Pa3IMYHbIM (PAKTOpaM OKPYIKAIOIIeH Cpeabl, BKIOYAs 3aCyXYy, Kapy,
BJIQ)KHBIE, XOJIOHbIE, BETPOBbIE U HEOJArOMPHUSATHBIE MOYBEHHbBIE YCIOBHUS, BKIHOYAs
BBICOKYIO 3aCOJIEHHOCTb. MCTOUHMKAMH 3THX MOJIE3HBIX T'€HOB SIBJISIIOTCS MECTHbBIE UIIU
4y’KEPOJHBIE COPTA, COXPAHUBIIHNECS CTapble COPTA, JUKUE POACTBEHHbIE ()OPMBI
pacTeHuil 1 UHAYLUPOBAHHbIE MyTaLlH, HAaIpuUMep, 00paboTka pacTUTENBHOTO
MaTepuaja mytareHamu. C MOMOIIbIO HACTOSAIIEr0 H300PETeHHs CEeNEeKIIUOHEPI
MOJIy4ar0T HOBBIH HHCTPYMEHT IJIsl MHAYLUHUPOBaHus MyTauuii. COOTBETCTBEHHO,

CIICHUuaJIucCT B IaHHOMU 00JIaCTH MOJKET NpoaHaJIU3UpPOBATh TCHOM HAa HAJIUYHUC
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MOJIE3HBIX T€HOB, U B COPTaxX, 00JaMal0MUX JKEJIaeMbIMHU CBOWCTBAMU HIIH
NpU3HAKaMH, UCIIOJIb30BATh HACTOsIIEe U300peTeHNe NI HHAYKIIMU POCTa MOJE3HbIX
reHOB ¢ OO0bIIel TOYHOCTBIO, YEM MPEABbINYLIHEe MyTareHHble areHThl, U,
CII€I0BATEIbHO, YCKOPUTD U yJIYUYIIUTh NPOrPaMMbl YCOBEPLIEHCTBOBAHUS COPTOB
pacTeHuil.

IMonunykneorua-muiieHb cucteMbl RGN MokeT ObITh JIF0ObIM
MOJUHYKJIEOTUIOM, SHAOTE€HHBIM HJIM 3K30T€HHBIM 110 OTHOIIEHHUIO K
SYKapUOTHUUYECKOHN KJieTKe. Hanmpumep, MOMUHYKJIEOTHI-MHUIIEHb MOXKET OBbITh
MOJUHYKJIEOTUIOM, HAXOAAIIUMCS B sIAPE SYKapUOTUUECKON KIIETKH.
[TonuHYKIEOTH-MULIEHb MOKET MPEACTABIATH COOOH MOCIEeN0BATENIBHOCTD,
KOJMPYIOIYIO MPOAYKT reHa (Hanpumep, 0eJI0K), UIH HEKOAUP YOI YO
NOCJIE0BATEIbHOCTD (HAIPUMED, PETYJIATOPHBIN MOTUHYKIEOTH] HIIH MYCOPHYIO
JAHK). He orpanuumnBasick Kakou-au00 Teopue, mojaratmT, 4TO MOCIEA0BATEIbHOCTD-
MUIIEHb JOJKHA OBITh CBsiz3aHa ¢ PAM (MOTHBOM, CMEXKHBIM C MMPOTOCIIEHCEPOM), TO
€CTh C KOPOTKOH MOCJEN0BATENbHOCTBIO, pacrno3HaBaemas komriekcom CRISPR.
TpeboBanus Kk TOUHON MOCIENOBATENbHOCTH U niuuHe PAM pasnugarorcs B
3aBUCUMOCTH OT ucnojb3dyemoro pepmenta CRISPR, Ho PAM 00bI4HO mpeacTaBisitoT
co00i mocnenoBaTeNbHOCTH U3 2—5 map OCHOBAHUMN, MPUMBIKAIOIINX K IMPOTOCHEHCcepy
(TO ecTh K MOCIeN0BATEIbHOCTU-MHUIIEHH).

ITonunykneorua-mumenb kommniaekca CRISPR Mosker Bkiro4YaTh psif F€HOB U
HOJINHYKJIEOTU/IOB, CBSI3aHHBIX C 3a00JI€BAHHEM, a TAKXKe I'eHbl U MOJIHHYKJIEOTUIBL,
CBSI3aHHBIE C CUTHAJIbHBIM OMOXUMHUYECKUM NyTeM. [IpuMepbl MOJUHYKIECOTHIOB -
MUIIEHEH BKJIIOYAKT MOCIEI0BATEIbHOCTD, CBSI3aHHYIO C OMOXUMHYECKUM MyTeM
nepenavyy CUrHaja, HampuMep, F'eH UJIW NOJUHYKJIEOTHA, CBI3aHHBIN C
OMOXMMHUYECKHM MyTeM Iepenavyu curuaia. [IpumMepbl MOIUHYKIEOTHIOB-MHULIEHEH
BKJIFOYAIOT I'€H HJIU MOJUHYKJIEOTH]I, aCCOLMUPOBAHHBIN ¢ 3a00J€eBaHUEM.
«CBsi3aHHBIN ¢ 3200J€BaHUEM» T'€H WJIH NOJHUHYKJIEOTH] OTHOCHTCA K JIIOOOMY TeHY
UJIY TOJIMHYKJI€OTUAY, KOTOPBIM JaeT NPOAYKTHl TPAHCKPUIIIUU WU TPAHCISALUU Ha
aHOMAJIbHOM YPOBHE WJIM B AaHOMAJbHOH (pOpMe B KJIETKaX, MOJYYEHHBIX U3 TKaHEH,
NOpPaXE€HHBIX 3200JI€BaHNEM, 110 CPABHEHUIO C KOHTPOJbHBIMH HE MOPaKEHHBIMH
3a00€eBaHNEM TKAHSAMH U KJIETKAMHU. DTO MOXKET OBITh I'€H, KOTOPBIH
SKCIIPECCUPYETCS] HA AaHOMAJIBHO BBICOKOM YPOBHE, 3TO MOXKET ObITh T'€H, KOTOPBIH
SKCIpPECCUPYETCsl HA AaHOMAJIBHO HU3KOM YPOBHE, I'/le U3MEHEHHAasl HKCIpeccus

KOppeJupyeT ¢ BOSHUKHOBEHUEM U/UJIU IporpeccupoBanuemM 3aboneBanus. [ eH,
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acCOLMMPOBAHHBIN ¢ 3a00J€BaHUEM, TAK)KE€ OTHOCUTCSA K T€HY, oOnanarimemy
MyTauuel (MyTalusMU) I FT€HETUYECKON Bapuauuel, KoTopas HEMoCpeACTBEHHO
OTBETCTBEHHA WJIU HAXOJHUTCS B HEPABHOBECHOM CLEIJIEHUH C T€HOM (Te€HaMH),
OTBETCTBEHHBIMHU 32 3TUOJIOTHIO 3a00yieBaHus (HapUMep, TPUIUHHYIO MYTaIHIO).
TpanckpuOUpOBaHHBIE WIH TPAHCIUPOBAHHBIE MPOAYKTHI MOTYT OBITh U3BECTHBI MU
HEU3BECTHBI U, KPOME TOTO, MOTYT HAXOJAUTHCS HA HOPMAJbHOM WUJIM aHOMAaJbHOM
ypoBHe. [IpumMepbl reHOB U MOJMHYKJIEOTHIOB, ACCOIMUPOBAHHBIX C 3a00JIeBaHUEM,
noctynsbl B MHCTUTYTE reHeTnueckoil meauuunbl MakKerocuka-Haranca
Yuuepcurera Jlxxona XonkuHca (bantumop, Mapunenn) u B HannoHaapHOM LEeHTpe
duorexHoorudeckoit nHpopmaunu HanmoHanbHOW METULIMHCKOW OUOIHOTEKH
(bere3na, MapuiieHn), OCTYIHBI HAa caliTe BCEMUPHOTO HHTEPHETA.

Xorts cuctembl CRISPR ocobeHHO mOJIe3HBI U3-32 UX OTHOCUTENIbHOMN
MPOCTOTHI HALIEJMBAHUS HA NMPEACTABIAIOLNE HHTEPEC T€HOMHbIE
MOCJIeI0BATENbHOCTH, BCE €le ocTaeTcs Bonpoc o ToM, uto RGN MoxkeT cnenats Ans
yCTpaHEHUs] MPUUYUHHON MyTauuu. OIUH U3 MOAXOOB 3aKJI0YAETCS B MOJYYEHUU
ciautoro 6enka mexay RGN (mpeanodtuTeibHO HEAKTUBHBIM UM HUKA3HBIM
BapuaHTOM RGN) u pepMeHTOM, pelakTUPYIOUIUM OCHOBAHUSI, UJIH AKTHBHBIM
OOMEHOM (epMeHTa, PeAAKTHPYIOIETO0 OCHOBAHUS, TAKUM KaK PEIaKTOP OCHOBAHHM
HUTHAWHAE3aMUHAa3a WIH aJleHo3uHae3aMuHasa, (mateat US 9840699, BKkIIOUYEHHBIN B
HACTOsIIIee ONMUCAHKUE B KAYeCTBE CChUIKH). B HEKOTOPBIX BapHaHTaX OCYIECTBICHUS
HAacTOsLIero N300 peTeHns cnocoObl BKIOYAKT npuBeneHune moyuexynsl JJHK B
KOHTAaKT cO (a) cauTeiM Oenkom, conepxkamum RGN o HacTosimemMy u3o0peTeHHUI0, U
NOJIMNIENTUAOM, PEIAKTHPYIOIIUM OCHOBAHUS, TAKUM Kak aesamuHasa; u (0) gPHK,
HaLleJIMBAIOIAst CIUTHINA OeJoK (a) Ha eNeBYI0 HYKJICOTHAHYIO MOCIeA0BATEIbHOCTD
nenu JIHK; npu stom monekyna IHK kontakTupyet co ciautbim Oenkom u gPHK B
3(dHexTHUBHOM KOJMYECTBE U B YCIOBUSIX, MOAXOMSIIUX JJIS Ie3aMUHUPOBAHUS
HYKJIEOTUHOTO OCHOBAaHUs. B HEKOTOPBIX BapUaHTaX OCYILIECTBJCHUS HACTOSIIErO
uzobpereHus nocienosarebHOCTh JJHK-MUImenn cogepkuT nocieqoBaTeIbHOCTb,
CBSI3aHHYIO C 3a00JI€BaHWEM UJIM HAPYIICHUEM, U I'Ie [e3aMUHUPOBAHUE
HYKJIEOTUHOTO OCHOBAHUs MPUBOAUT K MOCJIEA0BATEIbHOCTH, HE CBSI3aHHOM C
3a0oyieBaHMEM HJIM HapyIIeHHeM. B HEKOTOPBIX BapUAHTAX OCYINECTBICHUS
HacTosmero n3o0perenus nenesas nociuenosarenpbHocts JJHK HaxoauTes B annene
KyJbTYPHOTO PaCcTEHUs], II€ KOHKPETHBIN aJIeNIb NPEeACTABIISIOIIErO0 HHTEPEC

IpU3HAKa NPUBOAUT K PACTEHHUIO C MEHbIIEH arpOHOMUYECKON LIEHHOCTBIO.
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Jle3aMUHUPOBAaHHE HYKJIECOTUIHOTO OCHOBAHUS MPUBOAUT K aJNIENIO, YIyUIIaK MEMY
NPpU3HAK U MOBLIMMAOIMEMY ArpOTEXHUYCCKYO HEHHOCTD paCTCHUS.

B HekOTOpPBIX BapHaHTax OCYILIECTBJIEHHS HACTOAIETO H300peTeHus
nocnenosarenbocTh JJHK comepxut toueunyro mytanuto T>C unu A>G,
CBSI3aHHYIO C 3a00JIeBaHMEM UJIM HapYIIEHUEM, U MPH 3TOM J1e3aMHUHHUPOBAHUE
MyTaHTHOTO ocHOBaHUsI C unu G NpuBOAUT K 0Opa30BaHUIO MOCIEA0OBATEIBHOCTH, HE
CBsI3aHHOM ¢ 3a00JIeBaHUEM HJIH HapylIeHHEeM. B HEKOTOPBIX BapHaHTax
OCYIIECTBJIEHUSI HACTOSIIETO H300pEeTEHHSI Ne3aMUHUPOBAHUE KOPPEKTHPYET
TOYEYHYI0 MyTAaIlMIO B IMOCJIEN0BATEILHOCTH, CBI3aHHOW € 3a00JIeBAaHUEM HJTH
PacCTPONCTBOM.

B HEeKOTOpPBIX BapHaHTaX OCYIIECTBJICHHS HACTOSIIErO H300peTeHUs
MOCJIE0BATEbHOCTD, CBsA3aHHas ¢ 3a00/IeBaHUEM WJIM HapyIlIeHHEeM, KOIUpPyeT OeNokK,
U IIpU 5TOM AE€3aMHUHUPOBAHHUEC BBOAUT CTOM-KOJOH B MOCICAOBATCIbHOCTD,
CBSI3aHHYIO C 3a00JI€eBaHWEM UJIM HAPYIIEHUEM, YTO MPUBOAUT K YCEUCHHIO
Konupyemoro Oenka. B HEKOTOpBIX BapHaHTaX OCYIIECTBIIEHUS HACTOSIIIETO
N300peTeHUs] KOHTAKT OCYLIECTBISIOT i1 Vivo y CyOBeKTa, IPeapacloioKEHHOTO K
3a00eBaHNI0, OONEI0IEMY UJIN C TUArHOCTHPOBAHHBIM 3a00JI€BAaHUEM WU
HapyuieHneM. B HEKOTOPBIX BapUaHTaX OCYLIECTBJIEHHS HACTOSIIETO NU300peTeHUs
3a0oJieBaHMEe UM PACCTPONCTBO MpeACTaBiIseT CO00i 3a0oneBaHue, CBI3aHHOE C
TOUYEYHON MyTalMel Ui MyTaluel OJHOTO OCHOBAHUs B reHOMe. B HEeKOTOpBIX
BapUAHTAX OCYLIECTBICHUS HACTOSIIETO n300peTeHus 3a00IeBaHne MPeaCcTaBIseT
coboii reHeTu4Yeckoe 3a0oeBaHue, pak, MmeTabonndyeckoe 3a00eBaHNEe WU

JU30COMHYI0 0OJIe3Hb HAKOTIJIEHUS.

Monudukanys OPUYUHHBIX MYTALMH C IOMOIIBI0 PENAKTUPOBAHUS OCHOBAHUN

IIpuMepoM HacienCTBEHHOro 3a00JIeBaHNs, KOTOPOE MOKHO CKOPPEKTHPOBATH C
IIOMOIIBIO MOAXO0AA, OCHOBAHHOTO HAa CINTOM Oenke-penaktope Ha ocHoBe RGN mo
HacTosieMy n3o0peTeHuro, apisiercs cunapom I'ypnepa. Curnpom I'ypaepa, Taxxe
u3BecTHbIN kak MPS-1, aBasercsa pesynbraToMm nedpuunta a-L-ugyporunaser (IDUA),
NPUBOASIIEroO K TU30COMHON OOJI€3HU HAKOIUICHUs], XapaKTepu3yencs Ha
MOJIEKYJISIPHOM YPOBHE HAaKOILUIEHHEM JepMaTaHCylb(daTa u renapancynbdara B
au3ocomax. JTo 3a00eBaHue, KaK PABHUIIO, SBISAETCS HACIEICTBEHHBIM
reHeTHYeCKUM 3a00JIeBaHueM, BbI3BAHHBIM MyTanusamu B rene IDUA, konupyromem

a-L-unyponunasy. PacnpoctpanenabiMu myTtanusimu IDUA sasnstoTes W402X u
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Q70X, obe OeccMBbICTIEHHBIE MYTALIUU MPUBOAAT K MPEKAEBPEMEHHOMY MPEKPAIIEHHIIO
TpaHcasuuu. Takue MyTalluyu XOPOLIO YCTPAHSAKTCS C MOMOIIBIO MOJAXOJ0B TOUHOTO
penaktupoBanus renoma (PGE — precise genome editing), MockoJbKy peBepcus
OJHOIO HYKJI€OTH A, HAIPUMEP, C MOMOIIBIO MOAX0Aa IO PEIaKTUPOBAHUIO
OCHOBAHHUH, MOXET BOCCTAHOBUTh KOAUPYIOMYIO MOCIEA0BATEIbHOCTh JUKOTO TUIIA U
NPUBECTH K SKCIPECCUH Oejka, KOHTPOJIUPYEMOH SHIOT€HHBIMH PEryIsiTOPHBIMU
MeXaHHU3MaMH M'eHeTUUeCKoro Jokyca. Kpome Toro, mockoyibKy U3BECTHO, YTO
reTepo3uroTel OeccumnToMHusl, Tepanus PGE, HaneneHHas Ha OAHY U3 3TUX MYTaLUM,
Oyner moje3Ha Ui 3HAYUTEJIbHOM YaCTH MalMEeHTOB ¢ 3TUM 3a00JeBaHUEM,
MOCKOJIBKY HEOOXOIMMO CKOPPEKTHPOBATH TOJbKO OAUH M3 MYTHPOBABIIUX aJlJIeNei
(Bunge ¢ coast., Hum. Mol. Genet., 1994, 3(6):861-866, nyOnukanus BKJIIOYEHA B
HacTosIIee U300peTEeHNe B BUNIE CCBLIKH).

CoBpemeHHbIEe METO/IbI JieueHUsl cuHapoMa ['ypiepa BKIIOUAIOT 3aMECTUTEbHYIO
(bepMEeHTHYIO Tepanuio U TpaHCIIaHTanuo kocTHoro mo3ra (Vellodi ¢ coaBt., Arch.
Dis. Child., 1997, 76(2):92-99; Peters ¢ coast., Blood, 1998, 91(7):2601-2608,
nyOnuKanus BKIOYEHA B HACTOsIIee H300peTeHNe B BUAE CCBIIKN). XOTs
3aMeCTUTEeNbHas Tepanus pepMeHTaMH 0Ka3ajia 3HaYUTEbHOE BIUSHUE Ha
BBIKMBA€MOCTb M KaU€CTBO XKU3HU MAaLUEHTOB C CUHAPOMOM ['yprepa, 3TOT noaXxon
TpeOyeT NOPOroCTOAIMMX U TPYAOEMKUX €KEeHeAeNbHbIX UHPY3UH. JOnOTHUTEIbHBIE
MOJAXOABI BKJIOYAKT A0ocTaBky reHa IDUA Ha BekTOpe 5KCNpPEeCcCUm WU UHCEPLIUIO
reHa B JIOKYC C BBICOKOH dKCIpeccHell, TAKOH Kak JJOKYC CBIBOPOTOYHOIO albOyMHHA
(US 9956247, maTeHT BKJIIOYEH B HacTOsIIee n300peTeHne B Buae ccbuiku). OaHaKo
5TH MOJXOJbl HE BOCCTAHABIMBAIOT HCXOAHBIN Jokyc IDUA no npaBuibHOH
KOIUpYIoIel nocnenosarenbHocTU. CTparerus pesakTUPOBAaHUS TeHOMa OyeT UMeTh
pSO MPEeNMyIIecTB U HauboJjiee 3HAYNMbIe 3aKITI0YAI0TCS B TOM, YTO PETyJIsLus
SKCIPECCUU T€HOB MOXKET KOHTPOJIUPOBATHCSA €CTECTBEHHBIMU MEXaHU3MaMU,
MPUCYTCTBYKIIUMHU y 310POBbIX JroAel. KpoMe Toro, ucnoiabzoBanue
peIaKTHPOBAHUS OCHOBAHUHN HE 0053aTENbHO BBI3bIBAET JBYXIEIIOYEUYHBIE PA3PBIBBI
JIHK, koTOpBIle MOTYT IPUBECTU K OOJBIINM XPOMOCOMHBIM MEPECTPOHKaM, THOETn
KJIETOK MJIM OHKOT€HHOCTH M3-32 HapYLIEHUsS] MEXAHU3MOB MOJIaBJIEHUS OMYXOJH.
OO0mas crpaTerus MOXeT ObITh HAMPaBJIEHAa HA UCTIOJIb30BAHHUE CIUTHIX OCJIKOB-
penaktopoB Ha ocHOBe RGN 1no HacTosimemMy n300peTeHUIO IJIs HaleUBAHUS U
KOPPEKIUH ONpPeAeTEeHHBIX BbI3bIBAIOIIHNX 3a00J€BaHNE MyTAaIlUll B FT€HOME YeJIOBEKA.

CnenyeT MOHUMATDb, UTO TAKXKEC MOTYT INIPUMCHATHCS aHAJJOTMYHBIC TOAXOABI K
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I[eJIeBBIM 3a00JI€BaHUSAM, KOTOPbIE MOTYT OBITh HCIIPABIECHbI MYTEM PEIAaKTUPOBAHUS
OCHOBAHUM. KpOMe TOTO, CICAYECT MOHUMATDH, UYTO aHAJIOTUYHBIC TOAXOAbI K
HallCJIMBAHWIO HA MyTallUU, BbI3bIBAIOIIUEC 3a6OJ'IeBaHI/Ie, Yy Apyrux BUAOB, B 4aCTHOCTHU
y OOBIUHBIX TOMAIIHUX KUBOTHBIX WUJIH JOMAIIHEr0 CKOTa, TAKKE MOTYT OBITh
npuMeHeHbl ¢ ucnojp3oBanueM RGN no Hacrosmemy uzobperenuro. OObIuHbIE
JOMAalIHHE )KUBOTHBIE M JJOMAIIHUI CKOT BKJIOYAIOT cOOaK, KOLIEK, JIOManeil, CBUHEH,

KOPOB, OBeIl, Kyp, OCJIOB, 3Mel, XOPbKOB M PbIO, BKJIKOUAS JIOCOCS U KPEBETOK.

MOHI/Id)I/IKaLII/ISI IIPHUYNHHBIX MVTaLII/Iﬁ C MOMOINBIY HAIIPABJCHHBIX neneunﬁ

RGN no HacrosmemMy n300peTEHHIO TaKKe MOTYT OBITh UCIIOJb30BAHBI B
TEPaNeBTUYECKUX LEJSX IJIS JICUCHUS JII0AeH, €CIIU MPUYNHHASI MyTaIUsl SIBJISETCS
bonee cinoxHoi. Hampumep, HekoTOpbie 3a00ieBaHusl, TaKue Kak aTakcus @punpeiixa
U 0one3Hp XaHTUHITOHA, SABISIOTCS PE3YJIbTATOM 3HAYUTEJIBHOTO YBEIUYCHUS
KOJINYECTBA MOBTOPOB TPEXHYKJIEOTHIHOIO MOTHBA B OMpENeIeHHONH 00JacTh rexa,
YTO BJIUSIET HA CIIOCOOHOCTD 3KCIPECCUPYEMOTO Oeska PyHKIIMOHUPOBATDh HIIH
skcrpeccupoBarbes. Atakcus @puapeiixa (FRDA — Friedreich’s Ataxia) ato
ayTOCOMHOE peliecCuBHOE 3a00eBaHue, MPUBOIAIIEE K MPOTPEeCCUPYIOIeH
JereHepaluyu HEPBHOW TKaHU B CIMHHOM Mo3re. CHUXKeHHe ypOBHs Oenka
¢parakcuna (FXN — frataxin) B MUTOXOHJPHUAX BbI3bIBAE€T OKUCIUTEIbHBIE
NOBpPEXACHUS U NeQULUT jKeie3a Ha KIEeTOYHOM ypoBHe. [IoHMKeHHas SKCnpeccus
FXN cBs3ana ¢ sxcnancueidt tpumiera GAA B UHTpOHE | cOMaTU4YeCKOro U
3apoasimeBoro rena FXN. V nanuentoB ¢ FRDA nmosrop GAA 4acTo COCTOUT U3
6osee yem 70, a mHoraa naxe 6osee yem 1000 (yamre Bcero 600-900) TpumieTos,
TOTAA KaK y 3JI0POBBIX JItoAel umeercs: okoyio 40 mosTopoB unu menbiue (Pandolfo ¢
coaBt., Handbook of Clinical Neurology, 2012, 103: 275-294; Campuzano ¢ COaBT.,
Science 1996, 271: 1423-1427; Pandolfo, Adv. Exp. Med. Biol., 2002, 516: 99-118,;
5TH NyOJMKAIUK BKJIFOYEHBI B HACTOSIIEE OMTMCAHNE B BIUAE CCHIIOK).

Pacmmpenne nmocnenoBaTeIbHOCTH TPHHYKJIEOTHAHBIX TTOBTOPOB, BBI3BIBAOINEE
atakcuto @punpeiixa (FRDA), npoucxoaut B onpeaesieHHOM IeHETHYECKOM JIOKYCE B
reHe FXN, HazpiBaemoM oOnacteio HecTabuiapbHocT FRDA. PHK -HanpaBnisiemble
Hyksea3bl (RGN) MOXHO HCTIONIB30BATH ISl BhIpe3aHusl 00JIaCTH HeCTaOMIBHOCTH B
kierkax nmanueHToB ¢ FRDA. Orot nmoaxon Tpebyet 1) mocnenoBarenvHoct RGN n
Hanpasysirouiet PHK, koTopbie MOXHO 3aIpOrpaMMHUpOBAaTh AJIsl HalleJIMBaHUs Ha

ajyieNnb B TeHOME HesloBeKa; U 2) moaxox nmo gocraske a1 RGN u Hanpasnsromei
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MOCJIEI0BATENbHOCTH. MHOTHE HYKJ€a3bl, UCIOJNb3yEMbIE AJIs1 peAaKTUPOBAHUSA
reHoMa, Takue Kak 0ObIYHO ucnoib3yemas Hykieasa Cas9 us S. pyogenes (SpCas9),
CIMIIKOM BEJIMKH, YTOOBI UX MOXHO ObLIO YIIaKOBAaTh B BEKTOPBI
aIeHoaccoupoBaHHbBIX BUPYCOB (AAV), ocobeHHo ¢ yueTom miuHbl reHa SpCas9 u
Hanpasysomed PHK B nononHenue x pyrum reHeTUYECKUM 3JIEMEHTaM,
HeOoOXOAUMBIM ISl QYHKIIMOHAJIBHBIX KACCET HKCIPECCUU. DTO YCIOKHSAET MOAXOA C
ucnoab3zoBanueM SpCas9.

Omnpenenennbie PHK-HanpaBasiemble HyKjIea3bl IO HACTOSLIEMY H300pETEHUIO
XOpOIIO MOAXOASAT IJisl YyITaKOBKU B BeKTOp AAV BMecTe ¢ Hanpasistomen PHK. J{ns
ynakoBku AByX Hampasisromux PHK, BeposiTHO, moTpebyeTcss BTOpOH BEKTOP, HO
3TOT MOJAXOJ BCE€ JK€ BBIFOJHO OTJIUYAETCS OT TOr0, 4TO norpedosanock Obl 1iist Honee
KPYITHOU HyKJiea3bl, Takol kak SpCas9, koTopasi MOKeT moTpeOoBaTh pa3aeseHus
NOCJIEOBATEIbHOCTH OeNka Mexay AByMs BekTopamu. Hacrosimee n3obperenne
OXBATBHIBAET CTpaTeruro ucnoypzopanuss RGN no HacTosmeMy H300peTeHHIo, B
KOTOPOH yAansoT 00JacTh FTeHOMHON HecTaOunpHOCTH. Takas cTpaTerusi npuMeHnMa
K IpyruM 3a00JeBaHUSM M HAPYLUIEHHUSM, HMEIOLITUM CXOJHYI0 F'€HETHYECKYIO OCHOBY,
Harpumep K Oone3Hn [ eHTUHITOHA. AHAJOTHYHbIE CTPATErUH C UCTIOJIb30BAHUEM
RGN no HacrosimmeMy U300pETEHUIO TaAKKe MOTYT ObITh IPUMEHUMBI K aHAJIOTHYHBIM
3a00J1€BaHUAM U HaPYIIEHUAM Y KUBOTHBIX, HMEIOLIIUX arpOHOMHYECKOE UIIU
SKOHOMHYECKOE 3HAYeHHe, BKJIYas cobak, KOUIek, Joimaaei, CBUHeH, KOpoB, OBell,
Kyp, OCJIOB, 3M€il, XOPbKOB U PbIO, B TOM YHCII€ JIOCOCEH, a TAK)Ke KPEBETOK.

Monnd)m(aum[ IMIPUYMHHBIX MYTAIMHA C TOMOMIbIO HAIIPaBJIEHHOIO MyTareHesa

RGN no HactosimmemMy U300peTEHUIO TaKKe MOTYT ObITh HANpPaBJIEHbI Ha
BBEJEHHE PA3PYIIUTEIbHBIX MYTALUi, KOTOPbIE MOTYT MPUBECTH K MOJOKUTEIbHOMY
s dexty. 'eHeTnueckue neekThl B reHax, KOAUPYIOLUUX TeMOTJIOONH, OCOOEHHO B
nenu Oeta-rnoduHa (ren HBB), MoryT ObITh mpuunHOM psina 3aboieBaHMi, H3BECTHBIX
KaK reéMOTJIOOMHOTATHH, BKJIIOUAsl CEPIOBUIHOKIECTOUYHYIO aHEMUIO U TAJIaCCEMUHU.

VY B3pOCHBIX JIOAEH reMorjJoOnH npencTasiseT codoi reTepoTeTpamep,
COCTOSIIUH U3 ABYX anbda-(a)-mogoOdHbIX rIOOHMHOBLIX Lenel u AByx oera-()-
nog00HBIX TIIOOWHOBBIX Henei u 4 rpynm reMoB. Y B3pOCHBIX TeTpamep o232
HaszbpiBaeTcs remoriioonHoM A (HbA) unu remorno6unom B3pocaeix. Kak nmpasuio,
nenu anbda- u OeTa-rmodMHA CUHTE3UPYIOTCS MPUMEPHO B COOTHOIEeHuH 1:1, u 310
COOTHOUIEHHE, TO-BUAUMOMY, SIBJISIETCS KPUTUUECKHUM C TOUKHU 3PEHHS CTAOMIN3aLuu

reMoryioOnHa U 3pUTPOLUTOB (KpacHbIX KpoBsiHbIX Tesuel — RBC). V pasBuBaromerocs
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oaa BeipadaTeiBaeTcs npyras popma remorinoduna, ¢peranpHbiid remoriodun (HbF),
KOTOPBIN UMeeT Oojiee BBICOKOE CPOICTBO K KHCIOPOAY, UeM reMOrjo0uH A, mpuuem
KHCJIOPOJ] MOXKET AOCTABJIATHCSA B OpraHU3M pebeHka uyepe3 KpOBOTOK MaTepH.
deTanbHBII reMOTJIIOONH TaKXKe COAEPIKUT ABE LeNHu 0-rI00MHA, HO BMECTO B3POCIbIX
nenei f-rnmoOuna nMeer aBe Lenu GeTanbHOro ramma-(y)-rinobuHa (T.e. ¢peTanbHbINA
reMoryioOnH — 3To 02y2). Peryasuus nepekjroYeHus ¢ BbIpabOTKH raMMa-riioOnHa Ha
OeTa-ri00MH TOBOJIBHO CIIOXKHA M B MEPBYIO0 O4Yepeb BKJIKOYAET B Ce0sl MOHMKEHUE
TPAHCKPHUIILUHA TaMMa-TJIOOMHA ¢ OTHOBPEMEHHBIM YCHJIEHUEM TPAHCKPUIIUU OeTa-
riobuna. [IpumepHo Ha 30-ii Henene OEpeMEHHOCTH CUHTE3 raMMa-rio0uHa y mioaa
HAYMHAET CHUXKATHCS, a MPOU3BOACTBO OeTa-riaoduHa yeeauuusaercs. [IpumepHo Kk
10-mecssuHOMY BO3pacTy reMOrIOOUH HOBOPOXKIEHHOI'O MOYTH MOJHOCTBIO COCTOUT U3
022, xoTst HekoTopoe koauuecTBo HbF coxpaHsieTcst BO B3poCiaoM Bo3pacTe
(mpumepno 1-3% ot obmero remoriaoduHa). Y OONBIIMHCTBA MALUEHTOK C
reMOrJIOOMHONATHSMH T'€HbI, KOAUPYIOIINE raMMa-TriI001H, OCTAIOTCs, HO HX
SKCIPECCHUsI OTHOCUTEIbHO HU3Kasl N3-3a HOPMaJIBbHOH PENpPECCHH T€HOB,
NPOUCXOASIIEH BO BpeMsl POJIOB, KaK OMHUCAHO BBIIIE.

CeprnoBUHO KJIE€TOYHAs aHEMHMsI BbI3bIBaeTCs mytanueid VOE B rene f-rnoOuna
(HBB) (ot GAG no GTG na yposue JIHK), rne oOpasyromuiics reMorjioOuH
obo3HauaeTcs Kak «remornodu S» unu «HbS». B ycnoBusx noHu:xeHHOT0
cozmeprkaHus kucyuopoaa monekynsl HbS arperupyror u oOpasyroT ¢pubpo3Hble ocanku.
OTH arperatsl BbI3bIBAIOT AHOMAJIMH UJIH «CEPIOBUAHOCTB» dPUTPOLUTOB, UYTO
NPUBOJIUT K OTepe rTHOKOCTH KyeToK. CeprnoBUAHBIEC 3PUTPOLUTHI OOJbIIE HE MOTYT
NPOTUCKUBATHCS B KAMMMIUIIPHOE PYCJIO U MOTYT MPUBECTH K Ba30OKKIIO3HOHHOMY
KpHU3y y NAalUEHTOB C CEPNOBUAHO-KJIETOUYHON aHeMuell. Kpome Toro, ceprnoBuaHbie
SPUTPOLHTHI OOJiee XPYNKHE, YeM HOPMaJIbHbIE 3PUTPOLUTHI, H CKIOHHBI K T€MOJIHU3Y,
YTO B KOHEYHOM UTOTr€ MPUBOJUT K AHEMHH y MaIMeHTa.

JleueHue u BeAeHUE MALMEHTOB C CEPIOBUIHO-KJIETOYHON aHEMUEN — 3TO
NOKU3HEHHOE JIeYeHHE, BKIIOYAIOIIee JIeUeHNe aHTHONOTHKaMU, 00e3001nBaHue U
nepeauBaHue KPOBU BO BPEMs OCTPBIX 3MHU30740B. OQHUM U3 MOAXOAOB SIBISETCS
UCIIOJIb30BAHNE THAPOKCUMOUYEBHHBI, 1eHCTBUE KOTOPOU YaCTUYHO MPOSABIAETCS B
BUJI€ YBEJIUYECHUS MPOAYKIUH raMMma-riaiobuna. OqHako qoJarocpodHbie NOOOUHBIE
3¢} pexTh XPOHUUECKON Tepanuu r’UAPOKCUMOYEBIUHON 10 CHX MOP HEU3BECTHBI, U
JeYeHHne AaeT HeXXeaTelbHble MOOOUYHbIe 3P ()EKTH 1 MOXKET UMETh Pa3IHIHYIO

3¢ pexTUBHOCTH OT MarueHTa k nanueHTy. Hecmorps Ha nossinenne 3P eKTUBHOCTH
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J€YEHHs] CEPIOBUHO-KJIETOUYHOW aHEMHH, OKHlaeMast MPOJOIKUTENbHOCTD KU3HU
MALUEHTOB MO-MPEKHEMY COCTABJISIET JUIIb OT 55 10 59 jeT, a CBA3aHHbIE C 3TUM
3a00eBaHUs PACCTPONCTBA OKA3bIBAIOT BBHIPAXKEHHOE BIMUSHUE HA KaU€CTBO JKM3HU
NALUEHTOB.

Tanaccemuu (anbda-ranaccemus u 6eTa-TaracceMus) TAKKe SIBISTIOTCS
3a00JIeBaHUSIMU, CBSI3aHHBIMHU C TEMOTJIIOOMHOM, U OOBIMHO 00YCJIOBJIEHBI MOHUKEHHOM
JKCIpeccuel TIOOUHOBBIX Ienel. DTO MOXKeT MPOU30UTH U3-3a MyTalUi B
PeryJsITOpHBIX 00JIACTAX F€HOB MJIM U3-3a MYTALUH B MOCJIET0OBATEIbHOCTH,
KOIUPYIOIeH rI100MH, YTO MPUBOAUT K CHUIKEHHIO SKCIPECCHH WU K MOH M)KEHHBIM
ypoBHSAM (QyHKIIMOHANBHOTrO Oenka rinoduHa. Jleuenue TanacceMuu OOBIYHO BKJIIOYAET
nepenuBaHue KPOBU M XEJAaTHPOBAaHUE JKene3a. TpaHCIIaHTAIUI0 KOCTHOT'O MO3Ta
TaKKe UCTOJB3YIOT JUIS JISUSHUS JIIOAEH C TsKeJIou (GOpMON TaaacCeMUHU, €CIIH MOKHO
HaWTH MOAXOASIIEr0 JOHOPA, HO 3Ta MPOLEAYPAa MOXKET HMETh 3HAYUTENbHBIN PUCK.

OnuH moaxon, KOTOphIi ObLT MpeanokeH s jedeHus kak SCD, tak u 6era-
TaJIaCCEMHH, 3aKITI0YAETCA B YBEJIUUEHUH SKCIPECCUU TaMMa-riI00MHa TAaKUM
obpaszom, urobsl HbF ¢pyHkumonanbao 3amemntan abeppaHTHBINA reMOTIIOONH B3POCIBIX.
Kak ynomunanocs Brllle, JeueHrue nanueHTos ¢ SCD rugpoKCUMOYEBUHON CUUTAETCS
YCIIEIIHBIM OTYACTH Oyaronapsi ee BAUSHUIO HA YBEJIUUYEHUE SKCIIPECCUN TaMMa -
rnobuna (DeSimone, Proc Nat'l Acad Sci USA, 1982, 79(14):4428-31; Ley c coasT,,
N. Engl. J. Medicine, 1982, 307: 1469-1475; Ley ¢ coasr., Blood, 1983, 62:370-380;
Constantoulakis ¢ coasrt., Blood, 1988, 72(6):1961-1967; cymHOCTb KaXKa0M
nyOJUKaIMK BKIOYEHA B HACTOsIIIee N300pEeTeHHe B BUAE CChIJIKH). Y BEeJIHYEHHE
skcnpeccuu HbF BritoyaeT naeHTH(PUKALMIO T€HOB, MPOAYKTHI KOTOPBIX UTPAIOT POJIb
B PeTyJISINU dKCcTpeccun ramma-rioduna. OnHum u3 Takux reHos siBisieTcss BCLITA.
I'en BCL11A konupyeT 0€I0K IIMHKOBOTO Majibla, KOTOPbIH S3KCIPECCUPYETCS B
SPUTPOUIHBIX KJIETKAX-MPEAMECTBEHHUKAX Y B3POCIbIX, U TOAABJICHUE €TO
SKCTIPECCUU MPUBOAUT K YBEJIUYCHHUIO SKcpeccun ramma-riiobuna (Sankaran ¢
coaBT., Science, 2008, 322:1839, nyOnukamnus BKJIIOYEHA B HACTOsIEe U300pEeTeHUE B
BUJE€ CCBUIKH). bpu1o npennoxkeno ucnonb3oBanue nHruouropuoit PHK, nanenennoit
Ha red BCL11A (manpumep, nybnukanus naresra US 2011/0182867, BkiroueHHAs B
HacTosee n300peTeHne B Ka4eCTBE CChUIKH), HO 3Ta TEXHOJIOTHUSI UMEET HECKOJIBKO
NOTEHLIHAJIBbHBIX HEJOCTATKOB, B TOM YHCJI€ HEBO3MOXHOCTH ITOJTHOTO HOKAAayHa

noctaku Takux PHK, kotopsiii Mmoxker ObITh npobaemaTuunbiM, 1 PHK nomkHbI
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IPUCYTCTBOBATH MOCTOSIHHO, YTO TpeOyeT MHOTOKPATHOIO JICYEHHS Ha MPOTSKEHHUH
BCEU JKU3HU.

RGN mno Hacrosimemy U300peTEeHUI0 MOXKHO UCTIOJIb30BAaTh JJIsl HAlleJIUBAHUS
Ha obnacth sHxaHcepa BCL11A, yTtoOs HapymuTh skcnpeccuto BCL11A, Tem cambiM
yBEJINYNBAs SKCIPECCUI0 TaMMa-rio0uHa. JTO neseBoe HapyIleHHe MOXeT ObITh
OOCTUTHYTO MyTeM HeroMoyiorndHoro coenuHenus koHuos (NHEJ — non-homologous
end joining), mocpeactsoM yero RGN mo HacTosieMy U300peTEHUIO HALIETHBACTCS
Ha KOHKPETHYIO MOCJIe0BaTeIbHOCTh B 00acTu suxancepa BCL11A, npoussoaut
ABYXIIENOUYEYHbIH pa3phiB, @ MEXAHU3M KJIETKH BOCCTAHABJIMBAET Pa3phlB, KaK
NPaBHJIO, OTHOBPEMEHHO BHEIPssl BpeaHble MyTanuu. [1ogoOHO TOMY, YTO ONMHUCAHO
s Apyrux mumenei 3adonesanusi, RGN no HacTosimeMy H300pETEHUIO MOTYT UMETh
npeumyliecTsa nepen Apyrumu n3BecTHbIMU RGN n3-3a UX OTHOCUTENBHO
HeOOIBIIOTO pa3Mepa, UYTO MO3BOJISIET YIIAKOBBIBATH HKCIPECCUOHHBIE KACCETHI IS
RGN u eé nanpasnsromeit PHK B enunblii Bektop AAV 1ist 1OCTaBKH in vivo.
AHaJIOTHYHBIE CTPATETHH ¢ ucnojab3oBaHueM RGN no HacTosmeMy n300peTeHHI0
TaK)X€ MOTYT OBITh IPUMEHHUMBI K aHAJOTUYHBIM 3a00J1€BaHUSIM U HaPYIICHUSAM KakK y
J0Nel, TaK U y )KUBOTHBIX, IOMHMO 4YeJIOBEKa, UMEIOLIUX arpOHOMHUYECKOE UIIU

OKOHOMHWYECCKOC 3HAUYCHHUC.

IX. KyieTky, BKJIHYAKINE TOJUHYKISOTHIHYIO T€eHETHYECKYIO MOI[I/Id)I/IKaLII/IEO

B HacTosmeM fOKyMEHTe MpeACTaBIeHbl KJIETKH U OPraHU3MBbI, COAEpIKALIHe
NPEACTABISIO Y0 UHTEPEC MOCIeA0BATeIbHOCTb-MULIIEHb, KOTOpas Oblia
MOIU(UIIMPOBAHA C MCIOJb30BaHUEM Mpoiiecca, onocpenoBanHoro RGN, crPHK
u/unu tracrPHK, kak onucaHo B HacToOseM H300peTeHUH. B HEKOTOPBIX U3 3TUX
BAPUAHTOB OCYINECTBJIEHUs HacTosmero nuzodperenuss RGN aMHHOKUCIOTHYIO
nocinenosarenbHocTe SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95,
103, 110, 117, 137 wnu 235 unu uxX aKTUBHBIA BapHAHT WK PparMeHT. B pasnuyHbIX
BApUAHTAX OCYLIECTBIICHHUS HACTOAIEro n3oodperenus Hanpasisomas PHK conepxur
noBTopsirouIyrocs mocinegosareabHocT CRISPR, BrirOUaromy0 HyKJI€OTUIHYIO
nocinenosarenbHocTe SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96,
104, 111, 118, 240, 273 unu 287 ux aKTUBHBIN BapuaHT win GparmeHt. B
OTpeaeeHHBIX BAPUAHTAX OCYIIECTBJIEHUS HACTOSLIEr0 N300pETEeHNsT HalPaBJIsIOIast
PHK Bxarouaer tracrPHK, BkIrOUaKOmMy0 HYKJICOTUAHYIO TTOCaenoBaTebHOCTh SEQ

ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112, 119, 241, 274
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i 286 uiau UX aKTHUBHBIA BapuaHT unu ¢pparment. Hanpasnstomas PHK cucremsr
MoxeT ObITh onHOHanpassomeit PHK wnu neynanpasnstomeit PHK.

