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CIIOCOBE CKPUHMHI'A BAKTEPUM, APXEV, BOIOPOCJIEM M OPOXXEN C
MCIIOJIEBOBAHMEM HYKIIEMHOBBIX KHUCJIOT CRISPR

[IPUTASAHVA HA IIPMOPUTET

HacTosamasa 3agdBKa OpUTA3aeT Ha OpuopuTeT, corjlacHo 35 U.S.C.
119(e), mOpenBapUTeJIbHOM 3agBKM Ha naTeHT CIIA N 62/168,355,
nomaHHou 29 mas 2015 1., ¥ HOpedBapUTeJIbLHOM 3asaBKM Ha naTeHT CIA
M 62/296,853, mnomaHHOM 18 (deBpang 2016, comepxaHVe KOTOPHIX
BKJIDUEHO B HacCTofllee OIMCaHMUe IIOJIHOCTEI B BUIOE CCBHUIKU.

OBJIACTH TEXHUKM, K KOTOPOM OTHOCUTCSA M30BPETEHNE

HacTosgmee wm300peTeHMe OTHOCUTCH K HYKJIEMHOBEIM KUCJIOTaM
CRISPR @Ojid CKpPMHMHI'a B OTHOIEHUM XM3IHEHHO BAaXHBIX WM HeXM3HEeHHO
BaXHEIX TEeHOB UM MHOPOIHHX TEHOMHHEHX OCTPOBORBR B 0OaKTepuax, apxesx,
BOOOPOCHSAX WM/WUIV  IOPpOXXax IJS YHUUTOXeHUS  OaKkTepun, apxemu,
BOOOPOCJIEN W/WIM OPOXKelr, g WIeHTHuOuMrKaumum deHOTMNa TeHa WU
TEHOB W/WIY HJg CKPMHMHITAa B OTHONEHMM YMEHBIIEHHOTO pasMepa
TeHOMa W/WIM IejlellMy TeHa B OaKTepusax, apxedx, BOINOPOCHIAX U/UINU
OPOXKAX .

YPOBEHE TEXHUKU

KopoTkue  HOajJMHOPOMHEE  IIOBTOPEH, PEeryJsapHO  PAacIOJIOXKEHHEE
IpyniiaMm (CRISPR), B KOMOMHAaLIUA c aCcCoMMPOBaHHEMU
[IOCJIeDOBaTEJIbBHOCT AMU (cas), COCTaBJIALT CRISPR-Cas cucrTeMy,
KoTopasa obecneurBaeT MHOTUM OaKTepMaM alallTUBHHY MMMYyHUTET.
CRISPR-omocpenoBaHHaAd MMMYyHW3alIU A OCYIIeCTBJIAEeTCA nyTeM
norJiomeHus JOHK ®3 MHBA3MBHHX T'eHEeTUUECKUX BJIEMeHTOB, TaKux Kak
mwlasMuiosl M daru, B BUIe HOBHX "cHelcepoB".

CRISPR-Cas CUCTEeMEL COCTOAT n3 MaccuBa KOPOTKMUX IHK
I[IOBTOPOB, PpasleJIeHHEX IUIlepBapuabellbHEMU II0OCJIeIOBaTEeJIbHOCT AMIU,
GJIaHKMPOBAHHEIX Ccas I'eHaMy, KOTOpHEe of0ecrneumMBalnT aOalTUBHEMN
VMMYHUTET K MHBA3MBHEIM T'eHEeTHMUeCKMM B3JIeMeHTaM, TakKuM Kak daru u
J1a3MMOHE, [IyTeM HalleJIMBaHMA Ha CcleludruecKyre I[IOCJIeNOBaTEIbHOCTU
u uHTepdbepeHuur (Barrangou et al. 2007. Science. 315:1709-1712;
Brouns et al. 2008. Science 321:960-4; Horvath and Barrangou.
2010. Science. 327:167-70; Marraffini and Sontheimer. 2008.
Science. 322:1843-1845; Bhaya et al. 2011. Annu. Rev. Genet.
45:273-297; Terns and Terns. 2011. Curr. Opin. Microbiol.



14:321-327; Westra et al. 2012. Annu. Rev. Genet. 46:311-339;
Barrangou R. 2013. RNA. 4:267-2778). OOBUYHO WMHBa3MBHEEe [JIHK
[IOCJIeDOBATEJILHOCTH npmrodpeTanTcd B BUIE HOBEIX "cnevicepo"”
(Barrangou et al. 2007. Science. 315:1709-1712), ©rme Kaxmoasd
[IOCJIeDOBATEJIbHOCTE cCllapeHa ¢ nosrtopoM CRISPR M BCTabJIeHa B BUIE
HOBOM eIMHMUE IIOBTOp-CIHeVcep B JoKyc CRISPR. BriocsencTsuu,
MacCMB IIOBTOpP-CIIeMcep TpaHCKpudbupyeTcsa B BUIe OJIMHHOM pre-CRISPR
PHK (pre-crPHK) (Brouns et al. 2008. Science 321:960-4), xoTopasd
IpoleccHupyeTca C ofpal3oBaHMeM KOPOTKUX MHTepbepupyommux CRISPR
PHK (crPHK) , KOTOPHE YIPAaBJIAKT pPaclOo3HaBaHMEM ClHeludruecKUX
mocjiemoBaTeJibHOCTeM. Ilo cymecTBY, CrPHK HamopaBJsgoT HYKJIE3H Ha
KOMILJIEMEHTAapHEEe MMIeHM IJiS OIOCPeOOBAHHOIO BSHIOHYKJea3zaMu Cas
pacmenjeHn s HYKJIEMHOBOMU KMCJIO TH co crielndmuUecKom
[IOCJIenOoBaTeJIBHOCTED (Garneau et al. 2010. Nature. 468:67-71;
Haurwitz et al. 2010. Science. 329:1355-1358; Sapranauskas et
al. 2011. Nucleic Acid Res. 39:9275-9282; Jinek et al. 2012.
Science. 337:816-821; Gasiunas et al. 2012. Proc. Natl. Acad.
Sci. 109:E2579-E2586; Magadan et al. 2012. PLoS One. 7:e40913;
Karvelis et al. 2013. RNA Biol. 10:841-851) . ST  MWMUPOKO
pacopoCTpaHeHHEEe CUCTEeMH BCTpPedalTCd [IOUTKM Y IIOJIOBMHE OaKTepun
(~46%) M y ODOJBIMHCTBe apxeeB (~90%).

B obmux uepTax, MMeeTcsa OBa kjacca (Makarova et al. Nat Rev
Microbiol. 13:722-736 (2015)) CRISPR-Cas cucTeM, KOTOPEIE
OXBATHBAKT MOATH OOJBIMX TUIOB M 16 pPa3HHX I[IOATUIIOB, MCXOOAd U3
comepXaHusa Ccas TI'eHOB, CTPOeHMSA Cas OIepoHa, IOoCJeloBaTeJIbHOCTeN
BeskoB Cas ¥ »TalnoB Ipollecca (Makarova et al. Biol Direct. 6:38
(2011); Makarova and Koonin Methods Mol Biol. 1311:47-75 (2015);
Barrangou, R. Genome Biology 16:247 (2015)). B mmmax I wm IIT
CllelMaliM3UPOBaHHEe 5SHIOOHYKJeasH Cas OCYWMeCTBJADT IIPOLIeCCUHI pre-
crPHK, KOTOpHE BIOCJENCTBMM 00pas3yiT KPYIIHBNM KOMILJIEKC MyJbTHU-Cas
BeJIKOB, CIIOCOOHEM paclOo3HaBaThk M PAaCUelJIaThk HYKJIEMHOBHE KUCJIOTH,
KoMIieMeHTapHee CcrPHK. Cucrtemel tHna 1 4BjaAnTcda HauboJiee YacTo
BCTpeUalIVMMUCS U DIMPOKO pPaclpOoCTpaHeHHEMM CUCTEeMaMM, KOTOPHE
HalleJIMBaAKnTCA Ha IOHK Cascade-yrpaBJigeMBEM " PAM-3aBMCHUMEM
criocoBoM, paspymas 1LeJIeBHe HYKJIeMHOBHE  KMUCJIOTHEH IIPM  IIOMOMM

CUTHaTypHoro Oejika Cas3. CRISPR-Cas cucrtema Tuna 1I mMMeeT OpyITon



npoliecc. B osTOM ciaydae IOpolecCHMHT pre—-CRNA OpoMcxXomouUT  IIO
MeXaHU3My, pu KOTOpOM TpaHC—-aKTUBUPYIIIAa I crPHK (tracrPHK)
rmMbpunonusyeTrca ¢ obJjacTtaMu nopTopa CcrPHK. I'mOpunonsoBaHHBEEe CrPHK-

tracrPHK pacwmemmnawnrca RNase III, ® I[I0OCJHe BTOPOI'O COOHTHAL, IIPpHU

KOTOPOM IPOUCXOOUT yoaJleHue 5'-koHIIa Kaxnoro criericepa,
nponyuupyloTcsa 3peJisle CcrPHK, KOTOpPEE OCTamwTCHa CBA3AHHEMU KaK C
tracrPHK, mTak u Cas9. BaTeM 3peJltlli KOMILJIEKC pacroJjlaraeTcs Ha
dsIHK IOCJIeIOBATEJILHOCTU—MUIE HY ('mpoTocnericepHas’
IIOCJIENOBATEJIBHOCTE) , KOTOopasd ABJSAETCS KOMIIJIEMEeHTAapHOW ClelcepHOM
IOCJIENOBATEJBHOCTM B STOM KOMILJIEKCe, M paspezaeT o0e HUTH. [Oa4g
y3HaBaHMA ¥ pacHelJeHrs STUM KOMILJIEKCOM B CHUCTeMe Tumna 11
TpebyeTcd HalMuMe He TOJbBKO KOMIIJIEMEHTAapHOM TIOCJeIOoBaTeJIbHOCTH

MexOy ClelcepHOoM II0CJIeIoBaTeJIbHOCTLID KoMIJlekca cCcrPHK-tracrPHK u

'MpoToCcHercepHo IIOCIelOBaTeJIbHOCTRI-MUIIeHB, HO Takke TpedyeTcd
IOCJIeNOBATEJILHOCTE INpuJerallero K OpoTocHelcepy MoTuBa (PAM),
pacroJioxeHHasd Ha 3'-KOHIe MNPOTOCIeMCepHOM IIOCJelOBaTeJILHOCTU.

CYIIHOCTE M3OEPETEHMUA

B OOHOM ¥3 AacCIeKTOB MU300peTeHMS MNpedoCTaBJISeTCsS CIOCOo0
CKPMHMHTA IMIONYJIAUUM OaKTepMaJIbHHX KJIETOK B OTHOMEHUM XM3HEHHO
BaXHBIX T'€HOB, HEe XMUBHEHHO BAaXHLHX ITEeHOB W/MUJIM MHOPOIHEIX TI'€HOMHEIX
OCTPOBOB, BKJIIOY AOMNN BBeIOeHMe B yKa3aHHYI TIOTTY JISLIMIO
fakTepraJIbHEX  KJEeTOK  KOHCTPYKIUMM TeTepOJIOTHMUHOM  HYKJIEMHOBOM
KMCJIOTHL, comepxamen MaccCHuB CRISPR, comepXxalnii (B 5'-3'
HaopaBJIeHMM) IIOCJIelOBaTeJILHOCTE IIOBTOP-CIelMCcep-IOBTOp MJM IO
MeHBIIeM Mepe OOHY IOCJeNoBaTelJIbHOCTL IIOBTOP-CIelcep, B KOTOPOH
criercep YKasaHHOM [IOCJeNOBaTeJIbHOCTU IIOBTOP-CIEMCep—IIOBTOP WM
VKasaHHOM IO MeHbIleM Mepe OOHOM IIOCJIeNoBaTeJIbHOCTM IIOBTOP-
criercep COIOEPXMT HYKJIEOTUIHYI IIOCJeOoBaTeJIbHOCTL, KoTopasd IIo
CYmeCTBY KOMILJIEeMeHTapHa OOJlaCTU-MMIIEHM B TeHOMe OaKTepHrallbHEX
KJIETOK VYKas3aHHOM IIONyJguMM, TakKuM o0pasoM co3IdaBasd IIONIYJISLMIO
TPaHCOOPMUPOBAHHHX OaKTepMaJlbHHEX KJIETOK; OIpenesleHre Hajluuusd WUIIU
OTCYTCTBUSA IeJjlellMM B IONYJALMM TpaHCOOPMUPOBAHHEX OaKTepuallbHHX,
APXEeMHEX, BOINOPOCJIEBHX WM IPOXKEBHX KJIETOK, MIpUUeM HaJuuure
oejlely B IOOYJALVM TPaHCOOPMUPOBAHHHX OaKTepraJlbHEX, apXeMHHX,

BOIOOPOCJIEBHX WJIM HOPOXXKEBEIX KJIETOK O3HadaeT, UWTO o0JIaCThb —MUIIEHE



COOEPXUTCS B HEXM3HEeHHO BaXHOM I'eHe U/MUIM MHOPOIOHOM TeHOMHOM
OCTpOBEe, a OTCYTCTBME IeJlellMM B IIOOYyJAUMKM TpaHCOOopMUPOBAaHHEIX
OaKTepHraJibHEX, aApPXEeMHHX, BOOOPOCJIEBEX  WJIM  IOPOXKEBHX  KJIETOK
O3HauvaeT, 4YTO o0OJlaCTb—-MUIIEHL COIOEPXKUTCA B XM3HEHHO BaXHOM TIeHe.
Maccu CRISPR, MCIIOJIb3YEMHY B STOM MU300peTeHuN, MOXeT OBTb
MaccuBoM CRISPR Tumna I, Tuna 11, Tuna III, Tuna IV wim THna V.

Bo BTOPOM acIieKkTe n300peTeHnd NIpenoCcTaBJIAeTCS crioco®
CKPMHMHT'a MONYyJsauuM OaKTepMaJiIbHBX, AapXeMHHX, BOINOPOCJIEBHX WJIU
OPOXKEBEX KJIETOK B OTHOIEHUM XUSHEHHO BaXHHX TI'€HOB, HEXM3HEHHO
BaXHHX T'€HOB U/MJIM MHOPOIOHHX ITEeHOMHHX OCTPOBOB, BKJIOUAIIININ :
BBeleHMe B IMONYJALMID 0OaKTepMalJlbHBEIX, apxeMHBX, BOIOOPOCJIEBHX WK
OPOXKEBEIX  KJIETOK (a) KOHCTPYKUUM TeTepOoJIOTUUHOM HYKIJIEMHOBOMU
KMCJIOTH, comepxamel TpaHc-kooupyeMylo CRISPR (tracr) HYKJIEMHOBYIO
KMCJIOTY, (b) KOHCTPYKLUUM TeTepOoJIOTUMUHOM HYKJIEMHOBOM  KMCJIOTH,
comepxamei MaccuB CRISPR, comepxammi (B 5'-3' HamnpaBJeHUU)
[IOCJIeIOBATEJILHOCTE IIOBTOP-CIEeMCep-IIOBTOR WM IO MeHbIIeM Mepe
OOHY IIOCJIEOOBATEJILHOCTE IIOBTOpP-CIeWcep, B KOTOpOMn crencep
YKasaHHOM IIOCJIeNOBATEJILHOCTHY IIOBTOP-CIIEMCEep-IIOBTOPR WMJIM YyKa3aHHOMU
10 MeHBbIIey Mepe OIOHOM IOCJIeNOoBaTeJIbHOCTM IIOBTOP-CIlelicep COIOepXUT
HYKJIEOTUIOHYIO noCcJienoBaTeJIbHOCTE, KoTopad 1o CymecTBY
KOMILJIEMeHTapHa ofJlacTU—MUIIEeHN B TeHoMe (XpOMOCOMHOM /WU

[LJ1a3MUIOHOM) 6aKTepMaﬂbHHX, apxeﬁHMX, BOOOPOCJIEBEIX WJIM IOPOXXKEBEIX

KJIETOK  YKa3aHHOM  IIONYJIALIUM, " (c) Cas?9 DOJIMIIENITHUIa WU
KOHCTPY KLU TeTepPOJIOTUYUHOM HYKJIEMHOBOM KMUCJIOTHL, comepxaimen
IIOJIMHYKJICOTHUI, KOOVP Y/ Cas?9 IIOJIMIIeNITU, TaKMUM oBpaszoM

cosmaBad MONYyJALMID TpPpaHCOOPMMPOBAHHEX OaKTepraJlbHEX, apXeWHHX,
BOIOPOCJIEBHX WJIM IPOXKEBHX KJETOK; W olpelelleHVe HaJWuusa WIINn
OTCYTCTBUSA IeJlelluM B MONYyJALMM TpaHCOOpMUPOBAHHEX OaKTepuallbHBX,
ApPXEVHEX, BOINOPOCJEBHX WM »OPOXKEBHX KJIETOK, [IpMUUeM HaJndure
nejelly B MOOyJdluy OaKTeprallbHBIX, apxXeWHBX, BOIOPOCIIEBHX WU
IPOXKEBHX KJETOK O3HavaeT, uUTo o0BJacThb-MUIEHb COIEPXUTCI B
HEeXV3HEHHO BaXHOM TeHe U/WJIM UHOPOIHOM T EeHOMHOM OCTpOBe, a
OTCYyTCTBUE nejielunn B IOy I BakTepuallbHHX, apxenHHX,
BOIOPOCJIEBHX WM IPOXKEBRHX KJIETOK O3HauaeT, UYTOo oO6JacTh-MUIIEHb

COOEepXMUTCAd B XM3HEHHO BaXHOM I'€He.



B TpeTbeM acleKTe M300peTeHMs [IPenNoCTaBJISeTCsa  CIOCOo0
YHUUTOXEHUA ONHOM WM OoJiee OaKTepMallbHBEIX KJIETOK B IIONYJISUUN
faKkTepralJIbHEX KJIETOK, BKJIOUAKMMI: BBeleHMe B YyKa3aHHY IIOITYJISIINO
faKkTepralJiIbHEX  KJIETOK  KOHCTPYKLUMM  TeTepOJIOTMUYHOM  HYKJIEMHOBOM

KMCJIOTH, comepxamer MaccuB CRISPR (crPHK, crIHK), comepxamuit (B

5" k 3’ Hanpa’BJIeHMM) I[IOCJEeNOBaTeJIbHOCTL IIOBTOP—-CIeNCep-IIOBTOP WM
10 MeHbIIeM Mepe OIOHY II0OCJelNoBaTeJIbHOCTL IIOBTOp-CcIlercep, B
KOTOPOM cCIeMcep YKal3aHHOM IOCJeloBaTeJILHOCTM IIOBTOp-CIlelcep-—
IIOBTOP WJIM YKa3aHHOM II0 MeHbIleM Mepe OIHOM I[IOoCJIedOoBaTeJIbHOCTH
I[IOBTOP-CIIelicep COIEPXUT HYKJIEOTUIHYI II0CJIeIoBaTeJIbHOCTL, KOTOopasd
[I0 CymeCcTBYy KOMILJIEMeHTapHa oOJlaCcTU-MUIIEHM B TI'eHOMe OaKTepHualJibHHX
KJIETOK YKaB3aHHOW IMONyJALUM, TakuM o00pas3oM YHMUTOXAS B IIOMIYJIALIUU
fakKkTepraJibHEX KJIETOK OOHY MM 0oJiee OaKTepMallIbHEIX  KJETOK,
KOTOpHE coIepxaT ob6JacThb-MumeHb. MaccuB CRISPR, MCIOJbL3YEMEM B
STOM M300peTeHuM, MOXeT OHTL MaccueoM CRISPR Tmumna I, Tuna 17T,
Tunna 111, Tuna IV wiam TUlla V.

B uUeTBepTOM acHnekTe M300peTeHMA IIpPemoCTaBJISeTCHd CIocob
YHUUTOXEHVSA OIOHOM MM O0oJiee KJIETOK B IMONYyJaAUMM OaKTeprallbHHX,
axeMHHX, BOIOOPOCJIEBHX MJIM IPOXKEBHX KJIETOK, BKJIOUAKIM/: BBeIeHHUEe
B IHonyJjaaumio OaKTepMalJlbHBIX, axeWHEX, BOMOOPOCJIEBHX WM IPOXKEBHX
KJIETOK (a) KOHCTPYKUMM  TeTepOoJIOTUMUHOM  HYKJIEMHOBOM  KUCJIOTH,
comepxamey TpaHc-komupyeMyl CRISPR (tracr) HYKJIEMHOBYID KMUCIIOTY,
(b) KOHCTPYKLUMM TeTepOJIOTUMUHOM HYKJIEMHOBOM KMCJIOTH, COIOepXalen
MaccuB CRISPR, cogzepxamuii (B 5'-3' HaOpaBJIeHMM) I[IOCJIeIOBATEJLHOCTE
I[IOBTOP-CIEeCep—IIOBTOP VI 1o MeHbIen Mepe onoHYy
[IOCJIeIOBATEJILHOCTE IIOBTOP-CIelcep, B KOTOPOM cCIeNcep YyKa3aHHOM
[IOCJIeOOBATEJILHOCTHU IIOBTOP-Clelcep-TIOBTOPR VI yKasaHHOM infe)
MeHbIlel Mepe OIOHOM IIOCJIedoBaTeJIbHOCTM IIOBTOP-CIelcep COOePXUT
HYKJIEOTUIHYI MMOCJIeIOBATEJILHOCTE, KOoTOopasda 1o CymecTBY
KOMILJIEMEHTapHa oBJlacTU—MUIIEHN B T'eHOMe (XPOMOCOMHOM  U/UJIU

I1JIa3MMIOIHOM) GaKTepMaﬂbHHX, aX@ﬁHHX, BOIOOPOCJIEBEHX WJIM OPOXKEBEX

KJIETOK VYKa3aHHOM IIONyJIdLUuM, " (c) Cas9 noJsmIentuma W/ WK
KOHCTPYKLMM TeTepPOJIOTUUHOM HYKJIEMHOBOM KMCJIOTHL, comepxamen
IIOJIMHYKJIEOTUI, KOOVPYIOMMMT Cas?9 IIOJIMIIeNITU, TaKMM obpaszoM

YHUUTOXad OOHY WM 0OoJiee KIIETOK, KOTOPHEHE cComepxaT o0JlaCThL—MMIIEHDb



B CBOeM TIT'€eHOMe, B IIOIIYJIALIUM GaKTepMaﬂbHBIX, aXGﬁHBIX, BOIOPOCIIEBEIX

Vi IOPOXXKEBEIX KJIETOK.

B ISTOM acrexTe ns300peTeHnd npenoCTaBJIgeTCH crioco®
noeHTOUKaumMmM  deHoTHUIa, CBS3aHHOTO ¢ OaKTepMaJIbHEM  T'€HOM,
BKJTIOU A0 BBeIeHUe B IOy JIALINIO BaKTeprallbHEX KJIETOK
KOHCTPYKIUMM  TEeTEePOJIOTMUYHOM  HYKJEMHOBOW  KUCJIOTH, comepxamen

MaccuB CRISPR, comepxamuii (B 5'-3' HaOpaBJIeHMM) I[IOCJIeNOBATEJLHOCTE
IIOBTOP-CIIeCep—IIOBTOP WJIN rio MeHbIIeMn Mepe OIoHY
[IOCJIeIOBATEJILHOCTEL IIOBTOP-CIelcep, B KOTOPOM cCIeNcep YyKa3aHHOM
10 MeHbIleM Mepe OOHOM TIOCJIemOoBaTeJILHOCTM IIOBTOpP-CIelcep U
[IOCJIeIOBATEJILHOCTU IIOBTOP-CIEeMCep-IIOBTOP COHEPXUT HYKJISOTUIHVYIO
INOCJIenOBaTEeJIbHOCTE, KOTopasd II0 CYIMecTBY KOMILJIEeMeHTapHa objJacTu-—
MUIIEHM B T'eHOMe OaKTepMaJlbHBX KJIEeTOK YKasaHHOW MONYJIAUUM, IpUueM
5Ta oBJJaCTb-MMIIEHL COIEPXMT I10 MeHbIel Mepe YacTh OTKPHETOM PaMKM
CUMTHBAHUSL, KoIupyomen [IOJIUIIENI T, M OYHKLUMOHAJIBHYID
HYKJIEMHOBYK KUCJIOTY, TakKuMM o0O0pas3oM YHHUUTOXafa KIIETKM, CcoIepXalue
27Ty 00JlacTh—-MUIIEHE, M Ccos3maBad IHNONYJALMIKD TPpaHCOOPMUPOBAaHHEIX
OaKTepHraJIbHEIX KJIETOK, He CcomepXamrx oBJlacTb-MUIIEeHL; ¥ aHaJus3
beHOTHUIIA TIOIIYJIALIUNA . Maccus CRISPR, VICIIOJIb 3Y eMBIM B 5TOM
nz3o0bpeTeHnM, MOXeT OHTL MaccuBoM CRISPR Tmmna I, Tuna I, TuDa
ITT, Tuna IV wmiam THnoa V.

B mecToM acIiexTe n3obpeTeHmA penocTaBideTCcd crioco®
MOeHTUuUKauIuM deHoTuUIa, CBA3aHHOTO C OaKTepHuaJlbHEM, axeVHEM,
BOOOPOCJIEBEM  WMJIU OPOXKE BEIM TeHOM, BKJIIOY 0N : BBeIeHUe B
NOoNyJanun BaKTepuraJibHBIX, axXeMHHX, BOOOPOCJIEBEIX WM  OPOXKEBEIX
KJIETOK (a) KOHCTPYKLUNA TeTepoJIOTUUHOM HYKJIEMHOBOM KMCJIOTHI,
comepxamel TpaHc-kooupyemyln CRISPR (tracr) HYKJIEMHOBYID KUCIOTY,
(b) KOHCTPYKUMM TeTepOJIOTUMUHOM HYKJIEMHOBOWM KMCJIOTH, COIOepXalen
MaccuB CRISPR, cozepxamuii (B 5'-3' HaOopaBJIeHMM) I[IOCJIeIOBaATEJLHOCTE
IIOBTOP-CIEeNCep—IIOBTOP MJIN rio MeHbIIel Mepe OIoHY
IOCJIeIOBATEJILHOCTEL IIOBTOP-CIelcep, B KOTOPOM cCIeNcep YyKa3aHHOM
[1O0CJIeDOBaATEJIbLHOCTHA IIOBTOP-Clelcep-TIOBTOPR W yKa3aHHOM 1o
MeHbIle Mepe OIOHOM TIIOCJedoBaTeJIbHOCTM IIOBTOP-CIeMcep COOEPXUT
HYKJIEOTUIOHYIO [IoCJIenoBaTeJIbHOCTE, KoTopad 1o CYILECTBY

KOMIIJIEMEHTAaPHA obJacT—MUIIEHU B I'eHoOMe (XpOMOCOMHOM I/I/I/LJ'H/I



[1JIa3MMIOIHOM) 6aKTepMaJ’IbHBIX, aX@ﬁHBIX, BOIOOPOCJIEBEHX WIJIM OPOXKEBEX

KJIETOK  YKa3aHHOM  IIOIIYJIALUM, " (c) Cas?9 NOJIUIIENTHUa WU
KOHCTPYKLUUM TeTepPOJIOTUUHOM HYKJIEMHOBOM KMCJIOTHL, comepxaimen
IOJIMHYKJIEOTUI, KOOUPYIOMMUMT Cas?9 [IOJIMIIEITHU, TaKMUM obpas3oM

yHUUTOXass OaKTepralJibHEHE, axelHbHe, BOIOPOCJIEeBHE WM OPOXKEeBHE
KJIETKH, comepxamue o6JlaCcTb—MUIIEHE , n cozmaBad TIOIIYJIALIAIO
TPaHCHOPMMPOBAHHEIX fakTepralbHHX, axXeMHHX, BOIOPOCJIEBHX  WMJIU
OPOXXKEBEIX  KJETOK, He comepxammx  oOJIaCTh-—MUIIEHD ; VU  aHaJu3
beHOoTHIIA TIONYJALUMM TPAHCOOPMUMPOBAHHEX 0OaKTepMalJlbHEIX, axXeWHHX,
BOIOPOCJIEBEX MM  IPOXKEBHX  KJIETOK, u/nnm (1) BHpaMM/BaHKE
OTHOeJILHHX OaKTeprallbHHX, axeWHBEX, BOIOOPOCJEBHX WM IPOXKEBHX
KOJIOHUM M3 IIONYJALUUM TPaHCPOPMUPOBAHHHX OaKTepMallbHHX, axXeMHHX,
BOIOPOCJIEBEIX WMJIM OPOXKEBHX KJIETOK WU (idi) aHan3 (GeHOoTUIIa
OTHOEeJILHHX KOJIOHUMN .

B cenmbMOM acliekTe M300peTeHMAa NpeloCTaBJIgeTcd Ccrnocod oTdopa
onHOM MM OoJiee OaKTepMallbHHX KJIETOK, MUMellMX YMeHBLIIEeHHEM pasMep
TeHoMa, M3 IMONyJAlrM ©OaKTepMalJlbHEX KJIEeTOK, BKJOUAKIMNM: BBeIeHUe

B TIOITYJIALIVMIO GaKTepMaﬂbHBIX KJIETOK KOHCTPYKLINN I‘eTepOHOI‘MQHOﬁ

HYKJIEMHOBOM KMCJIOTE, comepxamel MaccuB CRISPR, comepxamuit (B 5'-3'
HallpaBJIEHUN) [IOCJIENOBATEJILHOCTL IIOBTOP-CIEVCEepP-IIOBTOPR WMJM IO
MeHbIIeM Mepe OOHY I[I0CJelOoBaTeJIbHOCTL IIOBTOpP-CIelcep, B KOTOpOM
crercep yKa3aHHOM I[IOCJEeIOoBaTEJIbHOCTM I[IOBTOP-CIeNCep-IIOBTOp WJIK
yKasaHHOM II0 MeHbIleM Mepe OIHOM IIOCJemOBATEeJILHOCTM IIOBTOP-
crieicep COOEPXUT HYKJIEOTUIHYI I[IOCJIedOoBaTeJIbHOCTL, KoTopas IIo
CYIIeCTBY KOMILJIeMeHTapHa o00JacTU-MUIIEHM B TeHOMe OIHOM uiIu ©BoJiee
KJIeTOok OaKTepMuM B YyKa3aHHOM IIONYyJIALUUM, IIpUUYeM KIIeTKM, CcoIepxaime
oBJNIaCThL—MUIIEHE, YHUUTOXAKTCHA, TaKuM o00pasoM OCYmeCTBJISd OTOop
onHOM MM 0OoJiee 0OaKTepUaJIbHEIX KJIEeTOK, He coIepXammx 5Ty o00JacTb-—
MUIIEHL ¥ KVMERNMX  YMEeHLIEeHHBEM pa3Mep T'eHoMa, M3  [OONYyJIALUN
DaKTepraJlbHEX KJIETOK. MaccuB CRISPR, VCIIOJIb 3Y eMEIM B 5TOM
n300peTeHnM, MOXeT OHTL MaccueoM CRISPR Tmunma I, Tuna 11, TuHDa
ITI, Tuna IV wiam THia V.

B BOCBLMOM acIlleKTe HM300peTeHMa OpeloCTaBJIigeTcd crnocod ordopa
omHOM MM OoJiee OaKTepMalIbHHX KJIETOK, MMeKlMX YMeHBLIIEHHEM pasMep

I'eéHOMa, W3 IIOIIYyJIAlINN GaKTepMaﬂbHBIX KRJIIETOK, BKJIDUAKIMI: BBeIeHUe



B [ONYyJALMKD OaKTepMalJlbHEX  KJIETOK (a) (1) omHOM  wmam  BoJiee
KOHCTPYKUUMI TeTEePOJIOTUYHON HYKJIEMHOBOU KMCJIOTH, comepxammx
HYKJIEOTUIHYI IIOCJIeOoBaTeJIbHOCTL, MMeK Myl 10 MeHbler wMepe 80%
MOEHTUYHOCTK II0 MeHbmeM Mepe 300 nociemoBaTeJIbHEM HYKJIeOTHUIaM,
IPUCYTCTBYKIM B T'€HOME YKas3aHHHX OaKTepMalIbHHX KJIeTOK, uim (ii)
ORYyX wiIu 06o0Jiee KOHCTPYKLUMUM TeTepOJIOTMYUHOM HYKJIEMHOBOM KUCJIOTH,
comepXxammMx IIO MeHblleM Mepe OIMH TPAaHCIO30H, TakuM ofpas3oMm
co3maBasg IIONYJALMI0O TpPaHCTEeHHHX KJIeTok  OakTepwui, comepXxammx
HENPUPOOHEM CauT OJS TOMOJIOTMYHOM peKOoMOMHALUM MeXOy OINHOM WM
BoJiee KOHCTPYKLUAMU TeTepoJIOTUUHON HYKJIEMHOBOMU KMCJIOTH,
VHTeI'PUPOBaHHEMU B T'eHOM, " 1o MeHbIIen Mepe 300
IOCJIENOBATENBHEIMM HYKJIEOTHUIaMM, MOIPUCYTCTBYKMMMM B TeEeHOMe, WK
MeXIYy TIE€PBHM ¥ BTOPHEIM TPaHCIIO30HaMM, MHTETPUMPOBAHHEMU B Te€HOM; U

(b) KOHCTPYKLUMM TeTEepPOJIOTMUHONM HYKJIEMHOBOM KMCJIOTH, COIepXallen

MaccuB CRISPR, cogmepxamuii (B 5'-3' HamopaBJIeHMM) I[IOCJIeIOBATEJLHOCTE
IIOBTOP-CIEeNCep—IIOBTOP WJIN 1o MeHbIIel Mepe OIoHY
IOCJIeIOBaATEJILHOCTEL IIOBTOP-CIecep, B KOTOPOM CIeNcep yKa3aHHOM
[10CJIeDOoBaTeJIbHOCTHA IIOBTOP-CIIeicep-TIoBTOP I yKa3aHHOU infe)
MeHbIey Mepe OIOHOM IIOCJIeOOoBaTeJIbHOCTM IIOBTOP-CIEeMCep COOEPXUT
HYKJIEOTUIOHYIO [I0CJIenOoBaTeJIbHOCTE, KoTopad 1o CYIEeCTBY
KOMILJIEMeHTapHa ofJlacTU—MUIIEeHN B TeHoMe OIHOM NI BoJiee
BaKkTepralbHEX KJIETOK B YyKa3aHHOM IMONyJNAluM, IIpuueM 5Ta o0JacTb-—
MUIIEHBb pacIroJioxeHa MeXnoy onHOM MJIn toJiee KOHCTPYKLMAMA
TeTepPOJIOTUUHOM HYKJIEMHOBOW KMCJIOTH, BBeIEeHHHMM B TI'€HOM, U IIO
MeHbme Mepe 300 nocjaemoBaTeJIbHEIMY HYKJIEOTHMIAaMM, IPUCYTCTBYIOIMMA
B TeHOMe, U/UIM MeXOy IIePBLHM TPAaHCIO30HOM UM BTOPHM TPaHCIO30HOM,
M KJIIETKM, CcomOepXalre oOJlacTb-MHIIEHE YHHUUTOXAKTCI, TaKuM obpasoM
OCymecTBJIAS OoTOoOp OIOHOM wiIM ©OoJjiee OaKTepMaJIbHBEIX KJIETOK, He
comepxamux o0JacTb—-MUIEHL W MMelNMX YMeHBLIIeHHEM pa3Mep I'eHoMa,
M3 TONYJALUMM TPaHCTeHHHX OaKTepMalJlbHHEX KJeToK. MaccuB CRISPR,
VCIIOJIL3YEMEI B 2TOM M300peTeHUM, MOXeT OHTbL MaccuBoM CRISPR Tumna
I, Tuna II, Tuna III, Tuna IV wuiam THUia V.

B IeBATOM aclleKTe M300peTeHMAa NpeloCTaBJIigeTCcd Ccrnocod ordbopa
omHOM wmIM  BDoJiee OaKTepuallbHEX, ApPXEeMHEX, BOOOPOCJIEBHIX  WJINU

OJPOXKEBEIX KJIETOK, VMEeIMX yMeHbLHeHHBIﬁ prasMep I'eHOMa, nus



IonyJAlrM OaKTeprallbHEX, AapXeMHHX, BOOOPOCJEBHX WMJIM OPOXKEBEIX
KJIETOK, BKJIIOU AN & BBeIOeHMe B IOy JIALIIO faKTepraJibHHX,
APXEeMHEIX, BOINOPOCJIEBEHX WJIM IJPOXKEBHX KJIeTOK (a) KOHCTPYKLUUU
TeTEepPOJIOTUYHOM HYKJIEMHOBOM KMCJIOTH, COIepXallel TpaHC—-KOOVPYeMYI
CRISPR (tracr) HYKJIEMHOBYI KMUCJIOTY, (b) KOHCTPYKLUA
TeTepOoJIOTUUHOM HYKJIEMHOBOM KMCJIOTH, comepxame wmaccuB CRISPR,
comepxamui nocJegoBaTeJIbHOCTD IIOBTOP-CIIecep-IIOBTOP WU 1o
MeHbIlel Mepe OIHY IIOCJIeOOoBaTeJIbHOCTL IIOBTOP-CIelcep, B KOTOPOM
crie¥icep yKasaHHOM II0 MeHblIey Mepe OIOHOM II0CJIeIOBaTEeJIbHOCTU U IIO
MeHbIlel Mepe IIOCJIeIOBATEeJILHOCTM IIOBTOP-CIeMCep-IIOBTOP COOEPXUT
HYKJIEOTUIHYIO [IOCJIeIOBAaTEJILHOCTE, KOoTOopasda 1o CymecTBY
KOMILJIEMEHTapHa oBJlacTU—MUIIEHN B TeHOMe (XPOMOCOMHOM U /UJIU
IasMmMoHoM) OaKTepMaJibHBEX, AapxXeMHHX, BOOOPOCJEBHX WJIM OIPOXKEBEHIX
KJIeTOK YyKasaHHOM mnonyiaaumm, u (c) Cas9 [noaunenTtuma, IpUUEM
KJIETKMU, comepxamme DTY oBJlacThb—MMIIEHDb YHUUTOXAKTCH, TaKMM
obpasoM  OCYIeCTBJIAS oTBOoP ooHOM  WJIMU DoJiee DaKTepHraJlbHEX,
ApPXEeMHEIX, BOIOOPOCJEBHX WM OPOXKEBHX KJIETOK, He colepXallx
oBJlacTbL—MUIIEHb M MMEKRMMX YMEeHBLIIeHHEM pasMep T'eHoMa, W3 IIOIYJALUU
BakTepraJlIbHHX, APXEeWMHEX, BOIOPOCJIEBEIX MIM IPOXKEBHX KJETOK.

B mecdToM aclhekTe HM300peTeHMA OpelocTaBJjigdeTcd crnocod ordbopa
onmHOM wmIM OoJiee BaKTepuallbHBX, apxXenHLX, BOIOOPOCJIEBEIX  WJIU
OPOXKEBEIX KJIETOK, VIMEIoIMX YMeHbIIeHHEIN pasMep T'eHOMa, nu3
IIOMNyJIAUMM OaKTepralIbHEX, AapPXeMHHX, BOOOPOCJIEBHX WMJIM IPOXKEBBIX
KJIETOK, BKJIIOU A0 BBeIOeHue B IOy JIALINIO fDakTepraJibHHX,
APXEeMHEIX, BOIOPOCJIEBHEX WM IOPOXKEBEX KJIeTOK: (a) (1) onmHoOM wWiIu
BoJiee KOHCTPYKLUUM TeTepOoJIOTMUHOM HYKJIEMHOBOM KUMCJIOTH, COIepXalllx
HYKJIEOTUIHYI IIOCJIeOOoBaTeJIbHOCTL, MMEeKMyl IO MeHbllet Mepe 80%
UISHTUYHOCTM 110 MeHbmel Mepe 300 nocjaemoBaTeJIbHEIM HYKJIEOTHIAM,
IPUCYTCTBYKIIMM B  T'eéHOMe YKa3aHHBX 0DOaKTepuaJlbHHX, apxXeNHuX,
BOOOPOCJIEBHX MM OPOXKEBEX KJIETOK, MIM (i1i) 1OBYyX wmIm ©OoJee
KOHCTPYKUUN TeTepOoJIOTUMUHONM HYKJIEMHOBOM KMCJOTH, COIOepXamux IIO
MeHbIle Mepe OOMH TPAaHCIO30H, TaKMM ofBpa30oM co3maBafd IIONYyJISLM
TPaHCTEeHHEX OaKTeprallbHHX, apXeWHEX, BOIOPOCJIEBHX MM IPOXKEeBHX
KJIETOK, comepXxammx HeNprpOaHLM camrT nJis TOMOJIOTMUHOM
peKoMOMHALUMM MeXOy OINHOM WM 0oJiee KOHCTPYKUMAMM TeTepOoJIOTHMUHOMN

HyKJ’[eMHOBOﬁ KVMCJIOTE, MVMHTEI'PMPOBaHHEIMM B TI'€HOM, WM IIO MeHbIIen Mepe



300 mnocJyemoBaTeJIbHHMM HYKJIEOTHUIAMM, IIPUCYTCTBYKRIMMM B T'eHOME,
WM MeXxOy IepBEIM M BTOPHM TPAaHCIO30HaAMM, MHTETPUMPOBAHHEIMM B
TeHoM; ¥ (b) (1) KOHCTPYKLUMM TeTepOoJIOTMUHOM HYKJIEMHOBOM KMCJIOTH,
comepxXxalmey TpaHCc-komupyeMmyl CRISPR (ftracr) HYKJIEMHOBYI KUCIOTY,
(1i) XOHCTPYKUMM TeTepOJIOTHMUHOV HYKJIEMHOBOM KUCJIOTH, CcoIepXamemn
Maccue CRISPR, comepXxamuy IIOCJeIOoBaTeJIbLHOCTL IIOBTOpP-Clercep-—
IIOBTOP WM TIIO MeHbIIeM Mepe OOHY IIOCJeIOoBAaTeJIbHOCTE IIOBTOP—
criericep, B KOTOPOW CIeMcep yKas3aHHOM 110 MeHbIlel Mepe OIOHOM
[IOCJIeIOBATEJILHOCTM  I[IOBTOP-CIeMcep U IO MeHblle Mepe  OIHOM
[IOCJIeIOBATEJILHOCTU IIOBTOP-CIEeMCep-IIOBTOP COHEPXUT HYKJISOTUIHVYIO
IOCJIeIOBaATEJILHOCTEL, KOTOpas IO CYIeCcTBY KOMILJIEeMeHTapHa ofjJacTu-—
MUIIEHM B TeHOMe (XPOMOCOMHOM M/MJM IIJIa3MMUIHOM) OIHOM MM ©OoJiee
BakTepralbHHX, apxenHHX, BOOOPOCJIEBHX  MJIM  OPOXKEBEX  KJIETOK
yKasaHHOM nonyadaumm, u (iii) Cas9 noaunenTtuia M/MUIM KOHCTPYKLUNA
TeTepOoJIOTUUYHOM HYKJIEMHOBOWM KMCJIOTEH, CcoIepXallel [IOJIMHYKJIEOTHUI,
KOOUPYIUMI Cas?9 IOJIUIIENTUN, opuueMm aTa oBJlacTh—MUIIEHD
PacIoJIOXeHa MexOoy OIOHOM MM 0o0Jlee KOHCTPYKUMAMM TeTepOoJIOTMUHOMN
HYKJIEMHOBOW KMCJIOTE, BBEeIeHHHMM B I'€HOM, U II0 MeHbmenm Mepe 300
IOCJIeNOBATEJILHEMY HYKJISOTUIaMM, IPUCYTCTBYOIMMM B TeHOMe, U/UJIU
MexIOy IIepBHM TPAHCIIO30HOM ¥ BTOPHEIM TPAaHCIO30HOM, U KJETKH,
comepxamue 06JIaCcTb—MUIIEHDE YHUUTOXAITCH, TaKUM obpasoM
oCymecTBJIAS OTOOp onoHOM wmIu ©OoJjlee OaKTepMalIbHHX, apxXeNHHX,
BOIOOPOCJIEBHX MM IOPOXKEBHX KJIETOK, He coIepxammx o6JacTb-MUIEHb
Y MMeNMX YMEeHbIIeHHBM pa3Mep TeHOMa, M3 IIONYJISAUUM TPpaHCITeHHHX
BakTepralJlIbHEX, apxXeWMHBX, BOIOPOCJIEBEIX WM IPOXKEBLHX KJIETOK.

B oIMHHAOLIATOM aclekKTe M300peTeHMSa IIpedocTaBJIgeTcsd CIocod
UISHTUOUKALUY B I[IOOyJIdUMM OaKTepuM o MeHblleM Mepe OIHOTO
M30JIATa, MVMenmeI'o OeJleliMio B CBoeM I'eéHOMe, BKJUallMMi: BBedeHMEe B

TIOITYJIALIVIO GaKTepMaﬂbHBIX KJIETOK KOHCTPYKINNA I‘eTepOJIOI‘MT{HOﬁ

HYKJIEMHOBOM KMCJIOTHE, comepxamel MaccuB CRISPR, comepxamuit (B 5'-3'
HalpaBJIeHUN ) IIOCJIeNOBaTEeJILHOCTL IIOBTOP-CIEMCep-IIOBTOPR MM IO
MeHbIleM Mepe OIHY I[IOCJIeOoBaTeJIbHOCTL IIOBTOP-CIeMcep, B KOTOpPOU
crieicep YKa3aHHOM TIIOCJIEeOOBATEJILHOCTM I[IOBTOP-CIIEMCEep-IIOBTOR WM
yKasaHHOM IIO0 MeHbIIeM Mepe OIHOM IOoCJIemOBaTeJIbLHOCTM IIOBTOP-—

cneﬁcep COIOEePXUT HYKJIIEOTUIHYIIO InocjienoBaTeJIbHOCTE, ROTOpaAa I10



CYIeCcTBY KOMILJIEMeHTapHa o0JacTU-MUIIEHM B T'eHOMe OIHOM uIu OoJiee
OaKTepraJibHEIX KJIETOK yKasaHHOM NONYJIALNY, nopruyeM KJIETKY,
comepxamre o0OJaCcTb-MUIIEHL YHMUTOXATCId, TaKuM o0pa3oM co3maBad
NONYJIALIMI TPaHCOOPMUMPOBAHHEIX OaKTepMalIbHEX KJIETOK, He CoImepXallrx
0BJlaCTbL—MMIIEHb; U BHpalMBaHME OTIEJILHEIX OaKTepMalIbHEX KOJIOHUM U3
IONYJIALUMM TPaHCOOPMUPOBAHHEX OaKTepMalJlbHEX KJIETOK, TakuM oO0pas3oM
OCYMEeCTRBJISS UIeHTUOMKALMIO I[10 MeHbIlel Mepe OIHOTO M30JIaTa U3
IIOMNYJISALVM TPaHCOOPMMPOBAHHEX OaKTepul UMellMx »OeJlellMio B CBOeM
TeHoMe. MaccuB CRISPR, MCIHOJIL3YEMHM B STOM M300peTeHUM, MOXET
OeTe MaccupoM CRISPR Tmna I, Tuna I1I, Tuna III, Tuna IV miIM TuUIla
V.

B IOBeHaIuaTOM AacIleKTe U300peTeHusa IMIpeloCcTaBJISIeTCcd CIocob
UIeHTUOUKALIMY B I[IOOyJIdUuM OaKTepuM o MeHblleM Mepe OIHOTO
M30JIATa, MVMemeI'o OeJleliMio B CBoeM I'eHOMe, BKJUallMM: BBedeHMEe B
IOy JIALNIO DakTepraJbHEX KJIETOK (a) (1) ONHOM W BoJiee
KOHCTPYKLUUN TeTepOoJIOTUUHOM HYKJIEMHOBOM KMUCJIOTH, comepxammx
HYKJIEOTUIHYI IIOCJIeOoBaTeJIbHOCTL, MMeKmykl IO MeHble wMepe 80%
UIOEHTUUYHOCTM 110 MeHbmelr Mepe 300 nocjaemoBaTeJIbHEM HYKJIEOTHIAM,
IPUCYTCTBYKIMM B TeHOMe YyKa3aHHBEX OaKTepMaJibHEIX KJIeTok, wuiam (ii)
IOIBYX WM 0oJlee KOHCTPYKUUM TeTepOoJIOTUMUHOM HYKJIEMHOBOM KMCJIOTH,
comepXxamux II0 MeHblleM Mepe OIMH TPaHCIO30H, TakMM of0pa3oM
cosmaBasd INONYJIALUMIO TPaHCI'eHHEX 0OaKTepUaJIbHEX KJIETOK, CoIepXalllx
HeNPUPOOHEY calT OJIS ITOMOJIOTMUHOM peKoMOMHALMM MeXIYy OINHOM WJIMU
BoJiee KOHCTPYKLMAMA TeTepoJIOTUUHOM HYKJIEMHOBOM KMUCJIOTH,
VHTEeTPUPOBaHHEMA B TeHOM, " 1o MeHbIen Mepe 300
IOoCJIeOOBaTEJIbHEIMY HYKJIIEOTHUOaMM, NPUCYTCTBYRIMMM B T'€HOMe, WU
MeXIOy TIePBEHM M BTOPHBM TPAHCIO30HaAMM, MHTETPUPOBAHHBEIMY B TE€HOM; U

(b) KOHCTPYKLUMM TeTepOJIOTMUHONM HYKJEMHOBOM KMCJIOTH, COIepXallen

MaccuB CRISPR, cozepxamuii (B 5'-3' HaOopaBJIeHMM) I[IOCJIeIOBATEJILHOCTE
IIOBTOP—CIEeNCep—IIOBTOP WM 1o MeHbIIeM Mepe oIHY
IOCJIeIOBATEJILHOCTEL IIOBTOP-CIelcep, B KOTOPOM cCIeMcep YyKa3aHHOM
[IOCJIENOBATEJILHOCTHU IIOBTOP-CIelcep-TIOBTOP W yKa3aHHOM 1o
MeHbIle Mepe OIOHOM IIOCJIeOoBaTeJIbHOCTM IIOBTOP-CIeMcep COOEPXUT
HYKJIEOTUIHYI [IOCJIeIOBATEJIBHOCTE, KOTOopad 1o CylmeCcTBY

KOMILJIEMEHTapHa oBJlacTU—MUIIEeHN B TeHOMe OOHOM  WJK BoJiee



BakTepraJIbHHX KJEeTOK B YKa3aHHOM IIONyJaAlLUMM, IIpuueM 5Ta o06JacTb-—
MMUIIEHEb pacIroJioXxeHa Mexny omHOM WJIN foJiee KOHCTPYKLMAMU
TeTepOJIOTUUYHOM HYKJIEMHOBOVM KMCJIOTH, BBeIeHHHMM B T'€HOM, M IO
MeHbImeM Mepe 300 nocygemoBaTeJIBHEIMKY HYKJIEOTHUIAMM, IPUCYTCTBYIVMA
B TeHOMe, W/MJIU MeXOy IIepPBHM TPaHCIO30HOM UM BTOPHM TPaHCIIO30HOM,
M KJIETKM, comepXxalre o0OJlaCTb—MUIIEHE YHUUTOXAITCHA, TakKuM o0O0pas3oM
co3maBasd IIONYJIALMID TPaHCPOPMUPOBAHHEX OaKTepMaJilbHEIX KJIETOK, He
comepxammx o6OJlacTb—MUIIEHL,; ¥ BHpPAaAllMBaHMEe OTIOEJIbHHX OaKTepMraJibHEX
KOJIOHMM M3 IIONYJIALUMM TPaHCOOPMUPOBAHHHX 0OaKTepMaJIbHEIX KJIETOK,
TakuM 00pa30M OCYIHEeCTBJIAI MUISHTUOMKALMIO IO MeHbIIeM Mepe OIHOTO
M30JIATa U3 IOONyJIauuy OakTepui, UMellMX OeJlellMio B CBoeM I'eHOMe.
Maccus CRISPR, VCIIOJIb3YEMEI B 2TOM M300peTeHUM, MOXeT OHTb
MaccuBoM CRISPR Tmna I, Tuna II, Tuna 111, Tuna IV mwin TUna V.

B TpuHaIuaTOM AacIleKTe U300peTeHusa IIpelocTaBJIgeTCcd CIocod
UISHTUOUKALUY B TIONYJIAUUM OaKTepMaJlbHEIX, apxeMHBX, BOIOPOCJIEBHX
MM OPOXKEBEIX KJIETOK II0 MeHblled Mepe OOHOTO M30JIATa, MWMeKmeTo
OejlellMio B CBOEeM I'€HOMe, BKJIIOU AIOMAN BBelleHMe B  IIOIIYJIALMIO

GaKTepMaHbHHX, aperZHbe, BOIOOPOCIJIEBEHX WJIM OPOXXEBEIX KJIETOK (a)

KOHCTPYKLUN TeTepOoJIOTUUHOM HYKJIEMHOBOM KMCJIOTH, comepxamen
TPaHC—-KOOMPYEeMYI CRISPR (tracr) HYKJIEMHOBYIO KMCJIOTY, (b)
KOHCTPYKLMUN TeTepPoJIOTUUHON HYKJIEMHOBOM KMCJIOTH, conepxaimen

MaccuB CRISPR, comepxamuit (B 5'-3" HampaBJIeHMM) I[IOCJIEeOOBaTeJIbHOCTDL
I[IOBTOP-CIIeCep—IIOBTOP NI 1o MeHbIIen Mepe OIOHY
IOCJIeIOBATEJILHOCTE IIOBTOP-CIelcep, B KOTOPOM cCIeNcep YyKa3aHHOM
IocJyleIoBaTEeJILHOCTHU IIOBTOP-CIlelcep-TIOBTOP WIIN yKa3aHHOM 110
MeHbIlel Mepe OIHOM IIOCJeOOoBaTeJIbHOCTM IIOBTOP-CIeMcep COOEPXUT
HYKJIEOTUIHYIO IocJIeIoBaTeJIbHOCTD, KoTOpada 1o CymecTBY
KOMILJIeMeHTapHa oBJlacTU—MHUIIeHN B TeHOMe (XPOMOCOMHOM  U/UJIU

[JIa3MMIOIHOM) GaKTepMaﬂbHBIX, apxeﬁHbe, BOIOOPOCJIEBEHX WMJIM IOTPOXXEBEIX

KJIeTOK  yKas3aHHOM IOy JIALMA, " (c) Cas?9 INOJIMIIENTUOa WM
KOHCTPYKLMM TeTepPOJIOTUYUHOM HYKJIEMHOBOM KUCJIOTHL, comepxamen
IIOJIMHYKJICOTHII, KOOVPYIMMMA Cas9 IIOJIMIIENITUI, npryeM  KJIETKM,

comepXxalne o0JIaCTbL—MUIIEHE YHUUTOXAKTCH, TaKVIM O@paBOM cozsaBad
IIOITYJIALMIO TpaHC(_bOpl\/LT/IpOBaHHBIX GaKTepMaﬂbHBIX, apxeﬁHbe,

BOIOOPOCJIEBEHX WJIM IOPOXXEBEX KJIETOK, HEe CcoIepXallliX o0JIaCThb—MUIIEHE ;



¥ BHpallMBaHMe OTOeJIbHHX 0OaKTepMaJlbHEIX, apxXeVHBX, BOIOPOCJIEBHX
WM OPOXKEBEIX KOJIOHUM us IOy JIALUN TpaHCOOPMUPOBAHHEIX
BakTepralbHHX, aApPxXEemHHX, BOOOPOCJIEBHX WMJIM OPOXKEBEX  KJIETOK,
TakuM 0O0pa30M OCYMEeCTBJIAS MISHTUOMKALMID I[IO MeHBIIEM Mepe OIHOTO
MB0OJIATa M3 IIONYJIALUMM TPaHCOOPMMPOBAHHEX OaKTepMaJlbHBIX, apxXeMHHX,
BOOOPOCJIEBHX MM OPOXKEBEX KJIETOK, UMMEKIMUX »OeJIelMid B CBOEM
TeHOME .

B uUeTHpPHAOLlATOM acllekTe MU300peTeHUsS IIPpedoCTaBJISeTCsS CIoCcoD
omnpeneJyieHMsS B IIOoNyJddaumy OakKTepMalJlbHEX, apXeMHBX, BOIOPOCJIEBHX
MM OPOXKEBEIX KJIETOK II0 MeHblled Mepe OOHOTO M30JIATa, UMeKlIeTo
OeJjlelMio B CBOEM T'€HOME, BKJIIOY AIONNN & BBeIeHMe B  IIOIYJISLUIO
BakTepralbHHX, apxemHHX, BOOOPOCJIEBHX  MJIM  OPOXKEBEX  KJIETOK
(a) (1) omHOM wmJIM OoJiee KOHCTPYKUUM TeTepOoJIOTUMUHOM HYKJIEMHOBOM
KMCJIOTH, CcoIepXallMx HYKJISOTUIHVID II0CJIeOOBATeJILHOCTL, MWMEKMyWl IO
MeHbIIen Mepe 80% MOEHTUUHOCTHU 1o MeHbIIen Mepe 300
IocjleIOBaTEJIbHEIM HYKJIeOoTUIaM, I[IPUCYTCTBYKIMM B T'eHOMe YKa3aHHHX
BDakTepralIbHHX, AapXeVHHX, BOIOPOCJEBHX WIM IPOXKEBHX KIJIETOK, WK
(i1i) IBYyX wmIM 0oJiee KOHCTPYKIMM TeTepoJIOTMUHOM HYKJIEeMHOBOMU
KMCJIOTH, CcoIepXamMx II0 MeHbIeM Mepe OIOMH TPaHCIIO30H, TaKuM
obpaszoM co3maBad IIONyJALUMI TPaHCTEeHHHBX 0OaKTepMaJlbHEIX, apXeWHHX,

BOOOPOCJIEBEIX WMJIM HOPOXXKEBEIX KJIETOK, CcoepXallX Hel'IpI/IpOI[Hb]fI camT

0JI4 TOMOJIOTMYHOM PeKOMOMHAaLUM MeXny OOHOM 1ZRJNZ! BoJiee
KOHCTPYKUMAMA TeTepoJIOTUUHON HYKJIEMHOBOM KMCJIOTHL,
VHTeTI'PUPOBaHHEMU B T'eHOM, 7 1o MeHbInen Mepe 300

IocJiegOBaTeJIbHEMM HYKJIEOTHMIaMM, MNIPUCYTCTBYKIMMM B TeHOMe, WU
MeXIy II€PBEIM M BTOPEIM TPRAHCIIO30HAMM, MHTETPMPOBAHHEIMM B T'€HOM; U
(b) (1) KOHCTPYKLUA TeTepoJIOTUUHOM HYKJIEMHOBOM KMUCJIOTH,
comepxamel TpaHc-kooupyemyl CRISPR (ftracr) HYKJIEMHOBYID KUCIOTY,
(ii) KOHCTPYKLUMM TeTepOJIOTMUHOM HYKIJIEMHOBOM KMCJIOTEH, COIOepxXalen
MaCCHUB CRISPR, comepxamui (B HallpaBJIeHUU 5’ to 3'-xoHLA)
[IOCJIeIOBATEJILHOCTEL IOBTOP-CIEeMCep-IIOBTOR WM IO MeHbIIeM Mepe
OOHY [IOCJIEOOBATEJIbLHOCTE IIOBTOpP-CIeWcep, B KOTOpOM crencep
YyKasaHHOM II0CJIeNOBAaTEeJILHOCTHY IIOBTOP-CIEeMCep-IIOBTOPR WMJIM YyKa3aHHOMU
10 MeHbIley Mepe OIOHOM IIOCJIeNOoBaTeJIbHOCTM IIOBTOP-Clelcep COINepRXUT

HYKJIIEOTHMIOHYIO InocjyienoBaTeJIbEHOCTE, KOoTOopad 10 CymmecCTBY



KOMILJIEMeHTapHa o6JlaCcTU—MUIIEHN B T'eHOMe (XpOMOCOMHOM ¥/ WJIn
ILJIa3MUIOHOM) ONHOM NI BoJiee DakTepnalibHEX, apXeVHHX,
BOOOPOCJIEBHX MM IPOXKEBHX KJIETOK VYVKa3aHHOM nonyadaumu, unu (iii)
Cas9 nojmmenTuna W/MIM KOHCTPYKUMM TeTepPOJIOTUMUHOM HYKJIIEMHOBOM
KMCJIOTH, CoOOepXallel [IOJMUHYKJIeOTHI, Koaupywomulr Cas9 [NOJIUIEeNTHU,
opuueM 5Ta o0B0JaCTb-MHMIIEHL PAacCIOoJIOXeHa MexXny OOHOM wuiu 0oJee
KOHCTPYKUMAMY TeTepOoJIOTMUHOM HYKJIEMHOBOM KUCJIOTH, BBEeIEHHHMM B
TeHOM, U TI0 MeHbmeM Mepe 300 nocjeloBaTeJIbHBEMM HYKJIEOTUIaMM,
NPUCYTCTBYOIMMY B TeHOMe, W/WiIXM MeXOy IIe€PBEM TPAaHCIO30HOM U
BTOPHM TPaHCIIO30HOM, u KJIETKMU, comepxamue 00JIaCThE ~MHUIIEHb
YHUUTOXATCH, TaKUM obpazoM cozmaBad TIOITY JIALAIO
TpaHCOOPMUPOBAHHEIX OaKTepMaJlbHEX, apxXenHHXx, BOOOPOCJIEBEIX  WJIU
OPOXKEBEIX KJIETOK, He comepXallMxX OOJIaCcTb-MMIIEHL; W BHpallBaHUE
OTHeJIbHEX OaKTepralIbHEX, apxXeWHHX, BOINOPOCJIEBHX WM IPOXKEBHX
KOJIOHUM U3 MNONYyJAUUM TPpaHCOOPMUPOBAHHHX OaKTepMaJIbHHX, apxXeWHHX,
BOOOPOCJIEBHX WM IOPOXKEBHX KJETOK, TakKuM o0pa3oM OCyWeCTBJIAA
MOEHTUOUKALMID 10 MeHBIIe Mepe OIOHOTO M30JATa W3 HONyJIaLUuM,
VMEeKMey Iejleluid B CBOeM I'eHOME.

HacTogmee wm300peTeHMe TakKXe OTHOCUTCHA K SBKCIPECCHMOHHEM
KacceTaM, KJeTKaM M HabopaM, CcomepXallMM KOHCTPYKLUMM HYKJIEMHOBOMU
KMCJIOTE, MAaCCHUBH HYKJIEMHOBBEX KMCJIOT, MOJIEKYJE HYKJIEMHOBEX KUCJIOT
U/MAY HYKJIEOTUIHBEE IOCJEeNOBATEJIBHOCTHY 10 M300pEeTeHMD.

ST U »OpYyI'Me acCIeKTH WU300peTeHUs MU3JIOXKEeHH HWXe B OIMCaHUU
n3obpeTeHUa 6oJiee NOOPOOHO.

KPATKOE OIIMCAHVE PUCYHKOB

Ha our.l mnokaszaHa IocJjenoeaTellbHOCTE MaccuBokB SthCRISPR1 wu
SthCRISPR3 mjsa Tapl'eTMPOBaHMA (HalUeJIMBaHMA) KaXOOoI'0 KOMIIO3UTHOIO
TPaHCIIO30Ha.

Ha dur.2 rnoxKaszaHa cxeMaTuueckas omrarpamMMa criocoba
CIJIa¥iCMHTa C TIepeKpHBalMMMCA YIJIMHeHueM (SOE) ©JiS KOHCTPYKLUU
Tapl'eTUPOBAHUA ILJIa3MUI .

Ha Qwur. 3A-3E 1okazaHa kKapTa KM3HeHHO  BaXHEIX I['€HOB,
MHCEPLUMOHHEIX  [IOCJIeNOBATEeJBHOCTEN U T'@HOMHEIX OCTPOBOB. (A)
MecCTOIIOJIOXEHME U paclpelelieHMe npennojgaraemelx OPC (ORF) X XM3HEHHO
BaXHEIX T'€HOB [XM3HeHHO BaxHeX OPC] (BepxHUN psAal), WMHCEPLMOHHEX

II0CJIeNOBaTEJIEHOCTEN (2-om pAan) n npenrnojiaraeMslx T'€HOMHEIX



OCTPORBOB (3-ui pHdAn). IoTeHUIMaJBHEE MUIIEHM IJIS OIOCPeOOBaHHEIX
CRISPR-Cas (d-pm1  pAan) neJjleluuil ONpeleliasM IIIyTeM KapTUPOBaHUSA
MOOMJIBHEIX DJIEMEHTOBR pPas3JIMUHHX CeMeMCTB B TI'eHOMe Streptococcus
thermophilus LMD-9. I'emeTnueckasn CTPYKTYpPa npenrnoJjiaraeMblx
T'@HOMHEIX OCTPOBOB u COOTBETCTBYIIIMX MM KOMOMHAaLUN
npoTocnercep/PAM. (B) I'eHOMHHI OCTPOB 1, KOOUPYIMUM CUCTEeMY OJIS
TPaHCIOpTa OJIMTOIENTUIOB. (C) T'eHOMHHBIM OCTPOB 2, comepxamuh
npoTenHasy PrtS wJjJeTouHOM 0OOOJIOUKMU. (D) T'eHOMHEII OCTPOB 3,
Komupyiommit 6ejiok AT®a3HOM IIOMIIEL MOHOB Menu. (E) I'eHOMHBI OCTPOB,
Kooupyklmuyt BeIOpaHHHEe OPC, BRILUakmye Lac OIepoH.

Ha dur.4 npencraBJieHa OeHIpoTIpaMMa KOOUPYIOMMX

mocjienoBaTeJIbHOCTEN TPaHCIIOSOHORB, pacllipeneJIeHHEX B TI'eHOMEe S.

thermophilus LMD-9. BrpaBHUEBaHME IPOU3ZBOOUIIOCE npu IIOMOIIN
KOMIILIOTEPHOM  IpoTrpaMMel  Geneious®. OKOHUaTeJIbHEIE  OOO3HAUYEHUA
IpUCBauBaJM, MCIOJL3Yya www-is.biotoul.fr. ByKBH COOTBETCTBYKT

BHPABHUBAHMIO IIOCJI€IOBATEJILHOCTEMN, NprBeOeHHOMY Ha Our.5 mias
KaxXIoro ceMeNcTBa.

Ha Q®wmr.5A-5D 1mokasaHo BEHPABHMBAaHME  IIOCJIeNOBATEJIEHOCTEN

TPAHCIIO30B (IIpM IIOMOIM KOMIILIOTEPHOM OpoTrpaMMmel Geneious®) mis
Kaxgoro KPYIIHOTO ceMeMcTBa 15, HaMIeHHOT O B T"eHOME S.
thermophilus 1LMD-9. PaszHue ceMeycTBa MMET pPas3Hyl CTelleHb
COXpaHeHMsa OJMHE U MOeHTUUYHOCTM HyKJeoTuma. (A) TpaHcrnozoHel Sthé
OBIM B  BBICOKOWM CTeleHM IIOJUMMOPOHEMM UM OUEBMIHO BHPOXIEHHBMM
BCJIEOCTBME BHYTPEHHUX IeJlellMM B HeKOTOPHX Konmuax. I1S1167 (B) wu
IS1191 (c), HaIpoOTUB, VMeJIM HeCKOJIbKO  KOIIUM, HO COXpaHAIU
BLICOKVYIO CTelleHb COOTBeTCTBMA IIO IOJMHEe UM MIeHTHMUHOCTM. S1193 (D)
VIMEeJIM BHCOKOTOUYHEE KOIIMM, HO IIPpM STOM JEMOHCTPUPOBAJIM CaMoe
BHICOKOE paszjiMuMe BHYTPM CceMeVcTBa 10 OJMHE.