MonuduuupoBaHHbIE KJIETKH MOTYT OBITh 3YKapUOTHUECKUMU (Hanpumep,
KJIETKU MJIEKOTUTAIOLINX, PACTEHUH, HACEKOMBIX ) MJIM NPOKapUOTHUECKUMU. Taxke
peyCMaTPUBAIOT OPTaHeNJIbl U SMOPHOHBI, COAEpIKALIe O MEHbIIEH Mepe OJHY
HYKJEOTUAHYIO MOCIEN0BATENbHOCTD, KOTOpas Obuta MOAN(PULIUPOBAHA C
ucnoab3zoBanueM RGN, crPHK w/unu tracrPHK, kak onmucaHO B HaCTOSIIEM
nzo0perenun. I eHeTHYeCKU MOAU(PULHPOBAHHBIE KJIETKH, OPTaHU3MBbI, OPTaHEJJIbl U
SMOPHUOHBI MOTYT OBITh F€TEPO3UTOTHBIMH UJIU TOMO3UTOTHBIMHU 11O
MOAUGDHUIIMPOBAHHON HYKJIEOTHIHOMN MOCIEN0BATEIbHOCTH.

XpomMocoMHass MOIH(pUKAUS KJIETKH, OpraHiu3Ma, OPraHeJJIbl UK 3MOPUOHA
MOJKET NMPUBECTH K U3MEHEHHOM 3KCIpeccuu (perysitus, HapaBJIeHHAs! Ha
MOBBILIEHUE WUJIM MMOHMKEHHE), NHAKTUBAIUN HIJIH 3KCIIPECCHU U3MEHEHHOTO
O€JKOBOTO MPOAYKTA MM HHTETPHPOBAHHON MOCIEOBATENIBHOCTU. B Tex ciyuasx,
KOTJla XpOMOCOMHAasl MOANGHUKAINS MTPUBOINUT JUOO K MHAKTUBALIMH Ir'eHa, JU00 K
JKCIpeccuy He(YHKIHOHAIBHOrO O€KOBOrO MPOAYKTA, TeHETHUYECKHU
MOAUGDUIIMPOBAHHYIO KJIETKY, OPraHU3M, OPTaHeJIy UiIu SMOPHOH Ha3bIBAIOT
NOABEPTIINMUCS «HOKayTy». HokayTHBIN (eHOTUT MOXKET ObITh Pe3yJIbTaTOM
MyTalHH 110 TUNY AeJennd (T.€., AeJeLHH 110 MeHbIIe Mepe OTHOTO HYKJIEOTHIA),
MYTAalUU 110 TUIY UHCEPUHH (T.€., HHCEPLUH XOTs Obl OAHOTO HYKJIEOTH/A) HIIH
HOHCEHC-MyTaluu (T.€., 3aMeHOM! 10 MeHbllell Mepe OAHOrO HYKJIEOTHAA TAKUM
00pa3oM, 4TO BBOAST CTOM-KOJIOH).

B npyrom BapuaHTe XpOMOCOMHasi MOAU(PHUKALUS KJIETKH, OpraHU3Ma,
OpraHeJUTbl WM SMOPHUOHA MOXET BbI3BATh KHOKHHY», KOTOPBIN SIBISETCA PE3yJIbTATOM
XPOMOCOMHOM MHTErpanuu HyKJI€OTUAHON MOCIeN0BaTeIbHOCTH, KOAUPYOLIe
6enok. B HEKOTOPBIX U3 3TUX BAPUAHTOB OCYLIECTBICHHS HACTOSAIETO H300peTeHUs
KOJAUPYIOIIAs MOCIEeI0BATEIbHOCTh HHTETPUPYETCS B XPOMOCOMY TaKHM 00pa3oMm, 4To
XPOMOCOMHaS MOCJIEA0BATEIbHOCTD, KOAUPYOLIas O€JI0K TUKOrO THUIIA,
WHAKTUBUPYETCSI, HO 5K30T€HHO BBEIEHHBIH OCJIOK HKCIIPECCUPYETCsI.

B npyrux BapuaHTax OCYLIECTBICHUS HACTOSIIETO H300pETEHUSI X POMOCOMHAas
Moau(pUKaus IPUBOIHUT K BbIpaOOTKe BapuaHTa OenkoBoro npoaykra. Ilpogykr
SKCIIPECCUPOBAHHOIO BapuaHTa OeKka MOXET UMETh 3aMEHY 110 MEHbIIEH Mepe OqHON
AMUHOKHUCJIOTHI U/Uau 100aBIEHHE WK JEJICLUIO 0 MEeHbIIel Mepe OaHON

aMUHOKUCIOTHL [IponykT B BUe BapuaHTa Oeika, KOLUPYEeMbIii U3MEHEHHO
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XPOMOCOMHOM MOCIEN0BATEIBHOCTBIO, MOXKET MPOSIBJIATh H3MEHEHHbIE
XapaKTEPUCTUKU UM AaKTUBHOCTD IO CPABHEHHIO C OEJIKOM AUKOTO THIA, BKIIOYAs,
MOMHUMO MPOYEro, I3MEHEHHYI0 (PepMEHTATUBHYI aKTUBHOCTb UJIH CYyOCTPAaTHYIO
criequ(pUIHOCTb.

B eme oqHMX BapuaHTax OCYLIECTBJIEHHS HACTOSALIEr0 U300peTeHUs
XPOMOCOMHAsI MOIH(PUKALNSA MOKET MPUBECTH K U3MEHEHHIO MAaTTePHA SKCIPECCUU
Oenka. B xauecTBe mpuMmepa, He OTPAHUYUBAIOIIETO PAMOK OXBAaTa HACTOSILETO
u300peTeHus, XpOMOCOMHbBIE U3MEHEHUS B PEryIATOPHBIX 00JACTX,
KOHTPOJHUPYIOIIUX 3KCIPECCUIO OETKOBOr0 MPOAYKTA, MOTYT MPUBOIUTD K
CBEPX3KCIPECCUH UJIU MOJABIECHHUIO 3KCIIPECCHU OEIKOBOrO MPOAYKTA UIIU K

N3MEHCHHOMY MATTEPHY TKAHU UJIU BPEMECHH SKCIPECCCUN.

X. HaGops! uau cnocoObl o0HapyxkeHus nejgeso JHK uiau onHoLEnIOUeYHOU

AHK

Hekotopeie RGN (Hanpumep, APG09106.1 u APG09748, npencraBieHHbIE Kak
SEQ ID NO: 54 u 137) moryT 0ecnopsiiouyHO pacIlerisTh HEeleJIeBYIO
onnouenovyeunyw JJHK (ou/IHK) mocne aktuBanun nytem odoHapyskenus JJTHK -
mumeHu. Takum oOpa3oM, B HACTOAIIEM H300PETEHHH NMPENYyCMOTPEHBI KOMIIO3ULIUH
u cnocoObl oOHapy:xkenus nenesoi JJHK (nByxuenodeuHoit uim OQHOLENOYEYHON) B
oOpasie. B HEKOTOPBIX BapUaHTaX OCYINECTBIEHHS HACTOALIEr0 H300peTeHHs
JKeJlaeMasi MULIEeHb MOXeT cyumecTsoBaTh B Bujae PHK, Takoil kak reHOM UJIM 4acThb
renoma PHK-Bupyca, Takoro kak, HanpuMep, KOpoHaBUpyC. B HEKOTOPBIX BapuaHTax
OCYINECTBJICHUS HACTOSILIEr0 U300peTeHHsI KOPOHABUPYC MOXkeT ObITh SARS-
nog00HBIM KOPOHABUPYCOM. B TOMOJHUTENbHBIX BApUAHTAX OCYLIECTBICHHS
HACTOSINEro N300peTeHHs] KOPOHABUPYC MOKET mpeactapisath codoit SARS-CoV-2,
SARS-CoV unu SARS-nogoOHBIH KOPOHABUPYC JIETYUHX MBbIIIEH, TaKOH Kak bat-SL-
CoVZC45 (momep peructpanuun MG772933). B BapuaHTax OoCyImecTBICHUS
HACTOsIIIero n300peTeHus, ecin MumeHb cymecTByer B Bune PHK, mumens Mmoxer
OpITh MOABEPTHYTA 0OpaTHOM TpaHckpunuuu B Mmosekyay JAHK, Ha koTopyro RGN
MOXeT 3(P(PEeKTHBHO HALIGHUBATHCS. 3a OOpaTHON TPAHCKPUMIIUEH MOXKET CIeIOBATh
stan ammnukannu, Takod kak metoasl OT-TILP, nu3BecTHbIe B JaHHOW 00NacTH,
KOTOpPBIE BKJIIOYAKOT TEPMOLHUKIUPOBAHNUE, UM MOTYT OBITh H30TEPMHYECKUE METOMBI,

TaKue KaK M30TepMUYECKast aMIUTNUKALUs, OTIOCPEAOBaHHas NeTiel oOpaTHON
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tpanckpunuuu (OT-LAMP — reverse transcription loop-mediated isothermal
amplification) (Notomi ¢ coasrt., Nucleic Acids Res, 2000, 28: E63).

OTH KOMIO3ULHUHU U CIIOCOOBI BKJIIOYAIOT UCIOJb30BAHNUE AETEKTOPHOU
onnouenoueyHoit IHK, xoTopas He rubpunusupyercs ¢ Hanpasisitomeid PHK u He
ABasAeTcs neaesoi onnouenovyedynoil JJHK. B HekOTOpBIX BapuaHTax OCYIIECTBICHUS
HacTosmero uzodperenus aerekropHas ou/IHK comepxutr neTeKTupyeMyr MeTKYy,
KOoTOopast obecrnedynBaeT JeTEeKTHPYEMbIil CHTHAJ MOCe PaCUIeIJIeHHs] TeTeKTOPHOM
ou/IHK. ITpumepom, He OrpaHUYHUBAIOIIUM 00JJaCTH OXBATa HACTOSIIETO
uzobperenus, siensiercs aerekropHas ouJlHK, conepkamas mapy
dbnyopodop/racurens, rue payopodop He payopecuupyer, ecnu gerekropHas ouJ[HK
SABJISIETCS LEeJOH (T.€., HEPACIIETUIEHHOH), MOCKOJIbKY €r0o CUTHAJ TOAaBIISETCA
NPUCYTCTBUEM TaCHTENsI B HEIIOCPEACTBEHHOM Onm3ocTu. Pacuienienue neTeKToOpHO i
onHouenovdeyHol JIHK npuBOAUT K yAAJEHUIO TACUTENS, MOCIE YErO MOKHO
oOHapyKHUTh PIyOpeceHTHYI0 MeTKY. [IpuMepamMu, He OrpaHUYUBAKOIUMU O0JTACTH
OXBaTa HACTOSIIEro n3o0pereHust, PIyopeCcueHTHBIX METOK UJIN KpacHTeNeH,
asisitoresa CyS, pnyopecuenn (Hanpumep, FAM, 6 FAM, 5(6) FAM, FITC), Cy3,
kpacurenu Alexa Fluor® u Texas Red. IIlpumepamu, HE orpaHUYMBAIOIIUMH 00JIaCTH
oxBara Hacrtosimero uzobperenus, sBistorcsa lowa Black®FQ, Towa Black® RQ,
racutenb Qx1, racurenp ATTO u xpacutens QSY. B HekOTOpBIX BapuaHTax
OCYLIECTBJICHHUS HacTosiero n3obperenus nerekropuas ou/IHK comepxut BTOpoii
racuTesb, TAKON KaK BHYTpeHHUH racurens, Hanpumep ZEN™ TAQO™ y Black Hole
Quencher®, KOTOPBIN MOKET CHU3UTh (JOH U YCUIIUTb OOHApPYIKeHUE CUTHAJIA.

B apyrux BapuaHTax OCYLIECTBJICHHUS HACTOSAIIETO H300PETEHUS NETEKTOPH ast
ou/IHK comepkut oOHapyKUBAEMYIO METKY, KOTOpasi 00ecrnednBaeT JeTeKTHPYEeMbIH
curHan no pacuermienus: nerekropuoit on/IHK, a pacmennenue on/IHK uarubupyer
WU TIpenoTBpalaeT oOHapyxkeHue curHana. [lpumMmepom, He OTPaHUYUBAIO UM
obsacTu OXBaTa HACTOSAIIETO U300PETEeHUS, SIBJISETCS NETEKTOPHAs OJHOLEOYeYHasI
JIHK, xoTopasi coaepKut napy ¢GpJyopecleHTHOTO pe30HAHCHOTO MePEeHOCa SHEePTHH
(FRET - fluorescence resonance energy transfer). FRET — 3To mpouecc, npu koTopom
MPOUCXONUT Mepenava SHEPTun 0e3 U3JyudeHUs: OT BO30YKIEHHOTO COCTOSTHUS
nepBoro (moHopHoro) duyopodopa ko BTopomy (akuentopaomy) dayopodopy,
HaxXOASLIEMYyCsl B HEIOCPEeACTBEHHOM Onn3ocTu. CIeKTp U3IydeHUs] JOHOPHOTO
bayopodopa nmepekpbIiBaeTCsl CO CIIEKTPOM BO30OYkKAEeHUS akLenTopHoro ¢ayopodopa.

Takum obpasom, akuentopHsiil payopodop Oyner payopecuupoBars, eciu
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nerexktopHas ou/IHK Oyner uenoii (T.e., HEpacIIeIJIEHHOW), U aKI[EeNTOPHBIN
dbayopodop nepecraner dayopecunponarb, ecan gerekropHas ou/[HK Oyner
pacuienyiesa, MocKOoJbKy JOHOPHBIN U akuenTopHbii Guyopodopsl Gonplie He OynyT
HaXOJUTHCS B HEMOCPEACTBEHHOH Om3ocTH Apyr ot aApyra. JloHOpHbIE U
akuenTopHsie Guyopodopsl FRET u3BecTHBI B faHHOH 00JaCTH M BKIIIOYAIOT, HO HE
OTPAaHUYHUBAIOTCS UMH, TOayboit ¢pnyopecuenthsiii 6enok (CFP - cyan fluorescent
protein)/3enenslii payopecuenTHbiii 6enok (GFP — green fluorescent protein),
Cy3/CyS u GFP/xentoiii pnyopecuentHsiit 6enok (YFP — yellow fluorescent protein).

B HEeKOTOpPBIX BapHaHTaX OCYLIECTBJICHHS HACTOSIIErO H300peTeHUs
nerektopHas ou/IHK nmeer nnuHy OT NpuMepHO 2 HYKJIEOTHUAOB A0 npumepHo 30
HYKJIEOTUOB, BKJII0Yasi, HO HE OTPAaHUYUBASCh UMHU, IPUMEPHO 2, IPUMEPHO 3,
NPUMEPHO 4, NPUMEPHO 5, NIPUMEPHO O, IPUMEPHO 7, MpUMEPHO 8, MpUMEpPHO 9,
npuMepHo 10, npumepno 11, npumepno 12 , npumepno 13, npumepro 14, npumepHno
15, npumepno 16, npumepno 17, npumepno 18, npumepno 19, npumepno 20,
npuMepHO 21, npumepHo 22, npuMepHO 23, npuMepHO 24, npuMepHO 25
HYKJI€OTUAOB, IPUMEPHO 26 HYKJIEOTUAOB, IPUMEPHO 27 HYKJIEOTUAOB, IPUMEPHO 28
HYKJIEOTUAOB, IPUMEPHO 29 HYKIEOTHAOB U NPUMEPHO 30 HYKIEOTUIOB.

Mertons! oOHapysxkenus JJHK-mumenn monexynsl JIHK Brirogarot
KoHTakTupoBanue obpasua ¢ RGN, nanpasnstomeit PHK, ciocoOHoii
rudpunusuposatbes ¢ RGN, u nocnenosarensHocThio JJHK-Mumenu B monexyine
JHK, a takxe nerekropHoii ognouenoueuHoi JJHK (ou/IHK), koTopas He
rubpunusupyercs ¢ Hanpapswomen PHK ¢ nocnenyromum usmepeHuem
NEeTeKTUPYEMOTO CUrHaja, npoayuupyemoro pacuierienueMm ouJIHK nox neiicteuem
RGN, Tem cambiM 0OHapyskuBas nocienoBarenbHocts JJHK -mumenu monekyner JJTHK.
B HEeKOTOpPBIX BapHaHTaX OCYLIECTBJIEHHS HACTOSAIIETO H300PETEHUSI METO MOXKET
BKJIFOYATH CTAAUI0 aMILUTH(PUKALIH MOJIEKYJI HYKJIEMHOBOW KHCJIOTHI B o0pasie nubo
no koHrakta ¢ RGN u nHanpasmsiromeit PHK, nubo onHoBpeMeHHO ¢ HUM. B
HEKOTOPBIX U3 3THX BAPHAHTOB OCYIIECTBJIEHUS HACTOSLIEr0 N300 pEeTEeHHs
crienupUIeCKUe MOCIeT0BATEIBHOCTH, C KOTOPBIMHU OyeT ruOpUIH3NpPOBATHCS
Hanpasisiromas PHK, MoryT ObITh aMminguuupoBaHbl IJIs TOBBIIIEHUS
YYBCTBUTEJIBHOCTH METO/1a OOHAPYKEHHUS.

Ob6pasen, B koropom JJHK-Mumens MoxxeT ObITh OOHapy KeHA C
UCIIOJIb30BAHUEM 3TUX KOMITO3ULHI U CIOCOOO0B, BKJIOYAIOIINX AETEKTOPHYIO

onnouenouyeunyw JJHK, Bkirouaer nmoboi obpasew, cogepkamuil uin
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IPEANOIOKUTENBHO COAEPKALUTUN HYKJIEHHOBYIO KucioTy (Hanpumep, mojekyny JHK
unu PHK). OGpasen MmoxeT OBbITh mOyueH U3 JII0OOro HCTOYHUKA, BKIFOYAs
CUHTETHUYECKYI0 KOMOMHALNIO OUNUIIEHHBIX HYKJIEHHOBBIX KUCIOT UJIH OMOJIOTHYeCKUi
oOpaser, TakO# Kak SKCTPAKThl Ma3Ka U3 ABIXATEJbHBIX MyTeH (HaImpuMep, Ma3oK U3
HOCOTJIOTKH), KJI€TOYHBIH JU3aT, o0pasel] MallueHTa, KIeTKH, TKaHH, CIIFOHA, KPOBb,
CBIBOPOTKA, MJa3Ma, MoYa, actupar, o0pa3ubl OMONCHUH, CTUHHOMO3TOBAs )KUIKOCTh
WU MUKPOOPTaHU3MBI (Hampumep, OaKTepuu, BUPYCHI).

KonTaktuposanue obpasua ¢ RGN, nanpasnswouieii PHK u nerexkropHoii
ogHouenovdeuno JIHK MoxeT BKJIHOUATh KOHTAKTUPOBAHUE M VIlro, ex vivo Uilu in
vivo. B HEKOTOPBIX BapUaHTaX OCYLIECTBJIEHHS HACTOSIIEro H300peTeHUs
nerextopHas ou/IHK u/unu RGN u/unu manpasnstomas PHK nmMmmobunusyercs,
HarpuMep, Ha YCTPOICTBE JATEPaJIbHOrO MOTOKA, IPU 3TOM 00pa3el] KOHTAKTUPYET C
ummobunu3osanHoi nerexkropHoi on/IHK w/unu RGN w/unu nanpasnstomeit PHK. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJIEHUS HACTOSIIEr0 N300 PETEHNs] aHTUTENIa IPOTUB
¢parmenToB anTureHa Ha aerekropHoi oun/[HK nmMoOunusyror, HanpuMmep, Ha
YCTPOHCTBE JAaTEPAIbHOTO IMMOTOKA TAKUM 00pa3oM, KOTOPBII MO3BOJSAET OTIHYUTD
pacwemieHHy aetekTopHyr ouJIHK ot unraktHOM aerexropHoi ou/IHK.

B HeKOTOpPBIX BapHaHTax OCYIIECTBJEHHS HACTOSAIETO H300peTeHUsl CIIOCOOBI
MOTYT AOMOJHUTENBHO BKJKOUYATh onpeaenaenue konuyectsa JHK-mumenn,
NpHUCYTCTBYIOLEH B oOpasue. M3MepeHne 1eTeKTUPYyeMOTO CUTHAJIA B UCCIIEyEMOM
oOpas1iie MOXXHO CPaBHHUTH C ATAJIOHHBIM U3MEpeHUEeM (Hanpumep, U3MepeHueM
3TaJIOHHOTO 00pa3ia Uik ero cepuu, coaepikameil n3secTnoe koiaudectso JJHK -
MUIIEHH).

K mpumepam, He OrpaHUYUBAIO UM O0JACTH OXBAaTa HACTOSINETO H300peTeHUs,
OTHOCAT OOHapykeHHue ONHOHYKJIeoTHaHOTO nonumoppusma (SNP — single-nucleotide
polymorphism), CKpUHUHT paka, oOHapyxkeHue ODakTepualbHON HH}EKIHH,
oOHapykeHHE YCTOMYMBOCTH K AaHTUOMOTHKAM U OOHapyKEHHE BUPYCHON MH(QEKLIHH.

JleTexTUpyeMBIi CUTHAJ, MOJYYE€HHbINA NMPU PACLICIJIEHUH OJHOLENOYEUYHON
JHK nox neiicteuem RGN, MokeT ObITh H3MEPEH ¢ HUCIMOJIb30BAHUEM JIFOOOTr0
MOAXOISIIEr0 METOa, U3BECTHOTO B TAHHOH O0JAaCTH TEXHHUKH, BKJIOUAs, HAPSIAY C
APYTUMH, H3MepeHue (IIyopeCLeHTHOr0 CUTHAJA, BU3YAIbHBIH aHAJIN3 TOJIOC Ha Telle,
KOJIOpPUMETPUUYECKOE U3MEHEHNE U HAJU4YKMe UM OTCYTCTBUE BJIEKTPUUECKOTO

CUTrHaJa.
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Hacrosimee nuzobperenne npegycmarpuBaeT Habopbl 1 obHapyskeHus: [IHK -
mumenn mosekynsl JIHK B o6pasue, npuuem Habop conepsxut noaunentur RGN,
Hanpasysitomyo PHK, ciocobnyro rubpunusuposarbcsi ¢ RGN, u
nocinenosarenbHocTh [JHK-mumenu B monexyne JJHK, a Takxke neTeKTOpHYIO
onnouenouyeunyw JIHK, He rubpunusupyromyrocs ¢ Hanpasistoimeit PHK.

Takke B HaCTOSIIIEM U300PETEHUHU MPENYCMOTPEHBI CIIOCOOBI paCIIeICHHS
onHouenovyeunslx JIHK nyreM KOHTakTUpOBaHUS MOMYIALUA HYKIEHUHOBBIX KHCJIIOT,
rae nonyJasnus BKiIrodaeT nociegosareapbHocTh JHK-mumenu monekynsl JIHK u
mHoskecTBO HeneneBbix oi/IHK, ¢ RGN u Hanpasnstomei PHK, ciocobHoii
rubpunusuposatbesi ¢ RGN u nocnenosarenbaocTh JJHK -Mumenu.

B HacTosilmeM onucaHuU NpUMEHEeHHE €AUHCTBEHHOTO YMCIa MOXKET
noApasyMeBaTh Tak)Ke MHOXKECTBEHHOE 3HaueHue. Hanpumep, «MonunenTua» MOXKET
Ha CaMOM JieJie 03HauaTb OJAUH WU MHOTO MOJHUIENTUAOB.

Bce nyOnukanuy v maTeHTHbIE 3aBKHU, YIIOMSIHYTbIE B HACTOSILIIEM ONHCAHUH,
OTHOCSITCSI K TOH k€ 00JIaCTH TEXHUKHU, K KOTOPOH OTHOCHUTCS HACTOsIIEe
nzoOpereHue. Bece nyOnukauuy U maTeHTHBIE 3aBKH BKJIIOYEHbI B HACTOAIIEE
n300peTeHne B BUJE CChUIOK.

HecmoTps Ha TO, YTO BBHIIIEU3JIOKEHHOE U300peTeHNE OBLIO JOBOJIBHO
noApOOHO OMUCAHO C MOMOIIBIO UILTIOCTPALMI U MPUMEPOB AJISI SCHOCTU U3JIOKEHUS
CYTH, OUYE€BUIHO, YTO U3MEHEHUs U MOAU(UKALUU MOTYT OBITh OCYLIECTBJIEHBI B
npenesax pacCMaTPUBAEMbIX BAPHAHTOB OCYIIECTBIEHUS HACTOAIEr0 N300peTeHUs.

K BapuaHTaMm OCYyINECTBJIEHHS HACTOSILIErO U300PETEeHHS, HE OTPAHUYHMBAIO M
00aCTH €ro 0XBaTa, OTHOCSTCS:

1. Monexylia HyKJI€MHOBOM KHCJIOTHI, BKJIKOYAOLAs MOJUHYKIECOTH ], KOTOPBIN
konupyet nonunentun PHK-wanpasnsemoii nykieasol (RGN), conepskammit
AMUHOKHMCJOTHYIO TTOCJIENOBATEIbHOCTh, KOTOpasi Mo MeHbluel mepe Ha 95%
uneatuuda SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110,
unu 117,

rae ykasanHbid momunentua RGN cnocoOeH CBSA3BIBATHCS C
nocaenoBarenbHocThi0 JIHK-Mumenu monexynsl JJHK cnenupnueckum nnst PHK-
HaIpaBJISAOIIEeH MOCIeT0BATEIbHOCTH 00pa30M MPH CBS3bIBAHUU C HAINPABJISAIO IIEH
PHK (gPHK), cmocoOHO# ruOpuan3upoBaThCs ¢ yKa3aHHON MOCIE0BATEIbHOCTHIO

JHK-mMumenu, u
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rie yKa3aHHbIN MOJUHYKJIEOTU A, Koaupyromuil nonunentua RGN,
(YHKIMOHAIBHO CBSI3aH C IPOMOTOPOM, T€TEPOJOTUYHBIM YKa3aHHOMY
MOJIUHYKJIEOTUAY.

2. Monexysia HyKJI€MHOBOHN KUCJIOTHI IO 1. 1, OTIMYAIOLIAsIC TEM, UTO
ykasaHHblid noaunentun RGN crnocobeH pacmerisiTh yKa3aHHYIO
nocnenosarenbHocTh JJHK-Mumenn npu cBs3blBaHUN.

3. MonekyJia HyKJI€UHOBOW KUCJIOTHI MO M. 2, , OTAUYAKIASICA TEM, UYTO
ykazanHbid nonmunentug RGN cnocobeH Npou3BOAUTH IBYXIEMOYEUYHBIN Pa3phIB.

4. Monekysia HyKJI€MHOBOUN KUCIOTHI IO M. 2,, OTJIMYAKLIAACI TEM, YTO
ykaszaHHbIH nonunentua RGN cnocoOeH Npou3BOIUTE OJHOLETOYEYHbIH pa3phIB.

5. Monekyja HyKJI€MHOBOW KUCJOTHI MO M. 2, OTJIMYAKAasACA TEM, YTO
ykazaHHbid nogunentug RGN sBisieTcs HHAKTUBUPOBAHHON HYKJI€a30M.

6. Monekysia HyKJI€MHOBOW KUCJIOTHI MO M.1. 1-5, OTIM4armascs TeM, 4To
ykaszaHHbIA nonunentua RGN (yHKIIMOHAIBHO CIHUT C MOJUIENTHAOM C
OTpeJaKTUPOBAHHBIMU OCHOBAHUSIMU.

7. MonekyJsia HyKJI€UHOBOUW KUCJIOTHI IO M. 6, OTJIMYAK0IIAsACA TEM, YTO
pPEeNaKTUPYIOLWIUN OCHOBAHUS MOJUIIENTU SIBJISIETCA JE€3aMHUHA30M.

8. Monekyna HyKJI€MHOBOUW KUCJOTHI IO M. 7, OTJIMYAKOIIASCA TEM, UTO
Ae€3aMHUHa3a sIBJISIETCS] UTUAUHOBOU N€3aMUHA30M UM aleHO3UHOBOU A€3aMHUHA30M.

9. MonekyJia HyKJI€MHOBON KHMCJIOTHI O I.1. 1-8, oTInYarascs Tem, 4To
nonmunentua RGN conepXUT OAMH UM HECKOJBKO CUTHAJIOB AePHOMN JIOKAIN3a [IUH.

10. Monekyna HyKJI€EMHOBOW KUCJIOTHI 1O I.11. 1-9, oTnuyarmascs Tem, 4To
nonunentug RGN onTuMuznpoBaH no KOJAOHAM AJisl SKCIPECCUU B 3YKAPUOTHUECKUX
KJIETKaX.

11. Monekyna HyKJIEUHOBOW KUCIOTHI 1O M.1. 1-10, oTauyarmascs Tem, 4To
ykasaHHas nociaenosarenpbHocTh JJHK-Mumenu pacnonoxena psiioMm ¢ MOTUBOM,
npuiieraroinuMm k nporocneiicepy (PAM — protospacer adjacent motif).

12. BexTop, BKIIOYAKIIUN MOJEKYYy HYKJIEMHOBOW KUCIOTHI O m.m. 1-11.

13. BexTop no n. 12, AONOJHUTENBHO BKJIKYAOUIUN 10 MEHbIIEH MEpe OOHY
HYKJICOTHIHYIO TOCIEN0BATEIbHOCTD, Koaupyomy ykazanuyw gPHK, cnocobnyro
ruOpUIN3NPOBATHCS C YKa3aHHOU nochenoBarenbHOCThI0 JIHK -Mummenn.

14. Bextop no n. 13, otnuyarowmuiics tem, uto Hanpasisawmas PHK cogepxur

PHK CRISPR, BkIHOUAOLYI0 NOBTOPSIOIIYIOCS MOCAEA0BATEIbHOCTb, KOTOPAs MO
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MeHbIe mepe Ha 95% uaentuuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70,
76, 83, 90, 96, 104, 111 unu 118.

15. Bextop no m.m. 13-14, otnuyaromuiicsa tem, 4to ykazanHas gPHK
conepxut tractPHK.

16. Bextop no n. 15, otnuuaromutics tem, uro tracrPHK no mMenbiei mepe Ha
95% unentnuna SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105,
112 unu 119.

17. Bextop no nm.m. 15-16, ornuyaromuiics tem, uto ykazansas gPHK saBnsercs
onHoHamnpasisomen PHK.

18. Bextop no m.m. 15-16, ornuyaromuiicsa tem, uto ykazanHas gPHK saBnsercs
neyHanpasisiromen PHK.

19. KneTka, conepskamniasi MOJIEKYJy HYKJI€HHOBOM KUCAOTHI MO n.0. 1-11 unwu
BeKTOp no m.m. 12-18.

20. Cnoco6 nonyuenus nonunentuaa RGN, BKIOYAO NN KyIbTHBUPOBAHUE
KJIEeTKH 1o . 18 B ycnoBusx, B KOTOpbIX 3kcnpeccupyercs nonunentug RGN.

21. Cnoco6 nonyuenus nonunentuaa RGN, BKIOUYAO MU BBEAEHUE B KIETKY
MOJIEKYJIbl F€TEPOJIOrHYHON HYKJI€MHOBON KUCJIOTHI, COAEpKallell HYyKJIEOTUIHYIO
MOCJEeA0BATENbHOCTh, KoAupyomyw noaunentun PHK-nanpasasemoi Hykaeassl
(RGN), conepskamieit aMHHOKHUCIOTHYIO IMOCJIE0BATEIbHOCTh, KOTOpasi IO MEHbIIEH
mepe Ha 95% unentuuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89,
95,103, 110 unu 117,

npuyueM ykasaHHbii mojgunentugq RGN cnocoOeH CBA3BIBATHCS C
nocnenosarenbHocThi0 JJHK-mumenn monexynel JJHK B PHK-nanpasnasemon
NOCJIEIOBATEIbHOCTH crienupuyecKkuM 00pa3oM, KOrja CBsI3bIBAHHE C HAMIPABIISIOIIEH
PHK (gPHK) cniocoOno rubpuan3npoBaThCs ¢ yKa3aHHOW MOCIEA0BATEIbHOCTHIO
JHK-mumenu,

U KyJbTUBUPOBAHHUE YKA3aHHOMN KJIETKHU B YCJIOBUSAX, B KOTOPBIX
skcmpeccupyercs nonunentun RGN.

22. Cnoco6 no m.m. 20-21, 1OMOJHUTENbHO BKIOYAKOLUINNA OUUCTKY YKa3aHHOTO
nonunentuaa RGN.

23. Crnoco06 no m.m. 20-21, oTnuYarmuiics TeM, 4TO YKa3aHHas KJIeTKa
JOMOJHUTENBHO 3KCOPECCUPYET OHY MJIM HECKOJbKO Hanpasisomux PHK, kotopeie
CBSI3BIBAIOTCA C YKa3zaHHbIM noaunentunoM RGN ¢ oOpa3zoBanuem

puboHykieonporenHoBoro kommmiekca RGN.
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24. Cnoco® no 1. 23, TOMOJHUTEIbHO BKJIIOYAK NN OYUCTKY YKa3aHHOTO
puboHykieonporenHoBoro komrmiekca RGN.

25. Monekyna HyKJIE€MHOBOM KUCJIOTHI, BKIKYAKIIAs MOJUHYKJIEOTH,
kopupyromuit PHK CRISPR (crPHK), npuuem ykasannas crPHK conepxur
crieficepHyI0 NOCJIe0BaTENbHOCTD U nocaenoBaTenpHocTh nosropa CRISPR, npu
3TOM yKa3aHHas nocienosaTenbHOCcTh noBTopa CRISPR comepxut HykIeoTHAHYIO
MOCJIEIOBATENIPHOCTh, KOTOpas 1Mo MeHblnel mepe Ha 95% uaentuyna SEQ ID NO: 2,
10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111 unu 118;

rae Hanpasisromas PHK Bkirouaer:

a) ykazannyt crPHK; u HeoOs3aTenbHO,

0) rpancaktuBupyromyw CRISPR PHK (tracrPHK), cnocobnyro
ruOpPUIM3UPOBATHCS C YKA3aHHOW MOCenoBaTebHOCTHIO MoBTOpoB CRISPR
ykaszanHol crPHK;

criocoOHasi THOPUAUZUPOBATHCS ¢ mochenoBareabHOCTHIO JJHK -Mummenn
mogiekyabl JIHK crenuduuabIM i1 TOCIeTOBAaTEIBHOCTH 00pa3oM yepes
CcHelcepHyro nocienoBateabHOCTh ykazanHoOU crPHK, korna ykazannas
Hanpasysiromast PHK ceasana ¢ nonmunentuaom PHK-nanpasiaseMon Hykiaeassl
(RGN), n

r7e yKasaHHbIl nonuHykiaeotun, koaupyromuil crPHK, ¢gyHknnonaneHo cBsA3aH
C IPOMOTOPOM, F€TEPOJOTUYHBIM YKA3aHHOMY MOJUHYKIECOTUY.

26. BexTop, BKIOYAOIMUNA MOJIEKYJIy HYKJI€MHOBON KUCIOTHI 1O 1. 25.

27. Bextop no 1. 26, OTIUYAKMUICI T€M, YTO YKa3aHHbBIN BEKTOP
JOTOJHUTENBHO COAEPKUT NOJUHYKICOTU I, KOAUPYIOIINM yka3zaHHy tracrPHK.

28. BexTop no n. 27, oTauvarmuiicsa Tem, 4To ykazanHas tractPHK conepxxutr
HYKJICOTUIHYIO MOCJIEA0BATEbHOCTh, KOTOpAs MO MeHbIIel Mepe Ha 95% naeHTHYHa
SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84,91, 97, 105, 112 unu 119.

29. Bextop no n.m. 27-28, OTIMYAKOWHUNACSA TEM, UTO YKa3aHHBIN
MOJMHYKJIEOTHU, KoAupyromuil ykazanHyo crPHK, u yka3zaHHbIN NONUHYKJIEOTHUN,
konupyromui ykazanuyw tracrPHK, ¢pyHkImoHanbHO CBSI3aHBI C ONHUM H TE€M K€
MIPOMOTOPOM U KOAUPYIOTCS Kak ogHOoHanpasisomas PHK.

30. Bextop no n.o. 27-28, OTIUYAKOLUNACSA TEM, UTO YKa3aHHBIN
MOJMHYKJIEOTHU A, Koaupyromuil ykasanHyo crPHK, n yka3zaHHbIi NONUHYKIEOTHUN,
konupyromui ykazanuyt tractPHK, GyHKIIMOHANBHO CBSI3aHBI C OTAEIbHBIMH

IIPOMOTOPAMH.
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31. Bextop no m.m. 26-30, OTIMYAOIIUNACSA T€M, YTO YKa3aHHBIM BEKTOP
JOOTMOJHUTENBHO COAEPKUT MOJUHYKICOTU I, KOAUPYIOIIUNA YKAa3aHHBINA MOIUNENTH
RGN, npuyem ykazanubiii nonunentul RGN cogepxuT aMHHOKHUCIOTHYHO
MOCJIEOBATENbHOCTD, KOTOpasi Mo MeHblueil mepe Ha 95% unentuyna SEQ ID NO: 1,
9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110 unu 117.

32. MonekyJia HyKJIEMHOBOH KHMCJOTHI, COAep Kallas MOJUHYKIEOTHU,
konupyromui tpancaktTusupyroumyo PHK CRISPR (tracrPHK), cogepxamryro
HYKJIEOTUAHYIO MOCJIEeA0BATENIbHOCTD, KOTOpPasl MO MeHbIel Mepe Ha 95% uneHTu4YHa
SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112 unu 119;

npudem Hanpasiasrowmas PHK cogep:xurt:

a) ykazannyto tracrPHK; u

6) crPHK, comepikamyr mociaenoBaTelbHOCTh cielicepa u
nocaenoBarenapbHocTh nmosTopa CRISPR, raoe ykasannas tracrPHK crnoco6Ha
ruOpUIN3NPOBATHCS C YKa3aHHOW mocienoBarenbHOCTHIO moBTopa CRISPR
ykazanHol crPHK;

criocobHasi THOpUANZUPOBATHCS ¢ mocaenoBareabHOCThI0 JTHK -Mummenn
mogekyabl JIHK crenuduuabIM 1J1 TOCIe10BaTEIBHOCTH 00pa3oM yepes
cHelcepHyr nocuenoBareJbHOCTh yYkazaHHoU crPHK, korpa ykaszannas
Hanpasisromas PHK cesasana ¢ nosmmnentunom PHK-nanpasiaseMon HyKkieassl
(RGN), n

r7ie YKa3aHHbIA MoJuHyKiIeoTun, kogupyomui tracrPHK, ¢yakunonanbuo
CBsI3aH C MPOMOTOPOM, FeTE€POJIOTUUHBIM YKa3aHHOMY MOJUHYKJIECOTUAY.

33. BexTop, BKIOYAKIIUNA MOJIEKYJy HYKJIE€MHOBON KUCJIOTHI 1O 1. 32.

34. Bextop no n. 33, OTAUYAKOLUICS TEM, UTO YKAa3aHHBINA BEKTOP
JOMOJIHUTENBHO CONEPKUT NOJUHYKIEOTU I, KOOUPYHOIIUK ykazaHHyo crPHK.

35. Bektop no 0. 34, OTAUYAIOLUNACSA TEM, YTO MOBTOPSIOIIASACS
nocnenosarenbHocTh CRISPR ykazannoii crPHK conep:XuT HyKJI€OTUIHYIO
MOCJIEIOBATENIbHOCTh, KOTOpas 1Mo MeHblIel mepe Ha 95% naeatuyna SEQ ID NO: 2,
10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111 unu 118.

36. Bextop no n.o. 34-35, OTIMYAKOLUNACSA TEM, UTO YKa3aHHBIN
MOJIMHYKJEOTHU, KOAUpYr Uil ykazanHyo crPHK, u ykazaHHbIN NOJUMHYKICOTHUA,
konupyromui ykazanuytw tractPHK, ¢pyHkimoHanbHO CBsI3aHBI C OOHUM H TE€M K€

MIPOMOTOPOM U KOJUPYIOTCS Kak ogHOHanpassomas PHK.
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37. Bextop no m.m. 34-35, OTIIMYAIOIUICS TE€M, YTO YKa3aHHbIN
MOJIMHYKJIEOTHUA, Koaupyromui ykazannyo crPHK, u yka3aHHBIN NONUHYKIEOTHUN,
konupyromuii ykazanuyt tractPHK, @yHKIIMOHANIBbHO CBSI3aHBI C OTAEIbHBIMH
IIPOMOTOPAMH.

38. BexTop no n.m. 33-37, OTIMYAIOUUICSA T€M, YTO YKa3aHHBIH BEKTOP
JOMOJHUTEJIBHO COAEPKUT MOJUHYKICOTU, KOAUPYIOIIUN YKa3aHHBIN MOJUNENTUN
RGN, rae ykazanusiii nonunentux RGN coaepXuT aMUHOKHCIOTHYIO
MOCJIEIOBATENIbHOCTh, KOTOpas Mo MeHblnel mepe Ha 95% uaeatuyna SEQ ID NO: 1,
9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110 unull7.

39. Cucrema Ay cBsi3bIBaHUS LieneBoil nociaenosareiabHocTu JHK monexynel
JHK, conep:xamas:

a) ogHy uUiu Heckoybko Hanpasisromux PHK, cnocoOHBIX THOpUAN3UPOBATHCS
C YKa3aHHOM uesieBo nocieaosareapbHoCcThi0 JAHK, nnu o1uH UK HECKOIBKO
MOJIUHYKJIEOTUAOB, COAEPKAMNUX HYKJICOTHAHbBIE MOCIEA0BATEIbHOCTH, KOAUPYIOLIUE
onHy miu Heckonbko Hanpasisiromux PHK (gPHK); a takxke

6) nonmunentun PHK-nanpasastomeit mykiaeassl (RGN), Bkirouaro mui
AMUHOKHUCJIOTHYIO TOCJIENOBATEIbHOCTD, KOTOpas Mo MeHbluel mepe Ha 95%
uneatuuda SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110
uiu 117; uny NOJUHYKIEOTHA, COAEPKALUN HYKJICOTUIHYIO MMOCIEN0BATEIbHOCTD,
kopupyromyt nojpunentun RGN,

I7Z1€ YKa3aHHbIE HYKJIECOTUAHBIEC [TOCIEN0BATEIbHOCTH, KOAUPYIOIIUE ONHY HUIIH
Heckoabko HanpaBisitomux PHK u konupyromue nonunentun RGN, kaxpas u3
KOTOPBIX (PYHKLHMOHAJIBHO CBSI3aHA C TPOMOTOPOM, FeTePOJIOTHYHBIM YKa3aHHOMN
HYKJICOTUAHON MOCIEI0BATEIbHOCTH, & TAKXKE

r7ie OJlHA UJIM HeCcKoJbko Hampasistomux PHK cnoco6HbI 00pa3oBbIBaTh
koMruiekc ¢ nmosunentuaoM RGN, utoObl HanpaBuTh ykazaHHbli nonunentun RGN Ha
CBsA3BIBAaHUE C YKa3aHHOU nocaeaosarenbHoCTh0 JHK-Mumenu monexynst JIHK.

40. Cuctema no 1. 39, ornuyarowascs Tem, uto ykazanHas gPHK conepxur
nopropspuyocs nocienosareabHocTe CRISPR, Bkirouaromyo HyKJI€OTUIHYIO
MOCJIEI0OBATENIbHOCTh, KOTOpas 1Mo MeHblIel mepe Ha 95% naeatuyna SEQ ID NO: 2,
10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111 nunu 118.

41. Cuctema no n.n. 39-40, ornuyaromasics TeMm, 4to ykazaHHas gPHK

conep:xut tracrPHK.
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42. Cuctema no 1. 41, ornuyaromasics TeMm, uto ykazansasa tracrPHK conepxur
HYKJICOTUIHYIO MOCJEA0BAaTEIbHOCTb, KOTOpPAas MO MeHbIIel Mepe Ha 95% uneHTudHa
SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112 unu 119.