Ha o¢wmr.6A-C nokaszsaHa CTPYKTYPHasd OCHOBa HalleJIMBaHUA CHUCTEME
Ha [JHOHK npm nomomu CRISPR-Cas9 u  4BHass LUTOTOKCUYUHOCTE BTOTO
nopoliecca. ChoeMcepHee IocjenoBaTeJbHoCcTM y  SthCRISPRI (A) "
SthCRISPR3 (B) @musa TapreTtupoBaHusa lacZ. Cas9 omnoszsHaeT [JHK wm
oBpaTMMO CBSA3HBaAEeTCHd C IOCJeIoBaTeJIbHOCTSAMM  PAM, Ipy  BTOM
IpOoUCXOOUT cTabuamzaumsa Cas?9 Ha MMIIEHM 3a cueT oOpa30BaHUuA

nyrmjekca tracrPHK::crPHK. AxTuBaumsa Cas9 BHEBHBaeT OITHOBPEMEHHOE



pacumerjieHrsa KaxOooM HUTKM o moMeHaM RuvC m HNH, yKa3aHHBE UepHHMU
CTpeJikaMi . TpaHchoOpPMaHTEH, BHIIIEJIEHHEIE rocse BJIEeKTPOolIopalnn

KOHTPOJILHEX U CaMOHAalleJIeHHHX Iasmmuyn (C) . CpeIHMe pa3MepH KJIOHOB

T SD, CKPVMHMPOBaAHHEX B He3aBUMCHMMEX OSKCIIEePMMEeHTax IIO Tpch@opMaHMM

(n=4), njgga KaxmooM M3 TEeCTOBHX ILJIa3MuUI.
Ha ¢ur.7A-7D rIOKa3aHH CeKBeHUpOBaHMue TeHOMa u
beHOTHUNINUECKUN aHaJm3 Lac—-KJIOHOB. DaHHHEE, [IOJIYyUEeHHBEe oJis

IOCJIeIOBATEJILHOCTENM, BHABUJIM OTCYTCTBME XPOMOCOMHOTO CeIMeHTa,
KoIupywomero lacZ, Yy IOBYyX MYyTaHTOB, IIOJIYUYEHHHX HEe3aBUCHMO IIYTEM
HalleJIMBaHUA IIocJemoBaTesibHoCTeM lacZ, komoupyomux (A) 5'-kxoHel wu
(B) KaTMOH-CBA3HBaLMUI dparMeHT, Opu nomomyu CRISPR3 CHCTEeMH.
PasMep mejeluu¥ HaxXoOWJICcAd B IHpelengax oT 101 865 mo 102 146 map
OCHOBaHUM, UYTO COCTaBJfdeT npuMmepHo 5,5% renoma S. thermophilus.
(C) PocT mTaMMOB C KPYIIHEIMM OeJIELMAMM [0 CPaBHEHUK C IVWKKM TUIIOM

B TIOJIYCHMHTETUUECKON Cpele JJUIMKepa, IIpeldCcTaBJIeH B BUIe CpeldHeIOo

3HadeHuda * SD OD 600 HM 1Jiga Tpex HEe3aBUCUMHX OMOJIOTMUECKUX
IoBTOPOB. (D) CnocofHocTb mTaMMoB S. thermophilus K CKBallMBAHUIO
00Ee3XMPEHHOTO MOJIOKA.

Ha dur.8A-8E IIoKa3aHH COOBITMA PeroOMOMHALIUU Mexny
VMHCEPLMOHHEIMM IIoCJienoeaTesyibHOCTAMMU (I3). (A) M300paxeHne Tejid C
pes3yJbTaTaMM 3JeKTpodopesa aMIUIMKOHOB C  KPYHNHBEIMM OeJIeLMaMH,
IoJlydeHHHX [P aHajgmu3oM gIOHK, BHIeJIeHHOM U3 TpaHCOOPMaHTOR.
CKPUMHMHIT  [IPpOBOOWJIU, VCIIOJNIbE3Y S  IIpalMepH, biraHkupyromme 1351193
DJIEMEHTH, PAacCIIOJIOXKEeHHEe  BHIIE M  HMXe IpeAnojlaraeMoro  cauTa
mejeunr. JIMHUM, OTMeudeHHHe 3HakoM A, amMmmomuurpoBasan u3s gIOHK
Lac-xJI0OHOB, IIOJIY Y€ HHEIX nocye TapreTUupoBaHUAg lacz,
onocpenoBaHHoTo CRISPR-Cas cucTeMoM, Ipu 2ToM WT OPOUCXOOUT OT
OUKOTO TUIIA . (B) [locnenoBaTeJIbHOCTH IpencKa3aHHEX CanToB
PEeKOMOMHALINA OIIpeneI AN oyTeM KapTUPOBAaHMUA COOHTHUMN
OODHOHYKJIEOTUIHOT'O noJmMopdmsMa, COOTBETCTBYIMX Jnbo BEIIE—
PacIloJIOXEe HHEIM (cepme), Jnbo HUXepacCIlOJIOXKEeHHEM (UepHEE) IS
BJIEMEHTAaM. Tou camTa OBLIIN npenckKaszaHbl Ha OCHOBE
IIOCJIENOBATEJIBHOCTEN, COXPaHMBIMXCA B 00oux IS 3JjIeMeHTax (CBeTJIO-
ceprle) . V300paXeHHEE CaWTH [PEeNCcTaBJART CcOOOM  TEeHOTUIIEL U3

He3aBUMCHMMEIX KJIOHOB U ABJIAKRTCA TUITMYHBEIMIM  IOJIA @eHOMeHa Jlakca,



HabomaeMoTro B IOeBATHM Pa3JIMUHEIX callTax pPeKoOMOMHAalUU. Ciienul
XUMEPHBIX IS-3JIeMeHTOB OBUIM OOHAPYXEeHH aHaJIOTMUHEM o0o0pasoM B
KaxIoM JIOKyce TeHOMHOTO OCTpOBa Ha TI'paHulle  OeJlelluM. (C)
CxeMaTHUueckKoe n3obpaxeHue IS-2JIeMeHTOR, KOTOpPHE COTJIaCHO
IpoTrHO3Yy OYyIOyT IMOOBEPTHYTH pekoMOMHAIMM BO BpeMsa XPOMOCOMHOM
neJjlelu OCTpPOBRa, Koupyiomero lacZ. (D) AMIJIMKOHE, I[IOJIYYeHHHE U3
npaliMepoB, GIIaHKUPYIOMMX T'eHOMHEIe OCTpOBa 1, 2 u 3, oJisa
IIOOTBepXIeHUS mnejleuuit. (E) AMIJIMKOHE, IIOJIYUEHHEE M3 BHYTPEHHUX
npaﬁMepOB, oJidg IIOOTBepPXICeHNMA OTCYTCTBUA HOCﬂeHOBaTeHbHOCTeﬁ

IVKOTI'O THIIa B Kaxmon KYJIETYyPpe C neJieliAMI, VMHIOYLIMPOBaHHEMN

CRISPR. JIMHUM, OTMeUeHHHEe 3SHakoM A, amummbmivpoBaau w3 gIOHK
KJIOHOB, IIOJIYUEeHHEIX IIoCJle olocpenoBaHHoro CRISPR-Cas cucTeMOM
HalleJIMBaHug, Opu 3ToM WT OpoMcXOoIMT OT OUMKOTO THIIA.

Ha our. 9 MoKas3aHk MUIIEHN JIeTaJIbHOCTH, a TakKxe
VICIIOJIbL30BaHMe  ONpeleJIeHHEX TeHeTUUYeCKMX JIOKYCOB  IJIS  OILIEHKU
JeTaJIbHOCTH, onocpemoBaHHoM CRISPR-Cas cucTemom Turna 1I, OyTeM
TapreTHUPOBAHMUA TeHoMa Streptococcus thermophilus I1LMD-9. Bwiu
OpOoTEeCTUPOBAHE 00e OpTOTOHAJIBHEE CUCTeMH Tumna 171 (CRISPR1 wm
CRISPR3); wmmmenm CRISPR]1 mnokas3aHH TeMHO-CEPBM LBETOM, a MUIEHU
CRISPR3 - CBeTJIO—CEepPHM LIBEeTOM. Crieuupmuueckue TeHeTHUu4YeCKHue
Npu3HaKKY BHOMpPAaJM OJIS TeCcTUpoBaHMa (1) MexTeHHHX objlacTem (INT),
(ii) MOBUIBLHEIX TeHeTHUeCKMx »JeMeHToB (ISSth7, oppC-GEIl, prtS-
GEI2, copA-GEI3, c¢I, lacZ-GEI4, epsU), (1ii) *XMBHEHHO BaXHHIX
redor (d1ltA, 1ltaS), (iv) moJocoB peluxopu (OriC, xerS) U IPAMEX
niIm  ofpaTHBEIX HUTeM  ITHK (BHEmHMX  MMIIeHeM  IIo OTHOMEHNI K
BHYTPEHHUM MUIIEHSAM) .

Ha o¢wur.10 mnokasaHa JeTaJbHOCTL, ormocpenoBaHHou CRISPR,

nyTeMm HalleJIMBaHUA Ha obJjacTu, IIokKasaHHbe Ha bur. 9.
JJoTapupmMmuecroe YMEHBLIIEHKE KOE (rKoJIOHMeOOpa3ynIMX eIOMHNIL)
pPacCuMTEBAaJIN B OTHOIEHUN TpaHchopMalnm KOHTPOJIA -
HecaMoOHalleJIeHHOM IjasMunbl; pPORI28. JleTaJlbHOCTL HaxXoImjachb B

Oopenejlax yMeHbIleHMsa 2-3 log @OJag BCexX TeCTUPYEMHX MUIEeHEeN,
Hes3aBMCHUMO oT MECTOIIOJIOXKESHU A B XpoMoCcoMe, KOoOUpyolen
IIOCJIENOBATEJBHOCTY WMJIM BaXHOCTM. I1SSth7 - »JeMeHT MHCEPLUMOHHOU

rnocjiegoBaTeNLHOCTY, ltaS - cuHTazsa JIUIOTEeMXOEeBHX KUCJIOT; prtS -



TeHOMHEM OCTpoB 2; INT - MexreHHasa o6JdacTb; dltA - D-ajlaHMH

Jgurasza; rheB - JIOKyC C OTCYTCTByKIMM camToM chi; oppC - T'€HOMHBM
ocTtpoB 1; comS - ILJIOTHEM JIOKyC cawrTa chi; xerS - KOHel
permMKauumM; COPA - TeHOMHHM OCTpOoB 3; ¢l - HOpodal'OBHIL OCTaTOK;
OricC - HayvaJo peryiMKanmm,; Cas?9 - Cas9 Kooupyola g
[IOCJIenOBaTEeJIbHOCTE CUCTEME] CRISPR3; epsU - KacceTa

BK30I0JIMCaXapUIoB.

Ha our.11 [IOKa3aHH opoouiIm TPaHCKPUIILMNA MTaMMOB c
ornocpernoBaHHeMM CRISPR nmesteumdaMy I'eHOMHEIX OCTPOBOB.

Ha our.12 IIoKasaHo 1logz IIOKPHTHE [IPOUYTEHUAMA npu
CeKBEeHVPOBaHUMU TPaHCOOPMUPOBAHHOM PHK mTaMMOB C  OeJeuusaMu
T'eHOMHEIX OCTpOBOB, GEI1, GEI2, GEI3 m GEI4.

Ha o¢mur.13 noxaszsadHu XY TpadMKM 3BHAUYEeHVM 3SKCIPECCUM MTaMMOB C

DejieliMAMM T'eHOMHEX OCTPOBOB (ocm X) B CpPaBHEHMM CO 3HaUYeHMAMU

DKCIIpeccun IMKoTo Tuna (ocu Y). g KaXxgoro M3 MTaMMOB C
oeJleIV aMn T'@eHOMHEIX OCTPOBOB (GEI1-GEI4) DKCIpeCcCcUusd I'eHOB,
KOOUPYEMEIX Ha KaXIoOM M3 OCTPOBOB-MUIIEHEN (UepHEE) , OrUIa

MUHMMAaJIbLHOM . I'eHB, KoampyeMue B GEI1l, Mokaz3aHH Ha BepxHEW JeBOu
IaHeJM, TeHH, KkKoIoupyeMele B GEI2, Tm[okaszaHB Ha BepxHEM IIpaBou
laHeJM, TeHH, KoOupyeMele B GEI3, 1[okKas3aHE Ha HWKHEMW JeBOU
IaHejM, a TeHH, KoIupyeMeHe B GEI4, 1oxaszaHH Ha HWKHeM I[IpaBoM
[aHeJn.

Ha ¢ur.l1l4A-14B nokasz3aHO BBeIeHMe »BKI0TeHHOTOo Oara, ILja3MUIH
i ¢paremMmna, KoIgupywomero Maccue CRISPR (cucrtemMa Tuna 1I1) 14
co-opt BHOOTEHHHX CUCTEeM JA 3alpolpaMMMPOBaHHOM IMOesM KJIETOK B
Streptococcus thermophiles.

Puc. 15. T'moer TuUNA IT Lactobacillus casei. BepxHsaga
CTPYKTypa - MOpeldcCKasaHHHWM TUn. JleBasd HWKHAA OQUIypa OpedCTaBJIgeT
cof®o¥ MNOpaBUIBHEM IOBOMHOM Tun CrPHK:tracrPHK, 4YTO NOOTBepXIaeTCH
cekBeHMpoBaHMeM PHK. IlpaBasa HMWXKHAA ©QUIypa [ABJIAeTCAd IIPUMEPOM
IpenCcKa3aHHOTO MCKYCCTBEHHOT'O OODHOHMTEBOI'O IMIA.

Ha our.l16 npencrTapBJIeHH [IPUBEIEHHHE B KaueCTBe [IpuMepa MO
Turnna 11 Lactobacillus caseli. BepxHAS CTPYKTypa - IIpelCKa3aHHHM
Tun. Jlepas HWXHAA QOUITypa NOpencTaBiseT coBOM NpaBUJIBHBI HOBROMHOM
rmn  crPHK: tracrPHK, YTO IHNOOTBepXOaeTCcsa CekBeHMrpoBaHMeM  PHK.

HpaBaH HVIXHAA @Mrypa ABJIAETCA IIprmMepoM IIpeICKasaHHOT'O



VMCKYCCTBEHHOT'O OOHOHUTEBOTO I'MIa.

Ha owur.l7 nOpencTaBJIeHH [IPUBEIEHHHE B KaueCTBe IIpuMepa I'MIOBL
TUIIa IT Lactobacillus pentosus. BepxHag CTPYKTypa -
IpeICKas3aHHBL TUI. Jlepas HuwxHAA QuUIypa HOpelcTaBJigeT coboun
IIpaBUJIb HEIM IOIBOMHOM TUn crPHK: tracrPHK, uyTo InooTBepXIaeTCcAd
cekBeHMpoBaHMeM PHK. IlpaBad HMXHAA QuUIypa ABJIAETCA IIPUMEPOM
IpenCcKas3aHHOTO MCKYCCTBEHHOT'O OODHOHMTEBOITO IMIa.

Ha 0our.18 mnpencraBJIeHH IPUMBEINEHHHE B KadeCTBE IIpMUMepa I'MIOBL
Turia 11 Lactobacillus jensenii. JleBad TlaHeJb NpelcTaBiigeT coBou
IpaBUJIbL HEIM OBOMHOM TUL crPHK: tracrPHK, gTo InogTBepXIaeTCA
cekBeHMpoBaHuMeM PHK. TIlpaBas @aHeJb TIIpedcTaBaIgeT coboM OpuMep
IPpenCcKa3aHHOTO MCKYCCTBEHHOT'O OODHOHMTEBOI'O IMIA.

Ha bmnr.19 IIOKA3aHEL  pPe3yJbTaTh TpaHchopMaumm iasmmno,
comepXamMx TMPOTOCIeNcep, KOTOPHM COOTBeTCTBYeT CrPHK ¢ cawmon
BEHICOKOM CTEINEeHBb TPaHCKPUILMM B HaTMBHOM Maccube CRISPSR Tuma IT
L. gasseri. B L gasseri ObUIM TpaHCOOPMMPOBAHHE UYeTHpe pa3HHE
JasMMOH  (CJIeBa HalpaBo): OycTol BekTop PTRKLH63, KOHCTPYKUMSA C
IPpaBUJILHEM [IPOTOCIEeMCepoM, HO HeBepHEM PAM, C OpaBUJIBHEM PAM, HO
C IPOTOCIIENCEDPOM, KOTOPEM  He HaxoOourcsda B MaccCuBe, nu c
IpaBUJIBHEIMM [IPOTOCIIeMcepoM M PAM, koTopas IpOIeMOHCTpMpoBala
caMyld BHCOKYI CTeleHb HAaIpPaBJIEHHOCTM MHTepdepeHUMM U ITUbesn

KJIEeTOK. [lpMBeIeHHEE 3HAUEHMA [IPEeNCTaBJIAT COOOM cpelHee 3HaueHMe

+ SEM 1S TpexX He3aBUCHUMEX PerluK.

Ha our.20 [IOKa3aHE  pes3yJbTaTk TpaHchopMalMM  ILJIa3MIUI,
comepxXamux IIPOTOoCIelcep, KOTOPHM COoOTBeTCcTBYyeT CcrPHK ¢ camon
BEHICOKOM CTENeHb TPaHCKPUILUMM B HaTMBHOM MaccuBe CRISPSR Tuma IT
L. pentosus. B L pentosus OHJIM TPaHCOOPMUPOBAHE UYeTHPE pPa3HBE
[1J1a3MUIOEL (cieBa Halpaeo) : KOHCTPYKLIMSA C IpaBUJIbHEM
IpoTocCHIelcepoM, HO HeBepHuM PAM (Lped ctGttt), ¢ npaBuabHeM PAM,
HO C TIPOTOCIIEMCEepOM, KOTOPHEM He HaxXoOUTCca B MaccuBe (LpeS8
noSPCR), nycto¥ BekTop PTRK563 (pTRKL63) u mynasMmuia C OpaBUJIbLHBM
IPOTOCHEeNCepOM ¥ HOpPaBUJILHEM PAM (Lpel gttaat). [TovBeOeHHEE
3HaueHMa I[IpeaOcTaBJIgT coboM cpelHee 3HaueHMe =+ SEM @OJad Tpex

He3aBUMCHIMEIX pPeEeIlJIlK.

Ha oéur 21 mnpencrapBjieH IIPpMBeIOeHHEM B KadecTBe IIpuUMepa IHUI



CRISPR-Cas TUIIa I Lactobacillus casei. [IpuBeneHHAaA
[IOCJIeDOBaTEJILHOCTE IpencraBJIgeT cobon HaTUBHYD JIMOEPHYIO
IIOCJIENOBATENIBHOCTE THIIAa I M IOBTOP, KOTOPEM HaxomouTcsa B NCK 125
Lactobacillus casei. 3TOT MCKYCCTBEHHHM MaCCHB COIEPXUT CIlecep,
KOTOPHM TapreTupyeT T'eH 16s pJHK B T'eHOMe XO34MHA.

Ha dur.22 rokKa3aHa TpaHchopMauma [JiasMmm, comepxammx
IpoTocencep, KOTOPEM COOTBeTCTBYeT CcrPHK ¢ caMoM  BHICOKOMU
CTeIleHbBID TPpaHCKpUIILUMKM B HaATUBHOM MaccuBe CRISPSR Tmna ITI L.
jensenii. B L Jjensenili OwbuIM TPaHCOOPMMPOBAHH UETHPE pPas3Hbe
JasMMUOH  (CJieBa HalpaBo) : OycTo BekTop PTRK563, KOHCTPYKUMA C
NpaBUJILHEIM [OPOTOCIEeNCepoM, HO HeBepHEM PAM, C OpaBUIBHEM PAM, HO
C TIPOTOCIEeNCepoM, KOTOPHM He  HaxXoOMTCA B  MacCCUBe, n c
OpaBUJILHEIMM TIPOTOCHeNrcepoM ¥ PAM, koTopas [OIpOIeMOHCTpMpORalla
caMyl BHCOKYH CTelleHb HallpaBJIEHHOCTHM MHTepdepeHUMM U Imbeln
KJIETOK.

Ha our. 23 I[IOKasaHo HallpaBJIeHHOE CaMOYHMUTOXeHMe
MCIIOJIb30BaHMEM HaTUMBHOM cucTeMu Tula 1 B Lactobacillus casei NCK
125. BrUIM CKOHCTPYMPOBAHE IBe MMIIeHM B TIeHe 16s pIdHK. PAM 5'-
YAA-3' OvLIa npenckasaHa opu [IOMOIIN HaTMBHEIX CIIeVICEPHHX
II0CJIeNOBaTEJIEHOCTEN B opraHu3Me. VIcKyCCTBEHHHM MacCuB,
comepXalul HATUMBHYK JIMIEPHYID IIOCJIeOOBAaTeJIbHOCTL Tulla 1, IIOBTOPH
" BHIOpaHHEE CIIEVICEDH, KJIOHMPOBaJIN B PTRK870. BBeneHHEE
KOHCTPYKLUMM BKJIOUAJM IIYCTOM BEKTOP (pPTRK563) m 1mBa pas3HHEX
MCKYCCTBEHHHX MacCCHUBa: OIMH M3 KOTOPHX CcoIepXalJl OOMH cIencep,
TapreTHUpyomui +iens B TeHe 16s (1-2 alt), a »Opyro MacCHUB
comepXxalJl  MCXOIHHM crievicep, TapreTUpyKRImi +1ens, a Takxe
OOIIOJIHUTEJILHEY CcIlelicep, TapreTUupyimmi -lelb B I'eHe 16s (1, 2-3).
[IpuBeneHHEe 3HaUeHMSI TIPelCTaBJIART CcoO0M cCpelHee 3HaueHMe =+ SEM
0JIg TpexX He3aBUCHKMHX pPeIIMK.

[IOOPOEBHOE OIIMCAHUVE M30BPETEHNUA

HacTodmee n3obpeTeHre ONIIMCAaHO HUXe co CCHUIKOM Ha
npujlaraeMele dYepTeXy UM IIPMMEPE, B KOTOPHEX I[IOKAa3aHH BapMaHTH
OCYWeCTBJIEHMA M300peTeHMsa. 3270 OIMCaHMe He IIpeldHa3HadeHO B
KadecTeBe IIOOPOOHOTO ONMCaHMa BCeX PAa3HHX CIOCODOOB peajm3alnn

nz3o0bpeTeHrsa WM Bcex QYyHKUUM, KOTOPHEe MOTYyT OHTE »HoOaBJIEHH K



HacTodlleMy M300peTeHM©0. Hamnpumep, IIPM3HAKM, IPOWIIOCTPUPOBAaHHEE
B OTHOWIEHUM OIOHOT'O BapMaHTa OCYUWeCTBJIEHUA, MOI'YyT OHTL BKJIOUEHE B
IOIpyTHre BapMaHTH OCYIMEeCTBJIeHWA, a OQyHKUUM, IPOMJJIOCTPUPOBAHHEE B
OTHOWIEHNNM KOHKPETHOI'O BapMaHTa OCYWEeCTBJIEHUI, MOT'YyT OBTH yIaJIE€HH
M3 BTOTO BapMaHTa oOcylleCcTBJeHMA. TakuMm o0pasoM, Uu300peTeHMe
openycMaTpMBaeT, UYTO B HEKOTOPEX BapuaHTax ero OCYIeCTBJIEHNA
JIOBOM TIPM3HAK WM KOoMOMHALMA I[IPM3HAKOB, M3JIOXKEHHHX B HaCTOAIEeM
OnMCaHuM, MOTYT  OBTBH  MCKJIOUYEHH WM  OIIYIIEHH. Kpome  TOTO,
MHOT'OUMCJIEHHEIE BapMaHTH W IOOIOJIHEHMA K IIPEeOJIOKEHHBEIM B HaCTOAIEM
ONMCaHUM pPa3JIMYHEIM BapMaHTaM OCYWeCTBJIeHUd OynoyT OUeBUIOHBEMM IJIs
CrnellMaJIMCTOR B HOaHHOW 00JlacTHU, MCXOOS U3 IIPUBEOEHHOTO PaCKpPHTHUA,
KOTOPEHE He BEIXOOAT 3a pPaMKM HacToAmeIro n300peTeHnd.
CilemoBaTeJIbHO, IpUBeNeHHOEe  HMWXe  ONMcaHMe IIpelHasHadyeHO  IJi4
WMJIJTIIC TP annm HEKOTOPHIX KOHKPETHEIX BaApUaHTOB OCYIWeCTBJIEHNUSA
n3obpeTeHud, a He 0Jia MCUEepPIEBAaKIero OIlpeneJIeHNA BCEX
IIepeCTaHOBOK, KOMOMHAalMM UM MX BapHaHTOB.

Ecim He olpelleJIeHO MHOe, TO BCe TexXHMUYEeCKMe U HayuHEHEe
TEepPMMUHE, MCIIOJIb3yeMele B HaCTOAIleM OIMCaHUM, MUMelT Te Xe caMble
3Ha4YeHUd, Kak OHU OOEIUHO [IOHVMAaKTC A CllelMaJiMCTOM B
COOTBETCTByKIEeN 0O0JlaCTM TEeXHMKM, K KOTOPOM OTHOCUTCS IaHHOE
nsobpereHue. TepMMHOJIOIMA, MCIOJIb3yeMad B OINMCAHMM HaCTOAIeIr'o
nsobpeTeHuUd, npenHasHaueHa TOJIBKO 0JI4 ONIMCaHMa  KOHKpPETHBIX
BapMaHTOB OCYWEeCTBJIEHMSA WM He IIpelHa3HaueHa MOJ4 OI'paHMUEeHUA
n300peTeHUd.

Bce nybaukauuu, 3asgBKM Ha IIaTeHTH, IaTeHTH W OpyTue
CCHUIOUHEIE HOOKYMEHTH, IIPMBEIOEHHEE B HACTOAWEM OIMCAaHUM, BKJIIOUYEHE
B KauyueCTBe CCHJIKM BO BCeM CBOel TIOJIHOTEe B OTHOMEeHMM MHOOpMalUM,
OTHOCHAMmMENCS K OpemJIOKeHMI U/UIM MHaparpady, B KOTOPOM IIpWBeIeHa
3Ta CCHUIKA.

Ecim KOHTEeKCTOM He OIlpeleJIeHO MHOE, CIlelMaJIbHO
nopenrnojlaraeTcsa, UYTO pal3JiMuHbEE I[IPU3HaAKM WM300peTeHUs, IIpMBeleHHHE
B HacCToAmMeM ONMCaHMM, MOTYT MCIOJB30BaThbCA B JIHOOOM KOMOMHALUMA.
Bojiee TOTO, HacToAmee M300peTeHMe TakXe IIpelycMaTpuBaeT, UYTO B
HEeKOTOPHX BapMaHTax OCYUeCTBJIeHUd WU300peTeHMA JHOOOW NOPM3HAK WK
KOMOMHaUMA I[IPU3HAKOB, M3JIOKEHHHX B HACTOAlleM ONMCaHuM, MOTYT

OBITE MCKJIOUEHH MJIM OIIylleHEl. C LeJIbo mJumocTpaumm, eCJIM B OIIMCaHUM



yKaszaHo, UYTO KOMIIO3MUMA COLEPXUT KOMIIOHEHTH A, B u C, TO
crielMalJiIbHO IIpenrnojlaraeTcs, UYTO JoOoM KOMIIOHeHT M3 A, B mam C miIm
X KOMOMHalUMsa MOTYT OBTE OIYIEeHH WM MCKJIIUEHH I[10 OTHOEJIEHOCTM WJIU
B Jo6oM KOMOMHALIUM .

Kak wucroojgb3yeTcsa B ONMCaHUM M3I00peTeHMs U IpuJlaraeMomn
bopmysie muz300peTeHMA, OGOPMEH eIMHCTBEHHOTO UMCJa TakKXe BKJIIUAKT
bOopMEI MHOXECTBEHHOT'O UMCJla, €CJM KOHTEeKCTOM B SBHOM BMIEe He
omnpeleJleHO MHOe.

Takxe, KakK MCIOJIBE3YyeTCcsa B HacCToOdAmeM OIMCaHuM, "y/ "
OTHOCUTCH Kk JOOBM ¥ BCeM BO3MOXHEM COUeTaHMAM OIOHOTO WU
HECKOJIbKMX CBA3aHHHX [IepeunCcIJIeHHEX 2JIEMEHTOB, a TaKxe K
OTCYTCTBMIO MX KOMOMHALUUNM OpM MHTeplpeTaluM B  aJlbTepHaTuBe
("mm") .

VcrioJIb3yeMBl B HaCTOAMEM OIMCaHMM TepMUH "mOpuMepHO", eciu

OH OTHOCHUTCH K HU3MepaeMOoM BeJMuUMHe, TaKoM KaK »Oo3a WIM IIepuon
BpPEMEHUM M T.II., OTHOCHUTCH K OTKJOHeHMaMm * 20%, * 10%, *+ 5%, =+ 1%,

* 0,5% mim maxe £ 0,1% oT yKas3aHHOTO KOJMUUECTBA.

Kak wmcHonoje3yeTcsa B HaCTOAlleM ONMCaHuM, OGpas3H, TakKue Kak
"Mexny X m Y" m "Mexny nOpuMepHO X M Y", ClleyeT MHTePIpeTHUpOBaTh
Kak BrJjoUawomme X u Y. Kak MCHOJB3yeTCcd B HaCTOAlleM ONMCaHuM,
dpas3w, Takme Kak "Mexngy nOpuMmepHo X m YY", o03HauvanT "Mexny
IpuMepHO X ¥ HOpuMepHO Y", a ¢pas3w, TakMe kKak "oT IOpuMepHO X IO
Y", o3HauvawnT "OT HOpuMepHO X OO IpuMepHO Y".

TepMuH "comepxaTp", "comepxuT" 1z "comepxamuin", Kak
MCIIOJIb3YEeTCad B HaCTOfAlleM OINMCaHWMM, OIPeHNelIseT HaJlMulMe YKa3aHHHX
[IPU3HAKOE, LeJIEX  4uCceJl, 5TalloB, onepaumi, BJIEMEHTOB  U/WJIN
KOMIIOHEHTOR, HO He MWCKJIKYaeT Haluuusga WM »podaBjieHUS ONHOW WU
HECKOJIbKMX  OPpYyTUx  QyHKLNMA, eJIEIX  4Yuced, 5Taros, omnepauui,
BJIEMEHTOB, KOMIIOHEHTOB M/WJIM UX TPYIIII.

Kak wmcnojesyeTcd B HacToOdAlleM OIMCaHMM, IllepexonHas o¢pasa
"cocToAmMM B OCHOBHOM M3" o03HadaeT, UTO O00BeM IIyHKTa OGOpMYJIH
n300peTeHUd CJIedyeT MHTEePHIpPpeTHMPOBATE KakK OXBaTHBAKIMUM YyKasaHHHE
MaTepuaJitl MM STallH, IepeuMcJIeHHEHEe B 5STOM [OYHKTe  QOPMYJIH
n300peTeHNsa, a TakKXe Te, KOTOpPHEe He OKa3HBakT CYIeCTBEeHHOT'O

BIIMAHMA Ha OCHOBHYIO n HOBYIO XapaKRTepUCTURY (m) 3aABJIEHHOTI'O



nzobpereHua. TakuMm oBpasoM, TepMMH "COCTOAmMMM B OCHOBHOM M3" nOpu
MCIIOJIb30BaHMNM B IIYHKTe QOPMYJIH HACTOAMEIO M300peTeHUs He CJIedyeT

VMHTEPHIPETUPOBATE KaK SKBUBAJIEHTHHM TepMuHy "comepxammi'.

"Cas9 wuykjeasa” oTHOCHUTCA K OOJBIOM TpPyIle SHIOHYKJIeas,
KOTOPHE KaTaJlM3UPYT pacllellJleHre »OryxlenodeuHo¥ ITHK B CRISPR-Cas
cucTeMe. OTM IOJMUIIENTMOE XOPOIO WM3BECTHH B YPOBHEe TexXHUKM, U
MHOTHME WUX CTPYKTYPH (IIOCJemOBaTeJIbHOCTHM) OxXapaKTeprM30BaHH (CM.,
HanpuMmep, W02013/176772; W0/2013/188638) . IoMeHH OJ1s
KaTaJluTUUeCKOT'O  pacllellJIeHuMs - OBRyxlLenoueuHol ITHK nOpencTaBJIsgioT
coborm moMeH RuvC u pomeH HNH. JomeH RuvC oTBeuUaeT 3a pPa3pHB (-
JHMUTKM, a n»nomMeH HNH oTBeuaeT 3a pal3pHB (+)HMTM (CM., HalIpuUMep,
Gasiunas et al. PNAS 109(36):E2579-E2586 (4 cenrabpsa, 2012 r.)).

VICTIOJIb 3y EMBIN B HacToAleM OIIUCAaHUN TEepPMUH " XYMEePHEI"
OTHOCUTCSA K MOJIeKyJle HYKJIEeMHOBOM KMCJOTH WM [IOJUIIENTHIY, B
KOTOPOM IIO MeHblle¥ Mepe @OBa KOMIIOHeHTa IIOJIYUeHE M3 Pa3HHX
VCTOUHNKOB (HampuMep, Pa3HEIX  OpPTaHu3MOB, Pa3HEIX  KOIUPYIMUX
obiacTen) .

"KomrusieMeHT", Kak MCIOJB3YyeTCSd B HACTOMAMEM OIMCAHUM, MOXET
o3HavaThb 100% KOMIIJIEMEHTAPHOCTU WM MIEHTUUHOCTM pedepeHCHOM
HYKJIEOTMIHOM IIOCJIeOBaATEeJIbHOCTHM, MWMJIM MOXeT o3HauaTb MeHee 100%
KOMILJIEMEHTAPHOCTM (Hamopumep, OpuMepHo 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92% 93%, 94%, 95%, 96%, 97%, 98%, 99% wu
T.II., KOMIIJIEMEHTAPHOCTH) .

TepMUHEL "KOMILJIEMEeHTapHEM " VI "KOMILJIEMEHTAPHOCTE ",

VICIIOJIb 3y eMEIe B HacTodmeM OIIMCaHMM, OTHOCATCA K eCTeCTBeHHOMY

CBS3EBaHNUD IOJIMHYKJIEOTULNOB B [IePMUCCHBHEIX COJIEBHIX u
TeMIIepaTyPHEX YCJIOBMAX IIyTeM CHapMBaHMAa OCHOBaHMM. HamnpuMmep,
[IOCJIeDOBaTEJIEHOCTE "A-G-T" CBA3HBaeTCH C KOMILJIEMEHTapHOM
IIOCJIENOBATEJILHOCTBIO "T-C-A". KoMIjieMeHTapHOCTE MeXIY OByMS
ODHOHUTEBEMM MOJIEKYJIaMM MOXeT OHThH "dacTHMuHOM", IHOpu KOTOPOMU

CBAS3EIBaAKRTCHA TOJIBEKO HeKOTOPEIE s HYRKJIeOTMOOB, mJim MOXeT OBITH
HOHHOﬁ, KROT'oa cymecTByeT ITIOJIHa A KOMIIJIEMEHTAPHOCTE MeXITy
OIOHOLeIIOYeUYHEIMIN MOJIERYJIaMI . CTerleHb KOMITJIEMEHTAaPHOCTI MeXIy

HWT AMI HYKJIIEMHOBEIX RMCJIOT OKa3HBaeT SHaduMTeJIEHOE BIIMMAHNE Ha



SQ}@eKTMBHOCTb M TIPOUYHOCTEB PM@pMHMSaLU/H/I MeXIOy HUTAMY HYKIIEMHOBEX

KMCJIOT .
VICIIOJIB 3y MBI B HacToOAleM O CaHUM TepMUH "koHTakT",
"KOHTaKTHUpOBaHue", "KOHTaKTUPYeMel" 171 ero IpaMMaTUUYEeCKHUe

BapMaHTEl OTHOCUTCHA K IIOMEIeHMIO KOMIIOHEHTOB Tpeéyemoﬁ preakKlummM B

YCJIOBMSA, IHOOXOOAmMe IOJid I[IpOoBeleHMd 5BToM TpebyeMoV peakKUuM
(HampuMep, VMHTeTpaluun, TpaHchopMalMu, CKPMHMHTA, ordopa,
YVHUUTOXEHMS, WUIeHTUOUKaAUUM, aMIJIMouKalmm M T. II.). CIocoOH u

YCJIOBUS IOJiS IMPOBeIOeHMS TaKMUMxX PeaKUMM XOpOoIo M3BEeCTHHE B HOaHHOMU
obJjact (cM., HamopuMmep, Gasiunas et al. (2012) Proc. Natl. Acad.
Sci. 109:E2579-E2586; M.R. Green and J. Sambrook (2012)
Molecular Cloning: A Laboratory Manual. 4th Ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY).

"Deseumda", KaK MCIOJB3YyeTCAa B HacTOdmeM OIIMCAaHMM, MOXeT
comepXaThk I[IOTEPK WM »OeJIELMID TI'eHeTHUYEeCKOT'O MaTepuala, BKIKJYasd,
fe3 OoT'paHMUEeHMHd, OeJIellM YacCTy XPOMOCOME WMJIM ILJIa3MUIOBE, OEJIELNO
T'eHa WJIM YacCTM TI'eéHa M3 XPOMOCOMBl WM ILJIa3MUIbE. B HEKOTOPHX
BapMaHTax OCYIEeCTBJIEHMS OeJlellMsa MOXeT COIepXaTb OIVMH T'€H WK
foJjilee OOHOTO T'€Ha. B HEKOTOPHX BapMaHTax OCYIIEeCTBJIEHUS OeJlelUnsd
MOXeT TaKXe CcoIepXaThb I[IOTep He KoIoupylmmx O6eJlok ofJjacTen,
KOTOPHE MOTYT KOIOMPOBaTh HeOOJIbIIMe Hekomupyimre PHK. B HeKOTOpPHX
BapMaHTax OCYMeCTBJIEHU Jejlelusa MOXeT CcomepXaTh IIoTepl Bceln
[JIa3MMUOBE  WMJIU BCeTO MOOUIILHOT O TeHeTUUYeCKOTO 2JIEMEHTa . B
HEKOTOPEX BapMaHTaxX OCYIEeCTBJIEHMA WM300peTeHMA IIOoTepsa MOOMIBHOTO
TeHeTUMUeCKOTO DBJIeEMeHTa MOXeT OBTbL OolpenejieHa Kak, HalpuMep,
OTCYTCTBME CIOCODHOCTM K pPellJIMKallMM WM [IepPCUCTUPOBAHUD.

B HeKOTOPHX BapMaHTax OCYIEeCTBJIEHMA oOQasMMuIa IO M300PEeTEeHUIO
MOXeT comepxaTbk Maccup CRISPR w3 CRISPR-Cas cucTemel Tura I,
CRISPR-Cas cucTemul THa I1I, CRISPR-Cas cucTtemel Tuna 111, CRISPR-
Cas cucTemMmel TuIna IV wu/miam  CRISPR-Cas cucTeMe TUIa V (cMm.,
Makarova et al. Nature Reviews Biotechnology 13:722736 (2015)).

Taxum oBpas3oM, B HEKOTOPHX BapMaHTax OCyIECTBJIEHNSA,
OONOJIHMTeJIbHO K CcrPHK Tmna I, Qasmuma O M300pPEeTEeHMIO MOXET
comepXaTh IIOJMIIENTUOE TUla 1 u/win nojaunenTuas Cascade Twumna I
(Tr.e. CRISPR-Cas cucremy THOa 1).

MCHOHBByeMbIﬁ B HacTodAmeM OIIMCaHMM TepPpMMH "TIOJIUIIENTUO TUIla



I" oTHocHMTCHA K JoOoMy WM3: IHoJuIenTMma Cas3, nojgmunentuma Cas3',
noyjmnentuna Cas3", MX PeKOMOMHAaHTHEX BapMaHTOB, U JIOOOMYy OIHOMY
i OoJiee NOJMIIENTUIOaM M3 KOMILJIeKCa I[IPOTUBOBUPYCHBX IOJIMIIENTUIOOB
("Cascade™"), aCCOLUMUPOBAHHOTO C KOPOTKMMU IaJIMHIPOMHEMM
nosropamu Tuna I (CRISPR). Takum o6pas3oM, TepMMH "IOJUIENTUL
Tuna 1" OTHOCUTCHA K I[OJUIENTHIAM, KOTOpee cocTaBJgiT CRISPR-Cas
CUCTeMy  THIla I1-A, CRISPR-Cas CUCTeMy Tulla I1-B, CRISPR-Cas
CUCTeMy  THIla 1-C, CRISPR-Cas CUCTeMy Tulla I-D, CRISPR-Cas
cucremy Tuna I-E, CRISPR-Cas cucremMy tTuna 1-F wu/miam CRISPR-Cas
cucreMmy Tuna I1-U. Kaxmasa CRISPR-Cas cucTemMa Tuia 1 COOEPXUT IIO
MeHbBIIe Mepe OoIuH nojgunentun Cas3. HogunenTtuns Cas3  0OOBUHO
comepXxaT Kak IOOMeH TeJiMkaswe, Tak M ngoMeH HD. OOHakKO B HEKOTOPEHX
CRISPR-Cas cucTemMax Tura 1 Tenukaza ¥ poMeH HD HaxomaTrcd B
OTIOeJIbHEIX IIOJIMIIENTHUIAaX, Cas3' m Cas3". B uyacTHOCTH, Cas3"
KOOUPpYyeT HOOMeH TeJiMkas3He, Tor'na kak Cas3" komupyeT noMeH HD.
CilemoBaTeJIbHO, I[IOCKOJIBKY IJg QYHKIMOHMPOBaHMA Cas3 HeoOXOIVMHE
o6e objlacTM, OOOTHUIE THuIa 1 Jubo kozmpywopT Cas3 (I-C, I-D, I-E,
I-¥, I-U), Jsmbo Cas3' m Cas3" (I-A, I-B).

VlcrioJib3yeMBlI B HAaCTOAMEM ONMCAaHMM  TepMMH  "TOJIUMIIEeNTUIH
Cascade Tumna I" OTHOCUTCSH K KOMIUJIEKCY IOJIMIIENTUIOB, YYaCTBYIIMX
B HpoleccuHI'e pre-crPHK u nocienywoileM CcpBA3HBaHMM ¢ IOHK-MMIIEHBIO B
CRISPR-Cas cucTeMax TuUila I. ST  TIOJIMIIENTUMIOH  BKJIOUAKT, tes
oTpaHMUeHMusa, noJmnentungs Cascade nogTtunoB I-A, I-B, I-C, I-D, I-
E nu I-F Tuna I. HeorpaHMUMBawIMe IIPMMEpPH HoJuIenTunoB Cascade
TMIIa I-A BkJouUaioT Cas’/7 (Csa?), Cas8al (Csx13), Cas8a2 (Csx9),
Casb, Csab, Caso6a, Cas3' wu/ummu Cas3". HeoTpaHMUMBAKIME IIPVMEPEH
noymnentmunoB Cascade Tuna I1I-B BrJouaionT Casob, Cas8b (Cshl), Cas7’
(Csh2) u/mim Casb. HeoT'paHMUMBaKIMEe IPUMEPH IOJMUIENTHOOB Cascade
Turna 1-C kackaja pBrJmouanT Casbd, Cas8c (Csdl) wmu/mmm Cas7 (Csd2).
HeorpaHnumBawmue IIpMMepPH HoJulenTunoe Cascade Tuna 1-D kackaza
BrimouaonT CaslO0d (Csc3), Csc2, Cscl m/mam Cased. HeoTpaHMUMBAKIME
opuMepsl HnoJmnenTunos Cascade tuna I-E BriwouakonT Csel (CasA), Cse2
(CasB), Cas’7 (CasC), Casb (CasD) "/ Mn Casoe (CasE) .
HeorpaHnumBawmme IOIPUMEPH IOJUIeNTUIOB Cascade Tuna I-F BRIOUAKLT
Cysl, Cys2, Cas7 (Cys3) wu/mamu Casé6f (Csyd). HeoTI'paHMUMBAaKIME

OpuMepsl nojmnenTtunoe Cascade tTmna I-U  BriwuawT Cas8c, Cas’/,



Casb5, Cas6 m/mynm Cas4d.

B HEeKOTOpPHX BapMaHTax OCylleCTBJIeHMA O¢asMuia I[I0 U300peTeHUD
MoxeT comepxaTb CRISPR-Cas cucreMy Twuia 11 IOOIOJHUTeJIbBHO K CrPHK
Tunna II. CRISPR-Cas cucremel Tuna II colepXaT TpM IIOOTMIIA: TUII
IT-A, T II-B m  tTmnon II-C, KaXOHl M3 KOTOPHX  COIEPXUT
My JIb TUIOMEHHBI DeJIoK Cas9 OOIIOJIHUTEJIEHO K analTVBHEM
nosmmrnenrtunaM Casl, Cas2 wu, HeoBdg3aTesbHO, Csn2 wu/uiam  Casd.
BOJIBIMHCTBO JIOKYCOB Tuna II Takke KoIMpylT tracrPHK. OpraHW3ME,
comepxamue TUINUHEle CRISPR-Cas cucTemel Tura 11, BRIOUAKT IITaMME
Legionella pneumophila Paris, Streptococcus thermophilus
CNRZ1066 m Neisseria lactamica 020-06.

B OOIIOJIHU T €JIb HEIX BapMuaHTax OCYIEeCTBJIEHUI baszvmnma 1o
M300peTeHND MOXeT COoIoepXxaTs CRISPR-Cas CUCTEeMY TUIIA IIT
OOonoJiHUTeJibHO K CcrPHK Tmma III. Ilomo®Ho CRISPR-Cas cucTeMaM THIIa
I, B cucreMax Tulna III OPOLECCHUHT M MHTEPOEpPEeHLMA OCYIeCTBJIATCA
C yyacTMeM MyJIbTUOEeJIKOBHX 20DeKRTPHEIX KOMILJIEKCOB CRISPR PHK
(crPHK) (Makarova et al. Nature Reviews Biotechnology 13: 722736
(2015)) - "CASCADE" B Tmne I u "Csm” mim "Cmr” B Tumne III. Taxkum
obpasoM, B HEKOTOPHX BapMraHTax ocymecTrJeHMda CRISPR-Cas cucTeMa
Tuna IIT MOXeT colepXaThb KoMIJlekc Csm (HamnpumMmep, Csm Tuna I1II-A)
u/mau  Komruiekc Cmr (Hamnpumep, Cmr Tumna III-B) u HeoBA3aTeJLHO
nosmnenTunn Cas6. B TUIMUHEIX BapuaHTaxX OCYWeCTBJIEHMA KOMILJIeKC Csm
MOXeT comepxaThk noJjmnentugel CaslO0 (mam Csml), Csm2, Csm3, Csmi4,
Csmb m Csm6, a koMmjekc Cmr MOXeT CcoIepXaThb IoJmoenTuns Cmrl,
Casl0 (mym Cmr2), Cmr3, Cmr4, Cmr5 m Cmr6. B »OONOJIHEHHMEe K
KoMILJIekcy Csm miM kKoMiglekcy Cmr CRISPR-Cas, cucrema Tuna II1
MOXeT TakKXe comepXaThk nojuienTun Cas/7. OxapaKTepU30BaHBL UYeTHPE
nonTuna CRISPR-Cas cwucTemwl TMma I1II: IITI-A, III-B, III-C, III-D.
B HeKOTOpPHX BapMaHTax ocymecTBJIeHud CRISPR-Cas cucTrema THia I1I1T1-
A copmepxuT noJmunentune Casé6, Casl0O, Csm2, Cas7 (Csm3), Casb
(Csm4d), Cas7 (Csmb) m Csmb6. B HeKOTOPHX BapMaHTax OCyleCTBJIeHU
CRISPR-Cas cucreMa Tuna I1I1I-B copmepxmuT noaunentunasl Cas’/7 (Cmrl),
Casl0, Casb (Cmr3), Cas7 (Cmr4), Cmrb5, Cas6 m Cas/7 (Cmr6). B
HEeKOTOPHX BapmaHTax ocymecTBJeHna CRISPR-Cas cucrema Tmna III-C

COOEepXUT rnoJurentTune Cas’ (Cmrl), Cas7/ (Cmro), Casl0, Cas’7



(Cmr4), Cmrb5 m Casb (Cmr3). B HeKOTOPHX BapMaHTax OCYylleCTBJIeHUA
CRISPR-Cas cucteMa Tuna I1II-D comepxuT nojmnentunsl Casl0, Cas7
(Csm3), Casb (Csx10), Csm2, Cas7 (Csm3) m allldd73.

B HeKOTOpPHX BapMaHTax OCyleCTBJIeHMA O¢asMuia 10 U300peTeHMUD
MoxeT comepxaThb CRISPR-Cas cucrtemy Tuna IV OONOJHUTEJNLHO K CrPHK

Turna IV. CRISPR-Cas cumcTeMb Tulna IV MOT'YT COIepXaTb IIOJIMIIEIITHUL]

Csfd (dinG) wm/wmam noJsmnentun Csfl, Cas7 (Csf2) wm/myam Casb
(csf3). (Makarova et al. Nature Reviews Microbiology 13:722-736
(2015)) .

B HeKOTOPHX BapMaHTax OCYIeCTBJIEHMA o¢asMuIa IO M300PEeTEeHUIO
MOXeT IOOIIOJIHUTEJIEHO COOepXxaTs CRISPR-Cas CUCTEMY TUIIA %
OOIOJIHUTeJIbHO K CcrPHK Tumna V. CRISPR-Cas cucTeMe Tula V MOTYT
comepxaTes noJsmnentun Cpfl wu/muiam  nomunentun Casl, Cas2 wu/unum
Cas4d4. (Makarova et al. Nature Reviews Microbiology 13:722-736
(2015)) .

ITono "dparmeHTOM" MJIN "yacTbo" HYKJICOTHUIHOM
[IOCJIENOBATEJIBHOCTU TII0 MB300pPEeTeHMK CJIeOYeT IIOHMMATh HYKJIEOTUIHYIO
IOCJIeIOBATEJIbHOCTE YMEHBIeHHOV MOJMHE (HaopuMep, YMeHbIIeHHOW Ha
i, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20 WJIN foJiee HYKJIEOTUIOB) OTHOCUTEJIEHO pebepeHCHOM
[IOCJIeDOBATEJIbHOCTHU HYKJIEMHOBOM KM CJIOTEL NI HYKJIEOTUOHOM
[IOCJIeIOBATEJIbHOCTH, comepxamyo, [0 CYMeCTBY COCTOAmy®l W/WUIn
COCTOAIMYyI0 nu3 HYKJIEOTUIHOM mocJegoBaTeJIbHOCTHU CMEXHEIX
HYKJIEOTHUIOB, MIEHTUUHEX WJIM I[I0 CYIEeCTBY MWISHTUMUHEX (HaIpUMep,
MIOeHTHMYHHX Ha /0%, 71%, 72%, 73%, 74%, 75%, 706%, 77%, 78%, 79%,

80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, 99%) pedepeHCHONR
[IOCJIeOBaTeJIbHOCTH HYKJIEMHOBOU KMCJIO TEL Wi HYKJI€OTUIHON

IocenoBaTeJIbHOCTU . TakoW GparrMeHT WM YacThb HYKJIEMHOBOM KMCJOTH
B COOTBETCTBUU c nzobpeTeHueM MOXeT OBITE , B ciydae
HeOoOXOOMMOCTH, BKJIOUEHHOV B 06oJiee KPYIIHHY [IOJIMHYKJIIEOTHUI, UYaCTbo
KOTOPOTO YyKaszaHHBM OparMeHT WJIM YacTh fABjgeTcd. TakuMm oBpas3oM,
TUBPUIN3YyMUICS ¢ (MK TUdpPUIU3yeTca C, ¥ IpyTue TI'paMMaTHUUYecKMre
BapMaHTH DTOTO BHpPAaXeHMUS), HalpuUMep, I[10 MeHblleM Mepe uYacThbio ITHK-

MMIIEHBIO (HaHpI/IMep, 0BJIaCThb—MUIIEHEI B TeHOME ) OTHOCHUTCHA K



TUOPUION3aLUA c HYKJIEOTUIHOMN NOCJIEOOBaATEJIbHOCTLIO, KoTOpada
UOEHTUUYHa WX [IO0 CYIeCTBY MIEHTHUYHAa II0 OJIMHE CMEeXHEM HYKJIeOTHIaM
OHK-MUIIeHM . B HeKOTOpPHX BapMaHTax I[IOBTOP IIOCJIenoBaTeJIBHOCTHU
Creyicep-IoBTOP ZNRZ! [IOCJIenOoBaTeJIbHOCTHU IIOBTOP—CIIeCep-IIOBTOP
MOXET COIepXaThk O(parMeHT IIOBTOPAKIENCS INOCJIeOOBaTeJIbLHOCTM JIOKyCa
CRISPR OMKOTO THUIIa ZNgR%) IIOBTOpPAKIENCS [IOCJIeDOBAaTEJIbHOCTHA
CUMHTEeTHUUEeCKOT'0 MaccuBa CRISPR, mnpuueM ¢pal'MeHT IIOBTOpa COXPaHageT
byHKILMIO IIOBTOPpa B MaccuBe CRISPR - r1mubpuIM3aluM C HYKJIEUMHOBOM
KMcJIoTOM tracr.

B  HeKOTOPHX BapMaHTax OCYIIECTRJIEHUA  M300peTeHue  MOXET
comepXaThb OYHKUMOHAJLHEM (parMeHT HyKJIeas3w Cas9, Cas3, Cas3',
Cas3" mmm Cpfl. OyHKUMOHAJLHHEM oparMeHT Cas9 coxpaHsaeT OINHY WU
BoJjlee BMIOB AaKTMBHOCTM HAaTMBHOM HYKJIeas3s Cas9, BkJouasg, 0e3
OT'paHMUeHrd, aKTHUBHOCTE HYKJIea3rl HNH, axkTMBHOCTL HYKJIea3bs RuvC,
aKTMBHOCTM paclilo3HaBaHMA M CcB4a3blpaHmg [OHK, PHK wum/miuu PAM.
OYHKIMOHAJILHEM  QpaTrMeHT HyKJeasw Cas9 MoxeT OHTL KOIMPOBAaH
bparMeHTOM TOJMHYKJeoTMOa Cas9. OyHKUMOHAaJbHHM OGparMeHT Cas3,
Cas3' wmiam Cas3" coxpaHsgeT OIHY WM 0oJiee aKTHMBHOCTEM HaTUBHOM
HykJlea3e Cas9, BrJwodYasg, 06e3 oI'paHUMUeHMsa, aKTMBHOCTBL HMKAaS3H,
AaKTUMBHOCTL SK30HYKJIeasH, CBA3bBaHMe [JHK u/miaM cBA3bBaHMe PHK.
OYHKUMOHAJILHEM  dpaTrMeHT HYKJeas3n Cas3, Cas3' wmim Cas3" MOXeT
OBITE KOOMPOBaH OQparMeHTOM IMOJIMHYyKJeoTuna Cas3, Cas3' wmmm Cas3",
COOTBETCTBEHHO.

VICrioJIb3YEeMEI B HACTOANEM ONMCAHUM TepMMH "I'eH" OTHOCHUTCS K
MOJIEKYJIe HYKJIEMHOBOM KMUCJIOTH, KOTopas MoOXeT OHTL MCIOJb30BaHa
IoJis nOponyumpoBaHmsa MPHK, aHTucMmeicJioBOM PHK, PHKi (miPHK, siPHK,
shPHK) , AHTU-MUKPOPHK, aHTUCMEICJIOBOM OJIMTOOE30KCUPUDOHYKIIEOTHU
(AMO) M T.I. I'eHHl MOTYT WJIM He MOI'YT MCIOJB30BaATHLCS OJI4
OpOoOyUMpOBaHMA QYHKIUMOHANILHOTO OeJika WMIM T[IPpOOYyKTa TeHa. I['eHH
MOTYT BKJIOUATL KakK KOoOUpyKINe, TakK ¥ HeKooupyoimre o0OJIacTH
(HanmpyMep, WMHTPOHE, PEeTyJSTOPHEE 3JIEMEHTH, I[IPOMOTOPH, 2HXAaHCEPH,
TepMMHAJILHEE I[IOCJIeHoBaTeJbHOCTM M/uaM 5' u 3" HeTpaHCIMPpYyeMHe
obJjlacTH!) . I'eH MOXeT OBITH "BHOeJIeH", uTo nompasyMeBaeT
HYKJIEMHOBYK KUCJIOTY, KOTopad IO CYIeCTBY WM IIPpaKTUUECKM He
COOEPXUT KOMIIOHEHTOB, KOTOPHE OOBUYHO CBA3aHE C D2TOM HYKJIEMHOBOMU

KMCJIOTOM B €e eCTeCTBeHHOM COCTOAHMM. TaKMe KOMIIOHEHTH BKJIIOUAT



oIpyTon KJIE TOUHEBIM MaTepural, KYJIbTYypPaJlbHY cpeny nus
PEKOMOVMHAHTHOTO IpOOyLMPOBaAHUSA u/ i pa3JndHEe XUMUUECKME
BemecTRBa, MCIIOJIb3YEeMEe  OJIS XVMMMUeCKOI'O CHMHTe3a  HYKJIEMHOBOM
KMCJIOTH.

VcrioJIb3yeMBl B HaCTOAMEM OIMCaHMM TepMMH "TeHoM" BRJOUAET
XPOMO COMHEIN/ I ePHEIA TeHOM opTraHm3Ma, a Takxe Jodon

MMTOXOHﬂpMaﬂbHHﬁ M/MHM ILJIa3MUIOHBM T'€HOM.

VICIIOJIb 3y €MEIN B HacToglmeM OIIMCaHUN TepPMUH "mnmieyHas
[IOCJIeIOBaATEJILHOCTE " IpencTaBJIgeT cobom HYKJIEOTUIHYIO
IoCcJyIeIoBaTeJILHOCTE, comepxanyio HIINJIIL KM (HanpuMmep, KoTOpada
obpaszyeT OOHY WM O00Jlee WIMJIEUHHX CTPYKTyp) . [Mouibka (HalpuMep,
"memyga-Ha-cTebse", KkoHBOIalmMa "B cebe'") oTHOCHTCA K MOJIEKYJIe
HYKJIEMHOBOM KUCJIOTHI, VMemen BTOPUUHYIO CTPYKTYPRY, KoToOpasd

BKJIIOUaAEeT o0BJIacTh KOMILJIEMEHTAPHHEX HYKJISOTUIOB, o00pal3yolMx IBOMHYIO
HUTE, KOTOpasa najiee C o00eux CTOPOH QJaHKMPOBaHAa OIHOIENOUYEeUHBEMN
objacTaMr. TakMe CTPYKTYPH XOPOUIO M3BECTHH B IOaHHOM ofJjlacTu
TexHUKM. Kak M3BeCTHO B IJaHHOM o00JlacTM TexXHMKM, IBYXHUTeBad
oBJlacTe MOXET COIepXaThk HeKOTOPHE HEeCOOTBETCTBMSA B CllapMBaHUU
OCHOBAHUM WMJIM MOXeT OHTbL abCOJIIOTHO KOMILJIEMEHTAPHOM. B HEeKOTOPHX
BapraHTax OCYIeCTBJIEHUSA HacTOoAmero PaCKpPHETUA mnmjieyHas
IOCJIeIOBATEJIbHOCTE KOHCTPYKUMM HYKJIEMHOBOM KUCJIOTH MOXeT OHTb
pacroJjioxeHa Ha 3'-KOHIe tracr HYKJIEMHOBOM KMCJIOTH.

"T'eTepojiornuHasa" VI "pekoMOVHaHTHaa" HYKJIeOTHUIOHAA
[IOCJIeOOBaATEJIbLHOCTE npelcTaBJIgeT cobom HYKJIEOTUIHYIO
[IOCJIeIOBATEJILHOCTEL, He CBABAHHYI eCTeCTBEeHHHM o00pa30M C KJIEeTKOM-—
XO3AMHOM, B KOTOPYK OHa BBOIMTCSH, BKJUasgd He BCTpedanmMecsd B
npupome MHOT'OUMCJIEHHEE KOIIUM ecTecTBEeHHOM HYKJIEOTUIHOMN
[IOCJIeNOBATEJIbHOCTH «

PasMuHbEIE HYKJIEMHOBHE KMCJIOTH MM OeJIKM, WMepnlre T'OMOJIOTH,
B HaCTOAmMEM ONMCaHuM uMeHyoTcd "romojoramm". TepMrMH T'OMOJIOT
BKJIOUAET TOMOJIOTMYHEIE I[IOCJEIOBATEJIBHOCTM M3 OIOHOTO UM TOTO Xe U
IPYTMX BUIOB UM OPTOJIOTMYHEE IIOCJIENOBATEJIBHOCTM M3 OIHOTO M TOTO
XKe U OpyI'MxX BUIOB. "I'oMoJIOTMA" OTHOCUTCH K YPOBHK CXOIOCTBa MEXIY
OByMS MM ©OoJiee IIOCJeOOBATeJILHOCTAMM HYKJIEMHOBOM KUCJIOTH M/UJIU
aMUHOKMCJIOTHL, BEIP&XEHHOMY B IpoLeHTax oT TIO3ULMOHHOM

MOEeHTNYHOCTHM (T.e. CXoIocCTBa MJinm MOEeHTNYHOCTI



IOCJIENOBATENLHOCTEN) . T'oMmoJioTM A TaKxe OTHOCUTCSH K  [OHATHUIO
CXOIOHEX OGYHKIMOHAJBHEX CBOMWCTB MeXIy Pas3JIMUHEIMY HYKJIEMHOBHMU
KMUcJjoTaM wniau OedkaMu. TakyuM 00pa30M, KOMIO3MUMM M CIOCOOH IO
n300peTeHNO OOIIOJIHUTEJILHO BKJIOU AT TOMOJIOTHU HYKJIEO TUIHEIX
IocyjienoBaTeJIbHOCTEN n IOJIUIIEII TU I HEIX IIocJjiefoBaTeJIbHOCTEN 1o
n300peTEeHnD. "OpTOJIOTUUHEI" , KaK  MCIOJIB3YyeTCH B HaCTOAlEM
ONnMCaHUu, OTHOCUTCSA K TOMOJIO TMUHEIM HYKJI€O TUIHEIM
IOCJIeNOBaTEeJIbHOCTAM U/UJIM aMUHOKMCJIOTHEIM IOCJIeOOBaTEeJIbHOCTAM Y
PasHHX BUIOB, KOTOPHE BO3HUKIM M3 00mero TeHa-Npedka BO BpeMs
BUnooBpasoBaHUA. T'oMOJIOT  HYKJIEOTHMIHOW  IIOCJIeOOBaTEeJILHOCTM  IIO
HacToAumeMy n300peTEeHND oblamaeT 3HaUYMMOMN MOEHTUUHOCTHIO
IOCJIENOBATENBLHOCTY (HalopuMep, I[IO MeHbIleM Mepe OpuMmepHo 70%, 71%,
2%, 73%, 74%, 775%, 776%, 77%, 78%, 79% 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99% n/ U 100%) c yKa3aHHOM HYKJICOTHUIHOM
IOCJIeIOBATEJILHOCTRID [0 M300peTeHUuo. Tak, HanpuMmep, TOMOJIOT

MOJIMHYKJIEOTHOAa WM IIOJIMIIeNTumna Tuina 1, Tuna 11, Tuna III, TUIIa
IV uam Tuna V MOXeT OHTBH IIpMMepHO Ha 70% wmiam 06oJjlee T'OMOJIOTMUHEM
JIHIOOOMY MB3BECTHOMY WM TI[IO3Xe UIESHTUOUUIMPOBAHHOMY IIOJIMHYKJIEOTULY
WM TIOJIUIIenTuny Turna I, Tuna I1I, Tuna III, Tuna IV uiam THUna V.
Kaxk MCIIOJIb 3YIOTCHA B HacToAlleM OnmMcaHuu, rmMbpunnsanns,
TUOPUONU3YETCH, TUOPUIUBYIONUNCA ¥ KX TIpaMMaTUUeCKMe  BapMaHTH
OTHOCSHTCH K CBS3BEIBAHUIO OBYX [IOJIHOCTBI KOMILJIEMEHTaPHEIX
HYKJIEOTHIHEX II0CJIeIOBATEJILHOCTENM MM II0 CYIMeCTBY KOMIIJIEeMEHTAaPHBX
IocjleIoBaTEeJILHOCTEM, B KOTOPHX MOTYT IIPUCYTCTBOBATL HEKOTOPHE
HecoIJlaCOBAaHHEE IIaph OCHOBAHUM. YCIoBUA  TUOPHUOM3ALMM  XOPOIIO
M3BECTHE B »OaHHOM o00JIacTM M M3MEHSKTCS B 3aBUCUMMOCTM OT IJIMHE
HYKJIEOTUIHHEX TIIOCJIeOOoBaTeJILHOCTEeM UM CTelleHM KOMIUJIEMEeHTAapPHOCTH
MeXny HYKJIEOTHUIOHEMM IIOCJIEDOBATEJIbHOCTAMM. B HeKOTOPHX BapMaHTax
OCVYIIECTRJIEHUA YCJOBUA IMUOPUIOMIALUM MOTYT OBTL OUEHb XeCTKUMU WIIU
OHM MOTYT OBTH cpenHeM XKeCTKOCTM WJIM HU3KOM XeCTKOCTM B
3aBUCHMOCTKM OT CTeleHM KOMIUJIEMEHTAPHOCTY W OJVHE ITUOPUON3YEMEBIX
mocjienoBaTeJILHOCTEN . YycijoBud, KOTOpPHE OTHOCHATCHA K  YCJIOBUAM
HM3KOM, cCpelel ¥ BHECOKOM XKeCTKOCTHM TIUOPUIM3ALUM HYKJIEOTUIHHX
[IOCJIeIOBATEJILHOCTENM XOPOIMO M3BEeCTHHL B OaHHOM o6JacTu (c™m.,

HanpuMep, Gasiunas et al. (2012) Proc. Natl. Acad. Sci.



109:E2579-E2586; M.R. Green and J. Sambrook (2012) Molecular
Cloning: A Laboratory Manual. 4th Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY).

Vcrniosib3yeMele B HaACTOLIleM OIMCaHuM TepMMHB "yBeJnumeaTh'",
"yReMuuBaomuica", "yBejguueHHem", "ycuamBaTh", "ycuauBaommmca",
"y CcuIJIeHHB" u "yiyumeHue" (m "X I'paMMaTHUUeCKNe BapMaHTH)
ONMCHBAIT I[IOBHIIEHME II0 MeHblleM Mepe Ha IIpuMepHo 25% 50%, 75%,

100%, 150%, 200%, 300%, 400%, 500% wmam OoJyiee IO CPaBHEHUI C

KOHTPOJIEM.
"HaTuBHaa" MIIN "IMKOTO Tua" HYyKJIeMHOBa4g KMCJIoTa,
HYKJIEOTHUIOHASA IIOCJIEDOBaATEJILHOCTE, [NOJIMIIeNTUIOIHA S MJIN

AMVMHOKMCJIOTHaAd TIIOCJIeOOBaTEeJIEHOCTE OTHOCATCA K BCTpeanmeﬁCH B

npupone VI SHIOOTEHHOM HYKJIEMHOBOMU KUCJIOTE, HYKJIEOTUIHOMN
[IOCJIENOBATEJILHOCTH, NOJIUIENITUOHON W AMUHOKMCJIO THOM
[IOCJIeOOBATEJILHOCTH . Taxk, HaIpHUMep, "MPHK OUKOTO Tuna'"

nIpencraBjigeT cobom MPHK, KoTopada B eCTEeCTBEHHEX YCIIOBUAX
BCTpedvaeTCcd B OpTraHM3Me WM 4gBJISeTCs »SHOoTeHHOM. "I'oMoJoTrmuHag"
IIOCJIEeDOBaATEJIbHOCTE HYKJIEMHOBOM KM CJIOTE npencraBjigeT cobomn
HYKJIEOTUIOHYID IIOCJIeIOBaTeJIbHOCTE, e€eCTeCTBEeHHEM o00pasoM CBA3aHHYD

C KHGTKOﬁ—XOBHMHOM, B KOTOPYI OHa BBeIE€Ha.

Takxe VCIIOJIb 3y eMHEE B HacToAmeM ONIMCaHuUM TEepPMMHEL
"HYKJIeMHOBAaSA kucjora", "MoJIeKyJla HYKJIEMHOBOM KMCJIOTH",
"KOHCTPYKUMA HYKJIEMHOBOMN KMcJoTH", "HYKJIEOTUIHAaS

IocjlegoBaTeJIbHOCTE" M "noJdmHykJeoTun" oTHocATca k PHK wmiam IOHK,
KoTOopad ABJIAETCHA JIVHEMHOM Wi Pa3BeTBJIEHHON, OIOHO- ZNJRZ!
IBYXLEINOUeUHOW WM TUOPUIHOW. I2TOT TepMMH TakKxXe BkJouaeT PHK/IHK
rubpunel. Korma dsPHK nponyumpyeTcsda CHUHTeTUUECKM, MeHee ofmue
OCHOBAaHMUA, TakMe Kak MHOS3MH, 5-MeTMJILVTO3UH, 6-MeTHUJIageHVH,
TUIIOKCaHTMH ¥  IOpyTue, TakKXe MOTYT OBITE MCIIOJIb30BAaHE  IJId
AHTUCMEICJIOBOM dsPHK u choapuMBaHMA pPUOO3SUMOB. Hanpuwmep, OBLIO
[IOKa3aHO, UYTO IIOJIMHYKJIEOTHIE, colepXamyue C—-5-MIPONMHOBEE aHaJIOI'U
YpUIMHa M LIUTUIVHa, CBA3HBawnTCca ¢ PHK ¢ BECOKMM CPOIOCTBOM U
ABJIATCA MOIHEIMY aHTHUCMBICJIOBEIMY MHIMOMTOPAMM 5SKCIPEeCCUM IT'€HOB.
Ipyrue MOOUOUKALIUM, Takmue Kak MOmMUOUKALIUA dochommsOUPHOTO
CkKejJleTa, WM 2'-TMOPOKCKM B TIpyllle caxapa pubos3u PHK Takxe

BO3SMOXHEI . KOHCTPYKHMM HYKJIIEVMHOBEIX KMCJIOT I10 HaCTOoAIeEMY



N300peTeHND MOTYT OBITH IHK NI PHK, HO [NPenrIouTUTEeJIEHO
npencTaBJgT cobon IHK. Taxum oBpasoM, XOTHA KOHCTPYKLUU
HYKJIEMHOBHEIX KUCJIOT II0 HaACTOAlleMy M300peTeHMI0 MOTYT OHTH OIMCAaHE
M MCIOJIb30BaHE B ¢oopMe HHK, B 3aBMUCHMMOCTM OT OpenrnojilaraeMoro
VCIIOJIbL30BAHMSA OHM TaKXe MOTyT OBTb OIMCAaHE WM MCIOJb30BaHH B
bopme PHK.