43. Cuctema no n.n. 41-42, ornuyaromasics Tem, 4o ykazanHas gPHK
asisieTcs a onHoHanpasisiomei PHK (sgPHK).

44. Cuctrema no m.m. 41-42, ornuvaromasics Tem, 4to ykazanHas gPHK
sBIsieTcs a AByxHanpasysomen PHK.

45. Cuctema mo m.m. 39-44, OTIUYAIOIIASACS TEM, YTO MOCJIEeA0BATEIbHOCTh
JJHK-Mumenu HenocpeaCcTBEHHO MPUMBIKAET K MOTHUBY, MPUMBIKAIOLIEMY K
nporocneiicepy (PAM).

46. Cuctema mo m.m. 39-45, oTNIUYAIOIASACA TEM, YTO MOCIEeA0BaATEIbHOCTh
JAHK-Mumenu HaxOAUTCA BHYTPU KJIETKH.

47. Cuctema 1o 1. 46, OTIUYAIOIMASACS TEM, YTO KJIETKa SBISIETCS
SYKAPUOTUYECKON KJIETKOM.

48. Cuctema no 1. 47, oTIAUYAIOLIAsICS TEM, UTO S3yKapUOTHUUYECKas KJeTKa
SIBJISIETCS] PACTUTEIbHOU KJIETKOM.

49. Cuctema no 1. 47, OTANYAIOLIASICS TEM, UTO A3YKapUOTHYECKas KJIeTKa
SIBJISIETCS KJIETKOW MJIEKOMUTAK IIETO.

50. Cucrema no n. 47, oTIMYAKOIAsACSA TEM, YTO dYKapHUOTHUYECKasl KJIeTKa
SABJAETCS KJIETKOM HaCEKOMOTO.

51. Cuctema no 1. 46, OTIUYAKOIIASICS TEM, YTO KJIETKA SIBISETCS
MPOKAPUOTUUECKON KJIETKOM.

52. Cuctema no m.m. 39-51, oTnuuaroiascs TeM, 4YTO NMPU TPAHCKPUIILUHU O HA
wiu Heckosibko Hanpasystromux PHK cnocoOubl rbpuan3npoBatses ¢
nocnenoBarenbHOCThI0 JIHK-Mumenu, u nanpasnstomas PHK cnocobna
o0pa3oBeIBaTh KOMIUIEKC ¢ mogunentuaoM RGN mis npsMoro pacierieHus
nocineaosarenbHocTH JJHK-Mumenu.

53. Cuctema no m. 52, oTAMYAKOMAsICI TEM, YTO YKa3aHHbIi moaunentug RGN
croco0eH co371aBaTh ABYXLEMOYEYHbIE PA3PBIBHI.

54. Cuctema no m. 52, OTAMYAKOMAsICI TEM, YTO yKa3aHHbIN moaunentug RGN
croco0eH co371aBaTh OAHOLETIOUEYHBIE PA3PBIBHI.

55. Cuctema no . 52, oTauyarouiascs TeM, YTO ykazaHHbId noaunentug RGN

SIBJIIETCS HEAKTUBHOMN HYKJIEA30M.
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56. Cuctema no m.m. 39-55, ornuyarouiascs TeM, YTO YKa3aHHBIA MOJUNETITH
RGN ¢yHKIIMOHAIBHO CBSI3aH C MOJUMENTHIOM, PEIaKTHPYIOUIUM OCHOBAaHUS.

57. CucteMa no n. 56, OTIMYAKOIAACSA TE€M, YTO NOJUNENTUN, PeAAKTUP YOI
OCHOBAHUS, SABJISAETCS N€3aMHUHA30MU.

58. Cucrema mo m. 57, OTIMYAKOIIASACS TEM, UTO A€3aMHHA3a SIBISIETCS
LUTUANHAE3aMUHA301 UK aA€HO3UHAEe3aMUHA30H.

59. Cucrema mo m.m. 39-58, ornuvarommasics temM, uro noaunentun RGN
COEPKUT OJUH UJIU HECKOJIbKO CUTHAJIOB SI€PHOMN JOKaJIU3aLUH.

60. Cuctema no m.m. 39-59, ornuyaromasics teM, uro nonumnentua RGN
ONTUMU3UPOBAH MO KOJOHAM JJIsl 3KCIPECCUU B 3YKAPUOTUYECKOU KIIETKE.

61. Cuctema mo m.m. 39-60, oTnAUYAOIIASACS TEM, YTO MOJUHYKJIEOTHUIBI,
cojepiKalue HyKJICOTHUAHbIE MOCIEI0BATEIbHOCTH, KOAUPYIOIINUE OAHY WU
Heckoabko Hampasisomux PHK, u nonunykneoTun, conepxamuil HyKJI€OTHIHBIE
MOCJIENOBATENIbHOCTH, Konupyroue nogunentua RGN, pacnoysioxkeHsl B OQHOM
BEKTOpE.

62. Cuctema no m.m. 39-61, oTnuyaruascs TeM, 4YTO yKa3aHHasi cCucTema
JOTOJHUTENIBHO CONEPKUT OJUH UM HECKOJBKO JOHOPHBIX MOJUHYKJIEOTUIOB WU
OZHY MJIU HECKOJbKO HYKJICOTHUAHBIX NOCIE€A0BATEIBbHOCTEH, KOAUPYOIIUX OOUH WU
HECKOJIBKO JJOHOPHBIX MOJUHYKJIEOTUOB.

63. Cnocob cBsa3piBanus nocinenosateabHoctu JJHK -mumenn monexynsr JTHK,
BKJIFOYAIO UM AOCTABKY CUCTEMBI B COOTBETCTBUH € I.M. 39-62 K yKa3aHHOMU
nocnenosarenbHocTy JJHK-Mumenn nunum kieTke, copepkalieil mocieaoBaTelbHOCTh
JHK-mMumenu.

64. Crioco0 mo m. 63, OTAUYAINUNACS TeM, YTO yKa3aHHbIH monunentua RGN
WUy ykazaHHas Hanpasisiromas PHK nonoaHuTenbHO conep:kat BbISIBIAEMYIO METKY,
TeM CaMbIM JOMycKasi oOHapyKeHue ykazaHHoU nmocaenosareabnoctu JJHK -Mutnenu.

65. Crocob mo n. 63, OTIANYAOIIUNCS TeM, YTO yKa3aHHas Hampasisromas PHK
unu ykaszanHbli nonunentus RGN nonosHUTENbHO COAEepKUT MOAYIATOP
3KCHPECCUHU, TEM CAMBIM MOAYJHUPYS 3KCIPECCHIO YKA3aHHOMN NMOCIE€A0BATEIbHOCTH
JHK-Mumenu iy resa, HaxoAs I erocss NoJ KOHTPOJIEM TPAaHCKPUMNLIMU YKa3aHHOU
nocaenaosarenbHoCcThO JAHK-Mumenu.

66. Cnoco0 pacmeminenus uiu moaudukanuu nocinenosareapHoctu JJHK -
muuieHu mojexysuel JJHK, Bkaro4aromui 10CTaBKy CUCTEMBI IO 1.11. 39-62 B

yKa3aHHYI0 nociuenosatenbHocTh JHK-MuUILIeHH Uiy KIeTKy, coaepKalyoo 3Ty
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monekyny JAHK, u pacmemnenne win MoauduKauus yKa3aHHOW MOCIEN0BATEIbHOCTH
JHK-mMumenu.

67. CniocoO mo n. 66, OTANYAIOIIUNCS TeM, YTO YKa3aHHasi MOAU(ULIMpPOBaHHAS
nociaenosarenbHocTh JJHK-Mumenu sxnrovdaer nuncepuuto rereponorununoin IHK B
nocinenosarenbHocTh JJHK-Mumenu.

68. Crocob mo m. 66, OTIUYAIOLIUNCS TeM, YTO YKa3aHHasi Moau(uuupoBaHHAsS
nocnenosarenbHoCcTh JJHK-Mumenn Bkao4aeT nejgenuio 10 MeHbIIel Mepe OAHOTO
HykJeoTuaa B nocienosarenbHoctu JAHK-mumenu.

69. Cnoco0 mo . 66, OTANYAIOLIUNCS TeM, YTO YKa3aHHasi MOAU(ULIHpOBaHHAS
nocaenosarenbHoCTh JJHK-MuIenyn Bkar04aeT MyTaLUIO 10 MEHbLIEH Mepe OJHOTO
HyKJeoTuaa B nocienosarenbHocTh JHK-mumenu.

70. Cniocob cesizpiBanus nocnenosarenboctu JJHK-mumenu monekynsl JIHK,
BKJIFOYAO LU

a) cObopky pubonykneoruaHoro komiiekca PHK -nHanpaBnsieMoit HykJiea3sl
(RGN) in vitro nytem o0beIUHEHUS:

1) ogHOMU miu Heckoapkux Hanpasisiomux PHK, cnocoOHbIx
rudpuIu3NpoOBaThCs ¢ nmocienoparenbHocThio JJHK -Mumenu; n

i1) monunentuna RGN, BKIIOYAKMETO0 aMUHOKHCIOTHYIO
IOCJIEI0BATEIbHOCTD, KOTOpasi MO MeHbleill Mmepe Ha 95% uneHTu4Ha
SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110
win 117 B yCnoBUsIX, MPUTOAHBIX U1 00pa3oBaHus pHOOHYKJIEOTHIHOTO
komiiaekca RGN; u

0) mpuBeneHKE B KOHTAKT yKa3aHHOU nocnenoBatenbHocty JJHK-Mumenu unu
KJIETKU, coaepkalneli ykazanHuyw nocienosareabHocTh JJHK-Mutnenn, ¢ cobpaHHbIM
in vitro puboHyKJIeOoTUIHBIM KOMILIEKCOM RGN

npuYeM OJHAa UM HeCcKoybKko Hanpasistomux PHK rubpuausupyrores ¢
nocnenosarenbHoCTh0 JJHK-Mumeny, TemM caMbIM HanpasJiisisd YKa3aHHBIN
nonunentug RGN Ha cBsA3bpIBaHUE C YKa3aHHOU nociaenoBarenpbHoCcThi0 JIHK -Mummenu.

71. Criocob no m. 70, OTAUYAKOIMUIACS TeM, 4TO yKka3aHHbIH monunentua RGN
unu ykasanHas Hanpasisitomas PHK nononHuTenbHO cofepKUT BhISBISIEMYIO METKY,
YTO MO3BOJISIET OOHAPYKUBATH YKa3aHHYIO mocienoparenbHocTh JHK-Mumenu.

72. Cnoco0 o n. 70, OTAMYAOIUNCS TeM, YTO yKa3aHHas Hampasiysromas PHK

unu ykasaHHuelil nogunentual RGN 1onoJHUTENbHO COAEPKUT MOAYIATOP
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3KCIPECCHUHU, YTO MO3BOJSAET MOAYJIUPOBATh 3KCIPECCUIO YKa3aHHON
nocineaosarenbHocTu JAHK-Mumenu.

73. Cnocob pacumemnenus u/unu moaupukaunu nocienosareapbnocta JJHK -
muiieHu mosaekyiasl JJHK, Bkatovaromuii npusenenue monexynasl JJHK B kOHTakT c:

a) nonmunentunom PHK-nanpasnsomeii nHykieassl (RGN), npuuem ykaszannas
RGN conepxuT aMHHOKHUCJIOTHYIO MOCJIEA0BATENbHOCTh, KOTOpasi M0 MEHbIIEH Mepe
Ha 95% unentuuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95,
103, 110 unu 117; u

0) ogHoM unu HeckonbkuMu Hanpasjsromumu PHK, cnocoOHbIMEU HallenuBaTh
RGN (a) na nocnenosarenbrHocTh JJIHK-Mumenu;

npUYeM OJHAa WU HeCKOJbko Hampasisromux PHK rubpuausupyrores ¢
nocaenosarenbHOCThO0 JJHK-Mumenn, TemM caMbIM Hampasiss yKa3aHHbIN
nonunentug RGN Ha cBs3piBaHUE C yKa3aHHOU nocuenosarenbHocThio JJHK -Mummenu,
U NIPOUCXOIUT pacIeNJICHHE U/ U MOAU(UKAIHSA YKA3aHHON MOCIe0BaTeIbHOCTH
JHK-mMumenu.

74. Crioco0 mo n. 73, OTANYAIOIIUNCS T€M, YTO paclielieHne YKa3aHHbIM
noymmnentuaoM RGN npuBoauTt k 00pa3oBaHUIO ABYXLENOYEYHOIO pa3phiBa.

75. Cnioco0 mo n. 73, OTANYAIOMUNCS T€M, YTO paclielieHne YKa3aHHbIM
nonmunentuaoM RGN npuBoaut k 00pa3oBaHUIO OAHOLETIOYEYHOTO pa3phiBa.

76. Cnoco® mo n. 73, OTIMYAKMUNACS TeM, YTO YKa3aHHbIH nogunentux RGN
SIBJISIETCS] HEAKTUBHOMN HYKJI€a30M.

77. Criocob no m.m. 73-76, OTAUYAKO IHUIACS T€M, YTO YKa3aHHbIN MOJUIENITH]
RGN ¢ yHKIIMOHANBHO CBS3aH C MOJUMENTUIOM, PEAAKTUPYIOIUM OCHOBAHUS.

78. Crioco0 mo . 77, OTIUYAKOINUNACS TeM, YTO YKa3aHHbIN MOJTUMENTHI,
penakTHPYIOIUN OCHOBaHUS, BKIOYAET Ae3aMUHA3Y.

79. Crioco0 mo m. 78, OTIUYAOIUHACS T€M, YTO YKa3aHHas Ae3aMHUHA3a
npeacTaBisieT cOO0N UUTHANHIE3aMHUHA3Y UK a€HO3UHIe3aMHUHA3Y .

80. Cocob mo m.m. 73-79, OTAUYAKIMUICS TeM, YTO YKa3aHHAs
MoaupuIupoBaHHas nociuenosarenbHocTh JJHK -Mumenu BkitovyaeT HHCEPLIHIO
rereponornynoi JIHK B nocnenosarenvHocTs JHK-Mumenu.

81. Cnocob mo m.m. 73-79, OTANYAIO UICA T€M, YTO YKa3aHHAs
mMoaupuupoBaHHas nociuenosarenbHocTh JJHK-MHuIIeHN BKIOYAET NENEUI0 1O

MEHBbLIEH Mepe OAHOTO HyKJIeOTHAA B nocaenosarenbHocTy JHK -Mumenu.
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82. Crocob mo m.m. 73-79, OTAUYAIOLIUNACS T€M, YTO YKa3aHHAas
mMoauuimpoBaHHas nociuenosarenbHocTh JJHK-MuIIeHn BKIO4aeT MyTaLHIO 110
MEHBIIEN MEpPE OJAHOTO HYKJIeOoTHAA B nocaenosareapbHoCcTH JAHK-Mumenu.

83. Cnocob mo m.m. 70-82, ornuuaromuiicss Tem, uto ykazanHas gPHK
BKJIIOUAET NMOBTOpstoIytocs nocienosarenbHocTh CRISPR, conepikamyto
HYKJIEOTUIHYIO MOCJIEeA0BATEIbHOCTh, KOTOpasi 0 MeHblel Mepe Ha 95% upeHTuyHa
SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62,70, 76, 83, 90, 96, 104, 111 unu 118.

84. Crocob mo m.m. 70-83, oTnuyarouiuiicst Tem, 4To ykazanHas gPHK
BKJrO4aeT tracrPHK.

85. Crocob mo n. 84, oTnuyaromuiics TeM, uto ykaszanHas tracrPHK conepskur
HYKJIEOTUAHYIO NTOCJIEeA0BAaTENbHOCTD, KOTOpas N0 MeHblel Mepe Ha 95% uneHTu4Ha
SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112 unu 119.

86. Criocob mo m.m. 84-85, ornuuarouiuiicst TeM, 4to ykazanHas gPHK sBnsercs
onnonanpasJisiromeit PHK (sgPHK).

87. Criocob mo m.m. 84-85, ornuuatomuticst Tem, 4To ykazanHas gGPHK
sABIsieTcs AByHanpasisomen PHK.

88. Cocob mo m.m. 63-87, OTIMYAIOMUIICA T€M, YTO YKa3aHHAs
nocuenosarenbHoCcTh JJHK-MuIeHn npumMbeikaeT kK MOTUBY, B CBOKO OUe€penb
npumMbikaromemMy kK npotocneiicepy (PAM — protospacer adjacent motif).

89. Crocob mo m.m. 63-88, ornuuaromiuiics tem, yto JHK-Mumenp HaxoauTcst
BHYTPU KJIETKH.

90. Crioco0 1o 1. 89, OTIIMYAOIIUIICS TEM, YTO KJIETKA SIBISETCS
SYKAPUOTUUYECKON KJIETKOM.

91. Cnocob mo . 90, OTIUYAIOIIUNCS TEM, YTO dYKapHUOTHYECKas KJIeTKa
SIBJISIETCS] PACTUTENbHOMN KIETKOM.

92. Cnoco0 mo . 90, OTIHYAKO LTUHCS TeM, YTO S3YKaApUOTHUYECKas] KIETKa
SIBJISIETCS KJIETKOM MJIEKOMUTAIOIIUX.

93. Cnoco® mo . 90, OTANYAOIIUNCS T€M, YTO 3YKapHUOTHUYECKas KIeTKa
SIBJISIETCS KJIETKOW HaCEKOMOTO.

94. Cniocob mo m. 89, OTIHYAKIHUKICS T€M, YTO KJIETKa SBJSIETCS
NPOKapUOTUYECKON KIETKOM.

95. Cnoco® o m.m. 89-94, MONOJHUTENBPHO BKIKOYAOIINN KYyJIbTUBUPOBAHUE
KJIETKHU B yCJIOBUAX, B KoTOopbIX nonunentus RGN skcnpeccupyercs u pacuiennisier

nociaenosarenbHOCTh JJHK-mumenu ¢ nonyuenunem mosexynsl JIHK, conepxamen
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Moau¢uimpoBannyio nociuenosarenpbroctb JJHK; u BeiOop knetku, cogepikamei
yKa3aHHYIO MOIU(PUIIUPOBAHHYIO mocaenoBaTenbHocTh JJHK-Mumenu.

96. Knerka, cogepskamast MogqudpuIIUpoOBaHHY0 nocienoBaTenbHocTh JJHK -
MHUUIIEHU B COOTBETCTBHU CO criocobom mo 1. 95.

97. Knetka no n. 96, oTnuyarmascs TeM, 4YTo KJeTKa ABJISETCS
3YKapUOTUUYECKOHN KIETKOM.

98. Knerka no n. 97, oTnuyarmascs TeM, 4YTO 3yKapuoTH4YecKas KjIeTKa
SIBJISIETCS] PACTUTEIbHON KJIETKOM.

99. Pactenue, coaepikaiiee KJIeTKy 1o m. 98.

100. Cewms, conepkalnee KIeTKy mo m. 98.

101. Knetka o n. 97, oTau4armascs TeM, 4TO SyKapuOTHUYEeCKas KJIETKa
SIBJISIETCS KJIETKOW MJIEKOMUTAKIIETO.

102. Knetka o n. 98, oTauyarmascs TeM, 4TO 3yKapuoTHUYeCKas KJIETKa
SIBJISIETCS] KJIETKOW HaCEKOMOTO.

103. Knetka mo 1. 96, oTNHUYaIOIIAsACsI TeM, YTO KJIETKA SIBISETCS
NPOKapUOTUYECKOU KJIETKOM.

104. Crioco0 mosnyueHusi reHeTUYeCKH MOA NP UIUPOBAHHON KIETKH C
KOppeKIHell MPUUYNHHON MyTallii T€HETUYECKHU HacleayeMoro 3aboneBaHus,
BKJIOYAKO LN BBEJEHUE B KIETKY:

a) nonmunentuna PHK-nanpasnsemoii Hykiaeassl (RGN), npuuem nonunentun
RGN conepxuT aMHHOKHUCIOTHYIO NTOCIEI0BATENbHOCTD, KOTOpast O MEHbIIEH Mep e
Ha 95% unentnuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95,
103, 110 unu 117; unu nOJUMHYKICOTHAA, KOAUPYIOLIETO YKAa3aHHbBIA MOJUIENITU]
RGN, npuyem ykazaHHBIN NOJUHYKJIEOTHA, kKoaupyrouuil nonunentux RGN,
(YHKIIMOHAIBHO CBSI3aH C MPOMOTOPOM JUJIsE 00eCTedeHUsI SKCIPECCUH MOJHUIENTHAA
RGN B kneTke; u

6) nanpasnsromeit PHK (gPHK), npuuem gPHK comep:kuT moBTOPSAOIMYIOCS
nocienosarenbHocTh CRISPR, copepikamyro HyKJI€OTUIHYIO MOCIEA0BATEIbHOCTD,
KoTOpasi mo MeHbinei mepe Ha 95% unentuuna SEQ 1D NO: 2, 10, 17, 24, 31, 39, 47,
55, 62, 70, 76, 83, 90, 96, 104, 111 unu 118, unu nONUHYKIECOTUA, KOAUPYIO LU
ykaszaHnyro gPHK, npuyem ykasaHHbIN nonuHykiaeoTns, kogupyromui gPHK,
(YHKIMOHAIBHO CBS3aH C IPOMOTOPOM JUJIsE OOEeCIeueHHUsI SKCIIPECCHH MOJUIIEeTTH A

gPHK B knerke,
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npu 3ToM RGN u gPHK Hanenenbsl Ha MECTONONOXEHNE B T€HOME NPUUYNHHOM
MyTaIui 1 MOAU(PULUPYIOT FTEHOMHYIO IMOCENO0BATEIbHOCTD, YTOOBI YIAIUTh
NPUYUHHYIO MyTaLHIO.

105. Cnoco6 mo . 104, ornuvatomuiicst TeMm, 4To RGN QyHKUHOHATBHO
CBsA3aHa C MOJUIENTUAOM, PEIAKTUPYHOLUIUM OCHOBAHHUS.

106. Crioco6 mo m. 105, OTIHYAOMMIACS TEM, YTO MOJHUIIENTHIOM,
PEAAKTUPYIOLUIUM OCHOBAHUS, SIBJISIETCS 1€3aMHUHAa3a.

107. Cnoco0b mo n. 106, OTIHUYAIOIUICS TEM, YTO A€3aMHHAa3a SIBJISETCS
LUUTUAUHAE3aMUHA301 UK aIeHO3UHI€3aMUHA30M.

108. Cnocob mo m.m. 104-107, oTAMYAIOIIMICS TEM, YTO KJIETKa SIBIISIETCS
KJI€TKOU KMBOTHOTO.

109. Cnocob mo m.im. 104-107, OTAUYAKO IHUICS TEM, UTO KJeTKa SIBISETCS
KJE€TKOW MJIEKOMUTAKLIETO.

110. Crioco® mo .. 108, oTIuYar MUics TeM, YTO KJIETKa MPOUCXOIHUT OT
co0aku, KOIIKH, MBIIIH, KPBICHI, KPOJUKA, JIOMIAAN, KOPOBBI, CBUHbY WU YeJOBEKA.

111. Cnocob mo n. 108, OTIHUYAIOIIUICS TEM, YTO HACIEACTBEHHOE
reHeTudeckoe 3a00JieBaHNE BBI3BIBACTCS MOIUMOPPHU3IMOM OJHOT'O HYKJICOTHAA.

112. Cnocob mo m. 111, OTIUYAIOIIUICS TEM, YTO HACIEACTBEHHOE
reHeTuyeckoe 3adoyieBaHue sABJIsieTCs cuHApOoMoM ['ypiepa.

113. Cnocob mo . 112, ornuvatomuiics Tem, uro gPHK nonmongHutensHo
COEPKUT CIEHCEPHYIO MOCIEeNOBATEIbHOCTD, HALIEJEHHYIO Ha 00J1acTh,
MPOKCUMAJIbHYIO K IPUYUHHOMY OJHOHYKJIECOTHIHOMY MOJUMOPPU3IMY.

114. Criocol nmony4eHus reHeTuueCcku MOAU(GUUMPOBAHHOM KJIETKHU C aesenuei
B BBI3bIBaOIIell 3a00ieBaHue 00aCTH HECTAOUIBHOCTH I'€HOMA, BKJIFOYAO LU
BBEJCHUE B KJIETKY:

a) monunentuna PHK-nanpasisiemoii Hykseassl (RGN), npuuem noaunentusn
RGN conep:kut aMMHOKUCIOTHYIO MOCJIEA0BATEIbHOCTb, KOTOPAsi IO MEHbIIEH Mepe
Ha 95% unentnuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95,
103, 110 unu 117; unu nOJMUMHYKIEOTHAA, KOAUPYIOLIETO YKAa3aHHbIA MOJUNENTU]
RGN, npuyem ykazaHHBIN NOJUHYKIEOTHA, kKoaupyrouuil nonunentux RGN,
(YHKIMOHAIBHO CBSI3aH C MPOMOTOPOM IJisi 00eCIeYeHUs SKCIPECCHH MOJTUTENTHAA
RGN B kneTke; u

6) nanpasnsromeit PHK (gPHK), npuuem gPHK comep:kuT nmoBTOpsA0OIMYyOCS

nociaenosarenbHocTh CRISPR, copepikalyto HyKJI€OTUIHYIO MOCIEA0BATEIbHOCTD,
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KoTOpasi mo MeHbiuei mepe Ha 95% unentuuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47,
55, 62, 70, 76, 83, 90, 96, 104, 111 uau 118, unu noauHyKJI€0TUA, KOAUPYIOIIETO
ykaszannyro gPHK, npuyem ykasaHHbIN noauHykiaeoTua, koaupyromuin gPHK,
($YHKIHOHAIBHO CBSI3aH C MPOMOTOpPOM s obecneuenus skcnpeccun gPHK B
kjieTke, u, kpome toro, gPHK copepxut crnelicepHyo nociea0BaTeIbHOCTD,
HaLleJICHHYIO Ha 5'-pJaHr reHOMHON 00J1acTH HeCTaOUJIbHOCTH; U

B) BTopoii Hanpasiswoueld PHK (gPHK), npuuem gPHK conepxur
nopTopsitourytocs mocnegopareabHocTb CRISPR, coneprkammyro HyKJI€OTHAHYIO
MOCJIEIOBATENIbHOCTh, KOTOpas 1Mo MeHblIel mepe Ha 95% uaeatuyna SEQ ID NO: 2,
10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104, 111 unu 118, unu
NOJIMHYKJIeOTHAA, Koaupywowero ykazannyro gPHK, npuuem ykaszaHHBIN
nonuHykygeotun, koaupyrwouuii gPHK, pyHKIIMOHANBHO CBA3aH C TPOMOTOPOM IS
obecneuenus skcnpeccuu Bropoii gPHK B knerke, U, kpome TOro, ykazaHHasi BTOpas
gPHK conepsxut crieficepHyI0 MOCIenN0BaTENbHOCTD, HALIGJIEHHYIO Ha 3'-(aHr
reHOMHOH 00JaCTH HECTAaOUIBHOCTH;

npudeM RGN u nse gPHK nanenensr Ha 0071acTh HECTAOUIBHOCTH B T€HOME U
10 MEHbLIEH Mepe 4acTh 00JaCTH HECTAOUJIBbHOCTH B '€HOME YAAJSIOT.

115. Cnocob mo n. 114, OTIUYAIOIUICS TEM, YTO KJIETKA SIBJSETCS KJIETKOU
JKUBOTHOTO.

116. Crioco0b mo . 114, oTAUYar0muics TeM, 9TO KJIETKAa SBJSETCS KIETKOU
MJIEKOMHUTA IETO.

117. Ciocob mo . 115, oTnuYar0muiicss TeM, 4TO KJIE€TKa MPOUCXOAUT OT
cobaky, KOWKH, MBIIIH, KPBICHI, KPOJHUKA, JIOLIAU, KOPOBBI, CBUHbU MJIM YEJOBEKA.

118. Cnocob mo m. 115, OTIUYAIOIIUICS TEM, YTO HACJIEACTBEHHOE
reHeTudeckoe 3aboyieBaHue sBJseTCs atakcuel Dpuapeiixa uiu 00Je3HBIO
I'enTunrrona.

119. Cnoco® mo n. 118, ornuyatomuiicst tem, uto nepsas gPHK
JOMOJHUTENBHO COAEPKUT CIENHCEPHYIO MOCIE0BATEIbHOCTD, HAllEJIEHHYIO Ha
0o0yiacTh BHYTPH HeCTaOMIBbHON 00JIaCTU TeHOMA WJTH BOJIU3U HEe.

120. Cnoco0 mo n. 118, ornuvaromuiics Tem, uro Bropas gPHK
JOMOJHUTENBHO COAEPKUT CIEHCEPHYIO MOCIE0BATENbHOCTD, HAIIEJIEHHYIO Ha
o0ysacTh BHYTpH HecTaOUIbHON 00JIaCTH T€HOMA TN BOJIM3U HEe.

121. Criocol mony4eHusi reHeTHYeCKu MOAUGUIUPOBAHHOM

reMaTOIIOTHUYECKOM KICTKU-TNIPEAIICCTBECHHU LBl MJICKOIIUTAOIETO CO CHHUKEHHOMU
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skcrapeccueit MPHK u 6enka BCL11A, Bkirodaromuii BBEJeHHE B BBIICJICHHYIO
réeMaTONO3TUYECKYIO KJIETKY-IPEeALIECTBEHHUIY YEJIOBEKa:

a) nonunentuna PHK-nanpasnsemoit nykneassl (RGN), roe nonunentux RGN
COAEP>KUT aMUHOKHMCIOTHYIO MOCJIEN0BATEIbHOCTD, KOTOpPAasi IO MEHbIIEH Mepe Ha
95% unentuuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103,
110 unu 117; unam noNMHYKIEOTHAA, KOAUPYIOIero ykasanHbii monunentua RGN,
NpUYeM YKa3aHHbIA MOJUHYKIEOTU I, Konupyromuil nonunentuag RGN,
(YHKIMOHAIBHO CBSI3aH C MPOMOTOPOM JUJIsE OOECIeUeHUsT SKCTIPECCHH MOJUIETTH A
RGN B kneTke; u

6) nanpasnsromeit PHK (gPHK), npuuem gPHK comep:XuT moBTOPSIFOIYIOCS
nocinenosarenbHocTh CRISPR, copepikamyro HyKJI€OTUIHYIO MOCIEI0BATEIbHOCTD,
KoTOpasi mo MeHbinei mepe Ha 95% unentuuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47,
55, 62, 70, 76, 83, 90, 96, 104, 111 unu 118, unu noNMHyKI€0TUAA, KOAUPYIOLIETO
ykaszannyro gPHK, npuyem yka3zaHHBIA NOJUHYKJIEOTHA, Koaupywomui gPHK,
(YHKIIMOHAIBHO CBSI3aH C MPOMOTOPOM it obecneueHus skcnpeccnu gPHK B
KJIETKE,

npudeM RGN u gPHK skcnpeccupyroTes B KJI€TKe U pacLIeIUIsIIOTCs B 001acTh
saxaHcepa BCL11A, 9To npuBOAUT K reHETUYECKOW MO UKALUU
reMaTONnO3TUYECKON KIETKU-MPEALIECTBEHHULIA YEJIOBEKA U CHUXXEHUIO 3KCIIPECCUHU
MPHK u/unu 6enxka BCL11A.

122. Cnocob mo n. 121, ornuvatomuiics Tem, uto gPHK nonmonaHutensHo
CONEPIKUT CIEHCEPHYIO MOCIEeIOBATEIbHOCTh, KOTOpPAasi HalleJieHa Ha 00JlaCTh BHYTPHU
obnactu suxancepa BCL11A unu BONu3u Hee.

123. Cnocob mo m.m. 104-122, oTauvaromuiicst Tem, 4to Hampasisiromas PHK
comgepxkut tractPHK, BKIIOUarOMy0 HYKJIEOTHAHYIO NOCIEI0BATENbHOCTD, KOTOPas Mo
MeHbIne mepe Ha 95% uaentuuna SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71,
77, 84,91, 97, 105, 112 unu 119.

124. Cucrema 1o CBsI3bIBAaHUIO 1ieNieBO nmocnenoBaTrenpbHocTu JJHK -Mumenu
mousiekysbl JJTHK, cogepkamas:

a) OnHY UJu HecKoJibko Hampapisomux PHK, cnocobHbIX rTHOpHAN3UPOBATHCS
C YKa3aHHOU nocyenoBateabHOCThi0 JIHK-MuUIIeHH, NIU OAHUM WU HECKOJbKUMH
MOJIMHYKJI€OTUAAMH, COAEPKAIMMMH OJHY HJIM HECKOJIbKO HYKJIIEOTHUIHBIX
MOCJIE0BATEIbHOCTEN, KOAUPYIOIIUX OJAHY UM HECKOJIbKO Hanpasiasrmux PHK

(gPHK); u
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6) nomunentun PHK-nanpasasemoii nykieasol (RGN), conepskammit
AMUHOKHUCJIOTHYIO TOCJIEN0BATEIbHOCTD, KOTOpasi Mo MeHbluell mepe Ha 95%
unentuyna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110
unu 117,

npuYeM OJHA MIUIM Heckosbko Hanpasisitomux PHK cnocoOHBb
ruOpuAN3UPOBATHCA C mocienoBarenbHOCThi0 JJHK-Mumenn, u

npuYeM OJHAa WU Heckoybko Hamnpasisitomux PHK cnocobHbr 0Opa3oBriBaTh
koMmruiekc ¢ nmosunentuaoM RGN, uToObl HanpaBuTh ykazaHHbli nonunentug RGN Ha
CBsA3bIBAaHUE C YKa3aHHOU nocaeaoBarenbHOCTh0 JHK-Mumenn monexynst JIHK.

125. Cucrema no n. 124, oTnudaromasicsi T€M, 4TO YKa3aHHBINA MOJUIETTH
RGN sBnsieTcst HEAKTHBHOM HYKJI€a30H MJIM CTOCOOEH (PyHKIIMOHUPOBATH B KaUYE€CTBE
HHUKAa3Bbl.

126. Cucrema no m.m. 124 unu 125, oTnuyaromascs TeM, YTO YKa3aHHBIN
noymmnentug RGN yHKIHOHANBHO CJIHUT C MOJHUIENTHAOM, PEIAKTUPYIOIIUM
OCHOBAHHUSI.

127. Cucrema mo 1. 126, oTnu4ammascs TeM, 4TO MOJUTIeTITH]I,
pPenaKTUPYIOIIHMI OCHOBAHUS, MPENCTABIsIET COOON ne3aMUHa3y.

128. Cucrema mo . 127, ornuyaromascst TeM, 4YTO Je3aMuaas3a siBJIsieTcst
LUTUAUHAE3aMUHA301 UK aA€HO3UHAEe3aMUHA30M.

129. Cnocob obHapysxeHus nociaenosarenbHocTd JHK-MuLeHn MoneKkybl
JAHK B o0Opasie, BKIIOYAOIIHIA:

a) KOHTaKTUpPOBaHue obOpasna c:

1) nonmunentuaom PHK-nanpasnsiemoii Hykneassl (RGN), conepxkammum
AMUHOKHCJOTHYIO MOCJIEI0BATEIbHOCTD, KOTOPAasi IO MEHbIIEH Mepe Ha
95% unentuuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82,
89, 95, 103, 110, 117 unu 137, npuuem ykazauHbii nonunentun RGN
croco0OeH CBSI3BIBATh YKa3aHHYIO nocienosarebHoCcTh JJHK -Mummenu
monekyabsl JIHK cnenuduyeckum nnst PHK -nanpasnsemon
MOCJIeIOBATEIbHOCTH 00pa3oM NpU CBsI3bIBAHUM ¢ Hamnpasysiemoit PHK,
CrocOOHON THOPUIM3UPOBATHCS C YKa3aHHOH MOCIEN0BATENIbHOCTHIO
JHK-Mumenu;

11) ykasanHo# Hanpasysromeit PHK; u

i11) nerextopuoit onuouenoueynoit JJHK (oun/IHK), xoropas He

rubpuansupyercs ¢ Hanpassitomet PHK; u
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0) n3MepeHne NeTeKTUPYEMOr0o CUTHAJA, CO31aBaeMOro MyTeM PaclLIeIIeHUs
nerektopHoi ou/[HK ¢ momomipto RGN, tem cambim oOHapyskuBas JJHK-mumniens.

130. Crioco® mo m. 129, ornuuaromuiicss TeM, 4TO yKa3aHHbIH oOpasen
conepxut mosnekyasl JIHK u3 nuzara kiaerok.

131. Cnocob mo n. 129, oTnuvaromuiicst TeM, 4TO YKa3aHHbINH oOpasen
COJIEPKUT KIIETKHU.

132. Crocob mo m. 131, oTnu4armuiicss TeM, 4TO YKa3aHHbIE KJIETKH
NPEACTABISAIOT COOON 3YKAPUOTHYECKUE KIETKU.

133. Cnocob mo n. 129, ornuyaromuiics Tem, 4to Mmonuekyny JAHK,
copepxkamyro mnociaenoBarenbHocTh JJHK -MuIIeHN, mony4yarT nyTeM oOpaTHOM
TpaHCKpHUNuKu Mojekyabl-maTpuubl PHK, npucyrcTeyromeii B obpasie, conepkaiem
PHK.

134. Cnoco6 no n. 133, oTnuyaromuiicss TeM, 4To Mojiekyna-matpuna PHK
sapasiercss PHK-conep:kamum BUpycoM.

135. Cnocob mo n. 134, ornuuaromuiics tem, yto PHK-conepskamuii Bupyc
SIBJISIETCSI KOPOHABUPYCOM.

136. Crioco® mo m. 135, oTnuYaromuicss TeM, YTO KOPOHABUPYC SBIISIETCS
SARS-nogo6usIM KOpOoHaBUpycoM seryuux mbimeii, SARS-CoV umn SARS-CoV-2.

137. Cnoco0 mo m.m. 133-136, oTauuaromuiicss TeM, 4To oOpasel, coaepKamuii
PHK, nonyuaroT u3 obpasua, coaepaliero KjaeTKu.

138. Cnocob mo m.m. 129-137, oTAuYaoUuUics TeM, YTO YKa3aHHasl
nerextopHas ou/IHK conmepxut napy dpayopodop/racurens.

139. Cnocob mo m.m. 129-137, oTau4ar mUiics TeM, 4TO YKa3aHHas
nerextopHas ou/[HK comepxut napy GpayopecieHTHOro pe30HaHCHOIO MepeHoca
sueprun (FRET — fluorescence resonance energy transfer).

140. Crioco0 mo m.m. 129-139, oTauuaromuiicss TeM, 4TO yKa3aHHas
Hanpasisitomas PHK conepxxut nosropstouryrocs nocinegosarenbHocTs CRISPR,
COCTOSILIYIO U3 HYKJEOTHUHOM MOCIeq0BaTEeNIbHOCTH, KOTOpas MO MeHbIlIel Mepe Ha
95% unentuuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104,
111, 118 unu 273.

141. Cnoco0 mo m.m. 129-140, oTauvar muiics TeM, 4TO YKa3aHHAs
Hanpasiysitomass PHK conepsxur tracrPHK.

142. Cnoco0 mo n. 141, ornuuaromuiicst TeM, 4To ykazanHas tractPHK

CONEPKUT HYKJIEOTHAHYIO MOCIEN0BATEIbHOCTD, KOTOpasi MO MeHbIuel Mmepe Ha 95%
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uaeatuuda SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112,
119 nnu 274.

143. Cnoco® mo m.m. 141-142, oTnuuaromuiicss TeM, 4TO yKa3aHHas
Hanpassitomas PHK sBnsiercs oqnonanpasinsitomeit PHK (sgPHK).

144. Cnocob mo m.m. 141-142, oTnuyaruuiicst TeM, YTO YKa3aHHAs
Hanpasiystomas PHK sasnserca nsyHanpasastomei PHK.

145. Cnoco0 mo m.m. 129-144, oTaudaromuiicss TeM, 4TO yKa3aHHBIH ¢ciocod
JTOTIOJTHUTEJIBHO COAEPKUT aMIIU(PUKALUIO HYKJIEUNHOBBIX KHCJIOT B oOpasue 10
CTaIU¥ KOHTAKTUPOBAHUS &) UJIU OJHOBPEMEHHO C HEMl.

146. Crioco6 mo m. 145, oTIUYaOMUNACS TEM, YTO aMILTH(PUKALUIO MOJEKYJIbI
JIHK ocymecTBisitoT myTeM oO0paTHON TpaHCKpunuuu MoJsiekyiasl PHK.

147. HaGop ans obHapyxenus nocienoBareapbHoctd JHK-Mumenn moneky sl
JAHK B o0pa3sie, BKIIOYAOIIUNI:

a) nonunentun PHK-nanpasnsromeit Hykneassl (RGN), Brirogarommit
AMUHOKHMCJIOTHYIO TTOCJIENOBATEIbHOCTD, KOTOpasi Mo MeHblIel mepe Ha 95%
uaentuuda SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110,
117 nnm 137, npudem ykazanaeiii nonunentu RGN crnocoGeH CBsI3bIBaTh YKa3aHHYIO
nocnenoBarenapbHocTh JJHK-mumenu monekynsl JIHK cnenuduyueckum ans
nocnenoBarenpbHocTu PHK-HanpasasembiM 00pazom, cnocoOHOMN ruOpuau3upoBaTbCs
C yKazaHHOU nocienosatenbHoCcThi0 JJHK-Mumenu;

0) ykazannywo Hampassitomyo PHK; u

B) nerektopHyt oxHouenovdeunyw JJHK (ou/IHK), koTopast He
rubpuausupyercs ¢ Hanpasstomeit PHK.

148. HaGop mo m. 147, oTnuyaromuiics TeM, YTO YKa3aHHasi OAHOLEOYeHas
JTHK netexTopa comepskut napy dpiayopodop/racurenb.

149. HaGop mo . 147, OTNUYAIOMIUICS T€M, YTO YKa3aHHAs NeTeKTOPHAs
on/IHK comep:xut mapy ¢pyyopecueHTHOTO pe3oHaHCHOTo nepeHoca sHeprun (FRET —
fluorescence resonance energy transfer).

150. HaGop mo m.mi. 147-149, oTnuyaromuiicss TeM, 4TO YKa3aHHAsS
Hanpasisitoiass PHK conepxxut nosropstouryrocs nocinegosareabHocTs CRISPR,
BKJIIOYAIO Y0 HYKJIEOTHAHYIO MOCIEA0BaTENIbHOCTh, KOTOPas 0 MEHbLIEH Mepe Ha
95% unentnuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104,
111, 118 unu 273.



10

15

20

25

30

95

151. HaGop mo m.m. 147-150, oTnuyaromuiicss TeM, 4TO yKa3aHHAs
HanpasJisromas PHK skarouaer tracrPHK.

152. HaGop no n. 151, ornuuaromuticst TeM, uto ykasanHas tractPHK
COAEPKUT HYKJIEOTUIHYIO MOCIEN0BATENIbHOCTb, KOTOPasi 10 MeHbIneil Mepe Ha 95%
unentnyna SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112,
119 unu 274.

153. HaGop mo m.m. 151-152, oTnuyaromuiicss TeM, 4TO yKa3aHHAs
Hanpasistomas PHK sBnsercs onnonanpasistomeii PHK (sgPHK).

154. HaGop mo m.mi. 151-152, oTnuyaromuiics TeM, 4TO yKa3aHHAs
Hanpasysromas PHK sasnserca nsyHanpasasromen PHK.

155. Cnocob pacmennenus ogHouenodeunbx JIHK, Bkarodarommii
KOHTAKTUPOBAHMUE MOMYJISLUNA HYKJIEUHOBBIX KUCJIOT, IPUYEM yKa3aHHAs MONYyJALUs
conepxut monekyny JAHK, conepxkamyro uenesyr nocienosarenbHocts [JHK u
MHOkecTBO Herenesbix oinJIHK, c:

a) nonunentunoMm PHK-nanpasnsemoii Hykieassl (RGN), BkIOUar0 mum
AMUHOKHUCJIOTHYIO TTOCJIENOBATEIbHOCTD, KOTOpasi Mo MeHblIel mepe Ha 95%
uaeatuuna SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82, 89, 95, 103, 110,
117 unm 137, npuyem ykazanaeiii nonunentu RGN crnocoOeH CBI3bIBaTh YKa3aHHYIO
nocaenoBarenbHocTh JIHK-mumenu cnenupuueckum niust PHK-nanpasisemoii
MOCJIeJOBATEIbHOCTBI0 00pa3oM mpu cBsizbiBaHuM ¢ Hanpasistomeir PHK, cnoco6Hoi
ruOpUAN3UPOBATHCS C YKa3aHHOU nocnenoBareapHoCcThi0 JIHK -Muinenu; u

0) yxazanHo# Hanpasistomas PHK;

npu 3toM nonunentua RGN pacmennser Heuenesrie ou/IHK u3 ykazanHoro
MHO€CTBA.