VCrioJIb3yeMEll 3IeChb TepMMH "HYKJIeOoTUIHAasS II0CJIeloBaTeJIbHOCTL"
OTHOCUTCHA K TIeTepOoloJIMMEPY HYKJIEOTHUIOB WMIM IIOCJIEemOBaATEJIbHOCTHU
DTUX HYKJEOTMIOB B HalOpaBJeHumM oT 5'- xk 3'-KOHIY MOJIEKYJIH
HYKJIEMHOBOM KMCJIOTH ¥ BKJIOUaeT MoJlekyJiel ITHK wmjam PHK, BrJoOUasd
kIIHK, bparMeHT WM YacThb IOHK, reHoMHyK  IHK, CUHTETUUECKYID
(HanmpuMep, XMMMUEeCKM CHMHTe3MpoBaHHy®) [HK, mnazmmpouyn JTHK, MPHK
M aHTUCMEICJIOBYI PHK, Jmofasg M3 KOTOPHX MOXeT OHTL OIHOILENOUeUHOMN

WIM OBYXILEIIOUeuHOM. TepMMHE "HYKJIeOTHMIHAaS II0CJeIOBaTeJIbLHOCTE",

"HyKJIeMHOBAaL kucjygoTa'", "MoJIeKyJIla HYKJIEMHOBOM KMCJIOTH",
"oIMroHykJIeoTHm" nu "moJMHyKJIeoTHuo" Takxe MCIIOJIb3YIOTCH B
HaCToAmeM omnyMcaHuM B3aMMO3aMeHIeMO nJis 0003HaUeHNH
TeTepolloJiMMepa HYKJIEOTUIOB. EciIM He yKa3aHO WMHOE, MOJIEKYJIH

HYKJIEMHOBOM KM CJIOTH n/nam HYKJIEOTUIOHEE [IOCJIeNOBATEJIBLHOCTH,
npencTaBJIeHHEE B HaCTOAlleM OonMcaHmu, NIpUBeOeHH B 5'-3"
HalpaBJIEHUM, CJleBa HalpaBO, U IIpenOcTaBJIeHH B BUIe CTaHOAapPTHOIO
KOola IOJA IIpenCcTaBJIeHMS HYKJIeOTHMIOB B BUIe CHMBOJIOB, KaK yKa3aHO
B TnpaBujax CIIA [jsa T1[nocjaemoBaTejbHocTeM, 37 CFR 1.821-1.825 wu
cTaHmapTe ST.25 BceMmupHOM opraHM3alun VMHTeJIJIeKTYaJlbHOM
cobcrBeHHOCTH (BOUC) .

VICIIOJIb 3y €MEI B HaCTOAIEeM OIIMICAHUMU TepPMUH "mpolleHTHAaHA
MIEeHTUYHOCTE I[OocJiefoBaTeJbHOCTU" WM "NPOLeHTHasd WMISHTUYHOCTH"

OTHOCHUTCA K IIPOLIEeHTY MIOeHTVWYHBIX HYKJIeOTMIOOB B JIMHEeMHOM

IOJIMHYKJIEO TUIHOM [IOCJIeIOBAaTEJIbHOCTH pebepeHcHOM
("zamnpammuBaeMon™) [IOJIMHYKJIEO TUIHOM MOJIEKYJIEL (mm ee
KOMILJIEMEHTAapHOM Lenyu) IO CpPaBHEeHMIO C TecToBoM ("ucoeTyeMon™)

HOHMHyKHeOTI/IHHOﬁ MOJ'IeKyJ'IOﬁ (mn ee KOMHJ’IeMeHTapHOﬁ U,el_.[bIO), KOoT'oa

IBe II0CJIEIOBATEeJIEHOCTHM BEIPOBHEHEI OIITVMMaJlb HEIM O@paBOM. B
HeKOTOPEIX BapMrMaHTax OCymeCTBIJIEHMA "HpOLI,eHTHaF[ NOEHTUYHOCTE "
MOXeT OTHOCHUTBECA K IIPOUEeHTY MIOEeHTVWYHEIX AMIVMHOKMCIIOT B

AMMHOKMCJIOTHOM IIOCJIeOOBATEJILHOCTH .



"TlpoTocHnercepHasd ocJiegoBaTeJIbHOCTE " OTHOCUTCH K
IByxXllenoueuHor JHK-MmMmeHM M, B 4YacTHOCTHM, kK uYacTu ITHK-MHUIIeHN
(HanmpuMep, kK oOJlaCTU-MMIIEHM B T'€HOME), KOTOpas IIOJIHOCTBI WMJIM II0
CYLEeCTBY KOMILJIEMEHTapHa (n TUOPUONZYETCH) co creMicepHoMu
IOCJIeIOBATEJILHOCTEID IOBTOp-cHercep CRISPR nocjeloBaTeJIbHOCTEM
noBTop-crnercep, CRISPR mnocjeloBaTelIbHOCTENV IIOBTOP-CIeMCep-IIOBTOP

u/nnnu Maccuea CRISPR.

Vcrnosib3yeMee B HACTOAMEeM ONMCAaHMM TepMMHH "yMeHbmUTH",
"yMeHbIeHHEM", "yMeHBmaommn'", "yMeHbIeHMe ", "yOHBaTL",
"nmomaBJIATE" " "cHMKATL" (1 X TpaMMaTUUeCKre BapMaHTH) ,

ONMCHEBAIT, HaIpVMep, YyMeHbIleHMe Ha [0 MeHBIeV Mepe OpuMepHOo 5%,
10%, 15%, 20%, 25%, 35%, 50%, 7b%, 80%, 8b0%, 90%, 95%, 97%, 98%,
99% wmim 100% O cCcpaBHeHUI C KOHTPOJIeM. B KOHKPETHHX BapMaHTax
OCYWEeCTBJIEHMA YMEHBIIeHMe MOXeT IIPUBOIMTE K OTCYTCTBMK WM IIO
CYIIECTBY OTCYTCTBMK (T.e. HE3HAUUTEJLHOMY KOJMUYeCTBY, HalpUMEeD,
MeHee ueM IOpuMepHo 10% wmiam paxe 5%) oOHapyXmMBaeMoM aKTHMBHOCTHU
WY  KOJIMYeCTBa M3MEepsaeMOI'0  KOMIIOHeHTa (HanpuMmep, IOy JIALNN
KJIeTOK WJIM pasMepa TI'eHoMa). Tak, HalpMMep, YMEHBIIEHHHV pPas3sMep
TeHOMa MOXeT O3HadaThk YyMeHblleHMe pa3Mepa I'€HoMa Ha II0 MeHbIeN
Mepe npumepHo 5%, 10%, 15%, 20%, 25%, 35%, 50%, 75%, 80% 85%,
90%, 95%, 97%, 98%, 99% mmm 100% 1O CpaBHEHMIO C KOHTPOJIEM.

JICTIOJIE 3y EMEI B HaCcTOoAlleM ONMCaHUN KOHTPOJIb MOXET
NpencTaBJIATL coboM, HaIpuMep, IONyJdlLMio OaKTepuallbHBEIX, apXenHHX,
BOLOPOCJIEBHX VI OPOXKEBEIX KJIETOK, KOTOPEHE He OBLIIU
TPaHCOOPMMPOBAHE KOHCTPYKIMEN TeTepOoJIOTUMUYHOM HYKJIEMHOBOM KUCJIOTH
[I0 HaCToAlleMy W300peTeHMK. B HEKOTOPHX BapMaHTax OCyIeCTBJIEHUMA
KOHTPOJIb MOXET IpencTaBJIaTh cobomn [IOITY JI AL OUKOTO TUIIa
BaKTepMallbHEIX, apXelHHX, BOOOPOCJIEBRHX WM IOPOXKEBEX KJIETOK, WK
OHa MOXeT OHTBH NONyJIAlMelr ©OaKTepMaJlbHEX, apxXeWMHHX WM IPOXKeBEHIX
KJIETOK, TPaHCOOPMUPOBaHHEIX TEeTepOJIOTUUHON KOHCTPYKLMEN,
comepxamen MaccuB CRISPR, KOTOPHEM COHOEPXUT TIOCJIEeOOBRaTeJIbHOCTE
IIOBTOP—CIIENCEP—IIOBTOP VI 1o MeHbIIen Mepe onoHy
IIOCJIENOBATENBHOCTE IIOBTOP-CIeMcep, B KOTOPOM CIelMcep COOEepXUT
HYKJIEOTUIHYI [IOCJIeNOBATEJIEHOCTE, KoTOpPad He ABJIAeTCHA
KOMILJIEMEHTapHOM OOJlaCTU-MMIIEHM B T'eHOMe OaKTepMaJIbHEX, apXeNHBX

MJinm TP OXKEBEIX RIJIETOK yKaSaHHOﬁ IIOITYJIALVN (T.e.



HecaMoHalleJIeHHEN/ "CKpeMOIMPOBAaHHEM  chelcep"). B  OONOJHUTEJIbLHHX
acrekTax KOHTPOJIb MOXeT IIPenCTaBJATE Co0O0M, HalpuMep, IONIYyJISLNV
OVMKOTO THUIla OaKTepMaJIbHHX, AapPXeMHEX, BONOPOCJIEBEX WM IPOXKEBHEX
KJIETOK WM MHNONYyJAUMIKD OaKTepPUalIbHEIX, apxXeMHHX, BOIOPOCJIEBHX WU
OPOXKEBEIX KJIETOK, TpaHCOOPMUPOBaHHEIX TeTepOoJIOTUYHOM
KOHCTPYKLMEN, comepxamen MaCcCHUB CRISPR, KOTOPEIM COOEPXUT
IOCJIeNOBATEJILHOCTE IOBTOP-CIIEMCEeP-INIOBTOP WMJAM II0 MeHbIelM Mepe
OOHY  IIOCJIENOBATEJIBHOCTD IIOBTOP-CIIeNncep, B KOTOpPOMU criemcep
COOEPXUT HYKJIEOTUIOHYID IIOCJIeOOBATEeJIbHOCTL, KOTopas IO CyHNeCcTBY
KOMILJIEMEeHTapHa OoB0JlacTU-MUIIEHM B T'eHOMe OaKTepMaJlbHHX, apxXeWHHX,
BONOPOCJIEBEIX WM JOPOXKEBHX KJIETOK YKasaHHOWM MIONyJIaluM, KOoTopasd
He pacIrioJioXeHa B HeloOBPeOCTBEeHHOU BIIM30CTH oT MOTUBA,
IPUMEIKAKIETO K IpoTochelcepy (PAM) .

Vcnonesyemasa B HacToAlleM OV CaHUN "IIOBTOPAKIAACS
IOCJIENOBATENBHOCTE" OTHOCUTCH, HalpMMep, K J0OOM HOBTOPAKMENCS
mocjiegoBaTeJIbHOCTM JiIoKyca CRISPR @OMKOTO THUIIA WIM I[IOBTOPAKMENCH
rocJienoBaTeJIbHOCTHU CUHTETUYUECKOTO MaccuBa CRISPR, kKoTOpada
oTneJieHa "crelicepHOM [IoCJIenoBaTEJILHOCTEI" (HampuMep,
IIOCJIENOBATEJIBHOCTE IIOBTOP-CIeMCep WM [IOCJeIOBAaTEJIbHOCTL [IOBTOP-—
CIIEICep—-IIOBTOP 1o N300peTeHrD) . [lopTOpPAKmAancd
[IOCJIeDOBATEJIbHOCTE, MCIOJIb3yeMas B HaCTOAlleM M300peTeHMM, MOXeT
OHTL JI0OOM M3BECTHOM MM I[IO3Xe UIeHTUOMUMPOBAHHOM IIOBTOpPAKLIENCS
riocJjiegoBaTeJIbHOCTEID JiIokyca CRISPR. CoOTBeTCTBEHHO, B HEKOTOPEHX
BapMaHTax OCYMeCTBJIEHUA I[IOCJelOBaTEeJIbHOCTEL I[IOBTOpP-CIelcep WIu
IIOBTOP-CIENCEep-IIOBTOP COIEPXUT IIOBTOP, KOTOPEM IO  CYmecTBY
UIeHTUYEeH (HalpuMep, MWIeHTHMUYeH Ha II0 MeHblIleM Mepe IOpumepHo 70%
(HanlpuMep, MIEeHTHMYEeH Ha II0 MeHble¥ Mepe npuMmepHo 70%, 71%, 72%,
73% 74%, 5%, 7T6%, 77%, 778%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% m OoJgiee)) noBTOpy U3 MaccuBa CRISPR Tummna II OgmMkoro Tuma. B
HEeKOTOPHIX BapmuaHTax OCYIMEeCTBJIEHUS IIOBTOPARMAaaACI

[IOCJIeDOBaTeJIbHOCTE Ha 100% MIOeHTMUHa I[IOBTOpPY M3 MaccumbBa CRISPR
Turna 1 »OUKOTOo Tula, MaccmBa CRISPR Tuna 11 OMKOIO THIIa, MacCHUBa
CRISPR Tumna III 1guxkoro Twura, Maccumpa CRISPR THmna IV OMKOTO THUIIA
i Maccupa CRISPR  Tmma Vo OIMKOTO TUIIA . B  IOONHNOJIHUTEJIbHEIX

BapMMaHTax OCymeCTBJIEHMA IIOBTOPAKIaACA InocjienoBaTeJIbHOCTE,



VCIIOJNIL 3y eMad B HaCTOAlleM n300peTeHnN, MOXeT comepXxaThb
HYKJIEOTUIHYI I[IOCJIeOOBAaTeJIbHOCTEL, BKJIOUAKIYH UYaCTUUHHEM IIOBTOP,
KOTOPHM IIpencTaBJIgeT coboM o¢parMeHT WM 4YacTb IIOCJeIdOoBaTeJIbHEX
HYKJIEOTUIOB TIOBTOPAKIENCS I[IOCJemoBaTeJIbHOCTU Jiokyca CRISPR wmim
CUHTeTHUYeckoIro MaccuBa CRISPR Jjmobom ms crPHK Ttuna I, crPHK Tuma
IT, crPHK Tmuna III, crPHK Tuna IV wmiam crPHK Tuna V.

VcrioJIb3yeMellI B HaCTOAmeM OIMcaHuMu TepMmuH "mMaccuB CRISPR"
CRISPR-Cas cucTteme Tuna 1, Tuna 1I, Tuna 111, Tuna IV miam TUumna V
OTHOCUTCS K KOHCTPYKLUUM HYKJIEMHOBOM KMCJIOTH, KOTOPpas COIOEPXUT B
5'-3'" HamnpaBJIeHUM II0OCJeNOBaTeJIbHOCTL IIOBTOP-CIeNCcep-IIOBTOR WJIM
COOEPXUT B 5'-3" HalpaBJIeHUN 1o MeHbIIen Mepe OOHY
IOCJIENOBATENBLHOCTEL IIOBTOP-ClHelcep (HanopuMep, OpuMmepHo 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1le¢, 17, 18, 19, 20,
21, 22, 23, 24 wim 25 nocyemoBaTeJILHOCTEM IMOBTOp-CcIeNcep u Jodon
orarnas3oH WM KOJMYeCTBO B 3TOM »OMana3cHe). Korma B MacCCuUBE
CRISPR COOEPXUTCH DoJiee OOHOTO IOBTOpa-cIencepa, crercep
Openeoymer (5'-3'") NOCIeOOBaTEeJILHOCTM IIOBTOP-CIIEMCep MOXeT OHTH
cCBA3aH C TIIOBTOPOM [NOCJEenyKrleIro IIOBTOpa-cIencepa (HanpuMep,
crieycep nepBOM [IOCJIeoOBaATEeJIbHOCTHU IIOBTOpP-CIleycep CBA3aH C
IIOBTOPOM BTOPOM IIOCJIENOBATEJILHOCTM IIOBTOP-CIeMcep). B HEKOTOPHX
BapMaHTax OCYWeCTBJIEHMA MaCCUB CRISPR wMOxeT comepXxaThb oBa
[IOBTOpPAa (M OBa 4YaCTUYHEIX I[IOBTOPA), pasiesIeHHHX ClelicepoMm

(HanlpyMep, MOCJIeIOBATEJILHOCTEL IIOBTOP—CIeNCcep—IIoBTOP) .

VcrioJIb3yeMelll B HACTOSAMEeM OIMCAaHUMM TepMMH "MIeHTUUHOCTDL
nocJjiemoBaTeJIbHOCTU" OTHOCUTCSH K cTelleHH, oo KOTOpOM IoOBe
OIITHMAJILEHO BHIPOBHEHHEIE IIOJIMHY KJIEO TUIHEE WIIN InenTUIHEe
IoCJjIeIoBaTeJILHOCTHU ABJISITCS VMHBapPMaHTHBMA BO BCEM OKHe

BEHPaBHVMBAHMA KOMIIOHEHTOB, HallpMMep HYRKJI€OTMIOB WJIM aMMHOKMCIIOT.

"MoDeHTUYHOCTE" MOXHO JIETKO PacCuMTaThk M3BEeCTHHMM crocobamu,
BKJIOUA L, Bes OTpPaHN4YEeHUH, CIIoCcoOBHI, KOTOPHE OIIMCAaHEL B:
"BHUMCIUTEJIEHASA MOJIeKyJigpHasa Ouomormua" [Computational Molecular

Biology] (Lesk, A. M., ed.) Oxford University Press, New York
(1988); BHOKOMIBITMHI': IIPOEKTH B o00JlacTM MHQOPMATHMKM M T'eHOMa
[Biocomputing: Informatics and Genome Projects] (Smith, D. W.,
ed.) Academic Press, New York (1993); KoMNOBIOTEepHHM aHaJM3 OaHHBEX

mocjiegoBaTeJIbHOCTH, dYacTb 1 [Computer Analysis of Sequence Data,



Part I] (Griffin, A. M., and Griffin, H. G., eds.) Humana Press,

New Jersey (1994); AHamuz [OOCJEIOBATEJILHOCTM B MOJIEKYJISPHON
Bbuosiorum Sequence [Analysis 1in Molecular Biology] (von Heinje,
G., ed.) Academic Press (1987) ; " BeneHue B aHaJms
nocjienoBaTeNbHOCTeW [Sequence Analysis Primer] (Gribskov, M. and

Devereux, J., eds.) Stockton Press, New York (1991).

"CrielicepHasga rocjlegoBaTeJibHOCTL", Kak MCIIOJIbL3YyeTCS B
HacTodgueM OonIMCcaHuM, npencTaBJIgeT cobom HYKJIEOTUIHYIO
II0CJIeIoBaTeJIbHOCTE, KoToOopada KoOMILJIeEMeHTapHa ITHK-MMIne Hm (T.e.
oBJlacTU—MUIIeHN B TeHOMe WIIN "IpoTocHnencrnepHas

ocJjienoBaTeJIbHOCTE ") , KOTOpad IpuieraeT K IIOCJIelOBaTeJIbHOCTHU
MOTHUBA, IIPUMEIKARIET'O K IpoTocHeicepy (PAM) . CnevicepHasa
IOCJIENOBATENBHOCTE MOXET OHTEH TIIOJIHOCTHI KOMIIJIEMEHTAPHOW WM IO
CymeCTRY KOMILJIEMEHTAPHOM (HaOopMMep, Ha II0 MeHBIIeW Mepe IIPUMEPHO
70% koMILJIEMeHTapHOM (HalopuMmep, Ha OpuMepHo 70%, 71%, 72%, 73%,
74%, 15%, 76%, 77%, 78% 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
u BoJiee) ) IOHK-MMIIeHN . B TUIIMUYHBIX BapmraHTax OCVYIIeCTBJIEHUSA
CIleVicepHas IIOCJeOOBaTeJIbHOCTE MMeeT 100% KOMILJIEMeHTapHOCTHL [JHK-
MUIIEHN . B OOIIOJIHUT &JIb HEIX BapmuaHTax OCYIIeCTBJIEHNA
KOMILJIEMEHTAPHOCTEL  3'-08JlacTu  CHelMCepHOM I[IOCJeOOBATEJILHOCTU C

IOHK-MumeHblo  cocTaBJsgeT 100%, HO MeHee 100% ¢ 5'-obBjacTbio

crieyicepa, n IO TOMY ofmasn KOMILJIEMEHTaPHOCTE crieMicepHoOM
nocyjenoBaTeJIbHOCTM ¢ HHK-mmmeHvblo MeHee 100%. Tak, HalpuMep,

nepBwe 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 m T.IO. HYKJIEOTUIH B
3'-o00BJygacTu 20-HYKJIeOTUIHON creMcepHoOMn [IOCJIEOOBATEJILHOCTHU
(3aTpPaBOUHOM IMIOCJIEeOOBATEJILHOCTHM) MOTYT OBTHL KOMILJIEMEHTAPHBEIMU C
IOHK-mumeHnvio Ha 100%, B TO BpeMd KakK OCTaBIIMeCcd HYKJIeOTUIH B b5'-
oBJacTu  CIeMCepHOM IMOoCJIeOOoBAaTeJIbLHOCTM  ABJIATCHA IO  CYHNEeCTBY
KOMILJIEMEHTApPHEMKY (HaopuMep, Ha I[IO0 MeHbNeW Mepe, OpuMmepHo 70%
KOMILJIEMEeHTaPHEMM ) OHK-MUIIeHN . B HEKOTOPHX BapMaHTax
OCYIEeCTBJIEHU A [IEpPBHE 7-12 HYKJIEOTHUIOB crencepHoOM
INOCJIEOOBATEJIBHOCTY MOTYT OHTEH KOMILJIEMeHTapHeEMM ¢ JTHK-MUMIIeHBID Ha
100%, Torma KakK OCTaJIbHEHE HYKJIeOTHMOE B bL'-oBJjlacTu cCHelicepHOM
[IOCJIeOOBATEJIbHOCTHU ABJIAKTCSA 1o CYHeCTBY KOMILJIEMEH T aPHEMA

(HanlpuMep, Ha IO MeHbIIeM Mepe, NOpuMepHO Ha 70% KOMIIJIeMeHTapHBEMU )



OHK-MUIIeHM . B OIPYyTIUX BapMaHTax oCylmeCcTBJIeHUA I[IEePBHE 7-10
HYKJIEOTUIOB CIIeMCepHOM I[IOCJIeIOoBaTeJIbHOCTM MOTYT OHTL Ha 1008
KOMILJIEMeHTapHeMM ¢ THK-MHIIeHB, ToI'Ia KakK OCTaJIbHEE HYKJIEOTUIH B
5'-oBjacTu CHEMCEPHOM IIOCJIeOOoBaTeJIbHOCTM HABJARTCA II0 CYIeCcTBY
KOMILJIEMEHTAPHEMM  (HaIpuMep, Ha I[I0 MeHblel Mepe, OpumepHo 70%
KOMILJIeEMeHTapHeMM) HOHK-MMIIeHM. B THOMUHBHX BapMaHTax OCYIEeCTBJIeHUA
IIepBLEe 7 HYKJIEOTHUIOB (BHYTPU 3aTpPaBOUYHOM) creMcepHoOn
[IOCJIEOOBATEJIBHOCTY MOTYT OHTE KOMILJIEMeHTapHEMM ¢ JTHK-MUIIEeHBID Ha
100%, mTorma Kak oOCTaJIbHEHEe HYKJeOoTUMOE B bL'-obJjlacTu ClHelcepHOM
IOCJIeOOBaTEJIbHOCTHA ABJIATCA o CYIIECTBY KOMILJIEMEH T aPHBIMIA
(HamlpuMep, Ha IO MeHbIel Mepe, OpuMepHO 70% KOMILJIEeMeHTapHBEMU )

OHK-MmmeHM .

VcrioJIb3yeMel B HacToAmeM onMcaHum TepmuH  "IOTHK-mMummeHs ",
"obJacTeE—MUIMIEHL" MM "oBJacTs-MUIIEHD B TeHomMme" OTHOCUTCH K
obJacTH TeHoOMa B opraHu3Me, KOTOopasd aBJIgeTc4da IIOJIHOCTBIO

KOMILJIEMEHTAPHOW MM TIO CYMeCTBY KOMIIJIEMEeHTapHOM (HalpuMep, Ha IO
MeHbmeM Mepe 70% koMILJIeMeHTapHOM (Hanpumep, Ha 70%, 71%, 72%,
3%, 74%, '75%, 6%, 77%, '78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86% 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 963, 97%, 98%,
99% m 0OoJiee) ) CIENCEPHOM I[IOCJeIOBAaTEJIbHOCTM B IIOCJIENOBaATEJIbHOCTU
IIOBTOP-CIle¥icep WMJIM IIOBTOP-CIEMCEep—-IIOBTOP. B HEKOTOPHX BapMaHTax
OCyWeCTBJIEHMA  OOJIaCTh—MMIIEHL  MOXET COCTaBJIAThH B OJMHY  OT
IIPMMEDPHO 10 oo IIPUMEPHO 40 [IoCcJieDOBATEJIbHEIX  HYKJIEOTUIOB,
HeIIOCPeOCTBEHHO [IPUMEIK a0 X K [IOCJIENOBATEJILHOCTHU PAM
(mocJyenoBaTedlbHOCTM PAM, pacIOJIOXKEHHOM HeNoCpeACTBeHHO mnocje 3
obJjlacTU—-MUIIEHN) B TI'€HOMe opraHmu3Ma (HanpuMmep, CRISPR-Cas cHUCTEMH
TUIIA I u CRISPR-Cas TUIIa I1). B HEKOTOPHX BapMraHTax
OCyWeCTBJIEHKA, HalpuMep, B CcuUcTeMax Tumna 1, PAM HaxoOouUTCcd Ha
IPOTUBOIIOJIOXHOM CTOPOHEe OT IMpoTochercepa (5' xoHue). IOJId CUCTeEM
Turna III PAM He mu3BeCcTeH. MakapokBa M IOp. OIMUCHBAKT HOMEHKIIATYPY
IoJIS Bcex KJaccop, TunoB U nomTurnoB CRISPR cucreMm (Nature Reviews
Microbiology 13: 722-736 (2015)). CTpyKTypH INIOB M PAM oONOMCaHH
y R. Barrangou (Genome Biol. 16:247 (2015)).

B HEKOTOPHIX BapMaHTax OCYWeCTBJIEHUA 0o0JlaCTb-MUIIEHE,
MCIIOJIb3yeMad B HacTodlleM M300peTeHMM, HaxXoOUTCcd B IIpenejiax

KM3IHEHHO BaXHOI'O TI'€éHa TI'eéHa WJIM HEXIM3IHEHHO BaXHOI'O TI'€Ha.



B THMIMUHEIX BapMaHTax OCYWMeCTBJIeHUsa OOJIaCTb—MUIIEHE MOXET
OBITE BHOpPaHa CJTy4YaliHEIM oBpasoM W MOXeT OBITH BEHIOpaHa
CrieuMdUUeCKA. B HEKOTOPHX BapMaHTax OCYIeCTBJIeHUS  CJIy4dalHO
BHIOpaHHas oO0JlaCTb—MMIIEHE MOXeT OHTHL BHOpPaHa M3 JIOOHX I[10 MeHbIEN
Mepe 10 nociemoBaTeJIbHEIX HYKJIeOTMOOB (Hanpumep, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50 m T.m., u JodOOT0 [OMarnal30Ha WM 3HaAUeHUsS B
5TOM HOMallas0He), PAacCIOJIOKeHHHX B HENOCPeICTBEHHOW OJM30CTU OT
PAM 1ocJleIOoBaTeJILHOCTM B I'eHOMe OakTepul, apxel, BOIOOPOCJeN WK
IpoXxckel. B HeKOTOPHX BapMaHTax OCYmeCcTBJIeHus o00JlaCcTb-MUIIEHDb
MOXEeT COCTaBJIATE OT IHIpuMepHO 10 mo npuMepHo 20 HOCIeIOoBaTeJIbHEX
HYKJIEOTUIOB, OT IHOpuMepHO 10 1»mo npuMepHo 30 [oCIeZOoBaTeJIbHEX
HYKJIEOTUIOB W/MIM OoT npvMepHo 10 mo npuMepHo 40 MocjenoBaTeJIbHHX
HYKJIEOTUIOB M T.II. WJIM B JIOOOM OUalla3OHe WM [IpK JIOOM 3HaUYeHUM B
3TOM JIMalla30He, PAacClOJIOXeHHEX B HeNOCPeOCTBEeHHOM OJM30CTU OT
IIOCJIENOBATENBHOCTY MOTHMEA, I[IPUMHKAKIET'O K IpoTocHelcepy (PAM), B
TeHoMe OaKTepuM, apxen, BOIOOpOoCIed WMIM »Opoxkel. B HEeKOTOPHX
BapMaHTax OCYWeCTBJIeHMA KOHKPETHEM BHOOP OOJaCTU-MMIIEHM MOXET
BKJIIOUATH BHOOP IOBYX NS BoJiee obJlacTeM—-MMIIeHeN, KOTOpPEHIE
PAacCIIOJIOXEeHE OpyI' OT Opyra depe3 OT OpuUMepHO  Kaxnex 100
HYKJIEOTHMIOOB OO NIPMMepHO KaxOelx 1000 HYKJIeOTHMOOB, OT IIPUMEPHO
Kaxoex 100 HYKJIeOTHMOOB OO IIpMMEepHO kKaxnoeix 2000, oOT [OIPpUMEPHO
Kaxnoex 100 HYKJIeOTHMOOB OO IIpMMepHO kKaxnoeix 3000, oOT [OIpUMEPHO
Kaxoux 100 HYKJIeOTMIOB IO IPMMEPHO Kaxnux 4000 u/MIM OT MIPVMEPHO
Kaxoex 100 HYKJIeOTHMIOB OO IIpUMMepHO Kaxnoex 5000 HYyKIJIeOTHUIOB WU
T.II. B T€HOMe OIHOM WMJIM HEeCKOJLKUX OakTepuy, apxed, BOIOOpoOCIen
WM OPOXKEBEIX KJIETOK. B KOHKPeTHHX BapMaHTax OCYIeCTBJIEHUMA
KOHKPETHHM  BHOOP o6JlaCcTU—MUIIEHN COOEPXUT KOHKPETHHM  BHOOP
o0JlaCcTU—MULIIEHN ns TeHa, OTKPEITOM paMKu CUUTHBAaHULA,
OopennojlaraeMoy OTKPHTOM paMKM CUMTHBAHMA WIM MeXTeHHOM o0JlacTH,
comepXalmel IO MeHbIeM Mepe OT IpuMepHo 10 npo npuMmepsHo 40
[IOCJIeDOBAaTEJIBHEX HYKJIEOTUMIOOB, HEIOCPeOICTBEeHHO IIpMMBKalIMX k PAM
IIOCJIENOBATEJIBHOCTM B TI'eHOMe OaKTepuy, apxel, BOINOPOCIeN WK
OPOXKEN .

"TpaHc—-akTuBUpymada CRISPR (tracr) HyKJeMHOBadg KucjoTa'" wmiu



"tracr HykJeuHOBasda kucjora", KaK MCIOJBb3yeTCsa B  HaACTOAIEM
ONMCaHuM, OTHOCUTCA k Jwobom tracr PHK (uim kxomupyiomen ee ITHK) .
Tracr HYKJEeMHOBAas KUCJIOTa COOepXuT B 5'-3'" HanpaBJIeHUM HWXHUM
crebesyib, BepxHUM cCcTebelib, BHIETJMBaHME, LeHTPaJIbHYID MNOWIbBKY U
KOHILIeBEHEe mnujabku (cM. Briner et al. (2014) Molecular Cell.
56(2):333-339). TpaHc-akTuBuUpyKmasa CRISPR (tracr) HyKJIEMHOBAaH
KMcJoTa OQYHKUMOHUMPYET IMIpM IHUldpHuIM3alMy C IIOBTOPARIENCd UYacTbio
3peJIEIX WM HespeJielx CrPHK, pexkpyTupyeT 0ejiok Cas9 kK ydUdacTKy-—
MUIIEHVM ¥ MOXeT CIOCODCTBOBATL KaTaJlUTHUUECKOM aKTMBHOCTM Cas9
oyTeM VHIY KLV CTPYKTYPHOM [IeperpylIInpPOBKHA . OYHKIIVMOHAJIL HEIM
cocTan MOJIEKYJL tracrPHK [IpUBeneH BHIIE . IIocJemoraTeJIbLHOCTHU
tracrPHK chneumpmurel mjiga CRISPR-Cas cucTeMH M MOI'YT MEeHATBCH. B
HacToAmeM M300peTeHuM MOXHO MCIIOJB30BaTh JKOYID M3BECTHYKR WK
[I03Xe UIEHTUOUIMPOBAHHYI HYKIEMHOBYI KUCIOTY .