156. Crioco® mo m. 155, oTnUYaromuicss TeM, 4TO YKa3aHHAs TOMY IS
HYKJIEMHOBBIX KHCJIOT HAXOAUTCS B JIU3ATE KJIETOK.

157. Crocob mo m.m. 155-156, oTauuaromuiicss TeM, 4TO YKa3aHHas
Hanpasisitomass PHK conepxxut nosropstouryrocs nocnegosarenbHocTs CRISPR,
BKJIOYAKOUIYIOCS HYKJIEOTUAHYI MOCIEN0BATEIbHOCTD, KOTOpPAask IO MEHbIIEH Mepe Ha
95% unentuuna SEQ ID NO: 2, 10, 17, 24, 31, 39, 47, 55, 62, 70, 76, 83, 90, 96, 104,
111, 118 nnu 273.

158. Crioco® mo m.m. 155-157, oTauuaromuiicss TeM, 4TO YKa3aHHasi

Hanpasiysitomass PHK conepsxur tracrPHK.
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159. Cnocob mo m. 158, ornuyaromuiicss TeM, 4To ykasaHHas tracrPHK
COZIEPKUT HYKJIEOTHAHYIO MOCIEN0BATEIbHOCTD, KOTOpasi MO MeHbInel Mmepe Ha 95%
uaeatuuda SEQ ID NO: 3, 11, 18, 25, 32, 40, 48, 56, 63, 71, 77, 84, 91, 97, 105, 112,
119 nnu 274.

160. Cnoco6 mo m.m. 158-159, oTnuuarouuiicsi TeM, 4TO yKa3aHHAs
Hanpasisitomas PHK sBnsercs onnonanpasistomeii PHK (sgPHK).

161. Criocob mo m.m. 158-159, oTauyaromuiicss TeM, 4TO yKa3aHHas
Hanpasisitomas PHK ssnsercsa neynanpasnsromein PHK (dgPHK).

162. MonekyJsia HyKJI€MHOBONW KUCJIOTHI, BKJIKOYAKOIIAsl MOJIUHYKJIEOTHU],
koaupyromuii CRISPR PHK (crPHK), npuuem ykazannas crPHK conepxut
CMEHCEePHYIO MOCAEeN0BATEIbHOCTh U MOBTOPSOMYIOCS mocienoBarebHOCTh CRISPR,
rie ykasaHHas mopTopsitomasics nocuegosarenbHocTh CRISPR conepxur
HYKJIEOTUAHYIO NIOCJIE€A0BATENbHOCTD, KOTOpPasl MO MeHbllel Mepe Ha 95% uaeHTu4YHa
SEQ ID NO: 240.

rae nHanpasasromas PHK Bkirouaer:

a) ykazannyt crPHK; u HeoOs3aTenbHo,

6) tpancaktuBupyromyw CRISPR PHK (tracrPHK), cnocobnyo
ruOpUIN3UPOBATHCS C YKA3aHHOW MOBTOpsitoLIeiics nocienoBarenbHocThio CRISPR
ykaszanHou crPHK;

criocoOHasi ruOpuaAU3UpPOBaThCS ¢ mochaenoBarenbHoCcThi0 JJHK -Mutnenu
mousiekyssl JIHK cnenuduaHbeIM 11 mOCIe0BaTeIbHOCTH 00pa3oM uepes
crnefcepHyro nocienoBaresbHOCTh YkazaHHOW crPHK, korna ykazanHas
Hanpasysromas PHK cBsasana ¢ nonunentunom PHK-nanpasiaseMoit Hykiaeassl
(RGN),

U IJIe YKa3aHHBIH MOoJuHYyKJIeoTu , koaupyrouuii crPHK, ¢pyHkunonaapHo
CBsI3aH C MIPOMOTOPOM, F€TE€POJIOTUYHBIM YKA3aHHOMY MOJUHYKJIECOTUAY.

163. BexTop, BKJIOYAOMUNA MOJEKYJy no 0. 162.

164. Bextop no n. 163, oTAUYaAKOIIUICS T€M, YTO YKa3aHHBINA BEKTOP
JOMOJHUTENBHO COAEPKUT NOJUHYKIEOTU I, KOOUPYHOIIUN yka3anHyo tracrPHK.

165. Bextop no n. 164, otnuyaromuiics Tem, 4To ykaszaHnsnas tracrPHK
COIEPKUT HYKJIEOTHAHYIO MOCIEI0BATEIbHOCTD, KOTOpasi Mo MeHbInel Mmepe Ha 95%
uneatTudna SEQ ID NO: 241.

166. BexTop no m.m. 164-165, oTnu4aromuiics TeM, 4TO yKa3aHHBIN

MOJIMHYKJIEOTHU, KOAUpYyOWKi ykazanHyo crPHK, u yka3aHHbIN NOJIUHYKJIEOTHN,
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koaupyromui ykazanuytw tractPHK, ¢pyHkimoHanbHO CBSI3aHBI C OJHUM H TE€M K€
MIPOMOTOPOM U KOJUPYIOTCS Kak eauHas Hanpasystomas PHK.

167. Bextop no m.m. 164-165, oTnu4yaromuiics Te€M, YTO YKa3aHHbBIN
NOJUHYKJIEOTU ], Koaupyromui ykazanuyto crPHK, u ykazaHHBIN NONUHYKIEOTUA,
Koaupyromui ykazanuyt tracrPHK, ¢pyHKIHOHAIBHO CBSI3aHBI C OTAEIbHBIMU
IPOMOTOPAMH.

168. BexTop nmo m.mm. 163-167, oTnu4yar0muics TeM, YTO YKa3aHHBIM BEKTOD
JNOMOJHUTENBHO COAEPKUT NOJUHYKICOTU T, KOOAUPYIOIIUN YKA3aHHbIN MOJUNENTU
RGN, npuyem ykazansbiii nonunentul RGN conepxuT aMHHOKUCIOTHYIO
MOCJIeI0BATENbHOCTD, KOTOpasi Mo MeHblueil mepe Ha 95% unentuyna SEQ ID NO:
235.

169. Monexkyna HyYKJIEMHOBON KUCJIOTHI, COAEp Kallas MOJUHYKJIEOTHU],
konupyromuii Tpancaktupupyromyo CRISPR PHK (tracrPHK), Bkirouaromyro
HYKJIEOTUAHYIO NIOCJIEeA0BATENbHOCTD, KOTOpPasl MO MeHbllel Mepe Ha 95% uaeHTu4YHa
SEQ ID NO: 241,

rae Hanpasisiromas PHK cogepxut:

a) ykazannyto tracrPHK; u

6) crPHK, comepikamyro crieiicepHyIO MOCIeA0BATEIbHOCTD U
nocaenoBarenapbHocTh nosropa CRISPR, npuuem ykasannas tracrPHK cnocobna
ruOpUaN3UPOBATHCS C YKa3aHHOW mocienosareabHOCThI0 moBTopa CRISPR
ykazanHol crPHK;

criocoOHasi ruOpuaAN30BaTLCS ¢ MocienoBaTenbHOCThIO JJHK -Mumenu
mogekyabl JIHK crienuduyuHbIM 1J1s TOCIEN0BATEIbHOCTH 00pa3oM yepes
crnefcepHyro nocienoBaTenbHOCTh YKkazanHou crPHK, korna ykaszannas
Hanpasjsomasa PHK cssa3ana ¢ nonunentunom PHK-Hanpasnsiemol Hykieasbl
(RGN), u

r7ie YKa3aHHbII NONuHyKJIeoTHa, kogupyromui tractPHK, ¢pyrknnonansHO
CBsI3aH C MPOMOTOPOM, F€TE€POJOTUYHBIM YKA3aHHOMY MOJUHYKJIEOTUAY.

170. BexTop, coaep kamuii MOJIEKYJy HyKJI€MHOBOU KUCIOTHI O 1. 169.

171. Bextop no n. 170, oOTIMYaKOIUNACSA TEM, YTO YKa3aHHBIA BEKTOD
JOMOJHUTENBHO COAEPIKUT NOJUHYKIECOTU, KOAUPYHOIUK ykazaHHyo crPHK.

172. Bextop mo n. 171, oTAUYaKOIIUICS T€M, YTO MOBTOPSAIOIIAICS

nocnenosarenbHocTh CRISPR ykasannoili crPHK conepkuT HyKJI€OTUAHYIO
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MOCJIEI0BATENbHOCTD, KOTOpasi Mo MeHblueil mepe Ha 95% unentuyna SEQ ID NO:
240.

173. Bextop nmo .. 171-172, oTnu4arOmuics TEM, 4TO yKa3aHHBIN
NOJMHYKJIEOTU, Koaupyroimui ykazanuywo crPHK, u yka3aHHbIN NOJUHYKJIEOTUN,
Koaupyromui ykazanuyto tracrPHK, ¢yHKUIMOHAIBHO CBSI3aHbI C OJHUM U TEM K€
MPOMOTOPOM U KOOUPYIOTCS Kak enuHas Hanpasistomas PHK.

174. Bextop no .. 171-172, oTnu4yaromuics Te€M, 4TO yKa3aHHBIN
MOJUHYKJIEOTH, Koaupyromuil ykazanuyo crPHK, n yka3zaHHbIN NOTUHYKJIEOTHU],
konupyromuii ykazanuyrw tractPHK, GyHKIIMOHANIBHO CBSI3aHBI ¢ OTAETbHBIMHU
IPOMOTOPAMH.

175. Bextop mo .. 170-174, oTnu4arUiics Te€M, YTO YKa3aHHBIA BEKTOP
JOMOJHUTENBHO COAEPKUT NOJUHYKIECOTU I, KOAUPYIOIIUN YKAa3aHHBINA NOJUNENTUL
RGN, rae ykazannsiil nonunentul RGN copepkUT aMUHOKUCTIOTHYIO
MOCJIEI0BATENbHOCTD, KOTOpas Mo MeHblueil mepe Ha 95% unentuuna SEQ ID NO:
235.

IIpuBOoaUMBIE HUKE NPUMEPHI MPEAHA3HAYEHBI ISl U0 CTPUPOBAHUS
HACTOSIIEero N300peTeHUs], HO He OTPAHUYHBAIOT PAMOK €ro OXBara.

IIpumepsnl

Ipumep 1. Unestudukamms PHK-HanpaBasgOInux HyKjieas

HUnentudunuposano cemHaauath pa3anyabix CRISPR-accounnpoBaHHbIX
PHK-nanpasnsiembix Hykiaeas (RGN), koropsie onucanel B Taba. 1 Huxe. B tabn. 1
npuBeneHbl 00o3HaueHus1 kaxaoil RGN, ee aMUHOKHMCIOTHAS MOCIEA0BATEIbHOCTD,
UCTOYHHK, U3 KOTOPOTO OHA ObLIa MOJy4YeHa, U MPOLECCUPOBAHHbBIC
nocaenoBareabHocTu crPHK u tracrPHK (Metonsl unentTudukanuu cM. B mpumepe 2).
B Tabn. 1 Takke mpencraBieHa o0imas mocjen0BaTeNbHOCTh OfHOHanpasiaeHHas PHK
(sgPHK), rne monu-N yka3bpiBaeT pacrojioKeHue CelcepHOon MOCeI0BaTEIbHOCTH,
KOTOpasi onpeaesieT Nociae10BaTeIbHOCTb-MULIEHb HYKJIENHOBON kucaoTel SgPHK.
Cuctembl RGN APGO05733.1, APG06207.1, APGO01647.1, APG08032.1, APG02675.1
APGO01405.1, APG06250.1, APG04293.1 u APGO01308.1 nMeroT KOHCEPBATUBHYO

2

NOCJIe0BATEIbHOCTh B OCHOBaHMUHM cTeOns mnuiabku tractPHK UNANNA (SEQ ID
NO: 8). Jns APG05712.1 mocnenoBaTeIbHOCTb B TOM K€ MECTE MpPeACTaBiIsieT coOoil
CNANNG (SEQ ID NO: 37). Ina APG01658.1 nocienoBaTeIbHOCTh B TOM K€ MECTE
npencrasisier coboit CNANNU (SEQ ID NO: 45). Jns cuctem RGN APG06498.1 u

APGO06877.1 xOHCEpBAaTUBHOMN MOCIENOBATEIbHOCTHIO B OCHOBAHUU CTEOJISI IIMHUIBKU
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tracrPHK siBnsiercst UNANNG (SEQ ID NO: 53). lns APG09882.1 u APG06646.1
MOCJIEIOBATENIBHOCTD B TOM ke Mecte npexacrtasiser coboit UNANNC (SEQ ID NO:
68). s APG09053.1 nocinenoBaTeIbHOCTD B TOM JK€ MECTE MpeacTaBisieT co0oi
CNANNU (SEQ ID NO: 102).

Tabnuua 1. Kpatkoe onucanne SEQ ID u CRISPR-accounnpoBaHHbBIX CHCTEM

SEQ [lopTOpAawmaacsa tracrPHK s(gSPEHQK

RGN ID I{]g NCcTOUYHUK ncoranHeK,u o(BSaETQe J'[IbDH oNcOT)b (SI]:Z‘.Ig) ID D
NO)

APG05733.1 | 1 Bacillus sp. 2 3 4
APGO6207.1 9 Chryseobacterium sp. 10 11 12
APG01647.1 | 16 | Sphingobacterium sp. 17 18 19
APG08032.1 | 23 | Chryseobacterium sp. 24 25 26
APG05712.1 | 30 Brucella sp. 31 32 33
APG01658.1 | 38 Staphylococcus sp. 39 40 41
APG06498.1 | 46 Bacillus sp. 47 48 49
APG09106.1 | 54 Brevibacillus sp. 55 56 57
APG09882.1 | 61 Enterococcus sp. 62 63 64
APG02675.1 | 69 | Sphingobacterium sp. 70 71 72
APG01405.1 | 75 | Chryseobacterium sp. 76 77 78
APG06250.1 | g2 | Chryseobacterium sp. 83 84 85
APG06877.1 | 89 Bacillus sp. 90 91 92
APG09053.1 | 95 Rhizobium sp. 96 97 98
APG04293.1 | 103 Myroides sp. 104 105 106
APG01308.1 | 110 | Chryseobacterium sp. 111 112 113
APG06646.1 | 117 Bacillus sp. 118 119 120

Ilpumep 2. Unentudukanus vanpasasoneil PHK u xkorctpykuuu sePHK

KynbTyps! OakTepuii, KOTOpble HATUBHO 3KCHpeccupyoT uccieayemywo PHK -
HaIpaBJIsIeMYI0 HYKJIEa3HYI0 CHUCTEMY, BbIPAIIUBAIOT 10 CpeaHeH orapugMuIecKoi
daszsl (OI1600 mpumepuo ~0,600), ocaxgarT u ObicTpo 3amopaxkusaroT. PHK
BBIIEJISIIOT U3 OCAJIKOB ¢ MoMomubio Habopa ms Beigenenus MuPHK mirVANA (¢pupma
Life Technologies, Kapncban, KanudopHaus) u GubnuoTeku ceKBeHUPOBAHUS TOTOBSIT
u3 BoigenenHoit PHK ¢ momombo Habopa nis moaroroBku oubnnorexkn mainbix PHK
NEBNext (pupma NEB, besepau, Maccauycerc). [Ipenapat Oubnuorexn
bpakanoOHUPYIOT B 6% MONMHMaKpUIAMUAHOM reie mis 3axsata Bunos PHK pasmepom
meHee 200 Hykneotunos s ooHapyxeHus crPHK u tractPHK, coorBercTBeHHO.
I'nybokoe cexkBeHupoBaHUe (MapHBIA KOHEI 75 I.H.) BBIMOJHSIIOT ¢ TOMOIbI0 Next

Seq 500 (KOMIUIEKT BBICOKOHM MPOU3BOAUTENBHOCTH) OT nocraBimuka pupmsl MoGene,
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Cent-Jlyuc, Muccypu. [Ipourenus oOpabaTbIBarOT Kau€CTBEHHO I10 MPOrpaMme
Cutadapt u KapTUPYIOT MO YTAJOHHBIM I'€HOMAaM C MOMOLIbIO KOMaH bl Bowtie2. Ha
sI3bIKE€ TUTOH ObLT pa3zpaboran coOcTBeHHbIN ncTOUHUK HHPopmanuu PHKseq ans
obnapyxeHus tpanckpuntos crPHK u tracrPHK. I'panuubl npoueccupoBaHHBIX
crPHK onpenensitoT mo NOKpBITUIO MOCIEI0BATEIbHOCTEN MAaCCUBA HATUBHBIX
MOBTOPSIIOLIUXCA ceicepoB. AHTU-NIOBTOpstoasics yacth tracrPHK
UAECHTU(PHUIUPOBAHA C HCIIOJIB30BAHUEM PEKOMEHOBaHHBIX mapameTpoB BLASTn.
I'nyOuna cexBenuposanuss PHK noaTeepxkaaer rpanuusl npoueccupyemoii tracrPHK
nyTeM HASHTH(PUKALNN TPAHCKPHUIITA, COAEPKALIEr0 aHTH-IOBTOP. PyuHoe
kypuposanue PHK BBINONHSAIOT ¢ HCMONB30BaHUEM MPOTHO3a IO BTOPUYHOH
ctpyktype ¢ momombsio NUPACK, nporpammuoro obecnedenus st yknanku PHK.
Kaccersr sgPHK nmonyuatroT nytem cunte3a JJHK u o6bpiaHO paspadaTeiBaroT
cinenyromum obpazom (5'—3"): crnelicepHas mocaenoBaTeIbHOCTb AauHou 20-30 m.o.,
($YHKIIMOHAIBHO CBsI3aHHAS C 3-KOHLA C YaCThIO MmporeccupoBaHHoro nosropa crPHK,
(YHKIIMOHAIBHO CBSA3AHHON € 4 11.0. HeKOMILUIeMeHTapHoro jguHkepa (AAAG; SEQ ID
NO: 123), pyHKUHOHAJBHO CBSI3aHHOTO C €ro 3'-KOHIIA ¢ MPOLECCUPOBAHHOMN
tracrPHK. Takxe MOXXHO UCIIOJIB30BATh APYTUE€ HEKOMIIJIEMEHTAPHbIE JTUHKEPbI
IJIMHON 4 11.H.

Husa ananu3os in vifro sgPHK cUHTE3UpyOT nyTeM TPAaHCKPUIILUU IR VIIFro
kacceT sgPHK ¢ momompbio HaGopa nnsa cuntesa gPHK GeneArt™ Precision (¢pupma
ThermoFisher). I[IponeccupoBannsie nocaenosatenbHocTu crPHK u tracrPHK nis
kaxxgoro u3 nonunentunos RGN upentupunmposansl 1 npeacrasieHsl B Tabn. 1. Cm.
Huwke sgPHK, ckorcTpyupoBanubie nis Oubnuorek PAM 1 u 2.

IIpumep 3. Omnpenenenue norpeduocret PAM nas kaxnoit RGN

IMorpebuocTn PAM nns kaxnaoi RGN ompenensitoT, HCIONb3ysi METON
ucroumennss PAM, oco0eHHO aganTupoOBaHHbIN Ha ocHOBe nmybOnukanuii Kleinstiver ¢
coaBT., Nature 2015, 523:481-485, u Zetsche ¢ coasrt., Cell, 2015, 163:759-771.
Bxparne, nse nnazmuansie Oudnuorexkn (L1 u L2) co3natoT B kapKkace mia3MHuabl
Pucl18 (ampR), mpudem kaknast U3 HUX CONEPIKUT OTACIBbHYIO TOCIEI0BATEIBHOCTD
npotocneiicepa (MumeHb) U3 30 M.H., OKPYKEHHYIO 8 CIy4alHBIMU HYKJICOTHIAMH
(T.e., obmacte PAM). LleneBas mocnenoBarelbHOCTh U prankupyromas obracts PAM
oubnmorexku 1 u Oubnumorexu 2 aus kaxaoro RGN ykazaHbsl HUke B Tabx. 2.

bubnnoTexku OTAENBHO MyTEM 3JIEKTPOIOPALUH BHEAPSIOT B KiIeTku F. coli

BL21(DE3), necymue Bextopsl skcnpeccuu Prsf-1b, conepxamue RGN no



10

15

20

25

30

101

HacTosmeMy U300peTeHnIo (ONnTUMH3aus o KojoHaM s F. coli) BMecTe ¢
poancteenHon sgPHK, copepixkaiueil crielicepHYH MOCAEA0BATEIbHOCTD,
COOTBETCTBYIOLIYIO npoTocneiicepy B L1 unu L2. JlocTaTOuHOE KOJINMYECTBO
OuOIMOTEeYHOH MIa3MUbl HCIIONB3YIOT B PEAKIUU TPAHC() OpMALIMK IS TTOJYYEHUS
>10° KOE. Kak RGN, tak u sgPHK B kapkace BekTopa Prsf-1b HaxoasTcs mox
KOHTpoJieM TpoMoTopoB (para T7. Peakuuu TpaHCHOpMAIIKU BOCCTAHABIUBAIOT B
TedeHue 1 4, mocyie 4ero pa3poasar B cpene LB, conepikameii kapOeHUITUIIUH U
KaHAMULIMH, U BBIPALIMBAIOT B TeUeHHUe HOUU. Ha crnenyrouiuili 1eHp cMech pa3BOgUIH
B camouHnyuupyromerics cpene Overnight Express™ Instant TB (¢pupma Millipore
Sigma), uto0sl obecnieuuth skcnpeccuto RGN u sgPHK, u BripamuBaroT B TeUeHHE
TOTOJTHUTENBHBIX 4 i 20 4, mOocie 4eTOo KJIETKU OCAXKAAIT HEHTPUPYTHPOBAHUEM H
BoAessroT masMuaHyo JJHK ¢ ucnonszosanuem Habopa Mini-prep kit (pupma
Qiagen, />)xepmanTayH, Mapunenn). B npucyrcrsun coorsercTByromux sgPHK
ma3mMuael, coaepxkamue PAM, pacno3znaBaembiit RGN, pacmennsiroTcs, 4To
MPUBOAUT K UX yAAJIeHUIO u3 nonyysiuuu. Ilnazmuael, cogepxxamue PAM, He
pacnozHaBaembie RGN win TpancopmupoBaHHbie B OaKTepHUH, HE COAEPIKAIIHE
coorBercTByroueil sgPHK, BppkuBaroT u pennuuupyrotcs. PAM u nporocnelicepHblie
obyacTu HepacenJIeHHbIX asmMu amnauuuupyot Meroaom TP u rorossaT nus
CEKBEHHUPOBAHHUS B COOTBETCTBUH C ONYOJUKOBAHHBIMU MPOTOKOJIAMH (PYKOBOACTBO
1o noaroToBke 16s-merareHomuoi oubnuorexu 15044223B, ¢pupma Illumina, Can-
Huero, Kanudopuus).

I'nybokoe cekBeHHpOBaHHE (CYUTHIBAHUE C OJJHOTO KOHIA 75 M.H.) BBITIOJHSIIOT
Ha cexBeHaTope MiSeq (¢pupma Illumina) nmocraBmukom yenyr (pupma MoGene,
Cent-Jlyuc, Muccypu). OObIYHO Ha AMIIMKOH NPUXOAUTCS 1-4 MIIH POUYTEHUH.
O6nactu PAM BBIIENSAIOT, MOACYUTHIBAIOT U HOPMAJIU3YIOT MO 00IIeMYy KOJIHYECTBY
NPOYTEHUM sl Kaxkaoro obpasua. PAM, npuBoasimue K paculerieHHIO MIa3MUIbI,
UACHTUPUIUPYIOT KaK HE BBIABICHHBIE [0 CPABHEHUIO C KOHTPOJIEM (T.€., KOT1a
oubnuoreka Tpanchopmupyercs B £. coli, conepxkameir RGN, HO He uMero e
cootercTByromeit sgPHK). UtoOsr npeacrasuth motpedbHoctn PAM nns vHoBoit RGN,
ko3 (ppunuenTrr ucromenus (4acrora B odOpasue/4acTora B KOHTPOJIE) ISl BCEX
NOCJIEIOBATEIbHOCTEN B paccMaTpuBaeMoil obaacTu npeodpas3yoT B 3HAUECHUS
oborameHnus ¢ npeodpaszoBaHueM o jorapudpmy ¢ ocHoBanueMm 2. Jlocratounsie PAM
OpLIM OmpeneseHbl Kak Te, Y KOTOPBIX 3HaueHus oboramenus > 2,3 (4To

cooTBeTcTBYyeT KO3 puuuentam ucromenus < ~ 0,2). PAM BoIle 3T0Oro0 nmopora B
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obenx OubMMOTEeKax COOMPAIOT M UCTIONB3YIOT UL CO3JAHUS BeO-JIOTOTHUIIOB,
KOTOpbIE, HAIPUMEP, MOTYT OBITh CO3AaHBbI C TOMOIIBIO BeO-CIyKObl B HHTEPHETE,
u3BecTHOI kak «weblogo». ITocnenoBarensHocTn PAM uneHTHOGUIUPYIOT U
coobwmaroT, koraa B Hanbonee oborameHHblx PAM HaOMOAa0T MOCTOSIHHYIO
5 kaptuHy. KoHncencycHoie nocnenoBarenbHoct PAM (¢ ¢pakTtopom oboramenust (EF —

enrichment factor) >2,3) nns xaxknoit RGN npencrasnens: B Tabn. 2. OpueHranus
PAM Takke ykazaHa B Tabi. 2. B Hactosimmem onucannu Hykiaeasbl APG06646.1 u
APGO04293.1 e obnanator PAM-B3anMOAEHCTBYOIUMHU TOMEHAMH. Pe3ynbTaThl B
TabJs. 2 MOKa3bIBAIOT, YTO OHU TAK)KE HE 00JaJal0T THIUYHBIM KauecTBOM PAM, a

10 HMEHHO 2-5 HYKJeOTHuAaMH. bpIIO MoKa3aHo, 4TO IS paclLIeIJIEHUs HyKJiea3am
APG06646.1 u APG04293.1 TpeOyrOTCa ONMHOYHBIE HYKIEOTHIBI.

Tabnuna 2. PAM unun PAM-nonoOHoe onpeneneHue

RGN ID sgPHK L1 sgPHK L2 PAM Opuenranus PAM
(SEQ ID (SEQID NO) | (SEQID
NO) NO)
APGO05733.1 5 6 7 5’-mumeHb-PAM-3’
APG06207.1 13 14 15 5’-mumenb-PAM-3’
APG01647.1 20 21 22 5’-mumenb-PAM-3’
APG08032.1 27 28 29 5’-mumenb-PAM-3’
APGO05712.1 34 35 36 5’-mumenb-PAM-3’
APGO01658.1 42 43 44 5’-mumeHb-PAM-3’
APG06498.1 50 51 52 5’-mMumenb-PAM-3’
APG09106.1 58 59 60 5’-PAM-mMmumens-3’
APG09882.1 65 66 67 5’-mumenb-PAM-3’
APG02675.1 73 74 15 5’-mumenb-PAM-3’
APGO01405.1 79 80 81 5’-mumenb-PAM-3’
APG06250.1 86 87 88 5’-mumenb-PAM-3’
APG06877.1 93 94 7 5’-mumenb-PAM-3’
APG09053.1 99 100 101 5’-mumenb-PAM-3’
APG04293.1 107 108 109 5’-mumenb-PAM-3’
APGO01308.1 114 115 116 5’-mumenb-PAM-3’
APG06646.1 121 122 109 5’-mumenb-PAM-3’

IIpumep 4. Konctpyuposanue Hanpasjsomed PHK nas mosbilieHus

15 HYKJIEa3HOW aKTUBHOCTHU
4.1 RGN APG09748 u APG09106.1
Hns RGN APG09748 (ykasan kak SEQ ID NO: 137, a moBTopsitomascs

nociaenoBarenbHoCcTh cTPHK APG09748, nocnenosarenbHocTh tracrPHK u oOmast

nocinenosarenbHocTh SEPHK ykazanbr kak SEQ ID No: 273, 274 u 275,
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COOTBETCTBEHHO;, BCE MOCIEA0BATEIbHOCTH ONMCAaHbl B MEXAYHAPOJHON 3asABKe Ha
nateHT PCT/US2019/068079, KOTOpPBHIil MOJHOCTBIO BKIIOUYEH B HACTOSIIEE ONMUCAHUE
B kauecTBe cchbulkn) U APG09106.1, KOTOpblE HMEIOT OUYE€Hb BBHICOKYIO UEHTUYHOCTD
MOCJIEOBATENbHOCTEN U UMEIOT OJUHaK0oBble PAM, NpOrHo3s! 0 CBOPAuYUBAHUIO
PHK ucnonbs3yroT nis onpenenenus obnacreit B Hanpasisaomeir PHK, kotopsie moryT
OBITh U3MEHEHBI I ONTHMHU3ALUN aKTUBHOCTHU HyKkJea3. CTaOuIbHOCTD mapsl
ocHoBanuii crPHK:tracrPHK B o0nacT mOBTOP:aHTUIIOBTOP yBEJIUYEHA 3a CUET
YKOpOYeHHs1 00JaCTH MOBTOP:aHTUNIOBTOP, nobaBinenus nap ocHoBanuii G-C u
yaaneHus HeogHo3HauHbIX nap G-U. «OnTuMU3NpoBaHHbBIE» HANPABISAIOLINE
BapHaHThl TeCTUPYIOT U cpaBHUBaT ¢ gPHK nukoro tuna c ucnonpszosanuem RGN
APG09748 B ananu3ax paclienjieHus in vitro.

Hns monydenuss RGN nnst oopasoBannsi RNP KOHCTPYUPYIOT 3KCIIPECCUPYIOLTUE
mnasmuasl, coaepxkamue RGN, ciuteie ¢ C-konnesoit metkoi His6 (SEQ ID NO:
276) nim His10 (SEQ ID NO: 277), u TpancdopmupyroT B utamMmmel BL21 (DE3) E.
coli. DxcpeccHio MPOBOASAT ¢ UCIoNb30BaHUEM cpenbl Magic Media (¢pupma Thermo
Fisher) ¢ nobasnernuem 50 mMxr/mn kanamunuHa. [locie nu3uca u ocBeTaeHus 60K
OYHIIAIOT ¢ MOMOIIBI0 aduHHON XpomaTorpadguu ¢ ”MMOOUITU30BAHHBIM METAJLIOM
¥ KOJIMYECTBEHHO OINPENEsiIN ¢ UCIIOIb30BaHNEM Habopa I KOJUYECTBEHHOTO
ananuza Oenka Qubit (pupma Thermo Fisher) unu ¢ nomomso Y@ -sunumoro
U3JIyYEHUS C UCIOJb30BAHUEM PACCUUTAHHOTO KO3 PULINEHTa SKCTUHKLINH.

Pubonykneonporeun (PHII) nonyuator nyrem nukybanun ountmeHHoit RGN ¢
sgPHK B cooTHowmenuu ~2:1 B Teuenue 20 MUH Npu KOMHaTHOU Temneparype. s
peakuuii pacuernyenus in vitro PHII uHKyOUPYIOT € MIa3MuaaMy WU JIMHEHHOM
ds/IHK, conmepskamumu neaeBoi mporocmneicep, GpraHKupoBaHHbIN
NpeaNnoYTUTENbHON nocnenosaTenbHOCThi0 PAM, B Teuenue> 30 MUHYT npu
KOMHaTHO! Temnepatype. [IpoTecTupoBaHbl ABE MOCIEA0BATEIbHOCTH -MHULIEHU
HykJienHOBOM kuciotel B Jokyce TRAC, TRACI1 (SEQ ID NO: 278) u TRAC14
(SEQ ID NO: 279). UccaenyroT gPHK kak Ha nefneBy0 aKTHBHOCTb C MPaBUJIbHOHN
NOCJIEJOBATEIbHOCTBIO-MHUIIEHBIO HYKJIEHHOBOH KuCiIoTh (Hanmpumep, gPHK nmeer
creiicepnyto nociuenosarenbHocTe TRACI11, a aHanu3upyemMoil MULIEHBIO ABISAETCS
TRACI1), Tak u 0e3 mpaBUJIBHON MOCIENOBATEIbHOCTU-MUIIEHH HYKJIEUHOBOM
kucinotel (Hanpumep, gPHK umeer cneicepnyto nocnenosarenbaoct TRACI, a

aHanmuzupyemas nenbio sBisercss TRAC14). AKTHBHOCTB, ONIpeaAeIsIeMYy 0
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pacuienieHneM MIa3MH/Ibl, OLIEHUBAIOT C IOMOIIBIO 3JIeKTpodope3a B arapo3HOM

rese. Pesynbrarel npexncrasieHsl B Ta0x1. 3.

BapuaHTel HanpaBJsSIIOLIIUX MOCIEN0BAaTENbHOCTEN peacTaBiaeHbl kak SEQ ID

No: 280-283 u cHabkeHBbI CreliCepHbIMU MOCIEA0BATENBHOCTIMU. B 3THX
HaNpaBJIsIIOMIUX NMOCIE0BATEIbHOCTAX UCIOIb3YIOT HEKOMILIEMEHTAaPHBIN
HykJeotuaHbiii quHkep AAAA (SEQ ID NO: 284). OntumusuposanHas gPHK (SEQ
ID NO: 285; monu-N yka3bIBaeT pacrojiOKeHNe CIIeHCePHON MOCIeT0BATEIbHOCTH) C
MOBBIMIEHHBIM CBSI3bIBAHHEM MOBTOP: AaHTUIIOBTOP UMEET ONTUMHU3UPOBAHHBIE
komnoHeHTs! tractPHK (SEQ ID NO: 286) u ontumusuposannyt crPHK (SEQ ID
NO: 287). OnTUMU3UPOBAHHBIA BaApUAHT HAMPABJSIIOIIEH CTOCOOEH pacIensTh Ba
JOKyca, Tie paHee He OblI0 0OHAPYIKEHO PACIIEIJIEHHs ¢ UCIIOJIb30BAHUEM
Hanpasisiromedd PHK nukoro tuna. 3a cyet ontumuzannu rudpuausanuu B obiactu
MOBTOP: aHTUNOBTOP paciuernyenue in vitro APG09748 ysenuuunocs ¢ 0%

pacmerierust 1o 100% pacumennenus nisi MHOXKecTBa MuineHe B mokyce TRAC.

Tabnuua 3. DdpdextuBHocts penakTuposanust APG09748 co

CKOHCTPYUPOBAHHBIMHU HAIIPABJIAIOIMUMU BapHUaHTAMU

I'ens 1 — HATpY3Ka I'ens 2 — Harpy3ka
= o 2 MKI 1 MKI

© ©

=3 5
< § = Z %
= = o ) w 8
o 2 o = 3 o
Bapuant gPHK (SEQ g = 3 = o = o
ID NO.) 2 3 g = > =
[=a =Y e e ) s o
= = =1 i =|
o Q ) 5} = 3}
E 5 = : . g
5 O X = =N &
~ X X
280 Ontumusuposannas| TRACI11 68 32 57 43
280 Ontumusuposannasi| TRAC14 100 0 100 0
281 OnrumusuposanHas| TRACI11 100 0 100 0
281 Ontumusuposannasi| TRAC14 70 30 69 31
282 Juxuii THn TRACI11 100 0 100 0
282 Juxuii THn TRAC14 100 0 100 0
283 Juxuii THn TRACI11 100 0 100 0
283 Juxuit Tun TRAC14 100 0 100 0
Her TRACI11 100 0 100 0
Her TRAC14 100 0 100 0

brutn pazpaboTaHbl U MPOTECTUPOBAHBI JOTIOJHUTENbHBIE ONTUMU3UPOBAHHBIE
BapuanTsl gPHK. Kpome Toro, Opuin mpoTecTHPOBaHbBI pa3InyHble JJINHBI CIEHCEPHON
NOCJIEOBATEIbHOCTH, YTOOBI ONPENeNnTh, KaK JJIMHA CIelicepa MOXKET BIUATh Ha

3} peKTUBHOCTD pacLIeIUIeHUs. 3a NpenesamMu CreiicepHON MOCIeI0BaTEIbHOCTH B
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stom ananuze sgPHK nHaspiBaeTcs «ocHOBOI». B Tabi. 4 oHn 0003HAYEHBI KaK «IUKUN
tum» (SEQ ID NO: 288, nocnenoBaTeabHOCTb AUKOTO THIIA) U TPH
ontumusuposanusie sSgPHK: V1 (SEQ ID NO: 289), V2 (SEQ ID NO: 290) u V3
(SEQ ID NO: 291). Bce 3T mociienoBaTesIbHOCTH UMEIOT 1oJu-N 11 0003HaYeHUs
MECTOIOJIOKEHUS CIIEHCEPHON mocyienosaTenbHocTu. Hanpasasaomuecs
skcrnpeccupytores B Buae sgPHK ¢ momomsio Tpanckpunuuu in vitro (IVT). To
oTHomeHuto Kk ocHoBe SgPHK nukoro tuna, V1 ugentuyen na 87,8%, V2 — na 92,4%,
a V3 — Ha 85,5%. Taxsxe OblIM MOJIYYEHBI U UCIBITAHBI CHHTETUYECKHE Ay TIEKCHI
tractPHK:crPHK («cunternueckuey), npeacrasusrouue PHK ¢ nBolinon
HaNpaBJI€HHOCTbIO, HO B OCTAJbHOM CXOJHbIE C YKa3aHHBIMHU BbILIE
ontuMusuposaHueiMu SgPHK nukoro tuna.

s Takoro Habopa aHann30B uCcnojb3yiOT RGN APG09106.1; B ocTanbHOM
croco0bl peakuil pacUIerIeHus i1 Vifro aHaJOTUYHBI OMMMCAHHBIM BhIle. [leneBpiMu
NOCJIEOBATEIbHOCTSIMU HYKJIEHHOBBIX KUCJOT siBysitoTcss mutneHs 1 (SEQ ID NO:
292) u mumens 2 (SEQ ID NO: 293). Pe3ynbTaTsl npeacTaBieHsl B Ta0. 4.

Tabnuna 4. OdpdextuBHocts penakTuposanust APG09106.1 co

CKOHCTPYUPOBAHHBIMHU HAIIPABJIAIOIMUMU BapHUaHTaAMU

Hctounuk PHK | Muinensn cr%le?‘/il?;?)a OcHoBa SECCSIeII/]I)CIe\?O. Pacm(eOZJ;eHHe
CuHTeTrnueckuit 2 18 Jukuit Tun 294 12,3
CuHTeTHUeCKU 1 20 Juxuii Tun 295 0
CuHTeTHUeCKU 2 20 Juxuii Tun 296 55,0
CuHTeTnuecKkui 1 25 Jukuit Tun 297 0
CuHTeTnuecKkui 2 25 Jukuit Tun 298 61,4
IVT 2 25 \'2! 299 1,1
IVT 2 25 V2 300 0,9
IVT 2 25 V3 301 0,7
IVT 2 20 V3 302 21,0
IVT 1 25 V3 303 2,0

4.2 RGN APGO07433.1

[IporHossl mo cBopaunBanuio PHK ncnone3yroT nus onpenenenns obnacreii B
Hanpasisiomeid PHK nst APG07433.1 (ykazannoit kak SEQ ID NO: 235 u
onucanHo# B 3asiBke US2019/0367949 u mexxnyHaponuoii 3asiske W02019/236566),
Ka)k/1asi U3 KOTOPBIX IMOJHOCTBIO BKJIIOUEHA B HACTOsIIEee N300peTeHNE B BUIE
CCBUIKH), KOTOPbI€ MOKHO U3MEHHTBH JJI1 ONTHUMHU3AIM1U aKTUBHOCTH HYKJI€a3bl U

ykopouenus Hanpasisitomet PHK nnst ynakoBku B BUpycHbIe BEKTOpBI. [[Be oOnactu
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UACHTU(PUIUPOBAHBI KAK MOTEHLUAIbHbIE MECTA JJIsl BHECEHUSI N3MEHECHUN!
crapuBanue nmoBTop:aHTUnoBTop Mexay crPHK u obaacteio tracrPHK u koHLIEBBIX
mnuiek B tractPHK. Yuactok nmosrop:anTunosrop ykopouen n1o 7 (APG07433.1-7
n.H., SEQ ID No: 238 u 239 n.u.), 13 (APG07433.1-13 n.u., SEQ ID No: 250 u 251
n.H.) u 15 nap ocHoBanuii B niuHy (APG07433.1-15 m.u., SEQ ID No: 242 u 243
n.H.). Kpome Toro, Obl1 UCTIBITAH Y€TBEPTHI BAPUAHT, B KOTOPOM ObliIa H3MEHEHA
NOCJIEI0BATEIbHOCTh 00JACTH MOBTOP:aHTHIIOBTOP M YMEHbIIEHA JJIMHA ClIApUBAHUS
no 11 map ocHoBanuii (APG07433.1-11bp-syn, SEQ ID No: 240 u 241 n.H.), ¢
BBeAeHUEeM MeHee BricTynarmeit PHK no cpaBHeHHIO ¢ HanmpaBisiiOmedl TUKOro TUIIA.
Takxe ObLIH YKOpOYEHBI KOHLEBbIe mnuiabku B tractPHK, BkIrouas cokpamenne
HaTUBHOH mocnenosareabHocTu 10 40 (APG07433.1-40ntTHP, SEQ ID No: 254 u
255) u 42 (APGO07433.1-42ntTHP, SEQ ID No: 244 u 245) HyKJI€OTHIOB B IJIUHY.
H3MeHeHHBIE CTPYKTYPBI CTeOEIb-TIeTIIs CKOHCTPYHUPOBAHBI TAKUM 00pa3oM, 4TOObI
cokpatuth ux 10 35 (APG07433.1-35ntTHP-syn, SEQ ID No: 248 u 249) u 39
(APGO07433.1-39ntTHP-syn, SEQ ID No: 246 u 247) nykneorunos. OnHa
HaIpasJsomas o0beINHNIIA YKOPOUYEHHBIH Y4aCTOK MOBTOP:aHTUNOBTOP U3 13 map
OCHOBAaHHUN M YKOPOYEHHYIO KOHIEBYIO WMIIbKY U3 42 HykiaeoTnnoB (APG07433.1-
13bp42ntTH, SEQ ID No: 252 u 253). Takxe npoBepeHO BIHsIHHUE AJUHBI crieiicepa
Ha pacweniaenue. Kpome Toro, onpenensoT B HYKJIEOTUAAX AJUHBI ClIelcepoB 25
(APG07433.1-11bp-syn, SEQ ID No: 236 u 237, nocnenoBaTeJbHOCTh Clieiicepa
npencrtasiena kak SEQ ID NO: 271) u 18 (APG07433.1-native[18], SEQ ID No: 256
u 257; mocienoBaTeNbHOCTH crieiicepa ykazana kak SEQ ID NO: 272) B ocHOBe
Hanpasysroueit PHK aukoro tuna.

Cnenyromue neyHanpasieHable PHK monydarot orskurom crPHK u tracrPHK
nyTeM noJsydeHus pactsopa, conepskamero 20 MmxM crPHK u 10 mxM tracrPHK B
Oydepe nns orxkura (pupma Synthego), ¢ mocaeayromum nporpesom no 78°C B
teueHue 10 muH, a 3arem npu 37°C B reyenne 30 mun. PHII ¢opmupyroT nyrem
uHKyOanuu ¢ ounineHHbIM OenkoM APGO07433.1 B konnentpauuu 0,5 MkM u
neynamnpasyieHHo PHK B konuentpanun 1 MxM B dpocdatHo-coneBom Oydepe B
teyenue 20 mun. Hanpasnsaromue PHK, ncnonp3oBaHHbBIE B 3TOM 3KCIEPUMEHTE,
NOoKa3aHbI B TalII. 5.