VcrioJib3yeMell B HaCcTOAlNeM ONMCaHMM TepMuH "IIO  CymecTBY
MOeHTUUHEM" MM "cylmecTBeHHAas MIOSHTMUHOCTL" B KOHTEeKCTe IBYX
MOJIEKYJI HYKJIEMHOBEIX KMCJIOT, HYKJIEOTUIHBEX IIOCJIedoBaTeJIbHOCTEN WM
OeJIKOBEIX IIocJIeIOBaTEeJIbHOCTEN OTHOCUTCH K OBYM WU BoJiee
[IOCJIeOOBATEJIbHOCTAM WMJIIM IIOOIOCIIENOBATEJIEHOCTAM, KOTOPHEE MMEKT IIO
MeHbIIeM Mepe npumepHo 70%, 71% 72%, 73%, 74%, 75%, 76%, 7%,
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% wm/mim  100%
UIOEHTUUHOCTHA HYKJIEOTUIOB NS AMMHOKMCJIO THEIX OCTaTKOB npu
CpaBHeHUU u BEPABHUBAHUK OJIs MaKCHUMaJIEHOTO COOTBETCTBMA,
V3MEePEeHHOV TIIpM IIOMOIM OIHOTO U3 IPUBEOEHHEIX HIMXe aJITOPUTMOB
CpaBHeHUS IOocJedoBaTeJIbHOCTEeM WM IIyTeM BUM3YaJIbHOT'O OCMOTpa. B
HEKOTOPHIX BapMaHTax OCYIECTBJIEHUA nz3obpeTeHmUs CylmeCcTBeHHAasd
UIEHTUYHOCTL MMeeTCcs B oBJlacTM IIocjiedoBaTeJIbHOCTeM, KOoTOpasd
cocTaBJigeT IIO MeHbllel Mepe OoT OpuMepHo 50 oCcTaTKOB OO IIPUMEPHO
150 ocTaTkoB B IOJMHY. TakmMm o0pa30M, B HEKOTOPHX BapMaHTax
OCYIECTRBJIEHNA W300peTeHMd CYIeCTBeHHasd WIeHTHUYHOCTE WMMEeTCsa B
obBJlacTuU IOCJHIemoBaTeJILHOCTEM, KOTopas COoCTaBJILAeT II0 MeHbIlel Mepe
or 3 mo 15 (Hamnpwumep, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15 ocTaTkKoOBR B IOJMHY M T.II. MIKM JI0OOe 3HaAUeHMe WM JioOOM IOuarnasoH
5TUX BHaUYeHMuM), OT IIO MeHbIeM Mepe NpUMepHO 5 no nopuMepHo 30, oOT

II0 MeHblleM Mepe OpuMepHO 10 mo npumepHo 30, OT IO MeHBIIEM Mepe



npuMepHo 16 »mo npumMmepHo 30, OT IO MeHbBIEM Mepe 18 IO IPMMEPHO
25, IO MeHBIIeM Mepe NpPMMepHO 18, O MeHBIIeM Mepe NPUMMEPHO 22, IO
MeHBIIE Mepe IIpMMepHO 25, IO MeHBIlell Mepe IOpuMepHo 30, 1o
MeHbIIeV Mepe OpuMepHOo 40, IO MeHbBIIeM Mepe OpuMepHO 50, IPUMEPHO
60, npumepHo 70, npuMepHo 80, npumMepHo 90, npmmMmepHo 100,
npuMepHo 110, npumepHo 120, npmmepHo 130, npuMepHo 140, OIPMMEPHO
150 myim ©oJjilee OCTATKOB B IOJMHY U B JioOOM yKa3z3aHHOM IMalasoHe. B
TUIMYHEIX BapMaHTax OCYWMeCTBJIEHMA IIOCJeIOBaATEJIbHOCTU MOTYT OBTH
10 CymecTBY MIOSHTUUYHBEIMM B IIpenejax I[IO0 MeHbIeM Mepe IIpMMepHO 22
HYKJIEOTUIOB. B HEeKOTOPHX KOHKPETHHX BapMaHTax OCYyWeCTBJIEHUHA
[IOCJIeNOBATEJIEHOCTU ABJIAKTCSA II0 CYIEeCTBY MIOEHTUUHEMM B IIpelejlax
IO MeHbIleM Mepe TnpuMepHOo 150 ocCcTaTkOB. B HEKOTOPHX BapMaHTax
OCYWEeCTBJIEHUA  IIOCJIeOOBATEeJIbHOCTM II0 M300peTeHMI MOI'yT  OHTh
MIOEHTUUHEIMM Ha OT IpuMepHo 70% no npuMepHo 100% B oOpenejax IO
MeHBIIE Mepe OT IIPUMEPHO 16 HYKJEOTHMIOOB OO IIpMMepHO 25
HYKJIEOTUIOB . B HEKOTOPHIX BapuaHTax OCYIeCTBJIEHUA
[IOCJIeDOBATEJIBHOCTU II0 M300peTeHMI MOI'YT OHTb MIOEHTUYHEIMM Ha OT
npuMepHo 75% pmo npuMmepHo 100% B mOpelejslax IO MeHBIIEWM Mepe OT
OpUMePHO 16 HYKJIEOTHMIOB OO IIPMMEPHO 25 HYKJIEOTUIOOB. B HEKOTOPEIX
BapMaHTax OCYWEeCTBJIEHUA IIOCJeOOBATEJILHOCTM I[1I0 M300PEeTEeHMIO MOTYT
OBITE MIOEHTMYHBEIMM Ha OT OpuMepHO 80% nmo mnpuMmepHo 100% B mnpenesax
II0 MeHbIEM Mepe OT IIPMMEPHO 16 HYKJIeOTHMOOB OO IpuMepHO 25
HYKJIEOTUIOB . B HEKOTOPHX BapMaHTax OCyWEeCTBJIEHU I
[IOCJIeNOBATEJIBHOCTU IO M300peTeHuI MOTYT OBTb MWIEHTHUUYHBEIMM Ha OT
npuMepHo 80% npo mnpuMmepHo 100% B mOpenjejax II0 MeHBIIEWM Mepe OT
IIPUMEPHO 7 HYKJEOTUIOB OO IIPUMEPHO 25 HYKJIeOTUMHOOB. B HEKOTOPHX
BapMaHTax OCYWEeCTBJIEHUS IIOCJIeOOBATEJILHOCTHM I10 M300pPEeTEeHMIO MOTYT
OHITL MOEHTUMUHEIMM Ha OpuMmepHo 70% B [Opellellax IO MeHBIEW Mepe
IpUMepHO 16 HYKJIeOTHUIOB. B mpyrux BapMaHTax OCYIeCTBJIEHUA
[IOCJIeDOBATEJIBHOCTM MOI'YT OHTBH MWMIOSHTUYHBEIMM Ha I[IpMMepHO 85% B
npenejax [IPUMEPHO 22 HYKJIEOTUIOOB . B OpyIMx BapMaHTax
OCYWEeCTBJIEHMA IIOCJIeOOBATEeJIbLHOCTM MOITYyT  OHTb MOEHTHMYHEIMM  Ha
npuMepHo 100% B IHOpellejlaXx OPUMEPHO 16 HYKJIeOTHMIOOB. B 1Opyrom
BapMaHTe OCYWEeCTRBJIEHUSA IIOCJEeNOBaTeJIbHOCTY MABJIANTCA I[IO CYLEeCTBY
MOEHTUUYHEIMM [I0 BCeM OJMHe KoOupyklumeM objacTtu. Kpome ToOro, B

VIJUICTPATMBHEX BapMaHTaX OCYyMeCTBJIEHMA TIIO CymecCTBY MIOEeHTWMUYHEIE



HYKJIEOTUIHEE WM T[IOJIUMIIENTUIHEE IIOCJeIOBATEJILHOCTM BHIIOJIHAKT, IIO
CyYHWeCTRBY, OIHY UM Ty Xe OYHKUMOD (HaopuMep, OYHKIMID WJIM aKTMBHOCTBb
crPHK, tracr HYKJIEMHOBOM KMCJIOTEHL, IIOBTOPAKRIMENCSI
nocjiefoBRaTeJIbHOCTH, HykJieass Cas?9 (HMKAa3H, pacrnosHaBaHug U
cBAsHBaumMa JHOHK, PHK wu/wiam PAM), Cas3, Cas3', Cas3" wmm Jmodoro
IPYTOTO MNOJUHYKJIEOTHIA WMIM noaunentmma CRISPR-Cas) .

[Tpmn CpaBHEHUU mocJjegoBaTeJIbHOCTEM, Kak npaBuJio, OIHa
[IOCJIeIOBATEJILHOCTE HeMCTBYyeT Kak pedhepeHcHad II0CJIeOOBaATeJILHOCTDL,
C KOTOpOM CpaBHMBAT TeCTOBEE noCcyienoBaTeJIbHOCTH . Korma
UCIIOJIbL3YEeTCa aJITOPUTM CPaBHeHUS II0CJeloBaTeJIbHOCTEeM, TeCTOBHEe U
pebepeHCHEE MOCJIeNOBATEJIEHOCTHU BBOOAT B KOMITEIOTED, npu
HeoOBXOoOUMOCTH ofo3HavaKnT KOOPIOVHATE  IIOMOIMNOCJEeNOBATEJIEHOCTU U
3amanT rnapaMe TpH IpoOTpaMMEL oJjidg aJropmTMa CpaBHeHUd
mocjiegoBaTeJIbHOCTEM. 3aTeM, MCIOJIb3YS STOT aJITOPUTM CpPpaBHEHUMA
IoCJIeIOBaATEJILHOCTENM, BHUMCIALT OIPOLEHTHYID MISHTUUHOCTL TeCTOBOM
IOCJIeIOBAaTEJILHOCTH ([IocJIefoBaTeJIbHOCTEM) OTHOCUTEJNILHO pedepeHCHOM
IIOCJIEOOBATEJIbLHOCTHM, MCXOIOA M3 3alaHHHEX IapaMeTpOBR IPOTPaMME .

OnTuMaJibHOE BEHPABHMEAHUE mocjienoBaTeJIbHOCTEN, OKHO
CpaBHeHMS IIJIS BHEPABHMBAHMSA XOPOWO M3BECTHH CleluaJMcTaM B OaHHOMU
objlacTM MM MOXeT OBTL BEIIOJHEHO OIPM IIOMOIWM TakKMX MUHCTPYMEHTOB,
KakK aJITOPUTM JOKaJbHOM ToMoJIOTMM CMUTa U YoTepMaHa, aJITOPUTM
BHPpaBHUBaHMA ofJjacTel ToMoJIoTuM HuagMaHa ¥ ByHma, MeToma IIoMCKa
nomobuit IMpcoHa M JIMIIMaHa, a TakKxe, Heo0sg3aTeJIbHO, IIPM IIOMOUIM
peanmMsaluy STUX aJITOPUTMOB B BUIEe KOMIBITEPHEX IIpOoTpaMM, TaKUX

Kak GAP, BESTFIT, FASTA wm TFASTA, KOTOPHE LOOCTYIIHE KaK UYacTb

nakera GCG® Wisconsin Package® (Accelrys Inc., San Diego, CA).
"HoJssa UOeHTUYHOCTH" oJjig BEIPOBHEHHEIX CeI'MEeHTOB TeCcTOBOM
I[IOCJIeIOBATEJILHOCTU U pedepeHCHOM IMIOCJIeOOoBaTeJIbLHOCTHM IIpelcTaBJgeT
coBOoM KOJIUUECTBO MIEHTHUUHLEX KOMIIOHEHTOB, KOTOPHE ABJATCH OOmMMMA
I0JII IOBYX BHPOBHEHHHX IIOCJedoBaTeJIbHOCTEW, IeJileHHOoe Ha ofmee
KOJIMUECTBO KOMIIOHEHTOB B cerMeHTe pebepeHCcHOM
IoCJIeIOBaATEJILHOCTH, T.e. BCelV pedepeHCHOM II0CJIeloBaTeJIbHOCTHU WM
MeHbIe omnpeneJeHHOM JacTu pebepeHcHOM IocjienoBaTeJIbHOCTHA .
[IpolleHTHaAd MIOEHTUOMKALIMA TI[IOCJedOoBaTeJIbHOCTM IIpelcTaBJIieHa B BUIE

OOJIM MIOEHTUYHOCTM, YMHOXeHHOM Ha 100. CpaBHeHHMe OIHOM WM OoJee



NOJIMHY KJIE O TUITHEIX IocjiefoBaTeJIbHOCTEN MOXHO BEIIIOJIHATH C
IIOJIHOPas3MepHOM TIOJIMHYKJIEO TUOHOM NOCJIeDOBaTEeJIbHOCTE VI ee
yacTei wiIM 0OoJiee OJIMHHOM TIOJIMHYKJIEOTMIOHOM TIIOCJIeOOoBaTeJIbHOCTHIO.
IO1sa uejilel HacToAmero u300peTeHMA "MNpoleHTHas MOEHTUUHOCTL'" Takxe
MOXeT OHTHL olpelejieHa OpM HoMomy HOpoTpaMMu BLASTX Bepcumu 2.0 mjsa
TPAHCJMPYEMEIX HYKJIEOTUIHHX IIocJiegoBaTesibHoCTeM ¥ BLASTN Bepcum
2.0 1mjg NOJIMHYKJIEOTUIHEX II0CJIeOOBaTeJILHOCTENM.

[IporpaMMHOE obecrieueHme oA BHIIIOJIHEHM A BLAST—-aHaJIn30B
HaxXoIUTCHA B OTKPETOM OOCTYIIe B HaumoHaJbHOM LLeHTpe
BUMOTEeXHOJIOTUUECKOV MHOoOpMalMM. STOT aJITOPUTM BKJIOUaeT CcHauvala
UOEeHTUOUK AL nap mocjienoBaTeJILHOCTEN, VIMEIMX BHICOKUM
noxkasaTeJb (HSP), nOyTeM UISHTUOMKALMM KOPOTKUX CJIOB IOJIMHOM W B
3alpalMBaeMo II0CJIedoBaTeJIbHOCTM, KOTOpHe JubO coBHamalnT Judo
YIOOBJIETBOPAKT HEKOTOPOMY IOJIOXUTEJILHOMY IIOPOTOBOMY 3HaueHM© T
IpM BHPaABHMBAHMM CO CJOBOM TOM Xe IJMHH B I[IOCJIeOOBATEJILHOCTHU
©a3e OaHHHEX. T Ha3HBaeTCd IOPOTOM IokKa3aTesid CXOIOCTBa CJOB
(Altschul et al., 1990). 5TM HauvaJIbHHE COBIaleHMSI MCXOIOHHX CJIOB
OeCTBYIT B KaueCTBe 3aTpaBoOK IJIA HauaJa I[Ioucka 0oJiee IJMHHEBIX
HSP, comepxammx uxX. 3aTeM COBIALOEHMA CJIOB paclMpaoT B 000MX
HalpaBJIeHMAX BIOOJIb KaXIOM IIOCJEeIOBaTEJIbHOCTM IO TOM CTeleHM, OO
KOTOPOM MOXHO YBEJMUUTL COBOKYIIHHIM IIOoKa3aTeJlb BHPABHMBAHUSA.
COBOKYIIHHIM IIOKa3aTeJlb PacCCUMTHBAKT, MWCIOJL3YSA IJS HYKJISOTUIHBIX

IOCJIeNOBaTEJILHOCTEM, IIapaMeTpsl M (olLleHKa BO3HATpPaXIeHMS IJIS [IapH

COBIIajaplIMx OCTaTKOB, Bcerma > 0) nu N (ouleHka mTpada 3a
HecoBRIaganlre ocTaTKM, BceIma <0) . IOJis AMVMHOKMCJIO THEIX
mocjienoBaTeJIbHOCTEN OoJIs BEUMCJIEHU S COBOKYIIHOTO rokaszaTejid

UCIOJIb3YeTCcad OlleHouHas MaTpulla. PacmMpeHre COBIaIeHMM CJOB B
KaxIoM HalpaBJIeHMM IIpeKpamaeTcs, KoI'Da COBOKYIIHHM IIokKa3aTellb
BEIPABHUBAHMSA YMeHBIIaeTCA Ha BeJIMuMHy X OT CBOeT'0 MaKCUMAaJIBHO
OOCTUTHYTOT'O SBHAaUeHMH, COBOKYIIHEIM [IokKazaTeJlk CBOIMTCI K HYJO WX
nmajaeT HMXe M3-3a HaKOILJIeHMd OoIOHOoTO wWiaM 0oJiee BHpPaBHUMBAHUM
OCTaTKOB C OTpMLATEJLHOM OLEeHKOWM, WM IPM IOCTMXEHMS KOHLa Jodon
[IOCJIeDOBAaTEJIbHOCTH . IlapaMeTpEL ajropmuTMa BLAST W, T n X
OIIPEemesIAlT UYBCTBUTEJILHOCTE M CKOPOCTL BHpPaBHMBaHMA. B IporpamMe
BLASTN (s HYKJIEOTUIOHEIX [IoCJleoBaTeJIbHOCTEI) 10 YMOJIUAHUIO

MCIIOJNbL3yeTCcsa IOJuHa cJjoBa (W) 11, oxmumpmaHme (E) 10, orceuenme 100,



M=5, N=4, a Takxe cCcpaBHeHMe 00eux HUTeN. [IJI49 aMUMHOKMCJIIOTHHX
mocjienoBaTeJIbHOCTEeM B HOporpamMme BLASTP 1o yMOJUaHMUIO MCIIOJL3YyeTCH
OJMHa cJoBa (W) 3, MaTeMaTMueckoe oxumaHre (E) 10 m olleHouHasa
MaTpuila BLOSUM62 (cMm. Henikoff & Henikoff, Proc. Natl. Acad.
Sci. USA 89: 10915 (1989)).

[ToMmMO BEUNMCJIEHM A IIPOLLEHTHOM UOEeHTUUHOCTHU
ocJjienoBaTeJIbHOCTEeN, aJITOpPUTM BLAST TakKxe BEIIIOJIHAET
CTATUCTUUECKHUM aHaJM3 CXOIOCTBa Mexny IBYMS II0CJIeOOoBaTeJIbHOCT MU
(cMm., Hanpumep, Karlin & Altschul, Proc. Nat'l. Acad. Sci. USA
90: 5873-5787 (1993)). OmHOM U3 Mep CXOICTBa, obecleurBaeMOM
ajropurmoMm BLAST, ABJISeTCA HauMeHblad CcyMMa BepOsSTHOCTEeHN (P
(N)), xoTopas YykKas3wHBaeT Ha BepOATHOCTL, C KOTOPOM cCcoBIamgeHUe
IBYX HYKJEOTHUIHEX WJIM aMMHOKMCJIOTHHEX II0CJIeIOBaTeJIbHOCTEN MOXeT
[IPOUCXOINTH cJydanHo. Hampumep, TEeCTOBYK IIOCJIeIOBAaTEJIBHOCTD
HYKJIEMHOBOM KM CJIO TH CUMTamnT CcoBIamammemn c pebepeHcHOM
[IOCJIENOBATEJIBHOCTRIO, ecJM HauMeHbllad CyMMa BepOsSTHOCTEM IIpu
CpaBHEeHUM TeCTOBOM HYKJIEOTUIHOM IIOCJIeIOBaTeJILHOCTU C pedepeHCHOM

HYKJIEOTHUIHOM IIOCJIeNOBAaTEJIbHOCTBIO COCTAaBJIAET MeHee IIPMMEPHO OT

0,1 OO MeHee IIPUMMEPHO 0,001. TakuMm oBpasoM, B HEKOTOPHIX
BapraHTax oCylmeCTBJIeHU S n3obpeTeHms HaVMeHbIas cyMMa
BeposATHOCTEMN npu CpaBHEHUMU TeCTOBOM HYKJI€OTUIHOM
[IOCJIeDOBATEJIbHOCTHU c pebepeHcHOM HYKJIEOTUIHOM

[IOCJIENOBATEJILHOCTEID COCTARJIAET MeHee npuMepHo 0, 001.

IIBe HYKJIEOTHIHHE IIOCJIeIOBATEJILHOCTM TakKXe MOXHO CUMTaTh IIO
CYIEeCTBY KOMILJIEMEHTAPHEMI, KoTma oBe [I0CJIenoBaTeJIbHOCTH
TUOPUON3YRTCSA OpyD' C OPYTOM B XeCTKUX YCJOBMUAX. B HEKOTOPHX
TUNINYHEIX BapMaHTax OCyWeCTBJIEHN I oBe HYKJI€OTUIHEE
[IOCJIENOBATEJILHOCTH, KOTOPEHE 1o CYIEeCTBY KOMILJIEMEeHTapPHEHL,
TUOPUONIYRTCSA OPYID C OIPyI'OM B OUeHb XeCTKUX YCJIOBUAX.

"XecTrue ycigoBusa 1ubpuomnsaumumn" u "XKeCTKMe YCJIOBUS IIPOMEIBKU
opu rmbpuouszaumnu” B KOHTEKCTEe BKCIEPMMEHTOBR I[I0 I'MOpUIM3alVN
HYKJIEMHOBOM KMCJIOTH, TakKOoV KaK HO3epH-TUOpUIM3aLUMI M Cay3epH-—
ubpunon3aumsa, 3aBUCAT OT IIOCJEeNOBaTeJIbHOCTM UM pas3jMyalnTcd  II0
Pa3JIMUHEM IlapaMeTpaM OKpyXawollell cpelbl. [loopoBHOe PYyKOBOICTBO IO
TUOPUAOM3ALUNY HYKJIEMHOBEIX KMCJIOT MOXHO HauTu y Tijssen Laboratory
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with Nucleic Acid Probes part I chapter 2 "Overview of principles

of hybridization and the strategy of nucleic acid probe assays”
Elsevier, New York (1993). Kak mnOpaBuJO, OUeHb XeCTKME VYCJIOBUA
TUOpUION3aLUA u IIPOMEIBKMA BEIOMpAT TaKMM oBpasom, YTOOR
TeMIlepaTypa ObJla Ha OpuMepHOo 5°C HUMKe, UeM TeMIepaTypa ILJaBJIeHUSd
(Tm) @O KOHKPETHOM IIOCJeOOoBaTeJIbHOCTU IMIpM OolpelelIeHHOM MOHHOM
cuisie u pH.

Tm mnpencraBjsgeT cobol TeMmIepaTypy (IpM OoIpenelJIeHHOM MOHHOM

cuie u PH) , npu KOTOpOM 50% IoCcJienoBaTeJIbHOCTU ~MUIIEHU
TUOpPUON3yeTCsS C MOeaJlbHO IOHOOpPaHHEM 30HOOM. OuUueHBb XeCTKME

YCJIOBUSA BHOMpAaKT pPaBHEMM 3HadveHUI© Tm OJ9 KOHKPEeTHOT'O 3OHIa.
[TprmMmep KeCTKUX YCJIOBUM TUOPUON3ALUN 0oJIs TUOPUON 3 AN
KOMILJIEMEHTAPHHX HYKJIEOTUIHHX I[I0CJIeloBaTeJIbHOCTENM, KOTOPHEe UMelT
Bojiee 100 KOMILJIEMEHTAPHEX OCTaTKOB Ha OQUIBTPE B Cay3epH- WM

HO3epH-OJIOT aHaJuze, cocTabBjdeT 50% o¢opMaMmma ¢ 1 MI' TI'elapuHa
npu 42°C, nprueM THUOPUIOMBALMID IPOBOIAT B TeUueHME HOUM. I[IpUMepOoM

OUeHb XEeCTKUX YCJIOBUM MNPOMHBKM aABagercs 0,15 M NaCl npu 72°C B

TedueHle IIPpMMEPHO 15 MMHYT . Hpmmepomt KeCTKMUX yCHOBMﬁ ITOOMEIBKI

aBiageTcsa nOpoMeBka 0.2x SSC npu 65°C B TeuenHme 15 wMmHYT (CM.
Sambrook, infra, omnmucanme SSC OBybdepa). BauvacTyio IIepel IIPOMBBKOM
B OUEeHb XEeCTKMX YCJOBMAX BHIIOJHALT TIIPOMHBKY B VYCJOBUAX HU3KOM
XKECTKOCTM IJIA yHOalleHMs GQOHOBOI'O CMIHaJla 30HIa. lIpuMep MIPOMEBKMY B
YCJIOBUAX CpPemOHel XeCTKOCTM IJIS IOyIlJleKkca, HalopuMmep, u3 6ojiee 100
HYKJIEOTUIOB, cocTaBJjgeT 1xSSC mpu 45°C B Teuenume 15 mmuuyT. IIpumMmep

IIPOMEIEKM B YCJIOBMAX HMUBKOM XEeCTKOCTH MOJIS OyIJierCa, HallpuMep, U3

Bojiee 100 HYKJIeOTUHOB, cocTaBjgeT 4-6xSSC mnpu 40°C B TeueHue 15
MUHYT. IJIS KOPOTKUX 3OHOOB (HallpuMmep, oOT HOpuMepHOo 10 mo 50
HYKJIEOTHIOB) XeCTKMe YCJIOBMA OOBUHO BKJOUAIT KOHILUEHTpalUuM COoJIen
MeHee IIPUMEPHO 1,0M Na-unoHa, OBOBIUHO IPUMEPHO 0,01-1,0M
KOHUeHTpauuu Na-MOHOB (MJaM H»Opyrux cojeun) npu pH 7,0- 8,3, wu
TeMIepaTypa OOBUHO COCTaBJISeT IO MeHbIel Mepe OpuMepHo 30°C.
XecTkme yCIoBMA TakXe MOTYT OHTB JOCTHUIHYTH IIyTeM JoOaBJIEHUS
OeCcTabuIn3npynIMx areHTOB, TakMxX Kak oGopMamMun. B ofmeMm ciydae,

OTHOIMEeHMEe CUTHAaJ/IMyM, OpeBHmalmmMi B 2 (uam OoJjiee) pas OTHOIeHMre,



HabJmogaemoe IJIS HEeCBA3aHHOTO 30HIOA B KOHKPETHOM  aHaJM3e
TUOPUIOM3ALNNA, YyKa3HBaeT Ha oBHapyXeHM e crieunMdrUUIeCcKoOm
TUOPUOMBALNN . HyKJIeOTHIHEE II0CJIeNOBATEJILHOCTH, KOTOPHE He
TUOPUAOMSYITCS IPYyI' C IPYTOM B XeCTKUMX YCJIOBMUAX, IO CYIEeCTBY
UIOEHTUUHE, ecan  BeJkwu, KOTOPHEE OHUM KOIOUPYIOT, ABJIAITCS  TIO
CYMecTBY MUIeHTUUHEMUA . 5T0  BO3MOXHO, HanpuMep, KoTga  KOIusd
HYKJICOTMIOHOM  IIOCJIeOOBATEJILHOCTM  CO3IOaeTcda IIPM  MCIOJIbL30BaHUU
MaKCHMAaJILHOTO KOJIMUeCTBa BHPOXI S HHEIX KOIOHOB, OOIIyCKaeMoTo
TeHeTHUEeCKMM KOIOM.

Hirxe IPpUBEeOeHH IPVMEPH HabopoB YCIJIOBUM

PM@pMHMBaHMM/HpOMHBKM, KOTOPEE MOTWYT OBITH VCIIOJIE 30OBaHEL IJIA

KIJIOHMPOBAHMA T'OMOJIOT'MIUHEIX HYKIJIIEOTUMIHEIX HOCﬂeHOBaTeHBHOCTeﬁ,
KOTOPEE I10 CymecCTBY MOEHTWYHEL pe(]_)epeHCHBIM HYRKJIeOTVMIOHEBEIM
II0CJIeIOBaATEeJIEHOCTAM I10 MSO@peTeHMIO. B OIOHOM nus BapMaHTOB
OoOCymeCTRBJICHMA pec]_)epeHCHaH HYyKJIeOTHMIHa#A II0CJIeIOBAaTEJIEHOCTE

Tubpuonu3lyercsa C "TecToBOM" HYKJISOTUOHOM IIOCJedOBaTEJIbHOCTRI B 7%
momeluuJcyJdbdaTe HaTpus (SDS), 0,5 M NaPOs, 1 MM BSOTA npu 50°C c
npoMeBKOM B 2X SSC, 0,1% SDS mopm 50°C. B gpyroMm BapuaHTe
pedbepeHCHas  HYKJIeOTHMIHafA  I[IOCJIEeNOBaTeJIbHOCTD TUOPUONU3YyeTCa C
"TecTOoBOM" HYKJIEOTMIHOM IIOCJIEOOBATEJILHOCTBID B 7% momeumscyJbdaTe
HaTpus (SDS), 0,5 M NaPOs4, 1 MM BIOTA npu 50°C ¢ IOpOMEIBKOM B 1X
SSC, 0,1% SDS mpu 50°C mum B 7% pmomeumscyiabbaTe HaTpus (SDS), 0,5
M NaPOs4, 1 MM 3IOTA mpu 50°C ¢ npommiBko¥ B 0.5X SSC, 0,1% SDS mnpwu
50°C. B IpyToOM BapMaHTe OCYINeCTBJIeHUS pedepeHCHasd HYKJIEOTUIHAS
[IoCJIeIOBaTEeJIbHOCTD TUOPUONZYETCSA c "TecToBOM" HYKJICOTUIOHOM
[IoCJIeOBaTEeJIbHOCTRI B /% »momenwcylbdaTe HaTtpusa (SDS), 0,5 M
NaPOs, 1 MM SIOTA npu 50°C ¢ npomeBko¥M B 0.1X SSC, 0.1% SDS mopwu
50°C mum B 7% @momeumsicyiabdaTe HaTpmsa (SDS), 0,5 M NaPOs, 1 MM
SOTA mpu 50°C ¢ mpommBkOM B 0.1X SSC, 0.1% SDS mpm 65°C.

JioBas HYKJIeOTHIOHasd IIOCJeNOoBaTeJIbHOCTL W/UJIM TeTepPOoJIOTHUYHAS
KOHCTPYKUMA HYKJIEMHOBOM KMCJIOTH II0 HAaCTOAMEMY WU300pPEeTEeHMI MOXET
OHITH ONTUMM3UPOBAHH IO KoOooHaM  IJd BKCIPEeCCUN B JTIOOEIX
IpeICTaBJAKINX MHTepecCc BUOax. ONTMMM3alUMsa IO KOIOHAaM XOPOIOo

M3BeCTHa B HOaHHOM 0O6JacTM ¥ BKJIOUAET MO,JII/I(]_)T/IKaLI,MIO HyKJ’IeOTI/L}IHOﬁ



[IOCJIEOOBATEJIbHOCTY IJIA CMeENeHMSa B MCIOJb30BaHMM KOJIOHOB IIPU
nmoMomy — TabJumll  MCIOJIB30BaHMSA  KOIOHOB  IJIS KOHKPETHEX  BUIOB.
Tab®MUE MCIOJIB30BaHMA KOIOHOB TE€HEPUPYITCSA Ha OCHOBEe aHaJjM3a
[IOCJIeIOBATEJILHOCTENM TEeHOB C CaMOM BHCOKOWM CTEeNeHBbI BKCIPeCCUn
oJis [IpencTaBJIARINX MHTepecC BUIOB. Ecmun HYKJIEOTHUIHEE
[IOCJIeOOBRATEJIbHOCTY  OOJIXKHBEL DKCIpPecCcHUpoBaThbCA B [AOpe, TaOJIMIE
VICIIOJIL30BaHMUA KOIOHOB TeHepUpyKnTCs Ha OCHOBEe aHaJm3a
IoCJIeIOBATEJILHOCTEM  AIepPHHX TEeHOB C CaMOM BECOKOM CTelleHbIo
DKCIIPeCCHUn oJis npencTaBJIARIMX MHTepec BUIOB. MonomdmKalmm
HYKJIEOTHIHEX  IIOoCcJedoBaTeJIbHOCTeMN ompeneanT IyTeM CpaBHEHUS
Ta®JIMIE MCIOJBb30BaHMA KOIOHOB IJIS KOHKPETHOTO BMIa C KOIDOHaMM,
IPUCYTCTBYONMMMY B HATUBHBX IIOJUMHYKJIEOTHUIHEX II0CJedOoBaTeJIbHOCTAX.
Kak TMOHATHO M3 YPOBHA TexXHUKM, OITUMMM3ALMA KOIOHOB HYKJIEOTUIHOM
[IOCJIEOOBATEJILHOCTHU IIPUBOIONUT K IIOJIYUYEHHIO HYKJIEOTHUIHOM
IOCJIENOBATENBHOCTH, UMeKmen MeHee 100% MOEHTUMUYHOCTHU (HaOpuMep,
70%, 71%, 72%, 73%, 74%, 5%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 80%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% u T.II.) c HaTUBHOM HYKJICOTUIHOM
[IOCJIEeNOBRATEJIBHOCTRI, HO KOTOpad IIO-IpeXHeMy KOIVPYyeT IIOJIUIIeIITHUI,
MMeRIMUy Ty Xe O(QYHKIMIO, UYTO M VY IIOJIMIIENTHUIa, KOOMPYEMOTO MCXOIHOM
HAaTMBHOM  HYKJIEOTMIHOM TIIOCJIeOOBaTEJILHOCTLIO. TakuMm o6pas0oM, B
TUIIMUHBIX BapMaHTax OCYIEeCTRBJIEHU A n3obpeTeHmA HYKJIeOTHUOHAaA
[IOCJIeNOBAaTEJILHOCTE U/MUIIM TeTepojioTMuHasd KOHCTPYKLUUA HYKIJIEMHOBOM
KMCJIOTHE II0 HaCTOAmeMy M300peTeHMI MOoXeT OHTb OINTUMMUIMPOBaHa II0
KOIDOHaM [IOJi SKCIPecCUMM B KOHKPETHHEX [NPeICTaBJIAKINMX MHTEepecC
BMIAX.

B HeKOTOpPHX BapMaHTaxX OCYMeCTBJIEHUSA MOJIEKYJIH TI'eTepOJIOTMUHEX
WIIN PeKoMOVHAaHTHHX HYKJIEMHOBEX KMCJIOT, HYKJI€OTHUIIHEE
IOCJIeNOBATEJILHOCTM U/UIM  IIOJMUIENTUIH II0 U300peTeHMI SBJISITCH
"BHIOeJIeHHEIMI" . "BuoeJjieHHasa" MOJIEKYJIIA HYKJIEMHOBOM KMCJIOTHI,
"BHIOEJIEHHaa" HYKJIEOTHMIHASA I[IOCJIEOOBATEJIbHOCTE MM "BHIOEJIeHHBIT"
IOJIUMIIENTHUN TIpPencTaBjsgseT Ccobol MOJIeKYJIY HYKJIEMHOBOM  KMCJIOTH,
HYKJIEOTHUIHYK IIOCJIeOOBaTeJIbHOCTE  WJIM  IIOJIUIIEIITHUI, KOTOPHM, B
pesyJsibTaTe BMelaTeJIbCTBa UeJIOBeKa, CYIeCTBYeT OTIOEJIBHO OT eTIo
POOHOM Cpeld M, CcJemoBaTeJIbHO, He HABJAeTCA IPOOYKTOM IIPUPOMIH.

BrimeJieHHa4d MOJIERYJIa HyKJ’IeMHOBOﬁ KMCIIOTEIL, HYRJIIeOTMIHAaA



I[IOCJIeOOBATEJILHOCTE MJIM IIOJIMIIENTUI MOITYT CYNeCTBOBATL B OUMIIEHHOM
bopmMe, KoTOpas IIO MeHbIey Mepe UYacTMUHO OoTIeJieHa OT II0 MeHbIen
Mepe HeKOTOPHX OpYyI'MX KOMIIOHEHTOBR BCTpedUawnlerocsd B IpUpoOe
opTraHu3Ma WJIN BUpPYCAa, HalpuMep KJIE TOUHEIX NI BUPY CHEIX
CTPYKTYPHBEIX KOMIIOHEHTOB WM IOPYIUX IIOJUIIENTUOOB WM HYKJIEMHOBEX
KMUCJIOT, KOTOpPEE OOBUHO CBABaAHE C DTUM IIOJIMHYKJIEOTUIOM. B
TUIIMUHEIX BapMaHTax OCYIEeCTBJIEHMS BHIOEJIeHHasS MOJIeKyJla HYKJIEMHOBOM
KMCJIOTH, yycToTa BHIOEJIEHHOV  HYKJIEOTUIHOM  IIOCJIeIOBaTeJILHOCTU
n/mim BEIOEJIEHHOTO IIOJIUIIEeNTHUIa cocTaBJIgeT 10 MeHbIlel  Mepe
npuMepHo 1%, %, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95% mam OoJiee.

B OIpyTUX BapMaHTax OCyMeCTRBJICHUS BHIEJIEHHA A MOJIeKyJia
HYKJIEMHOBOM KM CJIOTH, HYKJIEOTUIHASA [IOCJIEOOBRATEeJILHOCTE VI
IIOJIUMIIENITUI MOXeT CYMeCTBOBATL B HEIPUPOIHOM cpelle, TaKoM Kak,
HalpuMep, pexkoMOMHaHTHAa g KJIeTKa-x035aMH. Tak, HalpuMep, B
OTHOWEHUNM HYKJIEOTUIHHX I[IOCJeOoBaTeJIbHOCTEeM TepMMH "BHIOeJIeHHB"
O3HauvaeT, UTOo HYKJIEOTHUIHA A [IOCJIEIOBRATEJIBHOCTE oTheJleHa oT
XPOMOCOMH ¥/WMJIM KJIETKM, B KOTOPOM OHAa BCTpPeUYaeTCsS B €CTeCTBEHHHX
YCJIOBUAX . [IOJMHYKJIEOTHI TaKXe HABJIAETCSA BHIOSJEeHHHM, eCJM OH OBUI
OTImeJIeH OT XPOMOCOMHE M/WMJIM KJIETKM, B KOTOPOM OH BCTpeuaeTCcs B
€CTEeCTBEHHEX YCJOBUAX U BaTeM BCTaBJIEH B TeHeTUUEeCKMM KOHTEeKCT,
XPOMOCOMY  M/MJIMU  KJIETKY, B KOTOpPOM OH  He BCTpeUuaeTCcHd B
eCTeCTBEHHEX YCJOBUAX (HaopuMmep, IPYyI'yl KIeTKYy-X034MHa, pPasHHEe
PeryJIATOPHEE IIOCJIeNOBaTeJILHOCTU M/WIM IpYyTroe IIoJIOXeHMe B TI'eHOMe,
OTJIMYaKmeroCcsa oT I[IOJIOXKEHM S B €CTEeCTBEeHHEX YCJIOBUSAX) .
COOTBETCTBEHHO, TIe€TEepOJIOTUMUHHE KOHCTPYKIUUM HYKJIEMHOBEX KMCJIOT,
HYKJIEOTHUIOHEE I[IOCJIEOOBATEJIbHOCTM WM KOOMPOBAHHEE VMM IIOJIUIIEITUIIE
"BHOeJIeHH", oprM y4dyacTuM  UJeJIOBeKa, B TOM CMHCJIE, 4TO  OHU
CyHmeCTBYRT OTHEJNIBHO oT X HaTHUBHOM Cpens oBUTaHUA u,
CJIENOBAaTEJBHO, He ABJIAITCA NIPOOYKTaMn [IPUPOIH, OIOHAaKO B
HEKOTOPEIX BapMaHTax OCYIMEeCTBJEHVMA OHM MOTYT OBTE BBEeIEHH U
CYIIECTBOBATHL B PEKOMOMHAHTHOM KJIETKe-XO34aMHe.

B HEeKOTOPEX BapMaHTax OCYIECTBJIIEHUS TeTepPOJIOTUYHEE WU
PEKOMOMHAHTHEE KOHCTPYKLMM HYKJIEMHOBHX KMUCJIOT I[I0 M300pPEeTeHUD
aBJjigTca  "cuHTeTHMueckuMM" . "CuHTeTHMUeckasg" MoJIeKyJla HYKJIEMHOBOM

KM CJIOTHI, "cuHTeTHUeckaa" HYKJIEOTUIOHAaS I[IOCJIeDOBATEJILHOCTE  WJIM



"cuHTeTHUeCckKuUn" TIOJIUIIENI T, npencraejgeT coboim MOJIEKYJITY
HYKJIEMHOBOM KM CJIOTH, HYKJIEOTUIHYIO [IOCJIEIOBATEJIBHOCTE VI
IIOJIMIIENITUL, KOTOPHM He BCTpeuvaeTcda B IIpMpode, HO CO3OaeTcd
pykKaMu 4deJiOBeKa U, CJIeHOoBaTeJIbHO, He ABJIAeTCSH NPOOYKTOM IPUPOIH.
B JmoboM M3 PacKpPHTHEIX B HACTOLlleM OIMCaHMM  BapMaHTOB
OCYIEeCTBJIEHMS HYKJIEOTUIHEE II0CJIeNOBaATEJbHOCTU U/UJIM KOHCTPYKIUU
TeTepPOJIOTUMUHEIX HYKJIEMHOBHEX KMCJIOT II0 M300peTeHMI MOTYT OHTH
OYHKUIMOHAJIBHO CBSA3aHEL C  pPas3JIMUHBEIMM  IpOMOTOpaMM U OPpYyTI'VMU
PETYJIATOPHEMM BJIEMEHTaMM IOJIS DSKCIPecCUMM B PAalJIMUHBEIX KJIeTKax
opraHm3aMoB. TakuMm oO6pa30M, B THUIMUYHHX BapMaHTax OCYIEeCTBJIEHUS
KOHCTPYKUMSA HYKJIEMHOBOM KUCJIOTH II0 HaCTOAlleMy MW300peTeHMI0 MOXeT
OOIOJIHUTEJIBHO COIOepXaThb OIMH MM O6oJiee MIPOMOTOPOB, OYHKIMOHAJBHO
CBS3AHHHX C OIOHOM MM OoJiee HYKJIEOTUIOHEMM IIOCJIeIOBATEeJIbLHOCTSIMMA.
ITono "OYHKLUMOHAJILHO CBA3aHHEM" W "OYHKLUMOHAJILHO
acCoLUMMPOBaHHEM", Kak MCIIOJIbL3YEeTCsHa B HacCToAgmeM onMcaHuu,
nonpasyMeBaeTCsd, UYTO YKa3aHHBE BJEMEHTH QYHKIMOHAJIBEHO CBSA3aHH
OpyT C IOpyToM, a Takke OOBUHO CBA3aHH (U3nueckM. TakuM o0OpasoM,
TepM/H "OYHKLUMOHAJILHO CBSA3aHHBM" W "OYHKLUMOHAJILHO
accouuMMpoBaHHEM", Kak VCIIOJIL 3y EeTCH B HaCcToAmeM omnncaHmum,

OTHOCHUTCA K HYKIJIIEOTMIHEM IIOCJI€eOOBaTEeJIEHOCTAM B OoHOM MOJIEKYJIE

HYKHGMHOBOVI KMCJIOTEHI, KOTOPEIE OYHKUIMOHAJIBEHO CBA3aHH. Taxum
o6pa30M, Iiepead HYRKJIEOTHIHAaA I1oCcJIenoBaTeJIbHOCTE, KOTOpad
OYHKLUMOHAJIBHO CBA3aHa coO BTOpOTZ HYKJ'_[eOTMJIHOTZ
I1I0CJIeIOoBaTeJIbHOCTEIO, O3HadvaeT CUTyaluuio, rornma Iieppa4d
HYKJIeOTHMIHa4A IIO0CJIenOBAaTEJIEHOCTD IIoMeleHa B OYHKLUMOHAJIbHEE

OTHOIEHMSI CO BTOPOM HYKJISOTHUIHOM IIOCJIeIOoBaTeJIbHOCTLI. Hamnpumep,
IIPOMOTOP OYHKLUMOHAJIBEHO CBS43aH c HYKJIEOTHUIHOM
[IOCJIeIOBATEJILHOCTLEID, eCJM IIPOMOTOPR BO3IeMCTBYEeT Ha TPaHCKPUIILINIO
VI DKCIIPEeCCUR yKasaHHOM HYKJIEOTUIHOM IOCIIenOBaATEJIEHOCTH .
CrieumajucTaM B IOaHHOM 00JlacTM  TeXHUKU OymeT TIIOHATHO, uTo
PerTyJIATOPHEE NOCJIeOOBATEJIEHOCTHY (HanpuMep, IIPOMOTOP) He
oBa3aTeJIbHO IOOJIKHEL OBITH CMEXHBEIMMA c HYKJIEOTHUIHOM
IOCJIeIOBaATEJILHOCTREID, C KOTOPOM OHM (QVHKIMOHAJLHO CBA3aHH, IIPU
YCJIOBUM, UTO DBTU PeryJATOPHHE I[IOCJIEeOORaATEeJIbHOCTY QYHKUIMOHUPYIT,
uyTOOH YHNPAaBJATHL e€e DKcOpeccuer. Tak, HaIpuMep, MexIOy IIPpOMOTOPOM

n HyKHGOTI/II[HOTZ IIOCJIeJOBaTEeJIEHOCTEIO MOTWYT HaXOINMTBECHA



[IPOMEXY TOUHEIe HeTpaHCJUPYEMEE, HO TPaHCKPUOUPY EMELE
[I0CJIenOBaTEJILHOCTH, n IIPOMOTOP npu 3TOM MOXHO CUMTaTh
"OYHKLUMOHAJLHO CBA3aHHBEM" C HYKJIEOTUMIHOM II0CJeOOBATEJILHOCTHRI.

"IIpoMmoTOopP" IpencraBJigeT cobon HYKJIEOTUIHYI
[I0CJIenOBATEJILHOCTE, KoTOpad KOHTPOJIMPYET VIV perynmpyeT
TPAHCKPUIILIMID HYKJEOTHUIHOM IIOCJeNOBAaTeJIbHOCTM (T.e. KOIUpPYyWIEeN
[IOCJIeNOBATEJIBHOCTHU) , KoTopasa OQYHKLUMOHAJIBHO CBfA3aHa C IIPOMOTOPOM.
Komvpymomas IIOCJeIOBaTeJIbHOCTE MOXEeT KOIMPOBATL MOJUIENTUN W/WiInu
GYHKIMOHAJBLHYIO PHK. Kak IpaBuiio, "nmpomMoTop" OTHOCUTCH K
HYKJIEOTUIHOM [IOCJIENOBATEJIBHOCTH, KoTOpad COOEPXUT camnT
CBA3HBaHNA nJjisa PHK-ntonmmMepasu IT u yIpaBJsgeT VHULIMaLUeNn
TpaHCKpUIluy. Kak OpaBUJIO, IMIPOMOTOPH HaxXOoOATCA Ha b5' KOHIe WIH
BHIIE OTHOCUTEJILHO Haudajla KoIupykmel oB6JacTyu COOTBEeTCTBYKIEN
KOOUPpYKIel MocemoBaTesJJbHOCTH. OBJacThk OPpOMOTOpa MOXeT ComoepXaThb
OpyTHre BJeMeHTH, KOTOphe (QYHKUMOHUPYIT KaK PelyJISTOPH SKCIPeCCUU
TeHOB. OHM BKJIOUAKT KOHCEHCYCHYI IocjiemoBaTeJIbHOCTEL TATA-OOKC U,
YJacToO, KOHCEeHCYCHVYI IIocJelmoraTelJibHOCTL CAAT-06okxc (Breathnach and
Chambon, (1981) Annu. Rev. Biochem. 50: 349). B pacTeHuax CAAT-
BoKC MOXeT OHTbL 3aMeHeH AGGA-0OoxcoMmM (Messing et al., (1983) in
Genetic Engineering of Plants, T. Kosuge, C. Meredith and A.
Hollaender (eds.), Plenum Press, pp. 211-227).

[IpOMOTOPEL MOTYT BKJIOUATEH, HalpuMep, KOHCTUTYTHBHEE,
MHIOYLVPYEMEIE, BPEMEHHO PpPeIlVJIMPYyeMHE, PeryJMpyeMee B IIpollecce
PasBUTKA, XUMHUUECKM peTryIupyeMbe, TKaHelpeOlouTUTeJIbHEEe W/UIn
TKaHeClHeUupnUIeCcKMe IIPOMOTOPE, KOTOPHE MCIOJB3YITCI IIPpU CO3IaHUU
KOHCTPYKLMM TeTepOJIOTMUHEX HYKJIEVMHOBHX KUCJIOT, T.e. "XUMEpPHEHX
TeHOB" 1w  "XMMEPHHX IIOJIMHYKJIeOTUOOB". STU  pasJIMyHBlEe  TUIIBL
IPOMOTOPOBR M3BECTHH B HOaHHOM 0OOJacCTU TexXHUKU.

Bribop [IpoOMOTOPAa OynmeT 3aBUCETH oT BpEeMEeHHEX u
IPOCTPAHCTBEHHEX TpeOOBaHUMM K DKCOpecCuM, a TakKxke OT KJIEeTKU-
X034MHa, KOTOpYyH HYXHO TpaHCOOpMUPOEBATE. IIPOMOTOPH IOJIA MHOI'MX
Pas3HEX OPTaHM3MOB XOPOMO M3BECTHH B IaHHOM o6JjacTu. OCHORBHBAACH
Ha OOWMPHHEX 3HaHMAX, [OpPeIOCTaBJIeHHHX B »OaHHOM o6JjlacTM, IJ4
KOHKPETHOT'O IIpelCcTaBJIArIero MHTepeC  OoplaHU3Ma-xXO03AMHa  MOXHO
BHIOpaThL MNOOXOOAIMM MHOpoMOoTOop. Tak, HalpuMep, OOJbIIOe KOJIUUECTEBO

CBeIeHUM MuMeeTCHd O npoMoTopax, PacCIlOJIOXEeHHEX BEHINIE B BEICOKOM



CTeleHu KOHCTUTYTUBHO SKCIPEeCCUPYEeMBIX TEeHOB B MOIIEJIb HEIX
opraHusMax, ¥ TaKue CBeleHMS S[IBJIADTCS JEeTKO IOOCTYINHHMU W, IIpHU
HeOoOXOOMMOCTM, MOTYT MCIOJIB30BATLCS IIPUMEHUTEJIBHO K  IPYTUM
cCUucCTeMaM.

B HEKOTOPHIX BapMaHTaxX OCYIMEeCTBJIEHUS KOHCTPYKUMVA HYKJIEMHOBOM
KMCJIOTH I10 M300pPEeTEeHMI0 MOXeT IPelCTaBJIATL coboM "SKCHPeCCUOHHYIO

KacceTy" MM MOXeT OHTL BKJOUeHa B 5SKCIPECCHMOHHYI KacceTy.

VICIIOJIBL 3y € MBI B HaCcToOAlleM OIIMICaHUU TepPMMH "SKCIIpeCcCUuOoHHAas
kKacceTa" o3HauvaeT KOHCTPYKIMIO TeTepoJIOTUUHOM HYKJIEMHOBOM
KM CJIOTHL, comepxanyio IpenCcTaBJISRMIYIO MHTepec HYKJICOTHUIHYIO

IIOCJIENOBATEJIEHOCTE (HaanMep, KOHCTPYKIMM HYKJIEMHOBEX KMCJIOT IIO

M300peTeHND (Hanpumep, KOHCTPYKLIMIO CHUHTEeTHUUECKOMN tracr
HYKJIEMHOBOM KMCJIOTH, KOHCTPYKLIMIO CHMHTEeTHUUYECKOMN HYKJIEVMHOBOM
KMCJIOTEL CRISPR, CHUHTEeTHUUECKUM MaCCHUB CRISPR, KOHCTPYKIMIO

XVMEPHOW HYKJIEMHOBOM KMCJIOTH, HYKJIEOTUIOHYID II0CJIed0OBaATeJIbLHOCTD,
KOOUPYHIYD OpelcTaBJIARIMUY MHTepec IIOJUIEeNTUO, IIOJUIeNTUn Turia I,
rojurienTun Turna 11, noJwmnentvn Twuina 111, nogunentun Tuia IV
n/mUiam [IOJIUIIEIITUL TUIIa V), e yKasaHHada HYKJIEOTUOHAaA

IIoCJIenoBaATEeJIEHOCTB GOYHKUIMOHAJIBHO CBA3aHa C 10 MeHbIen Mepe,

PeryJIATOPHOM IIOCJIeHOBATEJILHOCTLID (HAIpUMep, IIPOMOTOpOM) . TaKuMm
oBpaszoM, HEKOTOPHE aCIIeKTEH n300peTeHnd oBecrneunBanT
SKCIIPEeCCUOHHEE KaCCeTH, IpenHa3HaUeHHEE 0J1sg 3KCIpPeCcCUn

[IOCJIeNOBATEJILHOCTENM HYKJEOTUIOB II0 M300pPEeTeHMD.

SKCIPEeCCUMOHHAas KacceTa, coIepxamas IIpelCTaBJIANMyD WHTepecC
HYKJEOTUOHYI  IIOCJeNOBaTeJILHOCTE, MOXeT OHTE XUMEPHOM, uTo
o3HavaeT, YTO IIO0 MeHbIleM Mepe OIMH U3 ee KOMIOHEHTOB SABJISETCH
TeTEepPOJIOTUMUHEIM II0 OTHONEHMIO II0 MeHbIelM Mepe K OIOHOMY U3 OpYyTUX
ee KOMIIOHEHTOB. OKCIIPEeCCHMOHHasd KacceTa Takxke MOXeT OHThL TakoM,
KOoTOopasd BCTpedYaeTCcsa B IpHpole, HO Obla MHoJIydeHa B PeKOMOMHAHTHOM
bopme, OPUTOOHOW IOJIS TEeTepPOJIOTUUYHOW BKCIPEeCCUM.

SKCIpeCCHMOHHasa KacceTa Takke MOXeT HeoBg3aTelIbHO BKJIIOUATH
0BJIaCTh TPAHCKPUIILWY W/WIYM TepMMHAIUM TpaHcasumy (T.e. oB6JacTb
TepMMHalMM) , KOTopas fABjdeTcd (QYHKIMOHAJLHOM B BHOpPaHHOW KJIEeTKe-—
X034UHe. Pa3JIMUHbIE TEePMUHATOPH TPAaHCKPUIILUNA OOCTYIIHH  IJId
MCIIOJIE30BAHUA B DKCIPECCHOHHEX KacceTax M OTBeUalT 3a TepMMHALMIO

TPAHCKPUIILIMM 3a IpelejlaMi Hpe,JICTaBJ'IFIIOH_[eﬁ mHTEepecC I‘eTepOHOI‘MQHOﬁ



HYKJIEOTUIOHOM [IOCJIENOBATEJIEHOCTM U IIPaBUJIBHOEe MNOJMaleHWUJIMPOBaHUE
MPHK. OBJsacTb TepMMHALIMM  MOXeT  OBIThb HaTMBHOM 1mJjsa obJjacTu
MHMUMAUMM TPaHCKPUILUMM, MOXeT OBTE HATUBHOM IOJid [IpedCTaBJIsgnlen
MHTepeC OQYHKLUMOHAJIBHO CBSA3aHHOM HYKJIEOTUIOHOM I[IOCJIeHOBaTeJIbHOCTH,
MOXeT OHTHL HAaTMBHOM MOJIS KJIeTKM-XO03fAMHAa WM MOXeT OBThL I[IOoJIydeHa
Y3 OpyTOoTr'0 MCTOYHMKA (T.e. UYyXKepOOHOM WM TeTepOJIOTMUYHOM IO
OTHOUIEHMID K  IIPOMOTOPY, npencTaBJdIe MHTepec  HYKJIeOTUIHOM
I[IOCJIEOOBATEJIbHOCTM, XOB3AUHY WM JIoO0M MxX KoMOMHaLMM) .

SKCIpeCCHMOHHasa KacceTa TaKXe MOXeT BKJIIOUATE HYKJIEOTUIHYI
IOCJIENOBATEJBHOCTE IJIS CEeJIEKTMBHOTO MapKepa, KOTOPHM MOXeT OHTH
MCIIOJIb30BaH OJId oTdbopa TpaHCOOPMUPOBaAHHOM KJIETKU—-XO3AMHA.
Vcrionb3yeMel B HaCTOAMEM ONMCAaHUM TepMUH "CeJIeKTUBHHEN MapkKep"
O3HavaeT HYKJEOTHUIOHYI I[IOCJIelOBaATEJIbHOCTL, KOTOopas IIPU DSKCIPeCCUU
IpuImaeT 3DKCIPeCcCHUPYyIer MapKep KIIeTKe-X03AMHY KOHKPETHHM GeHOTUII
1, TakuM o00pasoM, I[I03BOJILeT OTIUYaThk TaKue TpaHCOOopMMPOBaHHEE
KJIETKM OT TexX, KOTOpHEe He MMelT MapkKepa. Takasg HYKIJIeOTHIHAaA
IOCJIENOBATENBHOCTE  MOXeT KOOMPOBAaTh JIMOO  CeJIEKTUMBHELM, BisZiele!
SKpaHUPYEME MapkKep, B 3aBUCHMMOCTM OT TOITO, IpPelcTaBJAeT JIHU
Mapkep IpU3HaK, KOTOPEM MOXET OBITE BHIOpPaH XYIMUY e CKUMM
CpeICTBaMM, HaAIpMMep, IIpM IIOMOIM CeJIEKTMBHOI'O aleHTa (HalpuMmep,
aHTMOMOTMKA M T.I.), WIX BTOT MapKep ABJAeTCH IIPOCTO IPU3HAKOM,
KOTOPHI  MOXHO NOeHTUOULINPOBATE [IOCPelCTBOM  HaOJIOEeHUI WU
TeCcTUPOBaHUS, HallpuMep, IyTeM CKPMHMHTa (Hanpumep,
biyopecueHuun) . KOHEUHO, MHOI'ME IIPUMEPH MIOOXOOANUX CeJIeKTUMBHBIX
MapKepoB M3BEeCTHH B HOaHHOM o6JacTyu M MOTYT OHTH MCIOJL30BAHH B
IPpUBEIEeHHEX B HaCTOMAMEeM OIMCaHUM SDKCIPEeCCHMOHHEX KacceTax.

B momoJiHeHMe K BKCIPeCCHMOHHEM KacceTaM MOJIeKYJIH HYKJIIEMHOBOM
KVCJIOTE. UM HYKJIEOTHMOHEE IIOCJIENOBATEJIBHOCTY, PAaCKPHTEHE B HaCTOAIEM
ONIMCaHuUM, MOTYyT OBTH MCIOJbE30BAHEH B OTHOWEHUM BEKTOPOB. TepMMH
"BekTOp" OTHOCUTCH K KOMIO3MUMM IJIA IIepeHoca, OOCTaBKM WK

BBeIcHMA HYKJIeI/IHOBOIZ KMCJIOTH (MK HYKJIIEVMHOBEIX KMCJIOT) B KJIETKY .

BeKTOp COOEPXUT MOJIEKYJIIY HYKJIEMHOBOM KM CJIOTEH, CoIepXalyio
HYKJIEOTUIOHYIO IIOCJIeHOBATEJILHOCTE ([IOCJIeHOBATEJILHOCTHA) , KoTOpasd
OOJIKHA OLHITH nepemaHa, mocTaBJIeHa WK BBemeHa. BeKTOPH,

I[IpedHa3HadYeHHEe IIJIA MWMCIIOJIE30BaHMA IIPU TpaHC(]_)OpMaLI,T/H/[ OPT'aHM3MOB—

X034€eB, XOopoumo M3BECTHE B OaHHOM obJlacTu. Heor'paHMqMBanume



OpuMepH  ofmMx  KJaCcCOB BeKTOPOB  BKJKUYAKT, Be3 oTrpaHUUEHUH,
BUPYCHEIM BeKTOp, IJIa3MUOHEIM BeKTOp, GaTroBHM BeKTOp, OGareMMOIHEM
BEKTOpP, KOCMMIIHEM BEeKTOp, boCMMIOHEM BEKTOpP, bakTepmnodar,
MCKYCCTBEHHYID XPOMOCOMY WM OMHAPHHENM BeKTOop Agrobacterium B BuUIe
IBYXHUTEBOM WMJIM OOHOHMTEBOM JIMHEMHOM MJIM  KOJIbLeBOM  QOpPMH,
KOoTOpasd MOXET OBITE WM MOXET He OBITE CaMOCTOATEJBHO
TPaHCMUCCUBHOM W MOOUIIN3YEeMOM . BexTop, onpeneJIeHHEIM B
HacTosmeM OIMCaHUM, MOXeT TPaHCOOPMUPOBATEL IMIPOKAPUOTHUUECKOTO WM
SYKAPUOTHUUECKOTO X034aMHa Jmbo OyTeM MHTeTpaluuMy B KJIETOUHHIM
TeHoM, JiubBo MOyTeM BHEXPOMOCOMHOTI'O CYIIeCTBOBaHMSA (HaIpuUMep, B
BUIE aBTOHOMHO pPelIMUnpy eMoM IJla3MUIOB c TOUKOM Hauala
perMKauuy) . JONOJIHUTEJLHO BKJIOUAITCS UeJIHOUHEE BEeKTOPH, II0I
KOTOPEIMM IIOoIOpa3yMeBaeTcsd HocUTeslb [IOHK, CcIOocoOHHM, eCcTeCTBeHHBM
obpasoM MM OJaromapsd CO3IaHHOM CTPYKTYPe, K pelJuKaluM B IBYX
Pa3HEIX OpTraHM3Max—-xo3geBax, KOTOpEE MOTYT OBTbL  BHOPaHHE U3
AKTUHOMMIIETOB u POIOCTBEHHHX BUIOOB, BaxkTepum u 2YyKapuoT
(HanpuMep, KJIeTOK BHCHMX PacCTeHUM, MIeKOIUTAIUX, OPOXKeN WK
TpUbOB) . B HEKOTOPHIX TUIIMYHEIX BapMaHTax OCymeCTBJIEHUA
HyKJIeMHOBasa KMCJOTa B BeKTOpe HaxXOOMUTCHA 0L KOHTPOJEM WU
OYHKILMOHAJIBHO CBA3aHa C COOTBETCTBYKIMM I[IPOMOTOPOM WMIM IPYITUMU
PETYJIATOPHEIMM  DJIEMeHTaMM OJIS TPaHCKPUIILMM B  KJIEeTKe-XO3AMHE.
BexTop MOXeT OHTb OUOYHKUMOHAJBHEM B3KCIPECCUOHHEHM BEKTOPOM,
KOTOPHEM OYHKIUMOHMPYET B HECKOJbBKMX XO03geBax. B cllyyae TI'eHOMHOM
IOIHK oH MOXeT CoIepXaThb CBOM COOCTBEHHHM I[IPOMOTOP WM OpyTHue
PeryJIaTOpPHEE DJIEeMEeHTH, a B cJydyae KIHK oH MOXeT HaxXOOMUTLCHS 101
KOHTPOJIEM COOTBETCTBYIIETO MIPOMOTOPpa WMIM IPYIUX PeTlyJISTOPHHX
2JIEMEeHTOB  OJIS DKCIpecCcuMrM B KJEeTKe-XO034auHe. CooTBeTCTBEHHO,
MOJIEKYJIE HYKJIEMHOBOM KMCJIOTH I[IO HaCTOdIleMy MW300peTeHMro W1/UINu
SKCIPEeCCHOHHEEe KaccCeTh MOTYyT OHTL BKJIOUEeHH B BEeKTOPH, Kak
OINMCaHO 3IeCh M KaK M3BEeCTHO B OaHHOM o6JacTu.

"Bremeumne", "BBOIUTEL", "BReIeHHEM" (M uUx TIpaMMaTUUeCKHue
BapMaHTH) B KOHTEKCTe IIPeOCTaBJAKIEero MHTepec [IOJMHYKJIIeOTHIa
03HavalnT IOpe3eHTaluuio OIpelcTaBJgnmero MHTepec IIOJMHYKIJIeoTHMIa B
OpraHM3Me-xX034aMHe WM KJIeTKe VYKa3aHHOTO opTraHu3Ma (HalpuMmep,
KJIETKe-X034aKHe) TakKuM o0pas3oM, UTO IMIOJMHYKJIEOTHI IMIOoJydaeT IOCTYII

K BHYTPEeHHeN yacTu KJIETKU . [Ipu BBeIeHUU BoJiee OIHOTO



IIOJIMHYKJIEOTUIE, HSTU I[IOJUHYKJIIEOTMOE MOI'YT OHTH CcOoOpaHbl B BUIE
yacTu OIHOM NOJIMHYKJIEO TULOOMN KOHCTPYKLIMN W KOHCTPYKLUN
HYKJIEMHOBOM  KMCJIOTH, WJIM B BUIEe OTIEJIBHEX I[IOJIMHYKJIEOTUIHEIX
KOHCTPYKUMM WM KOHCTPYKUUM HYKJIEMHOBHX KMCJIOT ¥ MOTYT OHTEH
PacCIOJIOXEeHEL Ha OOHMX M TexX Xe WM Pa3HHX SBKCIPEeCCUMOHHEX
KOHCTPYKUMAX WM BeKTOopax Ojud TpaHcpopMauumr. COOTBETCTBEHHO, 5STU
INOJIMHYKJIEOTUOE MOTYT OHTE BBeIeHH B KJIETKM OIOHUM COOHTHUEM
TpaHchopMalLMy, OTIOEJILHEMMY COOHTHAAMM TpaHchopMaluu/ TpaHCcheKImn
WM, Hallp¥MMep, OHUM MOT'yT OHTB BKJIOUEHH B OpPIaHM3M C I[IOMOILI
OOBUHEIX I[IPOTOKOJIOB pa3MHOXeHMA. TakuMm o006pasoM, B HeKOTOPHX
acrnekTax oOIHa wWIM 0oJlee KOHCTPYKUMM HYKJIEMHOBHX KMCJIOT TIO
HacTodAlleMy M300peTeHMI MOI'YT OBTE BBEeIeHB B OPIaHU3M—XO3AUH WK
KJIETKY YKas3aHHOI'O Opl'aHM3Ma-xO034aMHa I[I0 OTOeJILHOCTM WU B
KOoMOMHauMM. B KOHTeKCTe MONyJALUMM KJIeTOK "BBeleHue" oO3HadaeT
KOHTaKTHUpPOBaHMe [IOITYJIALNN C KOHCTPYKLUMAMA TeTepPOJIOTUYHEIX
HYKJIEMHOBEIX KMUCJIOT I[I0 M300peTeHUI B YCJOBMAX, KOI'Ia KOHCTPYKLUU
TeTEPOJIOTUYHEIX HYKJIEMHOBEX KMCJIOT II0 M300pPeTeHMI II0JIydaknT TOCTYII
K BHYTpPEeHHeM dYacTu OJHOM WM O00Jiee KJEeTOK IMONyJialUMKM, TeM CaMbM
TpaHCOOPMUPY A 2TY OOHY MM OoJiee KJIETOK IIOIIYJIALWMA.

Vlcriosib3yeMellI B HaCTOAMleM ONMCaHuM TepMuH "TpaHcbopmanmsa"
i "TpaHcbekuuAa" OTHOCHMTCSA K BBeleHUMIO B KJIeTKY T'eTepPOJIOTUMUHOM
HYKJIEMHOBOWM KMUCJIOTH. TpaHcbopMalMsa KIETKM MOXeT OHTH CTaduJIbHOM
W BpEeMeHHOM . TaxmuM obpasoM, B HEeKOTOPHX BapMaHTax
OCYWEeCTBJIEHUA KJIETKY—-XO3AUH WM OpPTaHU3M-XO3AMH TpaHChopMUPYIT
KOHCTPYKLMEN HYKJIEMHOBOM KMCJIOTH II0 HM300peTeHMI CTabuilbHO. B
IPYITUX BapMaHTax OCYWEeCTBJIEHUA KJIIETKY-XO3AMH WU OpPTlaHU3M-XO3AUH
TPaHCOOPMUPYIOT KOHCTPYKLMEN HYKJIEMHOBOM KMCJIOTH II0 M300peTeHU
BpeMeHHO. TakmM 00pas3oM, B TUIMUHEX BapuaHTax OCyIeCTBJIEHU
KOHCTPYKLUMA TeTepOJIOTMUHOM HYKJIEeVMHOBOW KUCJOTH II0 UW300peTeHU’
MOXET BBOIMTBHCSA B KJIETKY CTa®MUILHO ¥/WMIM BPEeMeHHO.

"BpeMeHHad TpaHchopMama" B KOHTEKCTE IIOJIMHYKJIEOTHUIA
03HavaeT, UYTO [OJIMHYKJIEOTHI BBOOUTCSA B KJIETKY U He MHTeIpPUpyeTCsd
B I'€HOM KJIeTKU.

[lom "cra®wibHEM BBeneHreM" wiaM "CcTabuUJIBHO BBeOeHHEM" B
KOHTEKCTe IOJIMHYKJIeOTH O a cienyer [IOHMMAaTh, uTo BBEeIOEHHH

IIOJIMHYKJIEO T O CTabuUIILHO BKJIKUWaEeTCHA B I'éHOM KJIETKMN, m, TaKVM



obpasoM, KJIeTKa CTabUJIBHO TPaHCOOPMUPYETCHI MIONUHYKIIEeOTUIOM.

"CrabuibHaga TpaHchopmama" VI "CcTabUIIBHO
TpaHchopMUpPOBaHHEIM" , KaK MCIOJB3yeTCsa B HaCTOAlleM OIIMCaHUH,
0O3HavaeT, UTO KOHCTPYKUMSA HYKIJIEMHOBOVM KMCJIOTH BBOIMUTCS B KIETKY
VM MHTeIpPUPpYyeTCsa B TeHOM KJeTKM. TakuM obpasz3oM, MUHTeIpUpOBaHHAaA
KOHCTPYKLMSA HYKJIEMHOBOM KUCJOTH cCcHocoBHa OBTbH YyHacJeIOBaHHOM
IIOTOMCTBOM, B UYaCTHOCTM, IIOTOMCTBOM HECKOJIbKMX IIOCJIeIOBaTeJIbHHX
IIoKOJIeHMM. "I'eHoM", MCHOJIB3YEMEI B HaCTOAMEeM OIMCaHMM, BKJIOUaeT
SAOEePHHM, MUTOXOHIPMAJLHEY M IIJIa3sMUIOHBENM TeHOM M, CcJledoBaTeJIbHO,
MOXEeT  BKJIOUATL MHTeTpaluilo  KOHCTPYKIUMM  HYKJIEMHOBOM  KMCJIOTH,
HaopyMep, B IJIa3MMIy WIM MUTOXOHIOPMAJILHEM TeHoM. CradbuibHasd
TpaHchopMallMsa, MCHOJb3yeMasd B HaCTOMAlleM ONMCaHMM, MOXeT TaKxe
OTHOCUTBCS K  TpaHCIeHy, KOTOPEM CcoxXpaHgeTcsa  BHEeXPOMacOMHO,
HalpVyMep, B BMIE MMHMXPOMOCOMEl WMJIM I1J1a3MWUIH .