Tabnuua 5. JIsyHanpasneraHbie PHK

Haseanue asynanpasienHbix gPHK | crPHK SEQ ID NO tractPHK SEQ ID NO

APGO07433.1-native[25] 236 237
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Hazsanue aynanpasieHHbix gPHK | crPHK SEQ ID NO tractPHK SEQ ID NO
APGO07433.1-7bp 238 23
APGO07433.1-11bp-syn 240 241
APGO07433.1-15bp 242 243
APGO07433.1-42ntTHP 244 245
APGO07433.1-39ntTHP-syn 246 247
APGO07433.1-35ntTHP-syn 248 249
APG07433.1-13bp 250 251
APGO07433.1-13bp42ntTH 252 253
APG07433.1-40ntTHP 254 255
APGO07433.1-native[ 18] 256 257
APGO07433.1cr-13bp tr-35ntTHP 258 259

Ot PHIT unkyOupyrot ¢ npoaykrom I[P, comepkamumM COOTBETCTBYO YO
neneByo nocienosatrenbHOCTh (SEQ ID NO: 260), mosy4eHHYI0 myTeM
aMIUIMUKaLMHU C HCIIOJb30BaHUEM paliMepoB, MeueHHBIXx FAM u Cy3, nns
obJierueHus TOYHOTO M YYBCTBUTEIHHOT'O KOJMYECTBEHHOTO OMPENCICHHUS T POaYKTa
pacwemnenus. Peakuuu coaep:xar 250 HM PHII, nony4eHHOro, kak yka3aHo BbIIIE, U
150 uM mponyxkra I[P, meuernoro FAM u Cy3, B Oydepe 1X Cutsmart (pupma New
England Biolabs). Peakuuto ocymecTsisitor B TeueHue 15 mun npu 37°C u
3akanuuBaoT nobasnenuem PHKa3br A no 0,1 mr/mn u EDTA no 45 mM. Tloracmyo
peakuuto HarpeBaroT npu S0°C B Teuenue 30 muH u 95°C B TeueHune S MuH. 3aTeMm
o0pasubl aHATU3UPYIOT C MOMOLIBIO 3JeKTpOodope3a B HATUBHOM aKpHIaMUIHOM 5%
rene TBE (¢pupma Bio-rad). Mx BusyanusupyroT ¢ nmomoiubio ckanepa ChemiDoc MP.
Kaxxaplil U3 AByX KpacHUTeJel MOKHO UCIIOJAb30BAaTh [JIs1 KOJIUYE€CTBEHHOTO
ompeaeseHus; KaKIblii 00pa3el BbIMOJHSIN B IBYX MOBTOPHOCTSX. 9Pe3yapTaThl
3TOr0 3KCIMEPUMEHTA MOKa3aHbl B Ta0JI. 6.

Tabnuua 6. Pe3ynpraTsl pacuienieHus

Pacmennenue (%)
PHII Kanan Cy3 | Kanan FAM Obmee
IToBTOpHOCTH cpenHee
1 2 1 2
Tonpko HykJea3a (0e3 0 0 0 0
HaIpaBJsIO e ) 0
APGO07433.1-native[25] 66,41 | 61,16 | 68,81 | 56,85 63,3
APGO07433.1-7bp 0 3,38 | 2,83 0 1,6
APGO07433.1-11bp-syn 66,33 176,38 | 66,73 | 68 69.4
APGO07433.1-15bp 50,7 ] 65,61 | 54,62 |59,95 57,7
APGO07433.1-42ntTHP 44 81 | 50,59 | 48,84 | 51,77 49,0
APGO07433.1-39ntTHP-syn 19,16 | 32,88 | 24,91 | 33,43 27,6
APGO07433.1-35ntTHP-syn 26,77 | 38,61 | 32,09 | 40,2 34,4
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Pacmennenue (%)

PHII Kauan Cy3 | Kaman FAM OO6uiee

ITosTOpHOCTH cpenHee
APG07433.1-13bp 44,36 | 33,03 | 42,93 | 35,22 38,9
APGO07433.1-13bp42ntTHP 35,91 36,74 | 33,84 | 39,2 36,4
APG07433.1-40ntTHP 44,52 | 57,14 | 48,34 | 57,84 52,0
APGO07433.1-native[ 18] 11,1 | 9,76 | 12,93 | 13,24 11,8
APGO07433.1cr-13bp tr-35ntTHP 10,66 | 12,25 | 12,65 | 13,54 12,3

DTOT aHaAJIU3 NMOKA3bIBAET, YTO HATUBHAS OCHOBA MPEBOCXOIHUT OOJBLUIUHCTBO
YKOPOUYEHHBIX BAPUAHTOB U BAPHAHT, COEPKALIUI YKOPOUEHHYIO L[€JIEBYIO
nocnenoBarenbHOCTh (APG07433 . 1-native[18], SEQ ID NO: 256 u 257). U3
YKOPOYEHHBIX MOCJIEA0BATEIbHOCTEH CKesleTa Hanboyiee BBICOKUM YPOBHEM
pacLIerIeHus SIBJISIETCS MTOCIeI0BATEeNbHOCTD, 00o3Hauaemass APG07433.1-11bp-syn,
KOTOpast COAEPKUT LEJEBYIO MOCIEIOBATEIBHOCTD JUIMHON 25 HYKJICOTHUAOB (cneicep;
SEQ ID NO: 271); nocnenosarenbHocTs ctPHK, mpencrasiasiemass SEQ ID NO: 240;
nocnenosarenbHocTh tracrPHK, npencrasiasemas SEQ ID NO: 241. Takoil BapuasT
HaIpaBJAOIIeNd BKIIOYAET H3MEHEHHYIO NETJI0 ¢Te0JIsl MOBTOP:aHTUIIOBTOP CO
CKOHCTPYHPOBAHHOH BBIMYKJOCTHIO Ha cTedIIE.

IIpumep 5. leMOHCTpallsl aKTUBHOCTHU PENAKTUPOBAHUS F'€HOB B KJIETKaxX

MJICKOMNMUTAK IIUX

Kaccerrl sxcnipeccunn RGN nosy4aroT U BBOAST B BEKTOPHI [JIs1 SKCIIPECCUU B
minekonutarmux. Kaxnas RGN APG09748, APG09106.1, APGO05712.1,
APGO01658.1, APG05733.1, APG06498.1, APG06646.1, APG09882.1, APG01405.1 u
APGO1308.1 onTuMu3upoBaHa 1Mo KOAOHAM AJs Skcnpeccuu B miekonutaromux (SEQ
ID NO: 304, 305 u411-418, cCOOTBETCTBEHHO), U SKCIIPECCUPOBAHHBIE OeTKH
(YHKIIMOHATBHO CJUTHI HA N-KOHIIE C MOCIEA0BATEIbHOCTHIO SIAEPHON JIOKAJTU3ALUH
NLS Bupyca SV40 (NLS- nuclear localization sequence; SEQ ID NO: 125) u
metkamu 3 Xflag (SEQ ID NO : 126), a takxe QpyHKIHOHaIBHO cuThl Ha C-KOHIIE C
nocnenosarenapbHocTsIMU NLS Hykneomnazmuna (SEQ ID NO: 127). Mcnonb3yoT aBe
Komuu nocnenosarenbHoCcTH NLS, pyHKIIMOHaNbHO ciuThie B TaHAeMe. Kaxnas
KacceTa 3KCIPEeCCUM HaXOAUTCS MOJA KOHTPOJEM NPOMOTOpa LIUTOMErajloBupyca
(CMV) (SEQ ID NO: 306). B nannoi#1 00;1aCTH TEXHUKH U3BECTHO, YTO YHXAHCED
tpanckpunuun CMV (SEQ ID NO: 307) Tak:ke MOKeT ObITh BKJIFOUEH B
KOHCTPYKUHHU, conepxkauue npomorop CMV. KoHcTpykuuu skcnpeccuu

Hanpasisromen PHK, kaxnas us koropeix kogupyet onny gPHK nox xkonTponem
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npomotopa U6 PHK-nonumepasst 111 yenoseka (SEQ ID NO: 308), monygaroT u
BBOJSIT B BEKTOp dKcnpeccun. Hampasunsronue mienesbie 001aCTH BHIOPAHHBIX T'€HOB,
Bkirovaromue RelA, AurkB, GAPDH, LINC01509, HBB, CFTR, HPRT1, TRA,
EMX1 u VEGFA, nokasans! B Tabn. 7. s PHK-nanpaBnsiemMoit Hykieassl
APGO09106.1 cieunduruyeckue OCTATKU MyTUPOBAHBI JJIs1 YBEJIUUECHHS HYKJI€a3HOM
AKTUBHOCTb OeJika, B 4yacTHOCTH ocTaTOK T849 B APG09106 MyTHpOBaH 1 3aMEHEH Ha
aprunuH (SEQ ID NO: 309). Takast Toue4Hast MyTalusl YBEJIUYUIIA CTEIEHb
peNaKTUPOBAHUS B KJIETKaX MJIEKOMUTAKUX.

OnucaHHble BbILIE KOHCTPYKLMHU BBOAST B KJIETKH MJIEKONMUTAIOIIUX. 3a CYTKU
no tparchexmun 1x10° kmerok HEK293T (dupma Sigma) BbICEBAIOT B 24-TyHOUHBIE
iaHmweTsl B cpeny Urna B mogudukanuu Jynsdexkko (DMEM) ¢ no6asienuem 10
00.% sMOpuoHanbpHOU chiBOpoTKH Obika (pupma Gibco) u 1% npenapara
neHnUIIHH-cTpenToMuunH (pupma Gibeo). Ha cnenyromuii neHb, KOraa KJIETKH
nocturaroT 50-60% cnusanus, 500 Hr sxcnpeccupyrouieit RGN nnazmuas: miroc 500
Hr nnasmunsl gPHK coBmecTHO TpaHchenupyroT ¢ ucnoiab3oBanueM 1,5 Mk
munogpexkramunra 3000 (pupma Thermo Scientific) Ha TyHKY MO HHCTPYKIIUU
npousBoautens. Yepes 48 u pocra cobupatot odmyr renomuy JJHK ¢
ucrnojp3oBaHueM Habopa s Beiaenenns renomHoi JIHK (pupma Machery-Nagel) B
COOTBETCTBUHU C UHCTPYKLMUSAMH NPOU3BOIUTENS.

AnanusupyroT o6y renomuyto JJHK nnst onpenenenus crenenu
penakTupoBaHus LeneBoro resa. [lonydeHbl OJUTOHYKJIEOTU bl AJIsI HCTIONb30BAHUS B
MIP-amMmuukamuy U MOCAEayINEM aHaIu3e aMILTU(UIUPOBAHHOTO T€HOMHOTO
cavita-mumenu (SEQ ID NO: 310 u 311). Bece peakuuu I[P npoBoasr ¢
ucnonb3oBanueM 10 Mk peaktuBa 2X Master Mix Phusion High-Fidelity JTHK-
nonumepasbl (bupma Thermo Scientific) B 20 mkn peakuuu, Bkiarouas 0,5 MmxkM
Ka)XJI0ro npaiimepa. bonpmue reHoMHbBIE 00JIACTH, OXBATHIBAIOLINE KAXKIBIA LEJIEBOM
reH, CHavaja aMIIuGUUUPYIOT ¢ ucnojip3oBanuem npatimepos ITI[P#1 (SEQ ID No:
310 u 311) mo mporpamme: 98°C, 1 mun; 30 uukios [98°C, 10 cek; 62°C, 15 cek;
72°C, 5 mun]; 72°C, 5 mun; 12°C nOCTOsIHHO.

3areM oauH MHKpOJUTp 3Toi ITL[P-peakunu JOMOTHUTENBHO aMITUPHUIIUPYIOT C
UCIIOJIb30BAHUEM MPAaMEPOB, CIeUU(PUIHBIX I KaXKA0H Hanpasisomen (mpaiiMepsl
ITIIP#2; SEQ ID NO: 365-370), ucnonb3ys nporpammy: 98°C, 1 mus; 35 uukios
[98°C, 10 cek; 67°C, 15 cek; 72°C, 30 cexk]; 72°C, 5 mun, 12°C noCTOSIHHO.
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IIpatimepsr gus [TLP#2 BKIFOUAIOT BRICTYMAOIIHE TOCAEIOBATEIbHOCTH afanTepa
tpancno3assl Read 1 u Read 2 Nextera nnsa cekBenuposanus lllumina.

ITocne Bropoti INIP-ammmundpukannn JHK ouunmarot ¢ momouisio Habopa as
ounctku [P (pupma Zymo) B COOTBETCTBHH C HHCTPYKIUSIMU MMPOU3BOAUTENS U
SMOUPYIOT Boxol. 200-500 Hr ounimenHoro npoaykra [IIP#2 o0benuHsIOT ¢ 2 MK
Oydepa 10X NEB Buffer 2 u Bogoii B 20 MKJ peaKUH U MOJBEPTAIOT OTKUTY C
obpaszoBanuem rereponyrmiekcuoit JIHK nmo nporpamme: 95°C, 5 mun; 95-85°C,
oxyaxaeHue co ckopoctrero 2°C/cek; 85-25°C, oxnaxnenue co ckopocthio 0,1°C/cexk.;
12°C nocrosinuo. [Tocne orskura 5 mxn JIHK ynansitoT B kauecTBe KOHTpOJIs Oe3
bepmenTa, nobdasnsaroT 1 Mxa sHnoHyKIea3sl I para T7 (NEB) u peakiiuoHHYIO CMeCh
uHKyOupyrT ipu 37°C B Teuenue 1 4. [Tocne nakydanuu no0aBasiroT SX
3arpy3ouHoro kpacutenb FlashGel (pupma Lonza) u mo 5 MK Kaka0# peakIHOHHOM
CMECH U KOHTPOJIeH, aHAIM3UPYIOT ¢ MOMOIIBIO Teib-3ekTpodopesa 2,2%
araposHoro FlashGel (¢upma Lonza). [Tocne Bu3yanuzanuu rejst ONpeaesioT
MPOLEHT HeroMoJiornaHoro coenunenusi koHuos (NHEJ — non-homologous end
joining) ¢ MOMOMIBIO cieayrmero ypasHeHus: % cobwerruii NHEJ = 100 x [1-(1-
pacmernnenHas Gpakuusi)(}2)], rue (pacmemieHHas Gpakuus) ONPEenessioT KakK:
(MIOTHOCTD pacCUIEMJIEHHBIX NPOAYKTOB)/(IJIOTHOCTD PaCIlEeNJIEHHBIX MPOAYKTOB +
MOJI0Ca HepaCUIeTIEHHOTO HCXOAHOro o0pasua).

Jns HekoTopbix 00pa3uos npuMeHstoT nporpammy SURVEYOR® nns ananusa
pPe3yJIbTATOB MOCJE SKCIPECCUH B KJIETKaX Miekonutaromux. KieTku nuHkyOupyror
npu 37°C B TedueHue 72 4 nocyie TpaHchekuu nepes Bbiaenenuem renomuoit JJTHK.
I'enomuyro JJHK BbrigensroT ¢ noMouibio pacteopa ais skcrpakuuu JHK
QuickExtract (pupma Epicentre) B COOTBETCTBUH C MPOTOKOJIOM MPOU3BOIUTESI.
I'eHOMHYI0 00J1aCTh, MPUMBIKA YO K LeneBoMy calty RGN, aMmiugunupyror ¢
nomoibio I[P, monydeHHbIe TPOAYKTHI OUUINAIOT C UCMOJb30BAHUEM CIIMHOBOM
konoHkHu QiaQuick (¢pupma Qiagen) B COOTBETCTBUU C MPOTOKOJIOM IIPOU3BOTUTEIIS.
Bcero 200-500 ur ounmenHbix npoayktos TP cmemmuBarot ¢ 1 mkx Oydepa 10 x
Taq DNA Polymerase PCR buffer (pupma Enzymatics) u cBepx4uctoil BOABI 10
KOHEYHOTO o0bema 10 MKJI U MOABEPraroT MOBTOPHOMY OTXKHUTY IJIsl 0OOecCTiedeHus
obpaszoBanus rereponyriekca; 95°C B reuenue 10 mun, ot 95°C no 85°C nuHeiHO cO
ckopocteio -2°C/cek, oT 85°C no 25°C co ckopocteio -0,25°C/cex U BbIAEPKUBAIOT

npu 25°C B TeyeHue 1 MuH.



10

15

20

25

111

ITocne MOBTOPHOTrO BBIPaBHUBAHUS NMPOAYKTHI 00pabaThIBAIOT HYKJI€a30H
SURVEYOR® wu suxancepom SURVEYOR® S (pupwma Integrated DNA
Technologies) no pekOMeHIOBAHHOMY NPOU3BOIUTEIEM IPOTOKOJY U aHATU3UPYIOT B
4-20% nonuakpunamuasbix reiasx Novex TBE (pupma Life Technologies). I'enn
okpammuBatoT kpacureneM SYBR Gold DNA (¢pupma Life Technologies) B Teuenne 10
MHUH U BU3YaJIU3UPYIOT C MOMOLIBIO CHCTeMbl Bu3yanusanuu reiaeii Gel Doc (pupma
Bio-rad). KonuuecTBeHHas OlleHKa OCHOBAHA Ha OTHOCUTEJIbHONH MHTEHCUBHOCTH
nosioc. [Ipouent unnen onpenenstoT no popmyne 100x(1-(1-(b+c)/(a+b+c))'2), rue a
— MHTErpajbHasi UHTEHCUBHOCTH HepacmerenHoro npoaykra [P, b u ¢ —
UHTETPaAJIbHbIE HHTEHCUBHOCTHU KaXXJOTO MPOAYKTA PaCILIEIJICHHS.

Kpowme Toro, nponykter IIL[P#2, comep:kamue BbICTynamOMue
nocienoBarenbHOCTH [llumina, HCTTONB3YIOT AN TONy4YeHHUs] ONOIUOTEKH B
coorBeTcTBUU ¢ mpoTtokojoM [llumina 16S Metagenomic Sequencing Library.
I'nybokoe cekBeHUpOBaHUE BHIMOJHSOT Ha miatgopme Illlumina Mi-Seq
noctaBmukoM ycuyr (pupma MOGene). O6sruro 200000 mpoyYTeHUH MapHBIX KOHIOB
no 250 m.H. (2 x 100000 npouTeHuii) MOJy4arOT B pacyeTe Ha OJUH aMILIHKOH.
IIpourenus ananu3upyiot ¢ nomoupo nporpamMmmel CRISPResso (Pinello ¢ coasr.,
Nature Biotech, 20167 34:695-697) nns pacueTa CTENEeHU PEeIaKTUPOBAHUS.
BrixonHble faHHBIE 110 BBIPABHUBAHUIO MOAOUPAIOT BPYUHYIO, YTOOBI MOATBEPAUTD
CalThl UHCEPLMH U JIeJIEIUHU, a TaK)Ke UACHTU(PULHPOBATH CANTHl MUKPOTOMOJIOTHH B
mecTax pekomOunanuu. OOuiue nokasarenu peAakTHPOBAHUS, a TAKXKE JOJIH Aeeui
U UHCEPILHUH B KaxxaoM oOpasiie, moka3aHsl B Tabi. 7. Bce sxcriepruMeHThI MPOBOAST Ha
KJIETKaX dejioBeka. K MUIIEHBIOY» SIBJISIETCS MOCJIEIOBATEIbHOCTb-MHUIIEHD B LIEJIEBOM
reHe. /s kaxaoi nocienoBaTenbHOCTU-MuLIeHN Hanpasisiromas PHK Bknrouaer
koMmiuieMeHTapHyo PHK nocnenosarenbHOCTH crneiicepa U COOTBETCTBYHOIIYIO
sgPHK, 3aBucsimyto ot ucnonb3yeMmoir RGN. BeibpaHHBIH aHATU3 SKCIIEPUMEHTOB O
HanpagysitomuM PHK nokasan B Tabn. 8.1 u 8.2.

Tabnuua 7. O0mue nmokasaTenu peaaKTUPOBAHUS T€HHBIX MHUIICHEN

RGN

I'eHHBIC MHIIICHH
Hampasnaromas PHK
(SEQ ID NO))
MumeHsp
(SEQ ID NO))
Jons obmero
PEAAaKTHPOBAHUS
Hons aeneuuit
Jons mHCepuui
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APG09106.1 AurkB 316 314 0,55% 100%
APG09106.1 AurkB 312 315 0,60% 54% 46%
AP%({);;&&I AurkB 316 314 2,.97% 98% 2,00%
AP?SE;I(QGI AurkB 312 315 2,36% 100%
APGO05712.1 RelA 419 482 0,36% 72,33% 27,67%
APGO05712.1 AurkB 420 483 1,39% 25,94% 75,12%
APGO05712.1 RelA 421 484 1,04% 32,10% 70,33%
APGO05712.1 RelA 422 485 0,28% 64,13% 35.87%
APGO01658.1 RelA 423 486 10,03% 70,66% 29.33%
APGO01658.1 GAPDH 424 487 5,60% 76,96% 25.97%
APG01658.1 | LINCO01509 425 488 9.87% 75,10% 26,61%
APGO01658.1 HBB 426 489 0,42% 63,86% 36,13%
APGO01658.1 CFTR 427 490 6,06% 75,42% 27,86%
APGO01658.1 AurkB 428 491 13,07% 88,02% 13,14%
APGO05733.1 HPRTI1 429 492 0,36% 100%
APGO05733.1 AurkB 430 493 5,01% 86,40% 13,60%
APG05733.1 RelA 431 494 0,76% 100%
APG05733.1 HPRT1 432 495 0,17% 38,42% 61,58%
APG05733.1 RelA 433 496 0,96% 77,52% 22.48%
APG06498.1 TRA 434 497 35.35% 92.25% 8.29%
APG06498.1 TRA 435 498 21,04% 84.87% 16,34%
APG06498.1 TRA 436 499 10,16% 89.44% 10,69%
APG06498.1 TRA 437 500 13,21% 87.24% 15,00%
APG06498.1 TRA 438 501 13,56% 86,73% 13,66%
APG06498.1 TRA 439 502 9.62% 95.85% 19,90%
APG06498.1 TRA 440 503 1,51% 75,89% 24%
APG06498.1 TRA 441 504 2,63% 88.81% 11,76%
APG06498.1 TRA 442 505 4.27% 52,09% 47.90%
APG06646.1 TRA 443 497 0,33% 0% 100%
APG06646.1 VEGFA 444 506 4,52% 40,83% 63,79%
APG06646.1 AurkB 445 507 0,66% 69,38% 30,62%
APG06646.1 AurkB 446 508 6,55% 79,97% 20,37%
APG06646.1 TRA 447 509 2,47% 73,40% 40.81%
APG06646.1 TRA 448 510 0,14% 34,46% 65,55%
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APG06646.1 TRA 449 511 0,61% 0% 100%
APG06646.1 AurkB 450 493 7,94% 67,95% 32,40%
APG06646.1 TRA 451 512 7,03% 86.,95% 14,03%
APG06646.1 TRA 452 513 0,50% 21,80% 78,10%
APG06646.1 TRA 453 514 3,53% 86.,42% 16,28%
APG06646.1 RelA 454 515 6,22% 80,39% 45.34%
APG06646.1 TRA 455 516 0,38% 0% 100%
APG06646.1 TRA 456 517 0,34% 66,76% 48.22%
APG06646.1 RelA 457 518 3,78% 75,25% 67,90%
APG06646.1 TRA 458 519 0,42% 69.61% 30,39%
APG06646.1 TRA 459 520 0,08% 100,00% 0,00%
APG06646.1 AurkB 460 521 1,09% 30,18% 69.81%
APG06646.1 AurkB 461 522 0,28% 86,60% 21,78%
APG06646.1 AurkB 462 523 10,92% 78.87% 22,05%
APG06646.1 TRA 463 504 0,08% 0% 100%
APG06646.1 TRA 464 505 2,84% 38,26% 61,47%
APG06646.1 TRA 465 524 0,43% 71,67% 28.,33%
APG06646.1 TRA 466 525 0,03% 0,00% 100,00%
APG06646.1 TRA 467 526 0,08% 100% 0%
APG09882.1 RelA 468 482 0,32% 100,00% 0,00%
APG09882.1 EMX1 469 527 12,84% 82.,46% 17,79%
APG09882.1 VEGFA 470 528 14,76% 92.56% 7.77%
APG09882.1 TRA 471 529 14,66% 94.19% 7.33%
APG09882.1 TRA 472 530 7,84% 95,07% 5,75%
APG09882.1 VEGFA 473 531 24,45% 88.96% 11,57%
APG09882.1 TRA 474 532 14,43% 90,24% 10,96%
APG01405.1 RelA 475 482 0,06% 0% 100%
APGO01405.1 AurkB 476 533 6,81% 80,58% 20,27%
APGO01405.1 AurkB 477 534 0,54% 33,83% 66,16%
APGO01405.1 HPRT1 478 535 1,07% 42,14% 57.87%
APGO01405.1 RelA 479 484 0,55% 2,07% 97,93%
APGO01308.1 HPRT1 480 536 1,19% 80,57% 19.43%
APGO01308.1 AurkB 481 537 0,90% 94.97% 6,46%
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KOHerTHbIe HUHCEPLUHHU U ACTICHUHN OJisd COOTBCTCTBYHO WX HAPABJAKIIUX

nokasadbl B Ta0J. 8.1 1 8.2. B sTtux Tabnunax ueiesas nocjienoBaTeJlbHOCTD

0003HaueHa JKUPHBIM IPUPTOM 3arjaBHbIMU OykBamu. BocbmumepHusie obnactu PAM

NOAYCPKHYTHI JIBOMHBIMU JIMHUSAMHA, 4 OCHOBHBIC PACITIO3HAHH bI€ HYKJICOTHAbI

BbII€JICHBI )KUPHBIM mpudTom. MHCcepunn 0603Ha4al0T CTPOUYHBIMU OYKBaMH.

Ynanenus o6o3Hauensl Tupe (---). Mecrononoxxenne INDEL BbIYHCISIOT MO

npokcuMaibHOMYy Kpato PAM neneBoli mocaeaoBaTebHOCTH, IPU 3TOM Kpai

SBJISIETCSI MECTOMOJIOKeHHEM 0. MeCTOMOIOKEHHE SABJISIETCS MOJOKUTENbHBIM (1),

€CJIM OHO HaXOJUTCS Ha LEJIeBOI CTOPOHE Kpasi; MECTOMOJIOKeHHE OTpHuLlaTelbHOe (-),

€CJIM MECTOIOJIOKEHUE HAXOAUTCS Ha cTopoHe Kpast PAM.

Tabnuna 8.1. Cnenudpuyeckre HHCEPIUH U NeJIECUUHU ISl HATTPABJISIOM SN IS

Hanpasistomen 831 ¢ npumenenuem RGN APG09106.1

OTpeaakTHPOBAHHAS LEICBas

MOCIEA0BATEIbHOCTD = :\5 - =
= = Co §
= = < = o
b = =] & [ Q
= T — = = =
(5] M = @] o
4 = o &= s Z £
=] 3 Z -
+H=
: ]:
GTCTGATTGCCTGTCGTTGCCCCTCCCAGATC | 92294 99,40
ATGGAGGAGTTGGCAGA (OMKMIM THII;
SEQ ID NO: 316)
GICTGATTGCCTGTCGTTGCCCCTCCCA---—-| 263 0,28 54,22 Henenus +19 8
--—--AGGAGTTGGCAGA (SEQ ID NO:
317)
GICTGATTGCCTGTCGTTGCCCctaagtgtat | 222 0,24 45,77 Wucepnus +13 20

taagcattgtctcagagattttGGAGGAGTTG
GCAGA (SEQ ID NO: 318)

Tabnuna 8.2. Cnenuduyeckre MHCEPIUN U AeJeUUU IJs Hanpassitomen 831 ¢

npumeneHueM APG09106.1 T849R

OTpeaakTHPOBAHHBIC MOCICIOBATCIBHOCTH -

MUINCHHU = X - =
= ~ \o =
5 = < S = e
2 = =] < JR3) 14
= = = = == =
o 14 4 = S 2
=% = = < = <
S N o=t &2 [aN
g | = e
He
=
GTCTGATTGCCTGTCGTTGCCCCTCCCAGATC
ATGGAGGAGTTGGCAGA (wild type:;
SEQ ID NO: 316) 189881 | 97,64
GICTGATTGCCTGTCGTTGCCCC——=—====—~—
-TGGAGGAGTTGGCAGA (SEQ ID NO:
319) 602 0,309 | 13,129 | Hdenenusa +14 10




115

OTpeaakTHPOBAHHBIC MOCICIOBATCIBHOCTH -

MHIIEHH = ;\3 — )
= A 5
5 s B = 5
o = el =] 2 o 2
= oo = = = O =
2 £ = = S E g
5 & = g = A
& ~ =
=
=
GICTGATTGCCTGTCGTTGCCCCTCCCAGATC
—GGAGGAGTTGGCAGA (SEQ ID NO:
320) 394 0,202 8,593 Heneus +23
GTCTGATTGCCTGTCGTTGCCCCTCCCAGAT - 399 0,205 8,702 Henemus +22
--—--AGGAGTTGGCAGA (SEQ ID NO:
321)
GTICTGATTGCCTGTCGTTGCCCaTC————-—-—— 379 0,194 8,266 | deneuus u +16 10
-TG-GGAGTTGGCAGA (SEQ ID NO: 322) MyTtanus
GICTGATTGCCTGTCGTTGCCCCTC————-—-—— 350 0,179 7,633 Henemnus +16 8
-TGGAGGAGTTGGCAGA (SEQ ID NO:
323)
GICTGAT————————————————————————~— 309 0,158 6,739 Henemus -1 26
—-TGGAGGAGTTGGCAGA (SEQ ID NO:
324)
GICTGATTGCCTGTCGTTGCCCCTC————-—-—~— 280 0,143 6,106 Henenus +16 9
--GGAGGAGTTGGCAGA (SEQ ID NO:
325)
GICTGATTGCCTGTCGTTGCCCCTCC————-—— 274 0,140 5,976 | denenus u +17 7
-Aggaggagttggcaga (SEQ ID NO: MyTranusa
326)
GICTGATTGCCTGTCGTTGCCC-——-—-————-—~— 251 0,129 5,474 Henenus +13 15
————— GGAGTTGGCAGA (SEQ ID NO:
327)
GICTGATTGCCTGTCGTTGCCC———-———~ 250 0,128 5,452 Jenenus +13 7
ATCATGGAGGAGTTGGCAGA (SEQ ID NO:
328)
GICTGATTGCCTGTCGTTGCCCCTC—————— 231 0,118 5,038 Henenns +16 6
CATGGAGGAGTTGGCAGA (SEQ ID NO:
329)
GTCTGATTGCCTGTCGTTGCCCCTCCCA-—-—~ 218 0,112 4,754 Henemus +19 30
—————————————————————————— GTACT
(SEQ ID NO: 330)
GTICTGATTGCCTGTCGTTGCCCC——-——— 206 0,105 4,492 |Heneuus u +14 5
aATCtTGGAGGAGTTGGCAGA (SEQ ID MyTranus
NO: 331)
GICTGATTGCCTGTCGTTGCCC———————— 162 0,083 3,533 | deneuus u +13 8
TgggATGGAGGAGTTGGCAGA (SEQ ID MyTranus
NO: 332)
GICTGATTGCCTGTCGTTGCCCCTC————-—-—— 158 0,081 3,446 Henenus +16 14
——————— AGTTGGCAGA (SEQ ID NO:
333)
GICTGATTGCCTGTCGTTGCCCC——————— 122 0,062 2,660 Henenus +14 7
TCATGGAGGAGTTGGCAGA (SEQ ID NO:

334)
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IIpumep 6. IlposgsBiaeHHe aKTUBHOCTU O M'€HHOMY PEOaKTUPOBAHHUIO B KJIETKAX

pacreHui

PHK-nanpaBasiemas akTuBHOCTh Hykjea3 RGN no HacTosimeMy n300peTeHuo
IPOJEMOHCTPUPOBAHA B PACTUTENbHBIX KJIETKAX C UCIOJb30BAHUEM MPOTOKOJIOB,
aganTHUpOBaHHBIX U3 myOnukanuu Li, ¢ coaBt. (Nat. Biotech., 2013, 31:688-691).
Bkpatue, onTuMusupoBaHHas Mo KogoHaM pactutenbHas sepcus RGN mo
HacTosmemy u3zodperenuto (SEQ ID NO: 1, 9, 16, 23, 30, 38, 46, 54, 61, 69, 75, 82,
89, 95, 103, 110 unu 117), pyHKIUOHATBHO CBsI3aHHAS C MOCIEI0BATEIbHOCTHIO
HYKJIEMHOBOM KUCJIOTHI, KOAUPYOUEel N-KOHLEBOW CUTHAJ sIAePHON JTOKaIU3aluu
Bupyca SV40, KIOHUPYIOT C CUJIBHBIM KOHCTUTYTUBHBIM IPOMOTOpPOM 35S B BekTOpE
BpeMeHHOH TpaHcopmaunn. Monekynsl sgPHK, HanenenHble Ha OUH UK
HECKOJIbKO CaiiToB B reHe PDS pacreHus, GpIaHKUPYIOT COOTBETCTBYIOIIYIO
nocienoBareabHOCcTh PAM, KIOHUPYIOT ¢ mpoMoTopoM U6 pacTeHust BO BTOPOM
BEKTOPE BPEMEHHOHN 3KCIpPecCuU. BEeKTOpPBI 3KCNPECCHH BBOIST B MPOTOILIACTHI
meszodunna Nicotiana benthamiana ¢ momoisto I13T -onocpenoBanHoOM
tpanchopmanuu. TpanchopMupoBaHHBIE TPOTOIIACTHI HHKYOUPYIOT B TEMHOTE B
teyeHne 10 36 4. 'enomuyo JIHK BbIgensitoT u3 mpoTOIIACTOB ¢ MOMOILIbIO Habopa
Dneasy Plant Mini Kit (pupma Qiagen). 'eHomMHYy10 00nacTh, PIAHKUPYIOIYIO
nenesoi caiT RGN, ammnudunupyroT ¢ momousto [P, npoaykTsl peakiuu
OUHIIAKOT C UCMOJIb30BaHNEeM cuHOBOH konoHkH QiaQuick (pupma Qiagen) B
COOTBETCTBHUHU C NPOTOKOJOM npoussoautens. Becero 200-500 Hr ounimeHHBIX
npoaykToB TP cmemuBaroT ¢ 1 Mk 6ydepa 10x Taq DNA Polymerase PCR (¢pupma
Enzymatics) u cBepX4uCTO# BOIBI 1O KOHEYHOrO 0ObeMa 10 MKJI ¥ MOABEPTarOT
NOBTOPHOMY OTKUTY JUIsi obecrnieueHust oOpaszoBanus rereponyrmiekca: 95°C B
teyenue 10 muH, oT 95°C o 85°C nuHelino co ckopocThio -2°C/cek, ot 85°C mo 25°C
co ckopoctrio -0,25°C/cek u BeinepkuBaroT npu 25°C B Teuenne | MuH.

[Tocne MOBTOPHOTrO BBIpABHUBAHUS MPOAYKTHI 00pabaThIBAIOT HYKJIE 301
SURVEYOR wu suxancepom SURVEYOR S (¢pupma Integrated DNA Technologies)
M0 PEKOMEHJOBAHHOMY MPOU3BOAUTENIEM MPOTOKOJNY U aHATU3UPYIOT B 4-20%
nonmakpriaMunabix reasx Novex TBE (¢pupma Life Technologies). I'enun
okpamusatT JIHK-kpacurenem SYBR Gold (¢pupma Life Technologies) B Teuernune 10
MUH U BU3YIH3UPYIOT ¢ MOMOIIBIO CUCTeMbl Busyanuszamnuu rejei Gel Doc (pupma
Bio-rad). KonuuecTBeHHas olleHKa OCHOBAHA Ha OTHOCUTENIbHON MHTEHCHUBHOCTH

nojnoc. [Ipouent ungen onpenesitoT nmo ¢popmyne 100x(1-(1-(b+c)/(a+b+c))'2), rae a
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npencTaBisieT cOOOM MHTErPaIbHYI0O HHTEHCHBHOCTh HEPACIIETIJIEHHOTO MPOIYKTa
II11P, b u ¢ mpencTaBiastOT COOON UHTErpalibHbIe HHTEHCUBHOCTH Ka’KJOr0 MPOAYKTa
pacuienIeHus.

Ilpumep 7. I/I)IeHTI/I(bI/IKaI_II/ISI MUIIIEHENW IPU 3a00JIeBaHUIX

ba3a maHHBIX KIMHUYECKHX BAPUAHTOB moJy4yeHa u3 6a3pl naHHbIXx NCBI
ClinVar, kotopas 1ocTynHa BO BCeMHpPHOMN nayTtuHe Ha BeO-caiite NCBI ClinVar.
ITaTtorenHbie onHOHYKJIeoTHAHBIE ToauMopdusmbl (SNP — Single Nucleotide
Polymorphisms) uneHTuduupoBasbl U3 3TOro cnucka. Mcnons3ys uHGopManumo o
reHOMHOM JIokyce, uaeHTuduuupyoT mumenun CRISPR B obnactu,
nepeKphIBAKIIEHCs U okpyxkaromei kaxabii SNP. Beibop SNP, koTopbie MOKHO
CKOPPEKTHPOBATh C MOMOILIBIO PENAKTUPOBAHUS OCHOBAHHUI B COUETAHHUH C CHCTEMOM
RGN, Brurouaromeit APG09748 unu APG09106.1, nnst HauenuBaHUs Ha NIPUYUHHYIO
myTanuio («Casl Mut.»), npusenen B Tadn. 9.1. Beibop SNP, koTopbie MOXHO
CKOPPEKTHPOBATh C MOMOILIBIO PEIAKTUPOBAHUS OCHOBAHHUI B COUETAHHH C CHCTEMOM
RGN, Bknrogaromeit APG06646.1 nnu APGO01658.1, nins HanenuBaHus Ha
npuunHHY0 MyTanuio («Casl Mut.»), npuBeneH B Taba. 9.2. B obeux tabnunax 9.1 u
9.2 yKa3aHO TOJIbKO OJJHO Ha3BaHUE JJis Kaxnon Oonesnn. 3Hak «RS#» cooTBeTcTBYeT
peructpanuonnomy Homepy RS B 6a3e nanabpix SNP Ha BebO-caiite NCBI. B HOMED
perucTpanuu XpoMOCOMBI 3aJI0K€Ha CIpaBoOYHas HHQOpMaLUsi, KOTOPYIO MOXHO
HaliTh Ha BeO-calite NCBI. B tabn. 9.1 u 9.2 takke nokazaHa nHGOpMAaIUs O L[EJIEBO
[OCJIeNOBAaTEIbHOCTH Ir'eHOMa, noaxoadaiei mia cucteM RGN APG09748 unu
APG09106.1 (B Taba. 9.1), unu APG06646.1 uinu APG01658.1 (B Tabn. 9.2) nns
Kaxaoro zaboneBanus. UHpopManus 0 MOCIen0BaATEIbHOCTH-MUIIEHU TaK¥Ke
NpeaOCTaBISET MOCIEIOBATEIbHOCTD MPOTOCIEHcepa IS MOJyYEeHUsT HEOOXOIUMOi
sgPHK nns coorBercTByromeld RGN nmo HacTosimeMmy H300peTeHuro.

Tabnuna 9.1. Mumenu npu 3aboneBanusix 1ist APG09748 u APG09106.1

3aboneBaHus RS#

Howmep perucrpanuu
XPOMOCOMEI

O06o3HaUYECHHE TEHA
Mumrens (SEQ ID NO.)

ITpuunHHas MyTauusa

Bboaesns IItaprapara 1 1800728 A>G | NC_000001.10,NC_000001.11 ABCA4

w
[a—
W
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]132“::;‘; HAKOTUICHIA TIHKOTCHA 1801175 | C>T | NC_000017.10,NC_000017.11 G6PC 335

Tame il KOMOUHHDPOBAHALIH 3218716 | C>T | NC 000014.8.NC 000014.9 MYH7 | 336

HMMYHOOeDHIHT - -

DeHHIKETOHY PHS 5030858 | G>A | NC_000012.11,NC_000012.12 PAH 337

CHIepheHHTATAHHHE MH 5030860 | T>C | NC_000012.11,NC_000012.12 PAH 338

Heduuut ansda-1-anTHTpHTCHHA 28929474 | C>T | NC_000014.8.NC_000014.9 SERPINAI | 339

3a6omeamus, ceazanusie ¢ MECP2 | 28934906 | G>A | NC_000023.10,NC_000023.11 | MECP2 | 340

g/monam" € TCHAPUAMHE BITIOUCHIBL | 98937594 | A>G | NC_000009.11,NC_000009.12 GNE 341

Bonesus dor Brmie6panaa 41276738 | C>T | NC_000012.11,NC_000012.12 VWF 342

Pax M0 \HO I JKeesE u/Hn 41293455 | G>A | NC_000017.10,NC 000017.11 | BRCA1 | 343

SAHYHUKOB - -

3a6omeamus, cazanusie ¢ MECP2 | 61750240 | G>A | NC_000023.10,NC_000023.11 | MECP2 | 344

PacctpoiicTso, cemanmoe ¢ MEFV | 61752717 | T>C | NC_000016.9.NC_000016.10 MEFV | 345

Pax MO0 \HO I KeesE H/Hn 62625307 | G>A | NC_000017.10,NC_000017.11 | BRCAIl | 346

SAHYHUKOB - -

Pax MO0 \HO e esEl u/nn 62625308 | G>A | NC_000017.10,NC_000017.11 | BRCAl | 347

SAHYHUKOB - -

HacnencrBeHHBIH

NpeAPACTIO AT AR K PAKY 63749795 | C>T | NC_000003.11,NC_000003.12 | MLHI 348

CHHAPOM

HacnencreeHHBIH

NpeapACTIONaTAIOHIE K PAKY 63749849 | C>T | NC_000002.11,NC_000002.12 | MSH2 | 349

CHHIPOM

HacnencrBeHHEBIH

npeapacTonaraomuii K paxy 63750636 | C>T | NC_000002.11,NC 000002.12 | MSH2 | 350

CHHIPOM

Heduuut

KapHUTHHNAIbMHTOHATPaHChepa3sl | 74315294 C>T | NC_000001.10,NC_000001.11 CPT2 351

1

MyKOBHCIHI03 74597325 | C>T | NC_000007.13,NC_000007.14 CFTR 352

Ae@uuut YIO-ra0K030-TEKCO30- | 5301579 | A>G | NC 000009.11.NC 000009.12 GALT 353

1-bochar ypuguauarpaschepassl - -

My KOBHCIHI03 75527207 | G>A | NC_000007.13,NC_000007.14 CFTR 354

AMHIIOUNIOTCHHEIA 76992529 | G>A | NC_000018.9.NC 000018.10 TTR 355

TpaHCTI/IpeTI/IHOBBII/[ AMHUHJIIOHUO03 - -

MyKOBHCIHIO03 77010898 | G>A | NC_000007.13,NC_000007.14 CFTR 356

Meraxpomarmccias 80338815 | C>T | NC_000022.10.NC 000022.11 | ARSA | 357

JEHKOJHCTPOHSA - -

Cuuzpou Kayaena 3 80338844 | C>T | NC_000011.9,NC_000011.10 SDHD | 358

Cruuzpom Cvura-Jlemmi-Onuma 80338853 | G>A | NC_000011.9,NC_000011.10 DHCR7 | 359

Pax MO0 \HO I e esE W/Hn 80356962 | C>T | NC_000017.10,NC 000017.11 | BRCAI | 360

SAHYHUKOB - -

Pax mo10unO e esr /i 80357123 | G>A | NC_000017.10,NC_000017.11 | BRCAl | 361

SSHIYHHKOB
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BpoxxaeHHEIC TeHETHECKHE 80358259 | A>G | NC 000018.9.NC 000018.10 NPC1 362

3200I€ BaHUS - -

Pax Mo10THOMH jKene3Er m/HmH 80359212 | C>T | NC 000013.10,NC 000013.11 | BRCA2 | 363

SAHUYHUKOB - -

Anemus GaHKOHH 104886457 | G>A | NC_000009.11,NC_000009.12 | FANCC | 364

3a001eBaHus, CBASAHHEIE C 104893915 | C>T | NC _000005.9.NC 000005.10 | SLC26A2 | 365

SLC26A2 _ _

KapHOMHOTIATHS 104894368 | C>T | NC_000012.11,NC_000012.12 | MYL2 | 366

Tryxora, cuennennas ¢ X- 104894396 | C>T | NC 000013.10,NC _000013.11 GIB2 367

XPOMOCOMOH - -

Bpoxcaenusie reserueckue 104894635 | C>T | NC 000017.10,NC_000017.11 SGSH 368

3200 BaHH - -

CemeitHad cpeu3eMHOMOCKAL 104895097 | C>T | NC_000016.9.NC_000016.10 MEFV | 369

THXOPAAKA - -

CeMeifHas THCABTOHOMHS 111033171 | A>G | NC_000009.11,NC_000009.12 ELP1 370

Cunapowm [lIsaxmana 113993993 | A>G | NC_000007.13,NC_000007.14 SBDS 371

3aGonesanms, cBsasammsie ¢ RYR1 | 118192172 | C>T | NC_000019.9,NC_000019.10 RYRI 372

Lepounnsiii munodycunso3 119455955 | G>A | NC_000011.9.NC_000011.10 TPPI 373

HEHpPOHOB 2 - -

Heduuut anunkodepmeHra A

JETHAPOTEHA3H CO CPEAHEH 121434274 | G>A | NC_000001.10,NC_000001.11 ACADM 374

IJIHHOM IETTH

TTepBHYHASL THIEPOKCATYPHA 121908529 | G>A | NC_000002.11,NC_000002.12 | AGXT | 375

KapHoMHOTATHS 121908987 | C>T | NC_000007.13,NC_000007.14 | PRKAG2 | 376

Cuuzpom Kayzaena 121909219 | C>T | NC_000010.10,NC_000010.11 PTEN 377

KapHoMHoTaTHs 121913628 | C>T | NC_000014.8,NC_000014.9 MYH7 | 378

BpoxaeHHEIE TeHETHYECKHE 121918243 | G>A | NC 000001.10,NC 000001.11 | MMACHC | 379

3200I€ BAaHHS - -

g%‘;fg‘i“cmo’ CBASARMOC € 121918457 | C>T | NC_000012.11,NC_000012.12 | PTPN11 | 380

IOBemu s AEIit . 121918462 | C>T | NC 000012.11,NC 000012.12 | PTPNI11 | 381

MI/ICHOMOHOHI/ITapHLIH JICUKO3 - -

JOBeRmm K L 121918466 | A>G | NC 000012.11,NC 000012.12 | PTPNI1 | 382

MI/ICHOMOHOHI/ITapHLII/I JICUKO3 - -

Myxkomonucaxapuzo3 [ Tima 121965020 | C>T | NC_000004.11,NC_000004.12 IDUA 383

Leponansiii munogycuuHos 137852700 | G>A | NC 000001.10.NC _000001.11 PPTI 384

HelipoHOB 1 - -

CHEK2-cBisanHai 137853007 | G>A | NC 000022.10,NC 000022.11 | CHEK2 | 385

IPEeIPaCcIOI0KEHHOCTh K PAKY - -

KOI0peKTATBHHIi pak 137854568 | C>T | NC_000005.9,NC_000005.10 APC 386

CeMeliHAsA THIIEPXOIECTEPHHEMHS 137929307 | G>A | NC_000019.9,NC_000019.10 LDLR 387

Kapauo-bauuo-koxustit cugzpom | 180177035 | T>C | NC_000007.13.,NC_000007.14 | BRAF | 388

CemeitHENT pax MOTOUHOM skene3st | 180177083 | G>A | NC_000016.10,NC_000016.9 PALB2 | 389

3aGosesanmsi, CBAARMLIC C 200411226 | C>T | NC_000011.9,NC_000011.10 | MYBPC3 | 390

MYBPC3
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3a6onesanms, cBssammsie ¢ RYR1 | 200563280 | C>T | NC_000019.9,NC_000019.10 RYRI 391
3aboneBaHus, CBI3aHHEIC C
MYBPO3 387907267 | G>A | NC_000011.9,NC_000011.10 | MYBPC3 | 392
HAecmonnnai Gonesms, 397515734 | C>T | NC_000005.9,NC_000005.10 APC 393
HACJICOCTBCHHAA - -
Cungpom Mapdana/cuEapOM
Jlofica-Jlutita/cemeiinELe . | 397515757 | C>T | NC_000015.9,NC_000015.10 FBN1 394
aHeBpI/ISMBI u paCCIIOeHIr[ﬂ rpy,HHOI/[ - -
A0PTHI
VmmyHOzepumat 14 397518423 | G>A | NC_000001.10,NC_000001.11 | PIK3CD | 395
Bposxcaenmsie resermucckue 398123009 | C>T | NC_000011.9,NC_000011.10 PACSI | 396
3a00 1€ BaHUA - —
JIumpoma mumpobIacTHOTO
neiiko3a B, 6e3 moaTHmA 529008617 | G>A | NC_000001.10,NC_000001.11 | MUTYH | 397
ICD-O
CemeitHENT pax MOTOUHOM sKene3st | 587780021 | G>A | NC_000002.11,NC_000002.12 | BARDI | 398
CemeiiHas THIEPXONCCTEPHHEMHA | 746118995 | C>T | NC_000019.9,NC_000019.10 LDLR 399
CewmeiiHas THIEPXONECTEPHHEMHS | 769370816 | G>A | NC_000019.10,NC_000019.9 LDLR | 400
Tabnuna 9.2. Mumenu npu 3abonesanusx 1isiAPG6646.1 unu APG01658.1
o
£ z
= a
o
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%) ==
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Bounesus Mltaprapara 1 APGO01658. 1800553 C>T | NC_000001.10,NC_0 | ABCA | 53
1 00001.11 4 8
Bounesus Mltaprapara 1 APG06646. 1800553 C>T | NC_000001.10,NC_0 | ABCA | 53
1 00001.11 4 9
Hac TeacTBe HubLt APGO1658. 5030804 A>G | NC_000003.11.NC 0 | VHOL | 54
NPEAPACHOIATAIOIIUH K PaKy 1 00003.12 0
CHHIPOM
Hac e acTBe HubLit APG06646. 5030804 A>G | NC_000003.11.NC 0 | VHOL | 54
NPEeAPACTIOIATAOIIUN K PaAKy 1 00003.12 1
CHHIPOM
D HUIKETOHY pHA APGO1658. 5030851 G>A | NC_000012.11.NC 0 | PAH | 54
1 00012.12 2
D HUIKETOHY pHA APG06646. 5030851 G>A | NC_000012.11.NC 0 | PAH | 54
1 00012.12 3
Menanoma H MHeIoMa APGO01658. | 11547328 G>A | NC_000012.11.NC 0 | CDK4 | 54
1 00012.12 4
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Menanoma u MueaoMa APG06646. 11547328 G>A NC_000012.11,NC 0 | CDK4 | 54
1 00012.12 5
Cemeiinas APGO01658. 11547917 Cc>T NC_000019.9,NC 00 | LDLR | 54
THOEPXOJCCTEPHHE MU 1 0019.10 6
Cemeifnas APG06646. 11547917 Cc>T NC_000019.9,NC 00 | LDLR | 54
THOEPXOJCCTEPHHEMHUI 1 0019.10 7
Bonesus [lapxo-Mapu-Tyrta APGO01658. 61444459 G>A NC_000001.10,NC 0 | LMN | 54
1 00001.11 A 8
Bonesus [lapxko-Mapu-Tyrta APG06646. 61444459 G>A NC_000001.10,NC 0 | LMN | 54
1 00001.11 A 9
CuHApOM AHTEIBMaHA APGO01658. 61751362 G>A NC_000023.10,NC_0 | MECP | 55
1 00023.11 2 0
CuHApOM AHTEIBMAaHA APG06646. 61751362 G>A NC_000023.10,NC 0 | MECP | 55
1 00023.11 2 1
DOEHUIKETOHY PHS APGO01658. 62514895 Cc>T NC_000012.11,NC_O PAH 55
1 00012.12 2
DOEHUIKETOHY PHS APG06646. 62514895 C>T NC_000012.11,NC_0O PAH 55
1 00012.12 3
DOEHUIKETOHY PHS APGO01658. 62516152 C>T NC_000012.11,NC_0O PAH 55
1 00012.12 4
DOEHUIKETOHY PHSL APG06646. 62516152 C>T NC_000012.11,NC_0O PAH 55
1 00012.12 5
Cunapom Jluaua APGO01658. 63749795 C>T NC_000003.11,NC_0 | MLH1 | 55
1 00003.12 6
Cunapom Jlunua APG06646. 63749795 C>T NC_000003.11,NC_0 | MLH1 | 55
1 00003.12 7
HacneacreeHHBIH pak APGO01658. 63749843 C>T NC_000002.11,NC_0 | MSH6 | 55
1 00002.12 8
HacneacreeHHBIH pak APG06646. 63749843 C>T NC_000002.11,NC_0 | MSH6 | 55
1 00002.12 9
HacneacrBenusrit APGO01658. 63749849 Cc>T NC_000002.11,NC 0 | MSH2 | 56
npeapacnoararoui K paKy 1 00002.12 0
CHHIPOM
HacnexncreenHbit APG06646. 63749849 Cc>T NC_000002.11,NC 0 | MSH2 | 56
NpeapPacHoaraloIIui K paKy 1 00002.12 1
CHHIPOM
HacneacreeHHbIH APGO01658. 63750508 Cc>T NC_000002.11,NC 0 | MSH2 | 56
NpPEeaPACHOIaTAIOIIUH K PaKy 1 00002.12 2
CHHIPOM
HacneacreeHHbIH APG06646. 63750508 C>T NC_000002.11,NC 0 | MSH2 | 56
NpEeaPACHOIaTAIOIIUH K PaKy 1 00002.12 3
CHHIPOM
HacneacreeHHbIH APGO01658. 63750636 C>T NC_000002.11,NC 0 | MSH2 | 56
NPEAPACTOIATAOIIUA K PaKy 1 00002.12 4
CHHIOPOM
HacneacreeHHBIH APG06646. 63750636 C>T NC_000002.11,NC 0 | MSH2 | 56
NPEAPACTIOIATAOIIUN K PaAKy 1 00002.12 5
CHHIOPOM
HacneacrBeHHBIH APG06646. 63750871 G>A NC_000007.13,NC_0 | PMS2 | 56
NPEeAPACTIOIATAOIUN K PaAKy 1 00007.14 6
CHHIOPOM
Cunapom JlmHua APGO01658. 63751194 C>T NC_000003.11,NC_0 | MLH1 | 56
1 00003.12 7
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Cungpom JluHua APG06646. 63751194 C>T NC_000003.11,NC_0 | MLHI1 | 56
1 00003.12 8

Cungpom JluHua APG01658. 63751711 G>A NC_000003.11,NC_0 | MLH1 | 56
1 00003.12 9

Cungpom JluHUua APG06646. 63751711 G>A NC_000003.11,NC_0 | MLH1 | 57
1 00003.12 0

MyxoBHCIHI03 APG01658. 75039782 C>T NC_000007.13,NC_0 | CFTR | 57
1 00007.14 1

MyxoBHCIHI03 APG06646. 75039782 C>T NC_000007.13,NC_0 | CFTR | 57
1 00007.14 2

T'myxora APG01658. 76434661 C>T NC_000013.10,NC 0 | GIJB2 | 57
1 00013.11 3

T'myxora APG06646. 76434661 C>T NC_000013.10,NC 0 | GIJB2 | 57
1 00013.11 4

MyxoBuCIHI03 APG01658. 76713772 G>A NC_000007.13,NC 0 | CFTR | 57
1 00007.14 5

MyxoBuCcIHI03 APG06646. 76713772 G>A NC_000007.13,NC_0 | CFTR | 57
1 00007.14 6

Kapauomuonarusa APG01658. 76992529 G>A NC_000018.9,NC_00 TTR 57
1 0018.10 7

Kapauomuonarusa APG06646. 76992529 G>A NC_000018.9,NC_00 TTR 57
1 0018.10 8

MyxoBucuugo3 APG01658. 77010898 G>A NC_000007.13,NC_0 | CFTR | 57
1 00007.14 9

MyxoBHCIHI03 APG06646. 77010898 G>A NC_000007.13,NC_0 | CFTR | 58
1 00007.14 0

MyxoBHCIHI03 APG01658. 80224560 G>A NC_000007.13,NC_0 | CFTR | 58
1 00007.14 1

MyxoBHCIHIO3 APG06646. 80224560 G>A NC_000007.13,NC_0 | CFTR | 58
1 00007.14 2

Cunapom Kaynena APG01658. 80338844 C>T NC_000011.9,NC_00 | SDHD | 58
1 0011.10 3

Cungpom Kaynena APG06646. 80338844 C>T NC_000011.9,NC_00 | SDHD | 58
1 0011.10 4

3aboneBaHus, CBA3aHHEBIC C APG01658. 80338849 G>A NC_000007.13,NC_0 | SLC2 | 58
SLC26A4 1 00007.14 6A4 5
3aboneBaHus, CBI3aHHEBIC C APG06646. 80338849 G>A NC_000007.13,NC_0 | SLC2 | 58
SLC26A4 1 00007.14 6A4 6
Pak MomouHOM Kee3BI- APG01658. 80356885 C>T NC_000017.10,NC 0 | BRCA | 58
SAUYHUKOB 1 00017.11 1 7
Pak Mom04uHOM KeTe3BI- APG06646. 80356885 C>T NC_000017.10,NC_0 | BRCA | 58
SAUYHUKOB 1 00017.11 1 8
Pak MomouHOM KeIe3BI- APG01658. 80358557 C>T NC_000013.10,NC 0 | BRCA | 58
SAUYHUKOB 1 00013.11 2 9
Pak MomouHOM eme3sI- APG06646. 80358557 C>T NC_000013.10,NC 0 | BRCA | 59
SAUUHUKOB 1 00013.11 2 0
Pak Momo4uHOM Kee35I- APG01658. 80358650 G>A NC_000013.10,NC 0 | BRCA | 59
SAUYHUKOB 1 00013.11 2 1
Pak Mom04HOM KETE3BI- APG06646. 80358650 G>A NC_000013.10,NC_0 | BRCA | 59
SAUYHUKOB 1 00013.11 2 2
Pak Mo104HOM KEIE3BI- APG01658. 80358659 C>T NC_000013.10,NC_0 | BRCA | 59
SAUYHUKOB 1 00013.11 2 3
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Pax MOI04YHOM K€ JIC3BI- APG06646. 80358659 C>T NC_000013.10,NC_0 | BRCA | 59
SUYHUKOB 1 00013.11 2 4
Pax MOI04YHOM K€ JIC3BI- APG06646. 80358663 C>T NC_000013.10,NC_0 | BRCA | 59
SUYHUKOB 1 00013.11 2 5
Pax MOI04YHOM KEJIC3BI- APG01658. 80358871 G>A NC_000013.10,NC 0 | BRCA | 59
SUYHUKOB 1 00013.11 2 6
Pax MOI0YHOM K€ JIC3BI- APG06646. 80358871 G>A NC_000013.10,NC 0 | BRCA | 59
SUYHUKOB 1 00013.11 2 7
Pax MOI04YHOM 2KEJIe3BI- APG01658. 80358920 C>T NC_000013.10,NC 0 | BRCA | 59
SAUYHUKOB 1 00013.11 2 8
Pax MOIOYHOM K€ JIC3BI- APG06646. 80358920 C>T NC_000013.10,NC 0 | BRCA | 59
SAUYHUKOB 1 00013.11 2 9
Pax MOI04YHOM K€ JI€3BI- APG01658. 80358972 C>T NC_000013.10,NC 0 | BRCA | 60
SAUYHUKOB 1 00013.11 2 0
Pax MOI04YHOM KEJI€3BI- APG06646. 80358972 C>T NC _000013.10,NC 0 | BRCA | 60
SAUYHUKOB 1 00013.11 2 1
Pax MO104YHOM K€ JI€3BI- APG01658. 80358981 C>T NC_000013.10,NC 0 | BRCA | 60
SAUYHUKOB 1 00013.11 2 2
Pax M0o104HOH KEI€3BI- APG06646. 80358981 C>T NC_000013.10,NC_0 | BRCA | 60
SAHYHUKOB 1 00013.11 2 3
Pax M0O104HOH >KeI€3BI- APG01658. 80359003 G>A NC_000013.10,NC_0 | BRCA | 60
SAUYHUKOB 1 00013.11 2 4
Pax MO104HOM’ XKEIC3BI- APG06646. 80359003 G>A NC_000013.10,NC_0 | BRCA | 60
SAUYHUKOB 1 00013.11 2 5
Pax MomouHOH JkeIe3BI- APGO01658. 80359004 G>A NC_000013.10,NC_0 | BRCA | 60
SIHIHHKOB 1 00013.11 2 6
Pak MOI104YHOM K€ I€3BI- APG06646. 80359004 G>A NC_000013.10,NC_0 | BRCA | 60
SIHUHUKOB 1 00013.11 2 7
Pak MO104YHOM K€ I€3BI- APG01658. 80359013 G>A NC_000013.10,NC 0 | BRCA | 60
SUYHUKOB 1 00013.11 2 8
Pax MOI04YHOM K€ JIC3BI- APG06646. 80359013 G>A NC_000013.10,NC 0 | BRCA | 60
SUYHUKOB 1 00013.11 2 9
Pax MOI04YHOM K€ JIC3BI- APG01658. 80359027 G>A NC_000013.10,NC 0 | BRCA | 61
SUYHUKOB 1 00013.11 2 0
Pax MOI04YHOM K€ JIC3BI- APG06646. 80359027 G>A NC_000013.10,NC 0 | BRCA | 61
SUYHUKOB 1 00013.11 2 1
Pax MOIOYHOM K€ JIC3BI- APG01658. 80359071 G>A NC_000013.10,NC 0 | BRCA | 61
SUYHUKOB 1 00013.11 2 2
Pax MOI0OYHOM KEJIC3BI- APG06646. 80359071 G>A NC_000013.10,NC 0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 3
Pax MOI0YHOM K€ JIC3BI- APG01658. 80359115 C>T NC_000013.10,NC 0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 4
Pax MOI04YHOM JKEJIe3BI- APG06646. 80359115 C>T NC _000013.10,NC 0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 5
Pax MOI04YHOM KEJIC3BI- APG01658. 80359140 C>T NC _000013.10,NC 0 | BRCA | 61
SAUUHUKOB 1 00013.11 2 6
Pax MOI04YHOM KEJI€3BI- APG06646. 80359140 C>T NC _000013.10,NC 0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 7
Pax MO104HOM K€ JIC3BI- APG06646. 80359159 C>T NC_000013.10,NC_0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 8
Pax M0O104HOM K€ I€3BI- APG01658. 80359180 C>T NC_000013.10,NC_0 | BRCA | 61
SAUYHUKOB 1 00013.11 2 9
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Pax Mo104HOI KeIe3HI- APG06646. 80359180 Cc>T NC_000013.10,NC 0 | BRCA | 62
SIHIHUKOB 1 00013.11 2 0
Pax Mon04HOI e I€3HI- APGO01658. 81002846 G>A NC_000013.10,NC 0 | BRCA | 62
SIHIHUKOB 1 00013.11 2 1
Pax Mo104HOI KeIE3HI- APG06646. 81002846 G>A NC_000013.10,NC 0 | BRCA | 62
SIHUHUKOB 1 00013.11 2 2
Pax Mo104HOI K€ IE3HI- APG06646. 81002862 A>G NC_000013.10,NC 0 | BRCA | 62
SIHIHUKOB 1 00013.11 2 3
Axemus OaHKOHH APGO01658. 104886457 G>A NC_000009.11,NC 0 | FANC | 62
1 00009.12 C 4

Anemus OaHKOHH APG06646. 104886457 G>A NC_000009.11,NC 0 | FANC | 62
1 00009.12 C 5

AXOHIPOTEHE3 APGO01658. 104893915 Cc>T NC_000005.9,NC 00 | SLC2 | 62
1 0005.10 6A2 6

AXOHIPOTEHE3 APG06646. 104893915 Cc>T NC_000005.9,NC 00 | SLC2 | 62
1 0005.10 6A2 7

3aboneBaHuA, CBA3aHHEIE C APGO01658. 118192172 C>T NC_000019.9,NC 00 | RYRI | 62
RYRI 1 0019.10 8
3aboneBaHuA, CBA3aHHEIE C APG06646. 118192172 C>T NC_000019.9,NC 00 | RYRI | 62
RYRI1 1 0019.10 9
CHEK2-cBa3anHas APGO01658. 137853007 G>A NC_000022.10,NC_0 | CHEK | 63
NMPEAPACTOI0KEHHOCTE K PAKY 1 00022.11 2 0
CHEK2-cBa3anHas APG06646. 137853007 G>A NC_000022.10,NC_0 | CHEK | 63
MPEAPACTOI0KEHHOCTE K PAKY 1 00022.11 2 1
Helpopubpomaro3s APG06646. 137854550 A>G NC_000017.10,NC_0O NF1 63
1 00017.11 2

Helpopubpomaro3s APGO01658. 137854556 G>A NC_000017.10,NC_0 NF1 63
1 00017.11 3

Helpopubpomaros APG06646. 137854556 G>A NC_000017.10,NC_0 NF1 63
1 00017.11 4

Muonarus APGO01658. 193922390 Cc>T NC_000014.8,NC 00 | MYH7 | 63
1 0014.9 5

Muonarus APG06646. 193922390 Cc>T NC_000014.8,NC 00 | MYH7 | 63
1 0014.9 6

CHHAPOM YITHHCHHOTO APGO01658. 199473428 Cc>T NC_000007.13,NC_0 | KCNH | 63
uHTepBama QT 1 00007.14 2 7
CHHAPOM YITHHECHHOTO APG06646. 199473428 Cc>T NC_000007.13,NC_0 | KCNH | 63
uaTepBama QT 1 00007.14 2 8
DOEHUIKETOHY PHS APGO01658. 199475575 G>A NC_000012.11,NC_0O PAH 63
1 00012.12 9

DOEHUIKETOHY PHS APG06646. 199475575 G>A NC_000012.11,NC_O PAH 64
1 00012.12 0

DOEHUIKETOHY PHS APGO01658. 199475679 C>T NC_000012.11,NC_0O PAH 64
1 00012.12 1

DOEHUIKETOHY PHSL APG06646. 199475679 C>T NC_000012.11,NC_O PAH 64
1 00012.12 2

3aboneBaHuA, CBA3aHHEIE C APGO01658. 200411226 C>T NC_000011.9,NC 00 | MYBP | 64
MYBPC3 1 0011.10 C3 3
3aboaeBaHuA, CBA3aHHEIE C APG06646. 200411226 C>T NC_000011.9,NC 00 | MYBP | 64
MYBPC3 1 0011.10 C3 4
Muonarus APG06646. 267606908 T>C NC_000014.8,NC 00 | MYH7 | 64
1 0014.9 5
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Kapauomuonarus APGO01658. 267607003 Cc>T NC_000010.10,NC 0 | RBM2 | 64
1 00010.11 0 6

Kapauomuonarusa APG06646. 267607003 Cc>T NC_000010.10,NC_0 | RBM2 | 64
1 00010.11 0 7

Hynan cuagpom APGO01658. 267607048 A>G NC_000010.10,NC_0 | SHOC | 64
1 00010.11 2 8

Hynan cuagpom APG06646. 267607048 A>G NC_000010.10,NC_0 | SHOC | 64
1 00010.11 2 9

Cemeifnas APGO01658. 267607213 G>A NC_000019.9,NC 00 | LDLR | 65
THIOEPXO0JCCTEPHHE MU 1 0019.10 0
Cemeifnas APG06646. 267607213 G>A NC _000019.9,NC 00 | LDLR | 65
THIOEPXOJCCTEPHHEMHUSA 1 0019.10 1
Cunapom JlmHUua APGO01658. 267607789 G>A NC_000003.11,NC 0 | MLH1 | 65
1 00003.12 2

Cunapom JlmHUua APG06646. 267607789 G>A NC _000003.11,NC_0 | MLH1 | 65
1 00003.12 3

Cunapom JlmHUua APGO01658. 267607845 G>A NC_000003.11,NC_0 | MLH1 | 65
1 00003.12 4

Cunapom JlmHUua APG06646. 267607845 G>A NC_000003.11,NC_0 | MLH1 | 65
1 00003.12 5

HacneacreeHHBIN APGO01658. 267608098 A>G NC_000002.11,NC_0 | MSH6 | 65
NPEAPACTOIATAOIUN K PAKy 1 00002.12 6

CHHIPOM
HacneacrBeHubIi APG06646. 267608098 A>G NC_000002.11,NC_0 | MSH6 | 65
mpeapacmoIararInuii K paxky 1 00002.12 7
CHHIPOM

3aboeBaHuUsA, CBI3AHHBIC C APGO01658. 387906397 A>G NC_000011.9,NC_00 | MYBP | 65
MYBPC3 1 0011.10 C3 8
3aboeBaHUsA, CBI3AHHBIC C APG06646. 387906397 A>G NC_000011.9,NC_00 | MYBP | 65
MYBPC3 1 0011.10 C3 9
Pax Mon04HOI KeIe3HI- APGO01658. 387906843 G>A NC_000017.10,NC_0 | RADS | 66
SIHIHUKOB 1 00017.11 1D 0
Pax Mo104HOI KeI€3HI- APG06646. 387906843 G>A NC_000017.10,NC_0 | RADS | 66
SIHIHUKOB 1 00017.11 1D 1
3a0oaeBaHuA, CBA3AHHEIC C APGO01658. 387907267 G>A NC_000011.9,NC_00 | MYBP | 66
MYBPC3 1 0011.10 C3 2
3a0oaeBaHuA, CBA3aHHEIE C APG06646. 387907267 G>A NC_000011.9,NC_00 | MYBP | 66
MYBPC3 1 0011.10 C3 3
Pax Mo104HOI K€ IEe3HI- APGO01658. 397507389 G>A NC_000013.10,NC 0 | BRCA | 66
SIHIHUKOB 1 00013.11 2 4
Pax Mo104HOI K€ IE3HI- APG06646. 397507389 G>A NC_000013.10,NC 0 | BRCA | 66
SIHUHUKOB 1 00013.11 2 5
Pax Mo104HOI KeIEe3HI- APGO01658. 397507404 G>A NC_000013.10,NC 0 | BRCA | 66
SIHIHUKOB 1 00013.11 2 6
Pax Mo104HOI K€ IEe3HI- APG06646. 397507404 G>A NC_000013.10,NC 0 | BRCA | 66
SIHIHUKOB 1 00013.11 2 7
Jleiiko3 APGO01658. 397507545 G>A NC _000012.11,NC 0 | PTPN | 66
1 00012.12 11 8

Jleiiko3 APG06646. 397507545 G>A NC_000012.11,NC 0 | PTPN | 66
1 00012.12 11 9

Jletiko3 APGO01658. 397507547 A>G NC_000012.11,NC_0 | PTPN | 67
1 00012.12 11 0
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Jleiixko3 APG06646. 397507547 A>G NC_000012.11,NC 0 | PTPN | 67
1 00012.12 11 1
Pax Mon04HOI e I€3HI- APGO01658. 397507922 G>A NC_000013.10,NC_0 | BRCA | 67
SIHIHUKOB 1 00013.11 2 2
Pax Mo104HOI KeIE3HI- APG06646. 397507922 G>A NC_000013.10,NC 0 | BRCA | 67
SIHUHUKOB 1 00013.11 2 3
Cungpom Mapdana APGO01658. 397515757 Cc>T NC_000015.9,NC 00 | FBN1 | 67
1 0015.10 4
Cunapom Mapdana APG06646. 397515757 C>T NC_000015.9,NC 00 | FBN1 | 67
1 0015.10 5
3aboneBaHuA, CBA3aHHEIE C APGO01658. 397516074 C>T NC_000011.9,NC_00 | MYBP | 67
MYBPC3 1 0011.10 C3 6
3aboneBaHus, CBA3aHHEIE C APG06646. 397516074 Cc>T NC _000011.9,NC 00 | MYBP | 67
MYBPC3 1 0011.10 C3 7
Kapauomuonarusa APGO01658. 397516354 Cc>T NC _000019.9,NC 00 | TNNI | 67
1 0019.10 3 8
Kapauomuonarusa APG06646. 397516354 C>T NC_000019.9,NC 00 | TNNI | 67
1 0019.10 3 9
WmmyHO e pumut APGO01658. 397518423 G>A NC_000001.10,NC_0 | PIK3C | 68
1 00001.11 D 0
WmmyHOnepuuut APG06646. 397518423 G>A NC_000001.10,NC_0 | PIK3C | 68
1 00001.11 D 1
B mum@obnacTHsIi 1eHK03 APGO01658. 529008617 G>A NC_000001.10,NC_0 | MUT | 68
auMpoma 1 00001.11 YH 2
B mumdobnacTHEIH neiiko3 APG06646. 529008617 G>A NC_000001.10,NC_0 | MUT | 68
aumpoma 1 00001.11 YH 3
Cemeiinas APGO01658. 570942190 C>T NC_000019.9,NC_00 | LDLR | 68
THIEPXO0JECTCPUHE MU 1 0019.10 4
CemeiliHas APG06646. 570942190 C>T NC_000019.9,NC_00 | LDLR | 68
THOCPXOJICCTEPHHE MU 1 0019.10 5
CHHAPOM aTaKCHH- APGO01658. 587776551 G>A NC_000011.10,NC 0 | ATM | 68
TEJICAHTHIKTA3HHA 1 00011.9 6
CHHAPOM aTaKCHH- APG06646. 587776551 G>A NC_000011.10,NC 0 | ATM | 68
TEJICAHTHIKTA3HHA 1 00011.9 7
AICHOMTHO-KHCTO3HAI APGO01658. 587778720 Cc>T NC_000017.10,NC 0 | TP53 | 68
KapUHHOMA 1 00017.11 8
AICHOMIHO-KHCTO3HAS APG06646. 587778720 Cc>T NC_000017.10,NC 0 | TP53 | 68
KapUHHOMA 1 00017.11 9
HacneacreeHHbIH APGO01658. 587779075 C>T NC_000002.11,NC 0 | MSH2 | 69
NpEeaPACHIOIaATAIOIIUA K PaKy 1 00002.12 0
CHHIPOM
HacneacreeHHBIH APG06646. 587779075 C>T NC_000002.11,NC 0 | MSH2 | 69
NPEeAPACTIOIATAOIIUH K PaKy 1 00002.12 1
CHHIPOM
HacneacreeHHBIH APG06646. 587779333 T>C NC_000007.13,NC_0 | PMS2 | 69
NPEAPACTIOIATAOIIUN K PaAKy 1 00007.14 2
CHHIPOM
CHHAPOM aTaKCHH- APGO01658. 587779866 A>G NC_000011.10,NC 0 | ATM | 69
TEJICAHT UIKTA3HH 1 00011.9 3
CHHAPOM aTaKkCHH- APG06646. 587779866 A>G NC_000011.10,NC 0 | ATM | 69
TEJICAHTUIKTA3HH 1 00011.9 4
Pax Mo104HOH e nIe35I APGO01658. 587780021 G>A NC_000002.11,NC_0 | BARD | 69
1 00002.12 1 5
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Pax Mmon04HOI e ae35I APG06646. 587780021 G>A NC_000002.11,NC 0 | BARD | 69
1 00002.12 1 6

Pax Mon04HOI e I€3HI- APGO01658. 587781629 G>A NC_000013.10,NC_0 | BRCA | 69
SIHIHUKOB 1 00013.11 2 7
Pax Mo104HOI KeIE3HI- APG06646. 587781629 G>A NC_000013.10,NC 0 | BRCA | 69
SIHUHUKOB 1 00013.11 2 8
HacneacreeHubIi APGO01658. 587782144 Cc>T NC_000017.10,NC 0 | TP53 | 69
NpEeaPacHoaraloIIui K paKy 1 00017.11 9

CHHIPOM
HacneacreeHHbIH APG06646. 587782144 C>T NC_000017.10,NC 0 | TP53 | 70
NpEeaPACIOIarAlOIIUH K PaKy 1 00017.11 0
CHHIPOM

Cunzpom Mapdana APGO01658. 727503054 A>G NC_000015.9,NC 00 | FBN1 | 70
1 0015.10 1

Cunapom Mapdana APG06646. 727503054 A>G NC_000015.9,NC 00 | FBN1 | 70
1 0015.10 2

Hynau cunapom APGO01658. 727503110 T>C NC _000012.11,NC 0 | KRAS | 70
1 00012.12 3

Hynau cunapom APG06646. 727503110 T>C NC_000012.11,NC 0 | KRAS | 70
1 00012.12 4

Cemeiinas APGO01658. 746118995 C>T NC_000019.9,NC_00 | LDLR | 70
THUIEPXO0JIECCTEPHHEMUSL 1 0019.10 5
Cemeiinas APG06646. 746118995 C>T NC_000019.9,NC_00 | LDLR | 70
THIEPXO0JICCTEPHHEMUSL 1 0019.10 6
Cemeiinas APGO01658. 748944640 G>A NC_000019.9.NC_00 | LDLR | 70
THOCPXOJICCTCPHHE MU 1 0019.10 7
Cemeiinas APG06646. 748944640 G>A NC_000019.9,NC_00 | LDLR | 70
THIEPXO0JIECTEPUHE MU 1 0019.10 8
CemeiliHas APGO01658. 765696008 G>A NC_000019.10,LNC_0 | LDLR | 70
THOCPXOJICCTEPHHE MU 1 00019.9 9
Cemeiinas APG06646. 765696008 G>A NC_000019.10,NC 0 | LDLR | 71
THOECPXOJCCTEPHHE MU 1 00019.9 0
Cemeiinas APGO01658. 769370816 G>A NC_000019.10,NC 0 | LDLR | 71
THOEPXOJICCTEPHHE MU 1 00019.9 1
Cemeifnas APG06646. 769370816 G>A NC_000019.10,NC 0 | LDLR | 71
THOEPXOJICCTEPHHE MU 1 00019.9 2
Cemeifnas APGO01658. 769737896 Cc>T NC _000019.10,NC 0 | LDLR | 71
THIOEPXOJCCTEPHHE MU 1 00019.9 3
Cemeifnas APG06646. 769737896 C>T NC _000019.10,NC 0 | LDLR | 71
THIOEPXO0JECTEPHHE MU 1 00019.9 4
Cemeifnas APGO01658. 771019366 A>G NC _000019.10,NC 0 | LDLR | 71
THIOEPXOJCCTEPHHEMUI 1 00019.9 5
Cemeifnas APG06646. 771019366 A>G NC _000019.10,NC 0 | LDLR | 71
THIOEPXOJECCTEPHHEMHUSA 1 00019.9 6
ITaparanrnmnomsl APGO01658. 772551056 C>T NC _000001.11,NC 0 | SDHB | 71
1 00001.10 7

TTaparanrnnomsl APG06646. 772551056 Cc>T NC_000001.11,NC 0 | SDHB | 71
1 00001.10 8

HacneacreeHHBIH pak APGO01658. 786201042 Cc>T NC_000002.12,NC_0 | MSH6 | 71
1 00002.11 9

HacneactBeHHBIN pak APG06646. 786201042 C>T NC_000002.12,NC_0 | MSH6 | 72
1 00002.11 0
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Cemeiinas APGO01658. 875989907 G>A NC_000019.9,NC 00 | LDLR | 72
THOEPXOJICCTEPHHE MU 1 0019.10 1
Cemeiinas APG06646. 875989907 G>A NC_000019.9,NC 00 | LDLR | 72
THOEPXOJCCTEPHHE MU 1 0019.10 2
Cemeifnas APGO01658. 879254797 G>A NC_000019.10,NC 0 | LDLR | 72
THOEPXOJCCTEPHHEMHUI 1 00019.9 3
Cemeifnas APG06646. 879254797 G>A NC_000019.10,NC 0 | LDLR | 72
THOEPXOJCCTEPHHEMHUL 1 00019.9 4
Cemeifnas APGO01658. 879254871 C>T NC_000019.10,NC 0 | LDLR | 72
THIOEPXO0JCCTEPHHE MU 1 00019.9 5
Cemeifnas APG06646. 879254871 C>T NC_000019.10,NC 0 | LDLR | 72
THIOEPXOJCCTEPHHEMHUSA 1 00019.9 6
Cemeifnas APGO01658. 879255000 >C NC _000019.10,NC 0 | LDLR | 72
THIOEPXO0JCCTEPHHEMHUSI 1 00019.9 7
Cemeifnas APG06646. 879255000 >C NC _000019.10,NC 0 | LDLR | 72
THIOEPXO0JICCTEPHHEMHUSI 1 00019.9 8

IIpumep 8. HanennBanue Ha MyTallMi, OTBETCTBEHHbBIE 32 aTakCcUO Ppuaperixa

Pacmmpenne nocnenoBaTebHOCTH TPUHYKJIEOTHAHBIX TOBTOPOB, BBI3bIBAIOLIEE
atakcuro ®@punpeiixa (FRDA — Friedreich’s Ataxia), IpOUCXOQUT B ONpENEIeHHOM
reHeTu4eckom jokyce B reHe FXN, HazpiBaeMoM o0acTbio HecTabunbHOCTH FRDA.
Hyxneassl, Hanpasisembie PHK (RGN), MOXHO UCTIONB30BaTh ISl BBIPE3aHUS
obsiacTu HEeCTaOUIBHOCTH B KjeTkax manueHToB ¢ FRDA. Orort noaxon tpedyer 1)
nocnenosarenbHocTH RGN u Hanpasnstomeit PHK, koTopeie MoxHO
3aMporpaMMHUpPOBATH AJIsl HALlEIMBAHHS HA aJUIejb B T€HOME YeJOBEKa; U 2) Moaxoaa K
noctaBke RGN u Hanpasistomeil nocienoBaTeIbHOCTH. MHOTHE HYKJ€eashl,
UCIIOJIb3yeMbI€ ISl PEJaKTUPOBAHUS I'€HOMA, TaKHUe KaK OOBIYHO HCTIOJIb3yeMast
Hykseasa Cas9 u3 S. pyogenes (SpCas9), CIUIIKOM BEJIHKH, YTOOBI ©X MOXHO OBLIO
yMaKOBaTh B BEKTOPHI aICHOACCOLMUPOBAaHHBIX BUPYycoB (AAV — adeno-associated
viral), ocobenHno ¢ yuerom anunsl reHa SpCas9 u Hanpasisomeit PHK B nononnenue
K IPYTUM T€HETHYECKUM 3JIEMEHTaM, HEOOX OIMMBIM IJIs1 KacceT (PyHKIIMOHAIBHON
SKCIPECcCUU. DTO JeNIaeT KU3HECOCOOHBIN nmoaxon ¢ ucnoiap3oBanuem SpCas9
MaJIOBEPOSITHBIM.

Komnaktaeie PHK-HanpaBisiemMble HyKJi€a3bl MO0 HACTOAIIEMY U300pETEHHIO,

takue kak APG09748, APG09106.1 u APG06646.1, onfHO3HAYHO XOPOIIO MOAXOAAT
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nns ynanenus: obnactu HectabunbHocT FRDA. J{ns kaxknoit RGN Hy»keH MOTUB
PAM, KOTOpPBIH HAXOAUTCS B HENOCPEACTBEHHON OJM30CTH OT 00NacTH
HectabunpHocTH FRDA. Kpome Toro, kaxaas u3z takux RGN mMoxeT ObITh yriakoBaHa
B BeKTOp AAV BMmecTe ¢ Hanpasisawwmein PHK. J{ns ynakoBku ABYX HaNpaBJIsIOIUX
PHK, BeposTHO, moTpedyeTrcst BTOPOil BEKTOP, HO 3TOT MOAXOMA BCE K€ BHITOAHO
OTJIMYAETCsI OT TOTO, YTO MoTpedoBasock Obl s OoJiee KPYMHON HYKJI€a3bl, TAKOW KakK
SpCas9, koTopas nmotpedoBana Obl pacUIeIEHHs MOCAENOBATEIbHOCTH OeJIKa MEKIY
IBYMsI BEKTOPAMHU.

B Ttabn. 10 moka3aHo pacmojioKeHue I'eHOMHBIX MOCJIeI0BATEIbHOCTE ! -
MuIIeHed, mpuroaubix st HanenuBanus APG09748, APG09106.1 unu APG06646.1
Ha 5’- u 3’-cTopoHbl oOnacTu HectabunpHOCTH FRDA, a Takke mocienoBaTeIbHOCTH
sgPHK nns renomubix mumesnei. Oxasasmuch B 1okyce, RGN MoxeT BbIpe3aTh
obnacte HecTabunpHOCTH FA. Mccedenne 061acTi MOKHO IPOBEPHUTH NMyTEM
CEKBEHHUPOBAHUS JIOKyca ¢ moMompio Illumina.

Tabnuua 10. 'eHOMHBIE ITOCIEN0BATENbHOCTH-MULLIEHY 111 cucTeM RGN

Ilonoxenue I'enomusble sgPHK nus I'enomHbIE sgPHK nus
OTHOCHTENbHO | mocienoBaTeabHoc | APG09748 | mocinemoBatenbHoc | APG06646
obmactu TH-MHUIIEHU JJIsI WU TH-MUIIEHU IJI5 .1 (SEQ ID

HecTabuIbHOC APGO09748 unu APG09106 | APG06646.1 (SEQ NO.)

™™ FRDA APG09106.1 (SEQ | .1 (SEQ ID ID NO.)
ID NO.) NO.)

5’ 401 405 729 733

5’ 402 406 730 734

3’ 403 407 731 735

3’ 404 408 732 736

Ilpumep 9. HanenuBaHue Ha MYTAaLlMU, OTBETCTBEHHBIE 34

CCPHNOBUAHOKJIECTOYHYVIO aHEMUIO

Hanenusanue nocinenosatenbHocTel B o0nactu suxancepa BCL11A (SEQ ID
NO: 220) moryT obeciedynBaTh MEXaHU3M MOBBIMIEHUS (PETATBHOTO reMOTI00yINHA
(HbF) nns nznedenus unu oberdeHuss CHMITOMOB CEPIOBUIHO-KJIETOYHOW aHEMHUU.
Hanmpuwmep, B pe3ynbTare MIUPOKUX T€HOMHBIX UCCIIEIOBAHUI BBIABUIN HAOOP
reHeruueckux Bapuauuii B BCL11A, koTopble CBs3aHbI C OBBIIIEHHBIMU YPOBHSIMU
HbF. Ot Bapmauuu npencrasustor coboit Habop SNP, oOHapyKeHHBIX B
Hekoaupyoomux obnactsx BCL11A, koTopble QYHKIHOHUPYIOT KaK crenupUuIecKre B
OTHOLIEHUHU CTAJUM, 00JIACTH IHXAHCEPA, OrPAHUYEHHBIE MPOUCXOKICHUEM.

HanpHelee uccienoBanue nokasano, uro suxaicep BCL11A Heobxonum B
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SpUTPOUTHBIX KieTkax s skcnpeccunn BCL11A (nmyOnukamnus Bauer ¢ coasT,,
Science, 2013, 343:253-257, BKJIIOUE€HA B HACTOSII[EE ONMICAHUE B KAYECTBE CCHUIKH).
DuxaHcepHas obnacte oOHapyxkeHa B uHTpoHe 2 reHa BCL11A, u B untpone 2 O6putn
uaeHTu(UIUpoBaHbl TpHu obdyactu runepuyBcrBuTenbroct k JIHKaze I (wacto
CBHUJIETEJbCTBYIOIINE O COCTOSIHUM XPOMATHHA, CBA3AHHOM C PEryJsTOPHBIM
NOTEHIHAJIOM). DTH TpH 00JacTH OBUIN HAEHTH(GUIUPOBAHBI KaK «+62», «+58» n
«+55» B COOTBETCTBHH C paCCTOSTHUEM B KHJI00a3ax OT caiiTa Havaja TPAHCKPUILIMU
BCLI11A. Takue suxancepHbie o0nacTu cocTosT npuMmepHo u3 350 (+55); 550 (+58);
u 350 (+62) nykneorunos B muuny (Bauer ¢ coast., 2013).

Ilpumep 9.1. Unentudukanus opeanouTuTebHbix cuctem RGN

B HacrosimeM n300peTeHnH OMUCHIBAIOT BO3MOXKHOE JIeueHne Oera-
reMorJIoOOMHONATHI ¢ ucnoib30BaHueM cucteMbl RGN, koTopas Hapyiaer
ces3piBaHue BCL11A c ero calitom cBsA3bpiBaHus B jokyce HBB, koTopslii sBaseTcs
reHOM, OTBETCTBEHHBIM 3a 0Opa3oBaHue OeTa-rao0nHa B reMOTJIOONHE B3POCIIBIX.
Jrot noaxox ucnonb3yetr NHEJ, uto 6onee 3dppexTuBHO B KiIeTKaX MIEKOMUTAIO IUX.
Kpome Toro, B 3ToM noaxoae UCMOJb3YIOT HYKJI€a3y JOCTATOYHO MaJIOro pasMepa,
KOTOPYIO MOYKHO YIaKOBaTh B €UHBIH BeKTOp AAV 15 1OCTaBKU in Vivo.

DuxaHcepHbIit MOTHB gatal B suxaHcepHol obnactu BCL11A genoseka (SEQ ID
NO: 220) aBasercs uaealbHON MUIIEHBIO A pa3pylleHus ¢ ucrnonbzopanuem PHK-
HarnpasisieMblx Hykiea3 (RGN) ans camxenus skcnpeccun BCL11A ¢
onHOBpeMeHHOI peakcnpeccueid HbF B spuTpomnurax B3pocynoro yenoseka (Wu ¢
coaBT. (2019) Nat Med 387:2554). Heckonbko nocienoBaTenbHocTer PAM,
coBmecTuMbiXx ¢ APG09748 unu APG09106.1, nerko oOHapyKUBAKOT B TEHETHYECKOM
Jokyce, okpyskaromem 3ToT caiit GATAL. DTu Hykea3sl conepxkar
nocaenosareabHocTh PAM (5'-DTTN-3'; SEQ ID NO: 60) u uMer0T KOMIaKTHBIN
pasmep, YTO MOTEHLHAIBHO MMO3BOJIET JOCTABIATh UX BMECTE C COOTBETCTBYIOIIEH
Hanpasisitouieit PHK B onHom AAYV unu agenosupycHom Bektope. [lomumo cBoero
pasmepa APG06646.1 numeer munumanbHble TpeboBanus k PAM (SEQ ID NO: 109),
YTO AEJAeT €ro XOPOLO MOAXOASLIIUM ISl TAKOTO METOJAMYECKOTO MOAX0Aa. DTOT
MOAXOJ K OCTaBKE TaeT MHOJKECTBO MPEUMYIIECTB 110 CPABHEHHIO C IPYTUMH,
TaKUMH KaK JOCTYH K F'€MOIMO3THYECKUM CTBOJIOBBIM KJIETKAM U XOPOLIO
3apeKOMeHI0oBaBIIUi cebst mpod b 0€30MaCHOCTH U METOIbI MOJTYUESHHUS.

OObryHO ucnonbzyeMas Hykieaza Cas9 us S. pyogenes (SpyCas9) tpebdyer

nocnenosarenabHocTu PAM 5'-NGG-3' (SEQ ID NO: 101), HexoTOpble U3 KOTOPBIX
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pacnonoxensl psigoM ¢ MmotuBoM GATAIL. OnHako pazmep Hykiaeasbl SpyCas9 He
MO3BOJISIET YIIAKOBBIBATD €€ B €IMHbIH BeKTOp AAV MU BEKTOp aJeHOBUPYCA W,
TakUM 00pa3oM, HUBEJIUPYET BBIIEYIOMSHYThIE NPEUMYINECTBA 3TOr0 MOAX0Aa. XOTs
MOJKHO HCIOJIb30BAaTh CTPATETUI0 IBOWHON NOCTABKH, 3TO 3HAYUTEIBHO YCIOXHSIET U
yaopoxaet npouecc. Kpome Toro, 1octabka 1BOHHOIO BUPYCHOTO BEKTOpa
3HAYUTEbHO CHUXKaeT 3P (PEeKTUBHOCTh KOPPEKLUH I'€HOB, TOCKOJIbKY ISl YCIEIHOTO
peIaKkTUPOBAHUS B NaHHOMW KjeTke Tpedyercs 3apakeHne 0OOMMHU BEKTOPAMHU.

[Tony4yaroT 3KCIPECCUPYIOIIYIO KACCETy, KOAUPYIOLIYI ONTUMHU3UPOBAHHYIO 10
konoHaMm yenoBeka APG09748 (SEQ ID NO: 409), APG09106.1 (SEQ ID NO: 410)
unu APG06646.1 (SEQ ID NO: 415), nonodHo onucanHomy B mpumepe 5. Takxke
MOJy4arT 3KCIPECCUPYIOLIHE KACCEThI, KOTOPbIE HKCIIPECCUPYIOT HANPaBIAIOLUE
PHK nns RGN APG09748, APG09106.1 unu APG06646.1. Otu nanpasisromue PHK
BKJIIOYAIOT: 1) MOCIeq0BaTENIbHOCTD MPOTOCIIeiicepa, KOTOpast KOMIJIEMEHTapHa JHOO0
Hekonupyrwmei, nudo konupyromei nenu JJHK B mokyce suxancepa BCLI1A
(mocenoBaTeNbHOCTE-MUIIEHD) U 2) nochenosareabHocTh PHK, HeoOXxoqumyro ms
acconuanuu Hanpasisaooumeid PHK ¢ RGN. Ilockonabky HECKOIBKO MOTEHIUAIBHBIX
nocinenosarenbHoctell PAM nns HanenusaHus ¢ nomouibto kaxaoit RGN okpy:xaroT
moTuB 3HxaHcepa BCL11A GATAI, nony4aroT HECKOJbKO MOTEHLMAIbHBIX
KOHCTpykuui Hanpasaswimux PHK ans onpenenenus naunydien
HIOCJIEIOBATEIbHOCTHU MpOTOCHelcepa, KoTopas obecrneynBaeT HaJeKHOE
pacmemenue u onocpenosanHoe NHEJ HapywmeHnue nocnenoBaTebHOCTA SHXaHCepa
BCL11A GATAL. IleneBble reHOMHBIE MTOCIEN0BATENLHOCTH B Ta0J. 11 OLIEHUBAIOT C
ucnonb3oBanueM sgPHK, npencraBnennoii B Tabdn. 11.

Tabnuua 11. [locnenoBaTeIbHOCTU-MHUIIEHHU IS JIOKyca sHXaHcepa BCL11A

GATA1 c ucnonpzoBauuem APG06646.1

I'enomubIe sgPHK nns I'enomHBIE sgPHK nns
MOCJIE0BATEIbHOCTH - APG09748 MOCJIEI0BATENbHOCTH - APG06646.1
muienu s APG09748 158078 MHUIICHU IS (SEQ ID NO))

unu APG0916.1 (SEQ ID | APGO0916.1 APGO06646.1 (SEQ ID
NO.) (SEQ ID NO.)
221 224 737 740
222 269 738 741
223 270 739 742

Hns ouenku 3¢ppexTuBHOCTH, ¢ KoTopoit APG09748, APG09106.1 unu

APGO06646.1 mpou3BOASIT HHCEPLHUH WIH ACJIELUH, pa3pyLIaloiiue 00JacTb SHXaHCepa
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BCL11A, ucrnonb3yroT KJIETOYHbIE JUHUH Y€JIOBEKa, TAKNE Kak SMOpHOHAIbHbIE
kinerku nouku yenoseka (knetku HEK). ITonyuaror Bextop JHK, conepsxamuii
kaccety skcrnpeccuu RGN (Hampumep, coryiacHo onucanuro B npumepe 5). Takxke
NOJY4arT OTAEJIbHBII BEKTOpP, COAEPIKAINN KAaCCETy HKCIPECCUHU, BKIIOYAOLIYIO
KOAUPYIOLIYIO OCIEN0BATEIbHOCTD ISl HANpaBJsei nociaenosarenbHoctu PHK
u3 tabn. 11. Takas skcnpeccupyromas Kaccera MOXeT AOTOJHUTENBHO CONEePIKaTh
npomoTtop PHK-nonumepassl 111 U6 venoseka (SEQ ID NO: 308), kak onucaHo B
npumepe 5. B apyrom BapuaHTe MOXHO MCIIOJIB30BATh OJMH BEKTOpP, COAEPIKAIIUN
skcmpeccupyromue kaccetsl kak RGN, tak u Hanpasasitomedn PHK. BexTop BBOAsAT B
kieTku HEK ¢ nucnonb3oBaHuem cTaHAapTHBIX METOAMK, TAKUX KaK OMHCAaHHbIE B
npuMepe 5, U KJIETKHU KyJIbTUBUPYIOT B TeueHue 1-3 nueil. [locne sToro nepuona
KyJbTUBUPOBAaHUS BbIAEJ0T reHoMHYK0 JIHK u onpenensroT 4acToTy HHCEpUUN WU
AeNennii ¢ HCIOIb30BAHUEM pacUIerIeHus SHAoHykIea3on I ¢para T7 w/unu npsimoro
cexsenuposanus JIHK, kak onucano B npumepe 5.

O6nacte JIHK, oxBaTsiBatomyo nenesyto odnacte BCL11A, amnauguuupyior ¢
nomowbo I[P ¢ mpafimepamu, conep KaluiuMu BBICTYIAIOLIUE TOCAEA0BATEIbHOCTH
Illumina Nextera XT. Otu amnaukons! IILP nu6o uccneaymoT Ha mpeaMeT
obpazosanusi NHEJ ¢ momompbio pacmennenus sunonykieasoit I T7, nubo
MOABEPTAIOT MOATOTOBKE OMOJIMOTEKH B COOTBETCTBHU C MPOTOKOJIOM OMOINOTEKHU
METareHoMHOro cekBeHupoBaHus [llumina 16S uin aHATOTUYHON MOATOTOBKOM
OubnnoTeku s cekBeHUpoBaHus cieayroouero nokonenus (NGS — Next Generation
Sequencing). [Tocne riay00KOro CEKBEHUPOBAHUS CTEHEPHUPOBAHHBIC TPOUTEHHUS
aHATU3UPYIOT ¢ moMoibto nmporpammbl CRISPResso anst pacyera crenenu
penakTupoBaHus. BelpaBHUBaHUE BBIXOJAHBIX JaHHBIX MPOBEPSAIOT BPYUHYIO JJIs
NOATBEPIKACHUS CAUTOB HHCEPLUHA U AeNeUnil. DTOT aHAIU3 UACHTUHUITUPYET
npeanoutuTeabHyr0 RGN 1 COOTBETCTBYIOIYIO MPEANOUTUTENbHYI0 HAMPABIISIIOIYIO
PHK (sgPHK). AHanu3 MoxeT npuBecTd K ToMy, uto audo APG09748, APG09106.1
win APG06646.1 OynyT B paBHOH CTeNEeHHN NMPEANOUYTHTEIbHBIMH, 1100 ogHa RGN
Oyner Haubousiee mpeanouTUTENbHON. KpoMe TOro, aHa/Iu3 MOKET ONpPEeAeNuTh, YTO
CylecTByeT OoJjiee oqHOU nmpennoytutrebHON Hanpasstomeid PHK win uto BCce
[eJIeBble TEHOMHBIE TTOCIEI0BATEIbHOCTH B Ta0J. 17 ABIAAIOTCSA ONMHAKOBO
NPEeANOYTUTEIbHBIMU.

IIpumep 9.2. AHayus s3kcnopeccui GeTaJbHOro reMorioonuga
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B stom npumepe APG09748, APG09106.1 unu APG06646.1 co3naroT uHCEpLUHU
WM JeJIeluy, paspyluarinue suxancepHyto odnacte BCL11A, nns ananusa
skcmpeccuu dperanbHOro remoriodbuna. Mcnonbp3yot CD34" remonosTHYeCKHE
ctBosioBbie kieTku (HSC — hematopoietic stem cells) 310poBbIX Jt01€#-TOHOPOB.
HSC kynbTHBHPYIOT U BBOISAT BEKTOP (BEKTOPHI), COAEPIKAINE KACCEThI SKCIPECCHH,
BKJIIOUAKOLIHE Koaupyomue obnactu npeanoyrurenbioil RGN u npennouTuTenbHOM
sgPHK, ¢ ucnonp3oBanuemM cnocoOOB, aHAJIOTHYHBIX OMHCAHHBIM B IpuMepe 5. B
IPyroM BapHaHTe MOXHO HCIOJb30BaTh dyekTponopanuto. I[locne snekrponopanuu
KJIeTKH AU PEepeHUUPYIOT /71 Vifro B S3pUTPOIUTHI C UCTIOJIb30BAHUEM YCTAHOBJIEHHBIX
MPOTOKOJIOB (HampuMep, onucaHHbIX B padore Giarratana ¢ coast., Nat
Biotechnology, 2004, 23:69-74, BKIIO4YEHHOHN B HAaCTOsIIee N300peTeHNEe B BHIE
ccbutkn). Jxcnpeccuro HbF 3aTem n3mepsroT ¢ mOMOIIBIO BECTEPH-OJIOTTHUHTA C
antutenoM npotus HbF dyenoBeka mim KOJIMYECTBEHHO ONMPENENSIOT € MOMOIIBIO
BbICOKO3 PP exkTuBHON )uakocTHOM Xpomarorpadpuu (BOXKX). Oxuparor, uro
yCcTmemHoe pa3pyumenne jJokyca suxancepa BCL11A npuBeaer Kk yBeIHYEHUIO
npoaykunn HbF no cpaBHennto ¢ HSC, monBeprayThIMH 3J1€KTPOMOPAIIUN TOJIBKO
RGN, HO 6e3 HampaBIsAIOLIEH.

IIpumep 9.3. AHanW3 TOHMKEHHOTO 00pa30BAHMS CEPIOBUIIHBIX KJIETOK

B stom npumepe APG09748, APG09106.1 unu APG06646.1 co3aaroT uHCEpLUU

WU JeNielluu, pa3pyluarinue suxancepuyt odnacte BCL11A, uccienyemyro Ha
CHMKeHHe 00pa3oBaHus CePIOBUAHBIX KieTok. Ucmonbsyror CD34” remonostuueckue
crBosioBbie kieTku (HSC — hematopoietic stem cells) OT maliMeHTOB ¢ CEPIIOBUIHO
kieToyHoi anemuei. HSC kyJIbTUBHPYIOT U BBOASIT BEKTOP (BEKTOPHI), COMEpIKALIUE
KaCCeThl SKCIPECCUHU, BKIIIOYAKOIINE KOTUPYIOHe 001acTu npeanoytuTebHoi RGN
u npennoututenpbHoit sgPHK, ¢ ncnonp3oBanneM cnoco0OB, aHAJIOTHYHBIX
ONMCaHHBIM B NpuMepe 5. B npyrom BapuaHTe MOXHO HCIOJb30BaTh
snekTponopauuto. [ocne snekTponopanuu kietku 1udepeHunpyoT in vifro B
SPUTPOLHUTHI C UCTIOJIB30BAHHEM YCTAHOBJIEHHBIX IPOTOKOJIOB (HAIPUMEp, ONMUCAHHBIX
B pabote Giarratana ¢ coast., Nat Biotechnology, 2004, 23:69-74, BKIIFOUeHHOU B
HacTosimee n300peTeHne B BUAe cChlkn). Jkcnpeccuto HbF 3atem u3mepsitor ¢
NOMOIIBIO0 BeCTEPH-0NOTTHHTA ¢ aHTUTEIOM npoTuB HbF uenoseka min
KOJINYECTBEHHO OMPEESIFOT C MOMOIIBIO BEICOKO3()(PEeKTUBHON JKUAKOCTHOM

xpomatorpaduu (B2XKX). OxunaroT, 4T0O yCHEUIHOE pa3pylLIEHUE JIOKyCa SHXaHCepa
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BCL11A npusenet k yBennueHuo Beipadotku HbF nmo cpaBuenuto ¢ HSC,
NOABEPTHYTHIMH 3JeKTponopanuu Toabko RGN, Ho 6e3 HanpaBistomei.

O6pa3zoBaHNe CEPIOBUIHBIX KIETOK HHAYLHUPYETCS B 3THX
nuddepeHIMpPOBaAHHBIX 3pUTpOLHTAX NoOaBieHneM Metabucyiaspura. Konuyectso
CEepPNOBUAHBIX 1 HOPMAJIbHBIX 3PUTPOLUTOB MOJCUYUTBIBAIOT C MOMOINBIO
Mukpockonuu. OXUAAKT, YTO KOJIMYECTBO CEPIOBUAHBIX KJIETOK MEHbIE B KJIETKAaX,
obpaboranubix APG09748, APG09106.1 unu APG06646.1 nnroc sgPHK, yem B
HeoOpaboTaHHBIX KJeTKax win o0padoTaHHbIX TOJbKO RGN.

Ilpumep 9.4. Asayius jgedeHus 3a00JieBaHUs HA MBIIIMHOU MOAEJHU

st ouenku 3¢ dexTuBHOCTH paspymenus Jokyca BCL11A ¢pepmentamu
APGO09748, APG09106.1 nunu APG06646.1, npuUMEHSIOT IPpUEMIIEMYIO MOJIENb
T'YMaHU3UPOBAHHBIX MBILIEH C CEPIIOBUIHO KJIE€TOYHOU aHeMueln. Kaccersl
sKcnpeccuu, koaupyrmue npeanourutenbHyo RGN u npeanouturensnyio sgPHK,
yIaKOBbIBAIOT B BEKTOPbl AAV uiu afeHOBUpPYCHBIE BEKTOpHl. B yacTHOCTH,
anenoBupyc tuna Ad5/35 sapdexrtusen B ornomennn HSC. BeiOuparoT moaxonsimyro
MOJI€JIb MBIIIH, COAEPKAIYIO T'YMaHU3UPOBaHHBIN Jokyc HBB ¢ annensamu
CEepPNOBUAHBIX KJIETOK, Takywo kak B6; FVB-Tg(LCR-HBA2,LCR-
HBB*E26K)53Hhb/J unu B6.Cg-HbatmlPaz HbbtmITow Tg(HBA-
HBBs)41Paz/HhbJ. DTum mblinam BBOAAT IpaHyIOLUTAPHBIN
KOJIOHUECTUMYJIUPYIO MU (aKTOp OTAEIbHO HJIM B KOMOMHALINHU ¢ TUIepUKcadopom
aist mobunusaunu HSC B kpoBooOpamnenue. 3ateM BHYTPUBEHHO BBOAIAT AAV uiun
aneHoBupychel, Hecyuue RGN u HanpapisAo0MmMyo MJIa3MUAY, U MbILIIAM AAKOT
BBI3ZIOPOBETH B TeueHue Henenu. KpoBp, MONydeHHYIO OT 3THUX MbIIIEH, TECTUPYIOT
ISl OTIpeNleJIeHUs] CEPIIOBUAHBIX KJIETOK i/ Vifro ¢ UCTIONIb30BAHUEM MeTabuCyIbpuTa,
U 32 MBIIIAMH JUTUTEJIbHO HAOMIONA0T i GUKCUPOBAHUS MMOKA3aTeIel CMEPTHOCTH H
OlleHKe reMono3Tudeckoi Gpynkmuu. OxunaroT, 94To Jeuenue AAV uin
aneHosupycamu, HecymuMu RGN u Hanpasnsaromyo PHK, ymenpmut
CEePNMOBUAHOCTb, CMEPTHOCTD U YJIYYIIUT F€MOTO3THYECKYIO (PYHKLHIO IO CPABHEHHUIO
¢ MbImaMu, 06paboTaHHBIMH BHPYCAMU, JIMIIEHHBIMH 00€UX KacCeT SKCIMPECCUH, HIIH
BUpYCaMH, HECYLIMMHU TOJbKO kacceTy akcnpeccuu RGN.

ITpumep 10. AKTHUBHOCTEL IO PENAKTUDOBAHUIO OCHOBAHHUI B KJIETKaX

MJICKOMNUTAI INIUX

Kaccery skcnpeccuu, KoTopasi BbIpaOaTbIBaeT CIAUTHIA OET0K

uuruauaaesamuiasza-RGN, koHCTpyupyroT cinenyromum obpasom. Konupyromas
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nocnenoBarebHOCTH 1t RGN (APG06646.1, onucanHasi B HaCTOsIEeM U300pEeTEeHNH,
u APG08290.1, onucannas B nyonukannu 3aaBku US 2019/0367949 u nyOnukanuu
MexxayHaponHoi 3asBku W0O2019/236566, kaxaast U3 KOTOPBIX BKJIIOUYEHA B
Hacrosiuee n300peTeHne B BUAE CChUIKHM) ONTUMU3UPOBAHA 11O KOJOHAM IS
SKCIPECCUU Y MIEKOMUTAKIUX U MyTHUPOBAaHA TaK, YTOOBI (YHKIIMOHUPOBATDH B
kadecTBe HUKa3bl (SEQ ID NO: 128 u 262, COOTBETCTBEHHO). DTy KOAUPYIOIIYIO
NOCJIEIOBATEIbHOCTD BBOJST B KACCETY HKCIPECCUH, KOTOpasi BbIpabaThIBA€T CIAUTHIN
6enok, conepxamuii NLS Ha cBoem N-kosnie (SEQ ID NO: 125), dpyHKUHOHATBHO
cBsizaHHbIN Ha cBoeM C-koHile ¢ metkoit 3Xflag (SEQ ID NO: 126), pyHkunOHAIBHO
cBsi3aHHYIO Ha cBoeM C-koHue ¢ nutuaunaesamuHaszoi (SEQ ID NO: 129-132, Bce u3
KOTOPBIX OMHUCaHBI B MexayHapoaHoi 3asBke PCT/US 2019/068079, cymHOCTb
KOTOPOH B MOJHON Mepe BKIOYEHA B HACTOsee N300pEeTEeHHEe MOCPENCTBOM CChUIKH),
($YHKIIMOHANIBHO CBsA3aHHON cBOMM C-KOHLIOM C aMHUHOKHUCIOTHBIM JHHKepoM (SEQ ID
NO: 133), pynkumnoHaibHO cBsizaHHBIM ¢BouM C-koHIIOM ¢ RGN-HHKa30i,
dbyHKIUOHATBHO cBsizaHHOU cBouM C-koHioMm co Bropoii NLS (SEQ ID NO: 127).
Kaxnyro u3 3Tux KacceT skcmpeccuu BBoAsAT B BekTop pTwist CMV (pupma Twist
Bioscience), cnocoOHBIN yIpaBiasTh SKCIPECCUE CIUTOro Oelika B KJIeTKax
MJIEKONUTAKIUX. Takke Noay4aloT OTAEIbHbIE BEKTOPbI, 3KCIPECCUPYIOLIUE
Hanpasysromue PHK nmox xontposnem npomoropa U6 denoBeka B KiIeTKax
miexkonuraromux. Ity Hanpasisiomue PHK (SEQ ID NO: 134-136 nns Napg06646.1
u SEQ ID NO: 263-265 nnst Napg08290.1) ciocoOHBI HANpaBJIsSTh CIUTbHIE OEIKH
ne3amuHa3bl-Nrgn mwin camy RGN k 1ieieBoii reHOMHOHN MOCIE0BATENbHOCTH IS
penaKkTUPOBAHUSI OCHOBAHUM WUIJIM PEeNaKTUPOBAHUS I'e€Ha, COOTBETCTBEHHO.
TpancheuupyroT coBMecTHO 500 HT MIa3Mu SKCTIPECCUH LUTUIAMHIE3aMUHA3BI
RGN unu crangaptHoit ninasmuasl skcnpeccud RGN u 500 Hr nina3Mua skCrnpeccuu
Hanpasistomeid PHK B knerku HEK293FT npu 75-90% cnusauu kneTok B 24-
JYHOUHBIX TUIAHIIETAX C UCMOJIb3oBaHUeM peareHTa Lipofectamine 2000 (pupma Life
Technologies). Life). 3arem knetku nuakyoupytot npu 37°C B Teuenue 72 4. 3atem
skcrparupyroT reHomuyr JJHK, ucnonb3ys NucleoSpin 96 Tissue (pupma Macherey -
Nagel) B cCOOTBETCTBUH C MPOTOKOJIOM MPOU3BOAUTENA. | eHOMHYIO 001acTh,
bnaHkupyrOmyo caiT-MmumeHp Hanpasisomeid PHK, aMminpunupyot ¢ moMouso
IIIIP, n mpoaykTsl ounmarT ¢ nomombio ZR-96 DNA Clean and Concentrator
(pupma Zymo Research) B COOTBETCTBUU ¢ MPOTOKOJOM npousBoauTens. OUuiieHHbIe

nponyktel IIIP 3aTemM OTnpasisitOT HA CEKBEHUPOBAHUE CIEAYHOINEro MOKOJEHUS Ha
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Illumina MiSeq (2x250). Pe3yapTarTsl aHaIU3UPYIOT HA IpeAMET 0Opa30BaHUs HHAECIT
Wi crenupuyeckoid MyTaluu IUTO3HHA.

B Tabn. 12 Huxe moka3aHO peJaKTHPOBAHUE LIUTUIAMHOBOTO OCHOBAHMUS U
oOpa3zoBaHue MHAEN AN KaKA0H KOMOMHAIIMN KOHCTPYKLUH U HANIPABJISIOIIEH.
HnrepecHo, uro npu cpaBHeHnu akTUBHOCTH RGN APG06646.1 ¢ akTUBHO CThIO
uuTuaAnHAe3aMuHa3bl-Napg06646.1 ¢ ucnonp3oBaHueM Toi ke Hanpasisawmen PHK
HaOmogaT 10 20 pa3 OoJjiee BRICOKOE pelaKTHPOBAHHE IUTHINHOBBIX OCHOBAHUM,
YeM pelaKTHPOBAaHHE reHa. DTU Pe3yJIbTaThl 1eMOHCTPUpYIOT, uTo RGN, koTopas
UMeeT HU3KYIO HYKJIEa3HYI aKTHUBHOCTh B KOHKPETHOM CalTe-MHUILIEHH, BCE K€ MOXKET
OBITh 3¢ PEeKTUBHBIM PETAKTOPOM OCHOBAHMH B 3TOM calite. KpoMe TOro, mocKoiIbKy
oOpa3oBaHue UHIENEH B MPHJIOKEHUX ISl peJaKTUPOBAHUS OCHOBAHUH YacTO

SIBJISIETCSI HEXKeNaTeNbHbIM pe3ybTaToM, RGN, KOTOpbhIe HMEIOT HU3KYIO HYKJIEa3HYIO

AKTHUBHOCTDH Ha CaﬁTe, MOTYT OBITH npeAnOYTHUTCIIbHBIMU O HpPIJ'IO)I(eHI/Iﬁ Ino

PEAAKTUPOBAHUIO OCHOBAHMU.

Tabnuna 12. PegakTupoBaHue OCHOBAHUM LUTHANHA U PEJAKTUPOBAHNUE TE€HOB

RGN u nutuausaezamMmuHasbpl-Nrgn

T .
=] < =
Ay 5 [S) q:_s:) = 5 Q q:):
g "EEEE FEE L
= o 8 EE o £ & g
RGN unu aesamunaza-RGN g 5oead 5084
5 HEZEEE g2 &=
g © 8 K3 E © 8 2
= |gEg 33
= < g s 2
s
ARMO5-Napg06646.1 SGNO000775 8,02 0,82
ARMO6CTD-Napg06646.1 SGNO000775 0 0
ARMO8-Napg06646.1 SGNO000775 5,15 0,46
ARM11-Napg06646.1 SGNO000775 0,66 0
APG06646.1 SGNO000775 0 0,47
ARMO5-Napg06646.1 SGNO000777 2.5 0,08
ARMO6CTD-Napg06646.1 SGNO000777 0,53 0
ARMO8-Napg06646.1 SGNO000777 8,12 0,25
ARM11-Napg06646.1 SGNO000777 3,52 1,04
APG06646.1 SGNO000777 0 1,44
ARMO05-Napg06646.1 SGN000781 13,51 0,27
ARMO6CTD-Napg06646.1 SGN000781 2,69 0,13
ARMO8-Napg06646.1 SGN000781 12,97 0,12
ARM11-Napg06646.1 SGN000781 4.7 0,14
APG06646.1 SGN000781 0 0,65
ARMO05-Napg08290.1 SGN000143 1,35 7,04
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=
T = 3 8,3
= QS) Q E pla~] < g O g
o EEE R
= o 2 EE o & & o
RGN unu aesamunaza-RGN g 5228 = 509
= = =x
2 S8EBE R
=9 - ° =g
& X g X =
=
ARMO6CTD-Napg08290. 1 SGN000143 1.36 3.17
ARMO8-Napg08290. 1 SGN000143 2.59 10,98
ARM11-Napg08290.1 SGN000143 478 577
APG08290.1 SGN000143 0 6.21
ARMO5-Napg08290.1 SGN000169 426 12.87
ARMO6CTD-Napg08290. 1 SGN000169 1.63 8.29
ARMO8-Napg08290.1 SGN000169 6.99 14,27
ARM]11-Napg08290.1 SGN000169 4,99 6,39
APG08290.1 SGN000169 0 11.85
ARMO5-Napg08290.1 SGN000173 3.26 5,51
ARMO6CTD-Napg08290. 1 SGN000173 0.72 0,96
ARMO8-Napg08290.1 SGN000173 6.6 6,06
ARM11-Napg08290.1 SGN000173 2.83 4,82
APG08290.1 SGN000173 0 2,58

IIpumep 11. Pacmennenue tpanc oi/IHK

11.1 MccaengoBaHue ycaoBuM s pacuienygenus tpanc JHK

Ounmennyrw Hykieasy APG09748 (npenctasiennyto kak SEQ ID NO: 137 u
omnucaHHas B MexayHapoaHoi 3asBke PCT/US2019/068079, xoTopast MOTHOCTBIO
BKJIFOYEHA B HACTOsIIIee H300peTeHne B KAaYeCTBE CChUIKHM) HHKYOUPYIOT C
onnonanpasisromeit PHK (sgPHK) B 6ydepe Cutsmart (hpupma New England Biolabs
B7204S) npu koHeuHOM KOHUeHTpauuu audo 50 HM nykneasst u 100 HM sgPHK,
an60 200 HM nykneassl 1 400 HM sgPHK B Teuenne 10 muH. DTH pacrsopsl PHIIT
nobapisiroT Kk pactopam on/IHK — mesneBoli winm HECOBMECTHMBIN OTpHUIIATEIbHOMN
koHTpoJbHOU OuJIHK — B kOHeuHOU koHUeHTpauuu 10 HM u penopTepHbIM 30HAaM
npu koHeyHo! koHueHTpaunu 250 HM B 6ydepe 1,5X Cutsmart (pupma New England
Biolabs B7204S). Penoptepusie 30Hab61 (TB0125 u TB0O089, npencraBieHHbIe Kak
SEQ ID NO: 138 u 139, cOOTBETCTBEHHO) coaepkKaT (IyopeCUeHTHBIH KPpacUTeNIb Ha
5'-xonne (56-FAM nns TBO125 u Cy5S nna TB0089), racurens Ha 3'-konne (3IABKFQ
st TBO125 u 3IAbRQSp nns TB0089) u HeoOs13aTenbHO BHYTPEHHUM TraCUTENb
(BuyTpenHuii racutens ZEN npucyrctByeT Tonbko Ha TB0125). Pacmennenue

pPernopTepHOro 30Ha MPUBOAUT K OTCYTCTBHIO TatieHus GJIyopecleHTHOTO KPacUuTes
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U, TAKUM 00pa3oM, K YBEIUUEHHUIO (PIyOpeCeHTHOr0 CUurHana. {1 MOHUTOPHUHTa
MHTEHCUBHOCTHU puyopecueHuu 10 MKJI KakJol peakuuu HHKyOUpyIoT B 384 -
ayHouHOM MuKpornanmeTe Corning manoro oosema npu 30°C B MUKPOIUIAHLIIETHOM
punepe (pupma CLARIOstar Plus).

H3yueH psia yCJIoBHIA, 4TOOBI ONPEAENIUTh MOAXOASAIINE TapaMEeTPhl JTAHHOTO
aHanu3a. st Toro, 4To0BI ONpERENUTh, €CTh JIU BIUSHUE AU3aiiHA 30H/A TalleHHs
WU XapakTepucTuk ¢puyopodopa, 1Ba TAKUX PEropTepa BKIOYAKT B BUAE CMECH B
Kaxay peakuuo. OHU CONEPIKATCS B TOH jKe paBHOW KOHIEHTPALUH B JIFOOOM
NaHHOU peakuuu. Bo Bcex ciydasx KOHTPOJIbHAS WU LejieBas koHueHTpauus on/[HK
(LE201 um LE20S, npencraBnennbie kak SEQ ID No: 140 u 141, cOOTBETCTBEHHO)
cocrapisitoT 10 HM. Hazeanus PHII o603HavaroT HykJiea3y 1 MUIIEHb, KaK YKa3aHO B
tabn. 13 HIXKE.

Tabnuua 13. PuboHyKI€0NpOTENHOBBIE KOMITJIEKCHI

PHII Hyxkneasa sgPHK IIpennosaraemasi MUIIEHb

APG09748.1 | APG09748 | 27sg.1 (SEQ ID NO: 144) | LE201 (SEQ ID NO: 140)

APG09748.2 | APG09748 | 27sg.2 (SEQ ID NO: 145) | LE205 (SEQ ID NO: 141)

PesynbpraThl moka3ansl B Ta0s. 14 HUXKe.

11.2 Pacmennenue tpanc-JAHK nykieazorn APG09748 u BausiHMe OUUCTKH Ha

Hecneund)nqecm/}o AKTHBHOCTD

Ounmennyr Hykneasy APG09748 unkyoupyoT ¢ ogHoHanpasienHoi PHK
(sgPHK) B Oydepe 1X Cutsmart (pupma New England Biolabs B7204S) B koHe4yHO#H
koHueHTpanuu 200 HM nykneasnsl u 400 HM sgPHK B Teuenune 10 mun npu 37°C.
3arem stu pactBopbl PHIT nobasnstoT k pactBopam onJIHK — muinenu
HECOOTBETCTBYIOLIEr0 OTpULAaTENbHOr0 KOHTpOoJs o /IHK — B koHeuHOM
koHneHTpanuu 10 HM u penopreproro 30Haa (TP0003) B KOHEUHOW KOHIIEHTPALNHU
250 M B Oydepe 1.5X Cutsmart (pupma New England Biolabs B7204S).
PenoprepHbIii 30HA conepKUT GIyOpeCUEeHTHBIH KpacUTeNb Ha 5'-KOHIIE U TaCUTEINb
Ha 3'-koHLe. Pacuennenue penopTepHOro 30H/1a NPUBOAUT K OTPULIAHUIO TalleHUs
(bJIyOpPeCeHTHOTO KPACUTESI M, TAKUM 00pa3oM, K YBEIHYSHHUIO (PJIyOPECIEHTHOTO
curHana. Jl;isi MOHUTOPUHTA HHTEHCUBHOCTH (uyopecieHunu no 10 MK Kaxxaoi
peakuu UHKYOUpyrT B 384-nyHouHOM MuKporuianmete Corning npu 37°C B punepe
st mukporutanimeToB (pupma CLARIOstar Plus).

HNukybauus ¢ mocaenoBaTeIbHOCTAMI-MHUIIEHIMH IPUBOAUT K 3HAUYUTEIbHOMY

YBEJIMYEHUIO HHTEHCUBHOCTHU (PJIyopecueHU N Kak (YHKLUN BpEMEHH IO CPABHEHUIO
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C OTpULATEIbHBIM KOHTpOJIeM. CKOPOCTh pacleMIeHus ONpPeAesOT KaK HaKJIOH
JUHEWHON YacTH (IyopecueHNH OTHOCUTEIbHO BPEMEHHU KakK Moka3aHo B Tadm. 15.
Tabnuna 15. Pesynprare ananusa no pacmenigenuto tpaic-AHK (OE® —

OTHOCHUTEJIbHbIE €INHULIBI (PJIyOpeCIIeHLINH)

ITocnenoBarenbHOCTH cyOcTpara on/IHK Haxynon (OE®/mun)
Hecoorsercteue (LE111; SEQ ID NO: 142) 549
Cootserctue (LE113; SEQ ID NO: 143) 7724

DTu naHHbBIE TOKA3bIBAIOT NU(pHepeHIHALUIO [EJIEBON NMOCIeN0BATEIbHOCTH
OTHOCHUTEJIbHO OTPULATEJIbHOTO KOHTPOJIsA ¢ moMoiubio PHII, koTopble ueTkO
OOHAPYIKUBAKOTCS C MOMOMIIBIO PACHIEIIEHHOTO PEMOPTEPHOrO 30HA.

11.3 Onpenenenrie PAM, ucnonb3ys napaaaeabHy0 OMOJMOTEKY IMJIa3MUIHOM

JIHK
Omuronyxkneoruasl (LE00680 u LEO0688, npencranennsie kak SEQ ID NO:

266 u 267, COOTBETCTBEHHO), COIEpIKAIINE LEJIEBYIO MOCIEIOBATEIbHOCTD, KOTOPOH
MPEeAIIeCTBYET BBIPOXKIAEHHAs MmocjenosaTteabHOCTh PAM nnuHO# 5 HyKJI€0TUIOB
(NNNNN), oTKUTalT U KIOHHPYIOT B miasMuae Pucl9 nBoiliHOTO pacierieHus,
ucnonb3ys Habop NEBuilder HiFi DNA Assembly Master Mix (¢upma New England
Biolabs). Kaxknast konoHus, nony4yeHHas B pe3yJbTaTe TpaHCHOpMaLuu 3TOH
peaKkLuy, COOTBETCTBYET MOCIEN0BATEIbHOCTH KIOHAJIbHOU muuasmuanon JAHK takum
obpasowm, uto npenapatel masmMuauoi JJHK u3 xynbTyp, npoucxonsimux us3
OTAEJbHBIX KOJOHUM, ABJIAOTCA YHUKAJIbHBIMU NpeNapaTaMu MiIa3MHUA, B3SITbIMU U3
ucxonHol oubnuoreku. [Ipenaparsl MmiIa3Mu MOJAy4arOT U3 BEIOOPKU B 96 KOJOHUIMA.
OTu mpemnapaTsl 0 OTAENbHOCTH MOABEPTaIOT CeKBeHHpOoBaHUIo o CaHrepy Ajs
npoBepku nociuenoBatenbHocTH PAM. Ounmennyro APG09748 unkyOupyroT ¢
sgPHK (27sg.2) B Oydepe 1X Cutsmart (pupma New England Biolabs B7204S) B
koHeuHOU koHueHTpauuu 200 HM nHykneassl u 400 HM sgPHK B Teuenue 20 MmuH npu
KOMHATHOW TeMIlepaType.

Otu pactBopsl PHIT nobapnsitoT 1o koHeyHoM koHIeHTparuu 100 HM x
pactBopam niazmMuaHon JIHK-Mumenu B koHeuHONW KOHUEHTpauuu 8,3 HM u
penoptepsl TBO125 u TB0089 (npencrasnennsie kak SEQ ID NO: 138 u 139,
COOTBETCTBEHHO) B KoHUeHTpanuu 250 HM u 50 HM, coorBeTcTBeHHO, B Oydepe 1.5X
Cutsmart (pupma New England Biolabs B7204S). Jlist MOHUTOpUHTa HHTEHCUBHOCTH

bayopecuenuu nmo 10 MKJI KaxI0H peakuu HHKYOUpyoT B 384 -1yHOUHOM
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mukporanmere Corning npu 37°C B puaepe 1isi MUKpoOIIaHmeToB (pupma
CLARIOstar Plus).

Konuenrpanus niaa3Muibl B HeOOJbIIOM KOJUYECTBE 00pa3LoB Oblia TudO0 HUXKE
LIeJIeBOr'0 3HAYCHHMS JJIs1 HOpMaIU3alui KOHIEHTpauu, 1ndo odbema pacTBopa Obuio
HEJOCTAaTOYHO JJIsl JOCTABKH MPEANOJaraéMoro LejeBoro KOJU4ecTBa B peakl HOHHYIO
JYHKY. OTH 00pa3ipl HE UCKJIIOYAKOT U3 aHAJIN3A, U MIO3TOMY OXKHAAIOT, YTO OHU OyAyT
CrocOOCTBOBATh BOBHUKHOBEHHUIO OMUOKH MU3-3a HECOOTBETCTBHS MEXKAY
nybnukaramu. OOpa3ibl, B KOTOPBIX UCIOJNB3YIOT MJIa3MHUABI, OTIPEAeIeHHbIE TOCIe
cekBeHUpOBaHUs Mo CoHTrepy Kak MMEKINNe NePEeKPEeCTHOE 3arpsi3sHEHNe
(MHOKECTBEHHBIE CJIellbl, OueBUAHbIE B 0OnacTu PAM) unu usmMeHeHus B
NOCJIE0BATEIbHOCTU-MHUIIEHH, YAAISIOT U3 aHAINU3a, U UX PE3yJIbTaThl HE MOKA3aHbI
HUKe. Pe3ynpTaTel aHanu3a nmokasansl B TaOs. 16 HUXKE B mOpsinKe YObIBAaHUS HAKJIOHA
B kaHaje FAM.

Tabnuua 16. IlocnenosarenpHoctd PAM (OE® — oTHOCHTENbHBIE € TUHUIIBI

bIyopecueHIun)
Haxnon (OE®/mun)
PAM SEQ ID NO Kanan Cy5 Kanan FAM

ATATG 147 111,52 1728,13
ATATG 147 102,42 1612,86
TATTG 148 137,15 846,12
TATTG 148 148,61 799,82
CGTTC 149 151,06 744,18
CGTTC 149 134,61 735,35
TTTTT 150 167,71 731,11
TTTTT 150 149,83 711,78
CAATC 151 120,84 675,71
AATCT 152 134,67 622,52
AATCT 152 134,1 620,2

CAATC 151 96,94 608,58
AAATT 153 152,6 607,24
AAATT 153 150,57 591,77
CATCC 154 97,34 588,7

AGATA 155 214,69 579,56
TATTC 156 124,22 570,81
ATTTT 157 134,72 551,91
AGATA 155 198,45 544,81
TATTC 156 108,57 538,18
TCTTT 158 141,66 532,87




141

Haxnon (OE®/mun)

PAM SEQ ID NO Kanan Cy5 Kanan FAM
ATTTT 157 107,9 526,75
AGATC 159 106,93 497,71
AATAA 160 78,94 484,67
TCTTT 158 117,19 484,13
GATCC 161 112,85 479,91
GATCC 161 105,04 474,94
AGATC 159 106,5 473,98
ATTCA 162 115,03 473,24
AATAA 160 77,43 465,75
AAAAT 163 78,3 458,23
TTATC 164 102,14 456,73
TATCA 165 106,45 448,78
TCACT 166 167,02 429,36
CTTAT 167 82,9 418,38
TATTG 148 116,08 417,94
TCACT 166 160,29 415,64
AAAAT 163 56,43 411,26
TGATA 168 89,02 406,14
TGATA 168 85,99 395,57
TACTA 169 90,61 391,06
ATTTT 157 113,18 382,59
TACTA 169 74,33 364,56
ATTTT 157 106,72 364,02
TATTG 148 93,95 341,36
CTTAT 167 76,12 336,8
ATATA 170 83,39 326,86
ATATA 170 72,98 318,2
TATCA 165 65,41 317,53
GACTC 171 56,56 302,2
GCTCA 172 22,1 293,68
TAACC 173 56,08 283,99
CGTGT 174 66,57 268,89
TAACC 173 56,55 265,45
TTTCG 175 59,55 262,91
CGTGT 174 50,71 262,37
TTTCG 175 61,42 261,65
CAGTA 176 51,81 240,09
GCTCA 172 19,08 228,08
CAGTA 176 51,09 220,25
CCCTT 177 17,83 136,69
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Haxnon (OE®/mun)

PAM SEQ ID NO Kanan Cy5 Kanan FAM
CCTAT 178 40,4 125,81
TCCCT 179 39,93 124,6
AGGTT 180 40,96 117,18
AGGTT 180 40,81 114,79
TAACG 181 32,53 94,68
AACAG 182 8,19 91,72
CCTAT 178 34,51 87,57
TGAAC 183 10,22 86,38
TAAGT 184 19,35 85,12
TCCCT 179 26,67 83,02
TAACG 181 27,62 79,17
TAACG 181 28,89 78,55
TAACG 181 22,23 78,36
CTGTA 185 23,27 77,06
AGGGG 186 30,8 74,4
GCTGT 187 28,3 71,54
ATCTA 188 18,73 69,15
GCTGT 187 25,61 69,06
TTATC 164 22,8 68,13
AACAG 182 23,98 67,27
TCAGG 189 17,25 67,04
ATGTC 190 13,91 65,93
TGCTA 191 26,33 65,73
TAAAA 192 17,32 65,43
ATCTA 188 16,88 65,3
CTGTA 185 21,81 64,15
GACTC 171 24,05 64,02
ATTCA 162 25,04 63,87
TGAAC 183 24,53 63,64
CCCTT 177 21,35 61,95
ATGTC 190 12,99 60,6
ATCAG 193 22,32 59,63
ATCAG 193 18,55 56,58
CGGGG 194 27,86 56,28
TAAAA 192 17,72 56,03
TTCTC 195 25,7 55,83
GTCAT 196 23,07 55,76
GCGTG 197 17,36 55,12
GCGTG 197 22,02 55,02
GCAAT 198 15,47 54,91
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Haxnon (OE®/mun)

PAM SEQ ID NO Kanan Cy5 Kanan FAM
TTCTC 199 21,89 54,89
GTCAT 196 17,22 54,34
GCAAT 198 17,36 53,32
AGCAT 200 22,47 52,23
GTCAA 201 14,14 52,12
AGAGC 202 19,62 51,79
AGAGC 202 15,99 50,37
GTGGG 203 22,38 50,1
CTGAA 204 21,24 49,45
CTGAT 205 12,05 49,32
ATGAA 206 17,93 49,15
ACCTT 207 19,66 49,12
ACCTT 207 22,74 49,12
GTCAA 201 13 48,21
AACCA 208 17,81 48,04
AACCA 208 15,75 47,87
GTAAA 209 16,3 47,85
TAGGA 210 18,68 47,73
CCGAA 211 20,24 47,58
AGCAT 200 22,95 47,52
CGGGG 194 20,94 47,41
GTCAT 196 15,17 47,24
CTGAA 204 20,4 46,36
GTGGG 203 19,98 46,25
TACGA 212 16,79 46,18
TGGCT 213 14,81 45,75
GTCAT 196 15,55 45,51
ATGAA 206 19,11 45,09
TAGGA 210 21,65 44,94
TTCTC 199 21,44 4476
CCAAG 214 16,98 44,61
GTAAA 209 15,35 44,59
TGCTT 215 15,79 44,54
CTAAA 216 12,72 4428
TGCTA 191 16 44,14
TACGA 212 16,07 44,06
TCGAT 217 22,28 43,96
TTCTC 199 15,94 42,55
CTGAT 205 16,13 42,27
TCAGG 189 11,38 41,9
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Haxnon (OE®/mun)
PAM SEQ ID NO Kanan Cy5 Kanan FAM
CCAAG 214 11,28 41,45
AGGGG 186 16,04 41,44
TCGAT 217 18,68 40,5
CCGAA 211 15,39 39,09
CTAAA 216 10,72 30,37
GTAAC 218 4,36 9,51
TGCTT 215 -0,32 -0,7
TAAGT 184 -0,57 -1,3
CATCC 154 0,47 -1,95
TGGCT 213 -0,03 -2,2
GTAAC 219 -0,46 -2,3

[TocnenoBaTEeNbHOCTH C HAMBBICIIUM HAKJIOHOM, MO-BHAMMOMY, COOTBETCTBYIOT
npeackazanaomy PAM (DTTN, npeacrasiaenaomy kak SEQ ID NO: 60),
OIIpeNIeICHHOMY C MOMOIIBIO aHAJIN3a UCTOILIEHUs TNIa3MUJIbI, PAHEE ONHCAHHOMY B
mexxayHaponHoii 3assBke PCT/US2019/068079, cymHOCTh KOTOPO MOJHOCTHIO
BKJIIOUEHA B HACTOsILIEE ONUCAHNE B BUAE CCHUIKU. B 4acTHOCTH, ONpeneNeH0 CUIIbHOE
npennodTeHue «T» B MOJ0XKEHUHU ABYX HYKJIE€OTHAOB 5’ MuieHu. HeoxunanHo
HanOonee akTUBHBIN caiT PAM, ob6Hapy:xeHHbINH B 3TOM aHanuze (ATATG, SEQ ID
NO: 147), ne nonHocThi0 cooTBeTcTBYET KOHCceHcycy DTTN (SEQ ID NO: 60), uto
NpeAnoyiaraeT HeKOTOPBIH YPOBEHb THOKOCTH 3TOr0 CaliTa y3HABAHUS.

11.4. AxkTuBHOCTb pacinenuaenus Tpadc-oi/IHK B npucyrcreuu IIIP-

ammnduuuposansoi JIHK

Avmumndunuposannblie [TIP mumenu nonyuaroT u3 reaomHon JJHK (amMmnaukoHsbI
TRAC u VEGF, npencrasnennbie B Buge SEQ ID NO: 225 u 226, cOOTBETCTBEHHO),
UCIIONB3Ys cooTBeTcTBYOIUE npaiiMmepsl. Muinenb VEGF (npencrasiennas kak SEQ
ID NO: 227) ammnudunuposana ITIP u3 renomuoit JIHK knetok HEK293T ¢
npuMeHeHuem npaiimepos LES73 u LES78 (npencrasnennbie kak SEQ ID NO: 228 u
229, coorBercTBeHHO). Mumenb TRAC (npeacrasnennas kak SEQ ID NO: 230)
seisieTcst ammngunuposanHoi [TIP ¢ npumeneranem LE257 and LE258
(npenctaBnennsie kak SEQ ID NO: 231 u 232, COOTBETCTBEHHO).

PHII nony4atoT myteM nHKyOupoBaHus Hykyeassl APG09106.1, onucanHO#i B

HactosimeM n3odperenuu, u sgPHK B konmmyectse 0,5 MkM u 1 MxkM,
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cooTrBeTcTBeHHO, B Oydepe 1X NEBuffer 2 (pupma New England Biolabs) u
WHKYOHUPYIOT IPU KOMHATHOH TeMmeparype B TeueHue 20 MUH.

Tabnuua 17. PuboHykineonpoTenHOBbIE KOMITJIEKCHI

PHII Hyxneasa Hanpasasarwomas PHK Ilpennonaraemasi MUIIEHD
. LET126 amnaukoH
APG091062 | APG09106.1 | 275¢2 (SEQID NO: PaHIOMU3HDOBAHBIiI
145)
amniaukoH PAM
27sg.836 (SEQ ID
APG09106.836 | APG09106.1 NO: 233) VEGF amniukon
27sg.838 (SEQ ID
APG09106.838 | APG09106.1 NO: 234) TRAC amniukoH

Peaknuto pacmennenus nposoast B 0ydpdepe 1,5X NEBuffer 2 ¢ 1,5 MmxkM
onuronykieoruaHoro penoprepa ou/IHK ¢ merkoii 5' TEX615, racurenem 3' Iowa
Black FQ u 100 HM cootrBercTBytomero npoaykra [1I[P. Pacmennenue penopTepHOTO
30H/a MPUBOAUT K OTMEHE rameHus GpiayopecueHTHOr0 KpacuTens U, TAKUM 00pa3om,
K YBEJIUYEHHUIO (PJIyOPECLHEeHTHOro cCuruana. J{jist MOHUTOPHHTa HHTEHCUBHOCTHU
bayopecuenuu 10 MKJ KakJ0H peakuuu HHKYOUPYIOT B 384 -1yHOUHOM
mukporuianmere Corning manoro odsema npu 37°C B puaepe A MUKPOILIAHIIETOB
(pupma CLARIOstar Plus). Pe3ynbraThl KHHETHYECKOTO aHANN3a MOKAa3aHbl B TA0J.
18.

Tabnuua 18. PesynbraTel ucciaenosanus no pacuieruienuto Tpanc-IHK (OED —

OTHOCHUTEJIbHbIE €UHULIBI (JIyOPECIIEHIIUH)

PHIT | Konuentpamus muuenu (HM) Mumens Haxnon (OE®/mun)
28.836 30 TRAC amniaukoH 1204
28.838 30 TRAC amniaukoH 8436
28.838 30 VEGF amnnukoun 766
28.836 30 VEGF amnnukon 3484

OTHU pe3yNbTaThl YKA3BIBAKOT HA CHEeU(PUUECKYI0 aKTUBAIIUIO aKTUBHOCTH IO
pacuemenuto Tpanc-onIHK B mpucyrcrsuu I[P -amnnupunuposannoii JJHK u3
Pa3IMYHBIX UCTOYHUKOB. AKTUBHOCTD 3aBUCHUT OT KOHUeHTpauuu [11[P-
aMIIMpUUIHIPOBAHHOTO cyOcTpaTa.

11.5 Ilpumenenue pacuierieHuss onJIHK B kauecTBe AMAarHOCTUKYMaA

brnaronapst cmocoOHOCTH 3THX HYKJI€a3 T€HEPUPOBATh ONTUYECKH BbISBIISIEMBIN

CUTHAJ B IPUCYTCTBUHU MOCICAOBATCIbHOCTHU HHK-MI/ILHGHI/I HUX MOXHO BHEAPATH B
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AUArHOCTUYECKUE YCTPONCTBA 11 OOHAPYKEHUS T'€HETHYECKOTo 3a00NeBaHUs UIIH
areHTOB MH(]EKIIMOHHBIX 3a00J€BaHNM, TAKUX Kak OaKTepUH, BUPYCHI HIIH T'PUOKH.

JlmarHoctudeckas nporeaypa MOXKeT BKJIKUYATh BbIIENEHNUE TN aMIUTH(PUKAITUIO
HYKJIEMHOBBIX KHCJIOT U3 TeCTHpyeMoro odpasua. Takxke MOXKeT 0Ka3aTbCs
11e1ec000pa3HbIM HCIIOJIb30BATh HEKOTOPBIE 00pa3Lbl O€3 BbIACIECHUS HJIU OYUCTKH
HYKJIEMHOBBIX KHCJIOT, IIOCKOJIBKY OHH MOTYT MPUCYTCTBOBAaTh B 0OpasLe B
AOCTATOYHO OOJBIIMX KOJUYECTBAX, UTOOBI X MOYKHO OBLIO OOHApPYKHUTH Oe3
amruinukaunu (Hanpumep, [11P) min 6e3 MaTepuanos, MemawIUX 00HAPYKEHHUIO
WU BBIPaOOTKE CUTHAJIOB.

PHII, chpopmupoBaHHBIE, KaK OMMUCAHO B APYTUX MPUMEPaxX, 3aT€M MOXKHO OBLIO
OBl MOABEPTHYTH BO3JAEUCTBUIO 00Opa3ia (MK MPoLeCCUPOBAHHOTO 00pasla, Kak
OMHUCAaHO B MpenbiayeM naparpade) BMecTe ¢ penopTepom, TAKUM Kak
omuronykjeotuasl ou/IHK, monudpunuposanusie no ¢piayopodopy-racurento,
UCIIOJIb30BAHHBIE B MPEABIAYIINX MPUMEpPaX, UJIH KAKUM-JIUOO IPYTrUM BUIOM
cyberpara on/IHK, koTopbIii MpOU3BOAUT BUAUMBIN HJIM HHBIM 00pa3oM JIETKO
oOHapyKMBaeMbIil CUTHAJ NpHU paciuenieHnu. [Ipu ncrnonb3oBaHuu
onmuronykieotunos JIHK, konbprorupoBaHHbIx ¢ ¢payopodopom-racurenem (kak B
paHee OMMCAHHBIX NIPUMEPAX ), UX MOXKHO OOHAPYKUTH C TOMOIIBIO (GIyOpUMETPa, Kak
ONMHUCAHO B NMPeabAyIuX npumepax. Utoowl ynpocTuth 0OHapyKeHHUE, BMECTO
KMHETUYECKHX aHAJIM30B, OMMCAHHBIX BbILIE, MOKHO IPOBOJUTH AHAJINU3 KOHEUHON
TOYKH, YTO O3HAYAET, YTO aHAJIU3bl MOXKHO NPOBOAUTH B T€UeHUE (PUKCHUPOBAHHOTO
BPEMEHH U CYUTHIBATH IO MPOLIECTBHHU 3TOT'O BPEMEHHU OTHOCHTEJIBHO
MOJIOKUTEJIBHOTO U OTPHUIIATEIBHOTO KOHTPOJIS.

OTH peareHThl TaK)XK€ MOTYT ObITh HHTETPUPOBAHBI B YCTPOMCTBO JJIst
TECTUPOBAHUS C OOKOBBIM MMOTOKOM, KOTOPO€E MO3BOJsAET 0OHAPYKUBATh NaHHBIN
BO30ynuTeNb OOJNIE3HH UM KOHKPETHYIO MOCIE0BAaTEIbHOCTh HYKJIEHHOBON KHUCIOTHI
(Hanpumep, OOIBHOMN aIeNb y HHANBUAYYMA) C OYeHb HeOOMbIIUM HabopoM
UHCTPpYMeHTOB. B 3ToM ananmuze penoprep ou/{HK mMoxkeT OBITH KOHBIOTHPOBAH C
HECKOJbKUMH MOJIEKYJIAMH, MOAXOAAIINMH JIJIs 3aXBaTa aHTUTEIaMH Uiu adUHHBIMU

peareHTamMu, TAKUMHU Kak GJIyopecienH, OMOTHH U/UJIH AUTOKCUTEHHH.
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OOPMVYIJIA U30BPETEHM A

1. Monekysia HyKJI€UHOBOU KUCJIOTBI, BKIOYAKAs MOJUHYKIEOTHU,
kopupyromuit nonunentun PHK-nanpasnsemoii nykneassl (RGN), rae ykazaHHbIH
NOJUHYKJIEOTU] BKIOYAET HYKICOTUAHYIO MOCIEJ0BATEIbHOCTb, KOAUPYIOIIYIO
nonunentua RGN, BbIOpaHHBINA U3 TPYIIBI, COCTOSINEH H3:

a) mojunentuna RGN, BKJIIOYAKOIEro aMHHOKHCIOTHYIO TTOCIE0BATEIbHOCTD,
KoTOpasi mo MeHbinei mepe Ha 95% unenruuna SEQ ID NO: 117, 30, 75, 1, 9, 16, 23,
38, 46, 61, 69, 82, 89, 95, 103 unu 110; u

6) nonmunentuaa RGN, BKIOYAaOMEro aMUHOKHUCIOTHYIO MOCJIEI0BATEIbHOCTD
SEQ ID NO: 54,

npudeM ykazaHabli nogunentun RGN cnocoOGeH CBI3bIBATHCS C
nocaenoBarenbHocThi0 JIHK-Mumenu monexynsl JJHK cnenupuunbim nns PHK-
HaIpaBJISOIIEeH MOCIeT0BATEIBbHOCTH 00pa30M MPH CBSA3BIBAHUU C HAIMPABJISAIO IEH
PHK (gPHK), cnoco0HO# ruGpuan3upoBaThcs ¢ YKa3aHHOW MOCIE0BATEIbHOCThIO
JHK-mumenu,

rie yKa3aHHbIN MOJUHYKJIEOTU I, Koaupyromuil nonunentux RGN,
(YHKIMOHANBHO CBSI3aH C IPOMOTOPOM, T€TEPOJIOTUYHBIM YKa3aHHOMY

HOJIMHYKJIEOTUAY.

2. Monexysa HyKJI€MHOBOM KUCJIOTHI IO M. 1, B KOTOPOH yKa3aHHbIN MOJIUNENTHA
RGN sBasieTcst HEAKTUBHOM HyKJiea30il WM ¢cioco0eH QYHKIIMOHUPOBATh B KAaYECTBE

HUKAa3BbI.

3. MonekyJia HyKJ€UHOBON KUCIOTHI MO M. 1 Wiu n.2, B KOTOPOH MOJUNENTUL

RGN (yHKIIMOHAIBHO CIHT C MOJUMENTUIOM C OTPEAAKTUPOBAHHBIMU OCHOBAHHUSIMHU.

4. BekTop, BKIIOYAIOIINA MOJIEKYJY HYKJIEMHOBON KHCJIOTHI MO JIIDOOMY U3 IT.1I.

1-3.

5. BexTop no n. 4, JONOJHUTEIbHO BKJIKYAKIINUN 0 MEHbIIEH MEPE OIHY
HYKJICOTHIHYIO MOCIeA0BATEIbHOCTD, Konupyromyt ykazannywo gPHK, cnocoOnyro
ruOpUAN3UPOBATHCA C YKa3aHHOU nocnenoBareabHocThi0 JIHK -MuIenu, u B Koropom

Hanpasisitoias PHK conepxxut PHK CRISPR, Britouarouyo noBTOPSAOMYOCS
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nocnenosarenbHocTh CRISPR, koTopas no menbueit mepe Ha 95% uaentuyna SEQ

ID NO: 118, 31, 76, 2, 10, 17, 24, 39, 47, 55, 62, 70, 83, 90, 96, 104 umu 111.

6. Bextop no n. 5, B koropom ykazanHas gPHK Bkirouaert tracrPHK,
NOCJIEIOBATEIBHOCTh KOTOP O 10 MeHbIneil Mepe Ha 95% uaentuuna SEQ ID NO:

119, 32, 77, 3, 11, 18, 25, 40, 48, 56, 63, 71, 84,91, 97, 105 unu 112.

7. Knetka, comepskaiiasi MOJIEKYJly HYKJIEHHOBOUW KUCIOTHI MO JE0OOMY U3 m.o. 1-

3 wnu BeKTOp 1O Jr0OOMYy H3 1.1 4-0.

8. Monekyna HyKJI€MHOBON KHUCJIOTHI, COAEpkKalas MNOJUHYKIEOTH ], KOTOPbIN
konupyetr CRISPR PHK (crPHK), B koTopoii ykazannas crPHK Bkirouaer
CMENCePHYIO MOCAeI0BATEIbHOCTh U MOBTOPSOIYIOCS nmocieaoBarenbHOCTh CRISPR,
IpUueM yka3aHHas nosropsitomascs nocienosareabHocTb CRISPR conepxur
HYKJIEOTUAHYIO MOCJIEA0BATENbHOCTD, KOTOPas O MeHblIeH Mepe Ha 95% uneHTu4Ha
SEQ ID NO: 118, 31, 76, 2, 10, 17, 24, 39, 47, 55, 62, 70, 83, 90, 96, 104 unu 111;

rae nHanpasisromas PHK conepxur:

a) ykazannyt crPHK; u HeoGs3aTenbHO

0) Tpanc-akruBupyromyo CRISPR PHK (tracrPHK), cnocobnyro
ruOpUAN3UPOBATHCS C YKa3aHHOW MOBTOpsitoLelics mocnenoBarenbHocThio CRISPR
ykazanHol crPHK;

criocoOHasi rHOpUAN3UPOBATHCS ¢ mochaenoBatebHOCTHIO JIHK -Mutnenu
mogekyabl JIHK crienuduyuHbIM 1J1s TOCIEN0BATEIbHOCTH 00pa3oM yepes
CHEeNCepHYI0 Mocaen0oBaTebHOCTh YKka3zaHHo ¢crPHK, korpa ykaszannas
Hanpasysromas PHK csasana ¢ nonunentunom PHK-nanpasiaseMoil Hykieasbl
(RGN), u

r7ie YKa3aHHbIH nMoauHykIeoTHa, koaupyomuid crPHK, ¢yHkunonanpHO cBsA3aH

C MPOMOTOPOM, IT€TCPOJOTUYHBIM YKA3aHHOMY IMOJIMHYKJICOTHUAY .

9. BexTop, BKIIOYAKINUN MOJIEKYJY HYKJI€HHOBON KHMCJOTHI IO II. 8.

10. BexTop no n. 9, rae yka3aHHBIA BEKTOP AOMOJHUTEIBHO COAEPKUT

MOJIMHYKJIEOTU, KOAUpYrmuil ykasanHyr tracrPHK, npuuem ykazannas tracrPHK

COJIEPKUT HYKJIEOTHAHYIO MOCIEN0BATENIbHOCTD, KOTOpasl MO MeHbluel Mmepe Ha 95%
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unentnuna SEQ ID NO: 119, 32, 77, 3, 11, 18, 25, 40, 48, 56, 63, 71, 84, 91, 97, 105

unua 112.

11. MonexyJsia HyKJIEUHOBON KHUCJOTBI, COAepKallas MOJUHYKICOTHU,
koxupyromuit Tpanc-aktusupyomyo PHK CRISPR (tracrPHK), Bkmrouaromyto
MOCJIEIOBATENbHOCTD, KOTOpasi Mo MeHbineit mepe Ha 95% unentuyna SEQ ID NO:
119,32, 77,3, 11, 18, 25, 40, 48, 56, 63, 71, 84,91, 97, 105 wau 112;

rae Hanpasisromas PHK conepxur:

a) tracrPHK; u

0) crPHK, comepikamyro crieiicepHyIO OCIeA0BATEIbHOCTD U MTOBTOPSIOLIYO CSI
nocnenoBarenbHOCTh CRISPR, roe ykaszannas tracrPHK cnocoOHa
ruOpUIN3NPOBATHCS C YKA3aHHOW MOBTOpsitoLIeics nocienoBaTenbHocThio CRISPR
ykaszanHol crPHK;

criocobHasi THOpUAN30BATHCS C MociaenoBaTebHOCThIO JJHK -Mumenn Moeky bl
JIHK cnenuduyHbIM AJis TOCIENOBATEIBHOCTH 00pa3oM uepes CelCepHYIo
nociuenosarenbHOCTh ykazaHHoU CrPHK, roe ykazannas Hanpasssiromas PHK cBa3ana
¢ nonunentunoM PHK-nanpasnsemoii Hykneassl (RGN), u

r7ie YKa3aHHbIN MONUHYKIeoTHA, koaupyroouui tracrPHK, pyraknnonansHO

CBsi3aH C MpOMOTOPOM, I'€TCPOJIOTUYHBIM YKA3aHHOMY IMMOJIMHYKJICOTHUAY.

12. BexTop, BKIOYAKOIIUNA MOJIEKYIy HYKJI€MHOBON KUCIOTHI o 1. 11.

13. BexTop no n. 9, rae yka3aHHbIN BEKTOP JONOJHUTEIBHO BKIOYAET
NOJUHYKJIEOTHA, Koaupyromuil ykazanayto crPHK, u rne nosropsrwomascs
nocnenosarenbHocTh CRISPR ykazannoi crPHK coaepxut HykJieoTUIHYIO
MOCJIeI0BATENbHOCTD, KOTOpasi Mo MeHblueit mepe Ha 95% unentuuna SEQ ID NO:

118, 31, 76, 2, 10, 17, 24, 39, 47, 55, 62, 70, 83, 90, 96, 104 wmu 111.

14. Cuctema a7 cBs3biBaHUsA nocienosarenbHocTu JHK-Muimenu Monexybl
JHK, npuuem yka3zaHHasi CUCTEMA COAEPKUT:

a) OIHY WK HEeCKoJIbKOo Hampapisomux PHK, cnocoOHbIX ruOpuan3upoBaThes ¢
yKa3aHHOM nocieaosaTenbHOCTh0 JJHK-Mumenn, unu 0O1HUM MU HECKOJIBKUMH
MOJIMHYKJIEOTUAAMH, COAEPKALMUMHU HYKICOTUAHBIE TOCIEI0BATEIbHOCTH,

KOAUpYIoImue ogHy uinu Heckonbko Hanpasistomux PHK (gPHK); u
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6) nomunentun PHK-nanpasasemoii nykieassl (RGN), conepskammit
AMHUHOKHCJIOTHYIO IOCJIEA0BATENbHOCTD, BBIOPAHHYIO M3 TPYIIIBI, COCTOSALIEH U3:
1) aMMHOKHUCJIOTHON MOCIEeNOBATEIbHOCTH, KOTOPasi MO0 MEHbIIEH
mepe Ha 95% upnentuuna SEQ ID NO: 117, 30, 75, 1, 9, 16, 23, 38, 46,
61, 69, 82, 89,95, 103 unu 110; u
11) aMUHOKHCJIOTHON MOCIE0BATENbHOCTH, IPEACTABIEHHON B
SEQ ID NO: 54;
WU NOJIMHYKJIEOTH, BKJIIOYAKINEro HyKJI€OTUAHYIO MOCIEN0BATEIbHOCTD,
Kotopas konupyet nonunentua RGN;
r71€ YKa3aHHbIe HYKJIEOTHAHbBIE MOCIEA0BATEIbHOCTH, KOAUPYIOLHUE OAHY WU
Heckopko Hanpasisromux PHK u konupyromue nonunentua RGN, GyHKOHmOHaIBHO
CBSI3aHBI C MPOMOTOPOM, F€TEPOJOTUYHBIM YKA3aHHOW HYKJIECOTUIHON
MOCJIE0BATEIbHOCTH,
npuYeM OJHAa UK Heckoybko Hamnpasistomux PHK cnocobHbl 06pa3oBbIBaTh
koMmruiekc ¢ nonunentuaoM RGN, utoOsl HanpaBuTh ykazaHHbli nonunentun RGN Ha

CBs3bIBAaHUE C YKa3aHHOU nocaeaosBarenbHOCTh0 JJHK-Mmumenn monexynst JIHK.

15. Cucrema no n. 14, B koTopoi nocnenosarenpbHocth JHK-Mumenu

HaXOAUTCsA BHYTPHU KJICTKH.

16. Cucrema no n. 14 unu n. 15, B koTopoit ykazanubiil nonunentua RGN
SABJISIETCS MHAKTHBUPOBAHHONW HYKJI€a30# miu crnocobeH (PyHKIIMOHUPOBATh B
Ka4uyeCTBC HUKA3bl, U I'AC MOJUINICIITU RGN q)YHKLII/IOHaJ'IbHO CBs3aH C MOJUIIECIITUAOM

C OTPECAAKTUPOBAHHBIMU OCHOBAHUSAMMU.

17. Cuctema no n. 14 unu n.15, B koTOpo# yKazaHHas cUCTeMa JOMOJHUTENbHO
COIEPKUT OJUH UIH HECKOJBbKO JOHOPHBIX MOJUHYKJICOTUAOB UJIN OJHY WU
HECKOJIbKO HYKJIEOTHUAHBIX MOCIEI0BATENbHOCTEN, KOJUPYOIINUX OAUH UJIN HECKOJIBKO

AOHOPHBIX MOJUHYKICOTHUAOB.

18. Cniocob cesizbiBanus nocienosarenboctu JJHK-mumenu monekynast JJHK,
BKJTIOYAIOLIUN TOCTABKY CHCTEMBI 1O Jr0OoMy u3 m.m. 14-17 k ykazaHHOU
nociaenaosarenbHocTH JJHK-Mumenu unm knetke, coaep:xaiiei nociae10BaTeIbHOCTh

JHK-mMumenu.
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19. Cnocob pacmennenus unu moaudukanuu nocienosarenbuoctu JJHK-
mumenu mosekynsl JIHK, Bkirogaromuii 1ocTaBky CUCTEMBI 1O J0OOMYy U3 m.m. 14-17
B YKa3aHHYI0 nocienosatenbHocTs JHK-Mumenu unm kieTky, cogepkauyo
mosiekyny JIHK, u mpoucxoauT paciienieHne ujiu MogupuKaius yKka3aHHOM

nociaenoparenpHocTu JIHK-Mumenn.

20. Cnioco6 csizbiBanus nocienosareapnoctu JJHK-mutnenn monexynsl JIHK,
BKJIFOUAO LU
a) cOopky in vitro pubonykiaeoruguoro kommiaekca PHK-nanpasnstomei
HykJsea3sl (RGN) nyTeM KOMOMHUPOBAHUS
1) omHOW nau HecKoNbkux Hanpasisromux PHK, cmocoOHbIxX
ruOpuIU3NpPOBATHCS ¢ mocienosatebHOCThIO JJHK-Mumenu; u
i1) monmunentuna RGN, comepikamero aMUHOKUCIOTHYO
NOCJIE0BATEIbHOCTD, BBIOPAHHYIO U3 TPYIIIBI, COCTOSAIEH U3:
A) aMHUHOKHCJIOTHOH MOCIIE0BATENIbHOCTH, KOTOpast Mo
MeHblIen Mmepe Ha 95% uaentuuna SEQ ID NO: 117, 30, 75, 1, 9,
16, 23, 38, 46, 61, 69, 82, 89, 95, 103 unu 110; u
b) aMUHOKHCIOTHOH MOCIEA0BATENbHOCTH, NPEICTABICHHON
kak SEQ ID NO: 54;
B YCJIOBUSX, MIPUTOAHBIX JIs1 00pa3oBaHus puOOHYKIEOTHIHOIO KOMILIEKCa
RGN; u
0) KOHTaKTHPOBaHKE YKa3aHHOMU nocienoBaTenbHocT JJHK -Mumenu uim
KJIETKH, COAEepIKallel yKka3aHHyw nocienosareabHocTh JJHK-Mutnenn, ¢ cobpaHHbIM
in vitro puboHyKJIeOoTUIHBIM KOMILIEKCOM RGN
npuYeM OJHAa WJIM HeCKOJbko Hampasistomux PHK rubpuauszupyrores ¢
nocnenosarenbHoCTh0 JJHK-Mumenu, TeM caMbIM HanmpaBiss YKa3aHHbIN

nonunentug RGN Ha cBsA3bIBaHUE C YKa3aHHOU nocienosaTenbHOoCThi0 JJHK-Mumennu.

21. Cnocob pacmennenus u/unu moaudukamnun nocienosarenpHoctu JJHK -
muweHu mosiekyasl JJHK, Brkarovaromuil kontaktuposanue moJiekyasl JIHK c:

a) nonunentunoMm PHK-nanpasnsemoii Hykneassl (RGN), roe ykazannas RGN
COAEPKUT AMHUHOKHUCIOTHYIO MOCJIEN0BATENbHOCTD, BRIOPAHHYIO U3 TPYIIIIHI,

COCTOsIIIEN U3:
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1) aMHHOKHCJIOTHOH MOC/IEIOBATENIbHOCTH, KOTOPast IO MEHbIIEH
mepe Ha 95% unentuuna SEQ ID NO: 117, 30, 75, 1, 9, 16, 23, 38, 46,
61, 69, 82, 89,95, 103 unu 110; u
11) aMUHOKHUCJIOTHOM MOCJIEeA0BATEIbHOCTH, NMPEACTABICHHON KaK
SEQ ID NO: 54;
0) onHo# nnu HeckonbkuMU HanpapssiomumMu PHK, cnocoOHpIMEU HaleauBaTh
RGN no noanyHkTy (a) Ha nocienosarenbHocTh JJHK -Mutnenu;
npUyYeM OJHa WJIM HeCKOJbko Hampasistomux PHK rubpuauzupyrores ¢
nociaenosarenbHoCTh0 JJHK-Mummenu, TemM caMbiM HanmpasJisisd YKa3aHHBIN
nonunentug RGN Ha cBs3piBaHME C yKa3aHHOU nocnenosarenbHocThio JJHK -Mumenu

U BBI3bIBas paclleryieHue u/uiu MoaqupuKamuio yka3aHHONW MOCIeT0BaTEIbHOCTH

JHK-mMumenu.

22. Cnocob mo 1. 21, B KOTOPOM yKa3aHHast MOAU(PUIIUPOBaHHAS
nocaenosarenpbHOCTh JJHK-MuIIeHn BKIOYAET NEJeU0 WU MyTALUI0 10 MEHbIIEH

Mepe OHOro HyKJeoTuaa B nocienosareiapbHoctu JAHK-mumenu.

23. Cnocob no . 21 wnm n. 22, B KOTOpOM yKa3aHHbIH nonunentux RGN
ABJISETCS HEAKTUBHON HykJea3od i QYyHKUHMOHUPYET Kak HUKa3a, U IPU 3TOM
nosunentua RGN GyHKIMOHATBHO CBA3aH C MOJHUIENTUIOM, PEAAKTHPYIOIUM

OCHOBAaHHC.

24. Cnocob no 1. 21, B KOTOPOM yKa3aHHasi MOAU(pUIIMPOBaAHHAS
nocnenosarenbHocTh JJHK-mumenn Bkarovaer nucepuuro rereponornynoin /IHK B

nocinenosarenbHocTh JJHK-Mumenu.

25. Cnocob no nwbomy u3 m.m. 21-24, B koropom nocaenosareabrHocts JJHK-

MULIICHU HAXOAUTCHA BHYTPU KIIETKH.

26. Cioco® mo 1. 25, TOMOJHUTEIBHO BKJIIOYAK NN KYyJIbTUBUPOBAHUE KIETKHU B
ycloBusix, B koTopbix noaunentus RGN skcnpeccupyercs u pacuienisier
nocnenosarenbHoCTh JJHK-mumenu ¢ nonyuennem mosexynsl JIHK, conepxamen
moauguiupoBannyio nocienosarenbHoctb JJHK; u BrIOOp kieTku, conepikameit

yKa3aHHYI MOIU(PUIIUPOBAHHYIO TocaenoBaTenbHoCcTh JJHK-Mumenu.
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27. Knertka, conmepskamiasi MOnu(ULIHPOBAHHYIO mocienosaTenbHocTsy JJTHK -

MUIIEHU 1O criocoly mo 1. 26.

28. Cucrema no cBsizbiBaHUIO nociegoparenbHocTu JJHK-Mumenn Mmonexyiel
JHHK, conepxamas:

a) OHY WK HeCKoJIbKO HampapJsiroux PHK, cnocoOHbIX rHOpHAN3UPOBATHCS C
yKa3aHHOU nocienoBaTeabHOCThI0 JJHK-MUumenn uiam oqHUM MU HECKOJbKUMHU
MOJUHYKJIEOTUAMU, COAEPKALUIUMHI OJHY UJIU HECKOJIBbKO HYKJIEOTUIAHBIX
MOCJIE0BATEIbHOCTEN, KOAUPYIOIIUX OJAHY UM HECKOJbKO Hanpasiswmux PHK
(gPHK); n

6) nomunentun PHK-nanpasasemoii nykieasol (RGN), conepskammit
AMHUHOKHCJIOTHYIO TOCJIEAOBATEIbHOCTD, BBIOPAHHYIO M3 TPYIIIBI, COCTOSAIIEH U3:

1) aMHUHOKHCJIOTHOH MOCIEOBATENIbHOCTH, KOTOPast IO MEHbIIEH
mepe Ha 95% upentuuna SEQ ID NO: 117, 30, 75, 1, 9, 16, 23, 38, 46,
61, 69, 82, 89,95, 103 unu 110; u

11) aMHHOKHMCJIOTHOH IMOCJIEN0BATENbHOCTH, NPEACTABICHHON KaK
SEQ ID NO: 54;

rae ofHa UM Heckoapko Hanpasisawomux PHK cnocoOGHbI rubpuausuposaTtbes ¢
nocnenoBarenbHoCcTh0 JIHK-Mummenu, u

rae ogHa uiu Heckospko Hanpasisoomux PHK cnocoOHbl 06pa3oBsIBaTh
komruieke ¢ nmonunentuaomM RGN, uroOsl HanmpaBuTh yka3aHHbli nojaunentunq RGN Ha

CBs3bIBaHUE C YKa3zaHHOU nocieaoBarenbHOCTh0 JHK-Mumenun monexyns JIHK.

29. Cnocob obHapyskenus nocienosarenbuoctu JJHK-mumenu monexynasr JIHK
B o0pasue, BKIFOYA U
a) KOHTaKTHpOBaHUE odOpasua c:
1) monunentugom PHK-nanpasnsromeit Hykneassl (RGN),

BKJIIOYAIO UM aMUHOKUCIOTHYIO MOCJIE0BATEIbHOCTb, KOTOpas Mo
MeHbInen Mmepe Ha 95% upnentuuna SEQ ID NO: 54 unu 137, npuuem
ykazauHbid momunentua RGN cnocoOeH CBSA3bIBATh YKA3aHHYIO
nocnenosareiabHocTh JIHK-mumenn monexynsl JIHK cnenuduyanbiM nis

PHK-Hanpapismomei nocienoBaTeIbHOCTH 00pa3oM, IPU CBSI3BIBAHUH C
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Hampagisitomeid PHK, cmocobHoM rubpunu3npoBaThCs ¢ yKa3aHHOU
nocaeaosarenbHoCcThO JIHK-Mumeny,
11) ykasanHoii Hanpasysromeit PHK; u
i1i1) nerextopuoit onnonenoueynout JJHK (ou/IHK), ne
ruOpunusupyromeiics ¢ Hanpasisomein PHK; u
0) u3mMepeHne NeTeKTUPYEeMOro CUrHaNa, BhIpabaThIBAEMOTO pacIlenIeHHEM

nerektopHoi ou/IHK nox nefictBuem RGN, tem cambim oOHapyskuBast JJTHK -mumieHs.

30. HaGop axnst oOHapykenus nocienoBarenbHoctn JJHK-Mumenu B MonexyJie
JIHK B o0pasue, npuyeM yKa3aHHbII HA0Op BKIIFOYAET:

a) nonunentun PHK-nanpasnsemoii Hykiaeassl (RGN), BkIrouaromui
AMUHOKHUCJIOTHYIO TTOCJIE0OBATEIbHOCTD, KOTOpasi Mo MeHblIel mepe Ha 95%
uneatnyHa SEQ ID NO: 54 unn 137, npuyem ykazanHbiil nogunentun RGN crocoben
CBA3BIBATh YKa3aHHYK nocienosarenbHocTh JHK-mumenu monekynel JJHK
cnenuduuabim 1y PHK-Hanpasnsromeit mociaenoBaTesbHOCTH 00pa3om, mpu
cBsizbIBaHUM ¢ Hanpassitomed PHK, cmiocoOHoM ruOpuan3upoBaTbCs ¢ YyKa3aHHOU
nocaeaosarenbHoCcTh0 JIHK-Mumenuy,

0) ykazannyto Hampasisomyo PHK; u

B) nerektopuyt oxHouenovdeunyw JJHK (ou/I[HK), He rubpuansupyromyrocs ¢

Hanpasystomein PHK.

31. Crioco0 no . 29 unu Habop mo . 30, oTAHYAKIHECH TeM, YTO YKa3aHHas
nerextopHas ou/IHK conmepsxut napy ¢payopodop/racurenb uiu napy pe30OHaHCHOTO

nepenoca sHepruu payopecuennuu (FRET).

32. Cnocob pacmeminenus onnounenodeunsix JJHK, Brirouaro muit
KOHTAaKTHUPOBAaHUE MOMYJSIUN HYKJIEUHOBBIX KUCIOT, IPUYEM YKa3aHHas MOMYJIsLUs
copepxut mosekyny JIHK, Bkmarovaroniyrw nocnenosatenbHocTs JJHK-mumenu u
MHOXeCTBO HeneneBbix oiJI[HK:

a) ¢ nonunentunom PHK-nanpasnsemoit Hykaeassl (RGN), Brirogarommm
AMUHOKHUCJIOTHYIO TTOCJIENOBATEIbHOCTD, KOTOpasi Mo MeHblIeil mepe Ha 95%
uneatnyHa SEQ ID NO: 54 unn 137, npudem ykazannbiil nogunentun RGN crocoben
CBSI3BIBATh YKa3aHHYIO nocienoBarenbHOCTh JJHK -Mumenn cneunpuyansim aist PHK-

HaIpaBJsAOIIeN MOCIeI0BATEIbHOCTH 00pa30M NPHU CBA3BIBAHUM C HAIPABIISAIO SN
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PHK, criocoOHoM rubpuan3npoBaThes ¢ yKazaHHOH nocnenoBatenbHocThio JJHK -
MUIIEHU, U
0) ¢ ykazanHoi Hampasisioueit PHK;

rae noaunentuag RGN pacmennser HeueneByro on/IHK ykazaHHOro MHOecTBa.

33. Mounekysia HyKJIEMHOBOW KUCJIOTHI, COAEp Kallas MOJUHYKJIEOTHU]I,
konupyromuii PHK CRISPR (crPHK), npuuem ykazanHas crPHK conepxur
CMEeNlCepHYIO MOCAeN0BATEIbHOCTh U MOBTOPSOMYIOCS mocienoBarenbHOCcTh CRISPR,
rie yKkasaHHas mopTopsitomasics: mocinegoarenbHocTh CRISPR conepxur
HYKJIEOTUAHYIO MOCJIEeA0BATENbHOCTb, KOTOPas 10 MeHblIel Mepe Ha 95% uneHTudHa
SEQ ID NO: 240;

rae nHanpasisromas PHK Bkirouaer:

a) ykazanuyt crPHK; u HeoOs3aTenbHO

6) rpancaktuBupyromyw PHK CRISPR (tracrPHK), cnocobnyo
ruOpUIN3NPOBATHCS C YKA3aHHOW MOBTOpsifoIIecs nocienoBareabHOCThi0 CRISPR
ykazanHol crPHK;

criocobHasi ruOpUAN30BATHCS C MociaeaoBaTebHOCThIO JJHK -Mumenn Moieky bl
JHK cnenuduyHbIM AJI TOCIEN0OBATEIBHOCTH 00pa3oM uepes creiicepHyo
nocuenosarenbHOCTh ykazanHou crPHK, korna ykaszannasa Hanpasasromas PHK
ces3aHa ¢ nonunentunoM PHK-nanpasnsemoii nykineassl (RGN), u

re yKkasaHHbIH nonuHykiaeoTun, kogupyomuil crPHK, ¢pyHKIIMOHANBHO CBSI3aH

C MPOMOTOPOM, T'€TE€POJIOTUYHBIM YKa3aHHOMY MOJHUHYKJIEOTHAY.

34. Monekysia HyKJIEHHOBOH KHUCJOTBHI, COAepKallas MNOJUHYKICOTHUN,
konupyromui Tpanc-aktusupyromy PHK CRISPR (tracrPHK), conep:xamyro
HYKJIEOTUAHYIO MTOCJIEeA0BAaTEIbHOCTD, KOTOpasl Mo MeHbllel Mepe Ha 95% uaeHTu4YHa
SEQ ID NO: 241,

npudem Hanpasiasrowmas PHK cogep:xurt:

a) ykazannyto tracrPHK; u

6) crPHK, comepikamyro crieiicepHyIO MOCIeI0BATENbHOCTD H TOBTOPSIOIYOCS
nocnenosarenbHOCTE CRISPR, rne ykazannas tracrPHK cnocobna
ruOpUIN3UPOBATHCS C YKA3aHHOW MOBTOpsitoLIeics nocienoBarenbHocThi0 CRISPR

ykaszanHol crPHK;
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criocobHasi THOPpUAUZUPOBATHCS ¢ mocaenoBareabHoCThI0 JJHK -Mummenn
mogekyabl JIHK crenuduuabIM i1 TOCIe10BaTEIBHOCTH 00pa3oM yepes
CHEeNCEePHYI0 nocaeaoBareabHOCTh ykazanHou crPHK, korna ykazannas
Hanpasystomas PHK cssasana ¢ nonunentunom PHK-nanpasnsemoit Hykieassl
(RGN), u

r7ie YKa3aHHbIH MOJUHYKJIeoTHa, koaupyromui tractPHK, ¢yHkinuonanbHo

CBsA3aH C MPOMOTOPOM, I'€TCPOJIOTMYHBIM YKAa3aHHOMY IMOJHUHYKJICOTUOY.
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