BpemeHHad TpaHcOopMallMad MOXeT OHTb OOHapyXeHa, HallpUMep,
Ipy I[IOMOIM MMMyHOQepMeHTHOT'O aHaimza (ELISA) win BecTepH-0JIOT
aHaJM3a, KOTOPHEM I[I03BOJAeT OOHaAPYXKMBATEL HaJluuMe IOIenNTumaa WK
NOJIMIIENTHIE, KOOUPYEMOTO OIOHMM WM 0Oo0Jiee TpaHCT'eHaMM, BBeIeHHEMU
B OpraHM3M. CrabuinbHad TpaHchopMalMs KJIETKU MOXeT OHITH
obHapyXeHa, HaIpuMmep, MeTomoM Cays3epH-0JO0T-TUOPUIM3ALNM TEe€HOMHOM
IHK KJeTKM C [DOCJIeODOBaTeJIbHOCTAMM HYKJIIEMHOBHX KUCJIOT, KOTOPHE
crneludmUUecky IUBPUOMBYIOTCS C HYKJISOTUMOHOM IIOCJIEeOOBaTeJIbHOCTHLIO
BBOOMMOTO B OpPTaHMU3M TpPpaHCIeHa (HanpuMep, DaxkTepunn, apxeu,
OpoOXXKel, BOOOpPOCIM ¥ T.II.). CradbuilbHasd TpaHchopMalumsa KIIETKU
MOXeT OHTHL OOHapyXeHa, HallpuMep, IOpM IIOMOIM aHajM3a HO3epH-OJIOT
rubpunu3anuy PHK  KJeTKM C TIIOCJIelOBaTeJIbHOCTAMUM  HYKJIEMHOBEX
KMCJIOT, KOTOpPHE crieundpmuueCcrum TUOPUONBYIOTC A C HYKJIEOTUIHOM
IOCJIeIOBATEJILHOCTLID TpaHCI'eHa, BBeIeHHOTO B pacTeHMe WIM IpyTou
OpTraHM3M. CrabuinbHad TpaHchopMalMsa KIIETKM Takke MOXeT  OHThH
obHapyXeHa, HalpuMep, IIPKM IIOMOIM [IOJMMEepasHOW IelHOM peakKluu
(MIIP) miaM IOpYyIUMX peakuuy aMIIMOMKAalMM, XOPOII0 M3BECTHEX B IaHHOM
oBiyacTH, C VCIIOJIL 30BaHueM CreumupmuueCcKnx IpayiMepHBIX
IOCJIENOBATENIBLHOCTEMN, KOTOPHE TUOPUONZYIOTCSA C
[IOCJIEIOBATEJIbHOCTRI ([IOCJIEHOBATEJILHOCTAMM ) —~MUIIEHBK TpPaHCI'eHa, UYToO
OPUBOOUT K aMIUIMOUKALMA [DOCIemOBaTeJIbHOCTM TpaHCIr'eHa, KoTopad

MOXeT OBTBb O6Hapy>KeHa CTaHIOapTHEIMM MeTOOaMI . Tpch®opMauM,q TakKxe



MOXeT OHTE oBHapyXeHa npu [IOMOIIN IIPOTOKOJIOB IpAaMOTO
CeKBEeHUPOBaHMUI U/WIK TUOPHUIM3ALUM, XOPOIO M3BECTHHX B IaHHOM
obilacTu.

COOTBETCTBEHHO, B HEKOTOPHIX BapMaHTax OCYyIeCTBJIEHUSA
HYKJIEOTUIOHEE ocJIenoBaTeJIbHOCTH, KOHCTPYKUUU, BKCIIPEeCCUOHHEE
KaCcCeTs MOTYT 5SKCIPeCCUPOBATLCS  BPEMEeHHO U/UiIM MOTYT  OHTb
CTa®uJIBLHO BKJIOUEHH B I'€HOM OpPTaHM3Ma-XO3saMHa.

KoHCTpyKIMIO TeTepOoJIOTUUHOM HYKJIEMHOBOM KM CJIOTEL 110

MBO@peTeHMD MOXHO BBOIMTDB B KJIETKY JIKOOEHM CIIOCOOOM, M3BeCTHBEIM

creluuaamucTam B IDaHHOM oByjacTu. B HEKOTOPHIX BapMaHTax
OCylleCTBJIEHN n300peTeHNs TpaHchopMalmsa KJIETKU BRJIOUAET
TpaHchopMalmo anpa. B IPYyTUX BapMaHTax OCYIMEeCTBJIEHUS

KOHCTPYKUMSA (KOHCTPYKUUNY) TeTepoJIOTUMUHOM HYKJIEMHOBOM KUCJOTH IO
n300peTeHU MOXeT OHBTE BBeleHa B KIeTKY OOBYHBEIMU MEeTOIaMu
PasMHOXEHUS .

Crioco6ur TpaHchopMalmmn Kak DYKAPUOTUUECKUX, Tak "
[IPOKAPMOTUUYECKMX OPIaHM3MOB XOPOMO WM3BECTHH W SABJIARTCS OOBYUHBEMU
B IOaHHOM 0O0JacTM M OIMCAaHHE B JIOOOM JIMTepaTypPHOM MCTOUHMKEe (CM.,
HanpuMep, Jiang et al. 2013. Nat. Biotechnol. 31:233-239; Ran et
al. Nature Protocols 8:2281-2308 (2013)).

TakuMm o0pas3oM, HYKJIeOTHIHasa IIOCJemoBaTeJIJbLHOCTE MOXeT OBTh
BBeIeHa B OpPTlaHU3M-XO3AMH WM €TI0 KJeTKYy JIOOBEM KOJUUeCTBOM
crioco®oB, KOTOPHE XOPOmMO WMBBECTHHE B HOaHHOM objlacTu. CIOCOOH IIO
n300peTeHNnio He BaBUCAT OT KOHKPEeTHOTo clocoBa BBeIeHMS OIHOM WMJIU
BoJee HYKJIEO TUIHEX mocjiegoBaTeJIbHOCTEN B OopTraHu3M, 3a
UCKJIOUeHMEeM, UYTO OHM IOoJIydalT »OOCTYII K BHYTPEeHHeM YacTu IO
MeHblel Mepe OIHOM KJIeTKM opTraHmu3Ma. IlpM BBeIeHuM O0o0Jiee OOHOMU
HYKJIEOTUIHOM IIOCJeOoBaTeJIbHOCTHM, OHM MOTYT OHBTb cobpaHhH B BHUIE
YacTM OIHOM KOHCTPYKIMM HYKJIEMHOBOM KMCJIOTH MJIM B BUIE OTIEJIbLHHX
KOHCTPYKUUN HYKJEMHOBHX KMUCJIOT M MOTYT OBTL PACIOJOXEHE Ha OOHUX
n Tex xe VI PasHBIX KOHCTPYKIMAX HYKJIEMHOBEIX KMCJIOT .
CoOTBETCTBEHHO, HYKJIEO TUIHHE [IOCJIeIOBATEJIBHOCTH MOTYT OHITH
BBEIOEHE B I[PEeOCTaBJIAKIYK MHTEpeC KJIEeTKYy B  OIOHOM  COOBTUU
TpaHCchopMalMy WMJIM B OTIOEJIBHHX COOHTMAX TpaHchopMalmMy, WM, B
cllydyae HeOOXOOMMOCTM, HYKIIEOTUMIOHAaS IIOCJIENOBATEJIBHOCTE MOXeT OHTH

BRJIOUEHa B OPI'aHM3M B paMKaX TIIPOTOKOJIa PasMHOXEHIMA.



MoOuiibHEIE TeHeTuuecKMre sJeMeHTH (MGE) nocTaBidnT OaKTepuaM
IIOCTOAHHEE npoOJIeMEHl, CBA3aHHEE C T'€HOMHOM’ CTabUIIBHOCTBI,
CIIOCOBCTBYS DBOJIOLUUM UYepe3 TOPM30OHTAJILHHY I[IepPeHOC TI'eHOB. TepMMH
MGE oxBaTeHBaeT IJIa3MMUIOE, OakKkTepuodarm, TPaHCIOHMPYEMEE 3SJIEMeHTEH,
TeHOMHEIE OCTpOBa MM MHOTMEe IpyITMe CcleluMaJlM3MPOBaHHEE I'eHeTHUUeCKMe
BJIEMEHTEH (1). MGE oxBaTeBaKT I'€HH, ofecrneumBawmye  XO3AUHY
BEICOKYI CKOPOCTHL pacIlpoCTpaHeHUd, amarTMBHEE [IpeMMylleCTBa U
T'eHOMHYIO CTabuUJILHOCTE, UTo IPUBOOUT K 17924 NpakTUUYeCKHU
YHUBepCaJbHOMY [NPUCYTCTBUIO B DaKTepralibHEX TreHOMax . UTOOH
CIIpaBUTBECHA C TIOCTOSHHOMU yTpo30H XUIMHBIX BaxkTepnodarosn u
STOUCTUUHEIX TeHeTUUYEeCKUX BJIEMEHTOB, faxkTepun PasBUIIN Kak

BPOXIOEHHYIO, Tark M aIallTUMBHYK FVMMYyHHYID CHUCTeMYy, OPMEHTVMPOBAHHYO

Ha SK30TEeHHEEe TeHeTUUeCKre DJIEMEHTEHI. BpoXOeHHBI VMMYHUTET
BKJIOUAET MOOMPHUK AL KJIETOUHOM CTeHKU, CUCTEMEL
PeCTPUKLMM/MOIUOUK AL u aBoOPTUEHYD daroryn MHDEe KNI (2).

KopoTkue NalMHIPOMHEE IIOBTOPH, PETYJIAPHO PAaCIOJIOXKEHHEE IPYIIIaMM
(CRISPR) u CRISPR-accoluMMpOBaHHBEEe TeHH (Cas) ABJALTCSA alalTUMBHOM
VMMYyHHOM CMCTEeMOM, HallpaBJIEHHOM IIPOTUB MHBABUBHEX I'eHeTUUeCKUX
2JIeMeHTOB Yy OakTepum (3). CRISPR-Cas-omnoCpelOBaHHEM WMMYyHUTET

OCHOBAH Ha pPasHHEX MOJIEKYJIAPHEIX IIpoleccax, KJ'[aCCT/[q_)T/ILH/IpOBaHHbIX Kak

nprobpeTeHre, SKCIOPeccrusa U MWHTepdepeHLUd (3). IIpuobpeTeHue
OCyHMEeCTBJISEeTCH yepe:s MOJIEKYJISPHEIN "oTop obpasua
(coMmIMpoBaHMe) " UyKepPOOHEX TeHeTUUECKUX BJEMEHTOB, U3 KOTOPHX
KOPOTKME rnocJjenoBaTesJIbHOCTH, HasLHBaeMbe crercepamu,

MHTeTpupylTCcsa B MaccuB CRISPR B omnpenejyieHHOM opueHTauuu (4).
JKCIpeccud MaCCHUBOB CRISPR ABJIAETCHA KOHCTUTYTUBHOM u

MH,HyLLMpyeMOIZ IIPOMOTOPHEIMIM 3JIEMEHTaMIM B Hpe,JILHeCTByIOH_[eIZ J'H/IJIepHOfI

[IOCJIEDOBATEJILHOCTH (5-06). NuTepdepeHumsa BO3HUKAET nu3
COOTBETCTBRYKIETO TpaHCKpPUIITAa, KOTOPEM nonBepraeTrcsd
n30MpaTesIbHOMY [IpPOLEeCCHUHIY B Kaxmnomu IIOBTOPAKIMENC S
riocJjlenoBaTeJIbHOCTH, bopMHpY A PHK CRISPR (crPHK) , KOTOPHE

HanopaBJggawoT OeJku Cas @OJ4 pPaclo3HaBaHMA I[IOCJIeIOoBaTeJILHOCTEeM U
pacmeryienus THK-MumeHM, KOMILJIEMeHTapHOM chnevcepy (7). TexHOJOTHUS
CRISPR-Cas mpuMMeHseTCHd OJ8 TUIMPOBAHUA UM OOHapyXeHMS WMTaMMOB (8-
10), MCHoOJBL30BAaHMUA ECTEeCTBEHHOTO/CO3OaHHOTO MMMYHUTETa OIPOTUB

MO OWMJIbHEIX TeHeTUUEeCKUX DJIEMEHTOB (11), OporpaMMrpPyeMOT'O



pelakTUPOBaHUA TeHOMa B Pa3HBIX YCJIJIOBUAX (12), KOHTPOJIA
TpaHCKpunuum (13-14) © MaHUIYJIALUUYM MUKPOOHEMKM TIONYJIALUMAMU B
OIpelleJIEHHEX KOHcopLuyMax (15).

B maHHOM 0O0JlaCTM TEeXHUKM WU3BECTHH pa3jinuHble CRISPR CHCTEMH.
Hanpumep, cMmM. Makapora ¥ Op., I'Ie OIMCaHa HOMEHKJlaTypa BCeX
KJIaCCOB, TUIIOB " IIOOTUIIOB CRISPR CUCTEM (Nature Reviews
Microbiology 13: 722-736 (2015)); cM. Takxe R. Barrangou (Genome
Biol. 16:247 (2015)).

XOoTsa TIpM3HaAKM I[IOCJIENOBATEJIBHOCTM, COOTBETCTBYKIMEe MacCCHUBaM
CRISPR, OvbulM oOIMCaHBE paHee B HEeCKOJBbKMX oOpraHu3max (16-17),
Streptococcus thermophilus OHJI TepBHEM MUKPOOOM, B KOTOPOM
IIPOSACHWUJIMCE POJIN CIelUudUUIeCKMX I'€HOB Cas WM KOMIIOHEHTOB MacCcCHUBa
CRISPR (4). S. thermophilus 4BJgeTCS HeNaTOTEeHHOW TepMOOUIILHOM
TPaMIIOJIOKUTEJILHOY OaKTepuel, MCIOJIbB3YyeMOM B KadeCTBe CTapTOBOM
KYJIETYPH, KOTOpas KaTaboJiM3upyeT JaKTOo3y B MOJIOUHYK KUCJIOTY IIPU
CMHTPpOOHOM MPOM3BONCTEBE MOTypTa M pPasJMYHHX CHpOB (18). 8.
thermophilus xomupyeT pno uYeTHpex CRISPR-Cas cucTeM, IBe M3 HUX
(SThCRISPR1 m SthCRISPR3) kjaccuduUMpOBaHH KaK CUCTeME Tuia I1I-
A, KOTOpPHE aKTUBHBE OT IMIPUPOLNH KaK B CJlydae NpUOOpeTeHMd, TaK U
MHTepbepeHLnN (4, 19). COOTBETCTBEHHO, TEeHOMHEM  aHaJu3s S.
thermophilus u ero 0akTepuodaroB YCTAHOBWMII BEPOATHHIN MeXaHM3M

cucTeM CRISPR-Cas mnjsg samuTeH bdara/IJHK. UWsyueHue cucrTem CRISPR-

Cas B S. thermophilus MNO3BOJWJIO I[IPOBeCTM OMOMHOOPMATHUECKUN
aHaJms3 NIPOUCXOXIOEHU A crelicepa (4, 20), OTKPEITH
IOCJIENOBATEJBLHOCTY MOTMBa, I[IpUiexamero K IOpoTocnencepy  (PAM)

(19; 21), 0OOHATE IOMHaAMMKY O@ar—-xo34aMH (22-23), OPOOEeMOHCTPUPOBATH
aKTMBHOCTM BSHIOOHYKJeasw Cas9 (7, 24-25) wm, HedaBHO, OIpPeIneJiMThb
CTPYKTYPHHE MO TUBH tracrPHK, peryaupyomme OYHKIINIO u
OPTOTOHAJILHOCTL CUCTeM  TUIla IT (26) . T'eHOMHH  aHaJu3 S.
thermophilus BHABUJI SBOJIOLUMOHHYI amalTalMio K MOJIOKY Uepes II0OTepi
YTJIEBOOHOTO kKaTaboJiM3Ma UM TEHOB BUPYJIEHTHOCTM, OOHAPYXEeHHHX VY
IIAaTOTEHHHX CTPelNTOKOKKax (18). S. thermophilus Takxe HIprodpet
CyIleCTBEeHHOEe KOJMUECTBO POIOCTBEHHHX OJ4 STOM HUIIM I'€HOB, TaKuX
KakK T'eHH, KoIOupyllMe, B TOM UMCJe, OeJIKM XOJIOLOBOTO IIOKa, OeJIKu
YCTOMUMBOCTHU K Menu, [IPOTENHA3H, DaKTEePUOLIMHEL u OeJiku

kaTaboygm3Ma JakTo3w (18). BcTpauBaeMele IocjeloBaTeJibHOCTM (IS3)



MMPOKO PAaCIPOCTPAaHeHH B TIeHoMax S. thermophilus m o0ecCleuMBaKwT
TeHeTUMUEeCKYyK TI'eTepOI'@HHOCTL TaMMOB, ofJjierdyasd paclpoCTpaHeHue
OCTPOBOB, CBSA3aHHHEX C TI'eHaMM apmalTaluMyM K MOJIOUHEIM I[IPOOyKTam
(18) . Conyrcreynllee INpucyTcTBMe MGE u OyHKUMOHaJIEHEIX CRISPR-Cas
cucrTeM B S. thermophilus mnpepmnoJjiaraeT, UYTO TOMeOCTas I'eHOMa
omnpemeyigeTcs IO MeHbIeW Mepe YacCTUUHO, BB3aUMOOEMCTBUEM DTUX
IVMHaMUUYeCKMUX CuJI. TakmMm oOpasoM, S. thermophilus mHOpencTaBJISeT
cobom “IeaJIbHOTO XO3AMHAa oJis VCcCcJedoBaHUAa TeHeTUUEeCKUX
PesyJIbTaTOB HalleJIMBaHMA T'eHOMHEX OCTpOBOB Ha CRISPR-Cas.
CRISPR-Cas cucTeMB HeIDaBHO CTaJiM [IPeIMeTOM MHTEeHCUBHEX
uccJegoBaHuM B 0o0JacTM OpuUMeHeHUI OJIA pPelaKTUPpOBaHMSA TeHOMa
(12), HO DBOJOIMOHHHE pPOJM OOJBIMHCTBA SHIOOTEHHHX MUKPOOHEIX
CHUCTEeM OCTaKnTCAa HeU3BECTHHEMU (27). Eme MeHbmle WU3BeCTHO 00
SBOJIDLUMOHHEX I[IOCJEOCTBUAX pasMelleHrMd aKTUBHEIX CRISPR-Cas cucTewmM,

IOMMMO WX POJM B MpeloTBpaleHVM 3axBaTa uUyxkeponHex ITHK (7),

COOHITUM  HOpUOBpeTeHUSA  CIeMCepOoB (4) n  MyTauumu, BHIBHIBAaEeMOM
XPOMOCOMHEM CcaMOHaleJIMBaHueM (28-32). TakuMm oOpazoM, ABTOPEL
n300peTeHnud CTPEMUIINCE ONpeneJInThb pe3yJbTaTH TapreTHUHT'A

MHTeTpMpoBaHHEX MGE ¢ sHpooreHHemMM CRISPR-Cas cumcremamm THna II.
B S. thermophilus LMD-9 OvbuM MIOEHTHUOMUMPOBAHE UYEeTHpPE OCTpOBa C
nauHoM oT 8 mo 102 T.m.o. u Oof0mMM KOJMUECTBOM IIpuMepHO 132
T.I1.0., nwm 1% T'eHOMa . s TapreTuHIa T'eHOMHEIX  OCTPOBOB
IJasMuny, MCIOJb3YeMyl OIS DKCIPEeCCUM CKOHCTPYUPOBAHHEX MaCCUBOB
CRISPR C caMOHalleJIEeHHEIMM Clleicepamu, TpaHchopMUPOBAHEL B S,
thermophilus LMD-9. B COBOKYIIHOCTH [1OJIYUEeHHEIE pe3yJibTaTH
Pa3BACHAKT pPes3yJbTaTH (QyHIaMeHTAaJIbHHX TeHeTUUeCKUX MCCIedoBaHun
COBHITMM CcaMOHalleJIMBaHMSa U IIoKasz3wBanT, uYuTo CRISPR-Cas CHCTEME
MOTYT HaOpaBJATH SBOJIOLMID T'eHOMa Ha YPOBHe MHONyJNAlMM OaKTepuiu.
Vcnonb3yda 5STU  OTKPHTUA, ABTOPH HACTOLAWleT0 M300peTeHu4d
paszpaboTany HOBHE CIOCOOH CKPMHMHTA NONyJIaLUuM ©OaKTepMaJlbHEX,
APXEeMHEIX, BOIOPOCJIEBHX WMIM IOPOXKEBHX KJIETOK IJIS XM3HEHHO BaXHEBEIX
T'eHOB, HEeXM3HEeHHO BaXHEIX TEeHOB u/nnm VHOPOIOHEIX T€HOMHEIX
OCTPORBROB; NIJIS YHUUTOXEHMS OOHOM MM ©0o0Jiee KJIeTOK B IIONYJALUUU
OaKTepMallbHEX, apXeMHHX, BOIOPOCJIEBHX WJIM HOPOXKEBEX KJIETOK; MOJIA
UIOeHTUOUKaALIMK (eHOTHIIa OaKTeprallbHOTO, apxXeMmHOTOo, BOIOPOCJIEBOTO

WM IPOXXKEeBOT'O TI'eHa; mOJsa BubOoOpa onHOM wiau O0oJiee OaKTepraJbHHX,



APXEeMHEIX, BOIOPOCJIEBEIX WM OPOXKEBHX KJIETOK, MMEKIMX YMeHbIIeHHBN
pas3Mep TeHOMa M3 MNONyJAlLMM OaKTepuallbHHX, apXeWMHBX WM OPOXKEBHX
KJIETOK; W/WIM OJ9 UWIOeHTHUIMUKAIMM B OOOYJIAUMM OaKTepHraJibHHX,
APXEMHEIX, BOINOPOCJIEBHX WM IPOXKEBHX KJIETOK II0 MEHBIIEN Mepe
OOHOTO M30JATa, MMEKIero MyTaluuio (HadpuMep, »OeJelui) B CBOEeM
TeHOMe.

TakuMm oBpa3oM, B OIOHOM M3 AacCIeKTOB aBTOPH HaCTOAmMEI'O
n300peTeHnd paszpaboTalu METOIE UOEeHTUPUKALIUN TeHeTUUeCKUX
BApMAaHTOB B IMIONYJALUM, KOTOPHE M3IMEHUIIM TeHeTHUUeCKOe CcoIepXaHue,
UTO TIIO3BOJIMJIO MM U30eXaThb TapreTMpoBaHMsA. B OaHHOM cCJlyudae,
IOCJIeOOBaTEJIbHOCTE—MUIIEHEL ObBJIa MOOMOUUIMPOBaHa, U OBJI [IPOBeIOeH
IIOMCK BHXMBIIMX OPTaHMU3MOB, MVMEKIMUX 5STY MOOUOMKAIIMIL. B HEKOTOPHX
acrnexkTax MoIuOmMKauMa (T.e. MyTalumud) TOpelcTarjsgeT cobol IeJlellMio.
KpoMe ToOTO, eCiIM NOCIeOOBRaTeJIbHOCTL-MUIIeHL ObJla MOOMOUIIMPOBAaHA,
TO TEHOTUIl IUKOT'O TUIla He ABJIAEeTCA CYIeCTBeHHBM.

CilemoBaTeJIbHO, B OIOHOM nus acCIIeKTOB n300peTeHnd
OpenoCTaBJIAeTCAa CIHOCOD CKPMHMHTA IIONYJSAUMM OaKTepMAaJIbHEX KJIIETOK
B OTHOMEHUM XUSHEHHO BAXHHX T'EHOB, HEXM3HEHHO BaXHEX TeHOB U/MUJINU
VMHOPOIOHEIX T'€HOMHEIX OCTPOBOB, BKJOUAKMMM: BBeleHMEe B YyKaB3aHHYD

TTIOITYJIALIMIO 6aKTepMaﬂbHHX RIJIETOK KOHCTPYKLINN PeTepOHOPMQHOﬁ

HYKJIEMHOBOM KUCJIOTH, comepxamelr mMaccuB CRISPR, comepxammit (B 5'-3'
HanpaBJIeHUM) IIOCJIeIOBaTeJILHOCTEL IIOBTOP-CIEMCep-IIOoBTOP WMJM IO
MeHbBIIelM Mepe OOHY II0CJIeIOBaTeJIbHOCTL IIOBTOP-CIelcep, B KOTOPOM
crercep YyKa3aHHOM I[IOCJeIOBATEJIbHOCTM I[IOBTOP-CIEeMCep—IIOBTOp WM
yKa3aHHOM IIO MeHbIleM Mepe OIOHOM IIOCJIelOBaTeJIbHOCTKY I[IOBTOP-
CIercep COIEPXMT HYKJIEOTHIHYID II0CJIedOBATeJIbHOCTL, KOoTopasd IIo
CYMEeCTBY KOMILJIEMEHTAapHa OOJaCTU-MMIIEHM B T'eHOME KJIETOK OaKTepuH
yKasaHHOM Oy JISLNHA, TaKMUM obpazoM co3maBasa [IOITY JISLIIO
TPaHCOPOPMMPOBAHHEIX OaKTepMalIbHEIX KJIETOK; M OolpelesieHMe HaJIuuMs
W OTCYTCTBUI neJjeummn B IOy JISLNU TpaHCHOPMUPOBAHHEX
faKTepMalIbHEX  KJIETOK, opryeM  HaJluduve  OeJlelrM B [IOIYJIALWK
TPaHCOOPMMPOBAHHEX OaKTepMaJIbHHX KJIETOK yKas3HBaeT Ha TO, YTO 2Ta
00BJIaCTbL—MHUIIEHD COIEePXUTCS B  HEXM3HeHHO  BaXHOM TeHe U/UIHu
MHOPOOHOM TI'€HOMHOM OCTPOBEe, a OTCYTCTBMEe IeJlelUMM B IIOIIYJISLUKU

GaKTepMaﬂbHHX KJIETOK O3HadvaeT, 4YTO 5Ta o00JacTb-MUIIEHB COIOEepPXUTCHA



B XMB3HEHHO BaXHOM TIeHe. MaccuB CRISPR, MCIOJIL3YEMHIM B 5STOM
n300peTeHnM, MOXeT OHTL MaccuBoM CRISPR Tmmnma I, Tuna I, TuDa
ITI, Tuna IV wiam THiIa V.

B OOIIOJIHUTeJIE HEIX acrexrax n300peTeHnd npernocTaBideTcd
crioco® CKPUMHMHTA OONyJasuuy OaKTepMaJlbHHX, apXeMHBX, BOIOPOCJIEBHX
M IOPOXKEBEX KJIETOK B OTHOUMEHMVM XM3HEHHO BaXHEX I'€HOB, HEXM3HEHHO
BaXHEX T'eHOB U/MJIM MHOPOOHHX TEeHOMHHX OCTPOBOB, BKJIOUAIIMI :
BBelIeHMe B IONYJALMIO OaKTeprallbHEX, apXeWMHBX, BOIOPOCJIEBHX WU
OPOXKEBEIX KJIETOK: (a) KOHCTPYKUUM TEeTepPOoJIOTMUHOM HYKJIEMHOBOM
KMCJIOTEHL, comepxamemn TPaHC-aKTUBUPYIIIYIO CRISPR (tracr)
HYKJIEMHOBYIO KUCJIOTY, (b) KOHCTPYKUMM TeTepOoJIOTMUHOM HYKJIEMHOBOM
KMCJIOTHL, comepxamen MacCHuB CRISPR, comepXxalnn (B 5'-3'
HalpaBJIEHUN) IIOCJIeNIOBaTEeJILHOCTL I[IOBTOP-CIEMCep-IIOBTOR WMJIM IO
MeHblel Mepe OIHY I[IOCJIeOoBaTeJIbHOCTL IIOBTOP-CIelcep, B KOTOpPOU
creycep COOEPXUT HYKJIEOTHMIHYI IIOCJIeIOoBaTeJILHOCTE, KoTopasda II0
CYIIECTRY KOMIUJIEMEHTapHa oOJacTU-MUIIEHM B TeHOMe OaKTepHuallbHEX,
APXEeMHEIX, BOIOPOCJIEBHX M IPOXKEBEIX KJIETOK YyKa3aHHOMW IIONyJIaLUuMu, U
(c) Cas9 mnogunmnenTuUna WIM KOHCTPYKUMM TeTepPOJIOTMUHOM HYKJIEMHOBOM
KMCJIOTH, CoIepXaley IIOJMHYKIIeOoTUI, KoIupyomui Cas9 noJaunenTun,
TakKMM obpasoM cosmaBasd [IOIIYJIALIMIO TPaHCOOPMUPOBAHHEIX
fakTepualibHEX, apXenHHX, BOIOOPOCJIEBHX M IOPOXXKEBEX KJIETOK; U

oripeneJieHre HaJIM4unAa Znnzs OTCYTCTBMUA oeJielirin B TIOITYJIALINM

TpaHC@OpMMpOBaHHHX GaKTepMaﬂbHHX, apxeﬁHHX, BOIOOPOCIIEBEX n
TP OXXKEeBEIX KJIETOK, InpruueM HaJlndne neJieliin B ITOITYJIALIVNM
GaKTepMaﬂBHHX, apxeﬁHHx, BOIOOPOCIIEBEX n TP OXXKEBEIX KRJIETOKR

O3HadvaeT, 4YTo 5Ta o6JjacTb-MUIIEHDb COIOEPXMTCA B HEXM3HEHHO BaXHOM
I'eHe M/MHM VMHOPOOHOM TI'€HOMHOM OCTpPOEBRE, a oOTCyTCcTBMe QOeJiellM B
IIOITYJIALINN GaKTepMaﬂbHHX, apxeﬁHHx, BOIOOPOCIIEBHX n IPOXXKEBEIX
KJIETOK O3HadaeT, yTo 5BTa o06JacThb-MUIIEHDb COOepXrMTCAd B XM3HEHHO
BaXHOM T'c€He.

B OIPYTHX aclleKTaX IIpeloCTaBJIAeTCA Criocod YHUUTOXEHUSI onoHOM
unmn 0BoJiee GaKTepMaﬂbHHX KJIETOK B IIOIIYJIALVIM GaKTepMaﬂbHHX KJIETOK,
BRKJIIOU AOMNN BBeIIcHNe B TTOITYJIALINIO GaKTepMaHbHHX KJIETOK

KOHCTPYKLIMN PeTepOHOPMqHOﬁ HyKﬂeMHOBOﬁ KVCJIOTEI, conepmameﬁ

MaccuB CRISPR, cogmepxamuii (B 5'-3' HamopaBJIeHMM) I[IOCJIeNOBATEJBHOCTL



IIOBTOP-CIIEeNCep—TIIOBTOP WJIn 1o MeHblIel Mepe OIIHY
[IOCJIeIOBATEJILHOCTEL IIOBTOP-CIleMicep, B KOTOPOM CIeNcep yKa3aHHOM
[10CJIeDOBaTEeJIbHOCTHA IIOBTOP-CIecep-IIoBTOP I yKa3aHHOM 10
MeHbIle¥ Mepe OIOHOM IIOCJIeOOoBaTeJIbHOCTM IIOBTOP-CIEeMCep COOEPXUT
HYKJIEOTUIOHYIO [I0CJIenoBaTeJIbHOCTE, KoTopad 1o CYIEeCTBY
KOMILJIEMeHTapHa Oof0JlacTU-MUIIEHM B TeHOMe OaKTepMallbHEX KJIETOK
YKas3aHHOM IONYJIAUMM, TakuM o0pasoM VYVHUUTOXAS B IIONYJIALUMM OOHY
niam B6oJiee OaKTepMaJIbHEIX KJIETOK, KOTOPHE coepXaT o00JlaCThb-MMUIIEHE .
Maccus CRISPR, VCIIOJIE3YEMEIM B 3STOM M300peTeHUM, MOXeT OHTb
MaccuBoM CRISPR Tmna I, Tuna II, Tuna II1I, Tuna IV mwin TUna V.

B IOONOJIHUTEJIEHOM aclleKTe IMNIPpelOoCTaBJIAeTCSa CIOCO0 YHUUTOXEHUSA
omHOM wmJIM ©OoJlee KJIETOK B MHONYVJIALIMM OaKTepuallbHHX, apxeWMHHX,
BOLOOPOCJIEBHX WM  IPOXKEBEIX KJIETOK, BKJIOU AOMAN BBelleHMEe B

TIOITYJIALIVIO GaKTepMaﬂbHBIX, apxeﬁHbe, BOIOOPOCJIEBEX WJIM IOPOXXKEBEIX

KJIETOK (a) KOHCTPYKLUUM  TeTepoJIOTMUHOM  HYKJIEMHOBOWM  KMCJIOTH,
comepxamemn TPaHC—aKTUBUPYIIIYIO CRISPR (tracr) HYKJIEVMHOBYI
KMCJIOTY, (b) KOHCTPYKUMM TeTepoJIOTUMUHOM HYKJIEMHOBOM KMCJIOTH,
comepxamey wMaccuB CRISPR, conepxammni (B 5'-3'" HamnpaBJIeHUU)

[IOCJIeIOBATEJILHOCTE IIOBTOP-CIIEMCEP-IIOBTOPR WJM IO MeHBIIEM Mepe
OOHY IIOCJIEOIOBAaTEJIbHOCTD IIOBTOP—CIIENCED, B KOTOpPOM’ criemcep
yKa3aHHOM IIO0 MeHbIleM Mepe OIOHOM IIOCJIelNOoBaTeJIbHOCTY IIOBTOP-—
crieyicep M [IOCJIeDOBaTeJIbHOCTU IIOBTOP-CIIeCep—IIOBTOP COOEPXUT
HYKJIEOTUIOHYIO [ocJjienoBaTeJIbHOCTE, KoTopad 1o CylmecTBY
KOMILJIEMeHTapHa o006JacTU-MUIIEH B T'eHOMe 0OaKTepMalJibHBIX, apxXeMHHX,
BOIOOPOCJIEBHX WJIM IOPOXKEBHX KJIETOK YyKal3aHHOM [nonyJjasuumu, u  (c)
Cas9 nogumnenTtuma WIM KOHCTPYKIUMM TeTepoJIOTMUHOM  HYKJIEMHOBOM
KMCJIOTH, CcoIepxXaley IOIOJMHYKIJIeOoTUI, KoIupyomui Cas9 noJaunenTun,
TakuM o00pa30M YHMUTOXasd B IIONYJIAUMM OaKTepMaJIbHBX, AapPXeWHHX,
BOLOOPOCJIEBHX WJIM IOPOXKEBEX KJIETOK.

Tpanchopmanusas CRISPR PHK nJjsa HalleJIMBaHMA Ha 0OakTepuallbHHM
TeHOM MOXeT OBTbL MCIOJB30BaHa MOJIS  BHOOPOUHOTO  YHUUTOXEHUSI
BaKTepMalIbHEIX KJIETOK Ha OCHOBe CHeUMOMUHOCTM IIOCJIeHOBaTeJIbHOCTEN
I0JIg YyIaJlIeHMsa TeHeTUUeCKM OTJMUalMMxXCcd CyOHonyJaaluui, TeM CaMbM
oboTamasa HOonyJaaAuuMM OaKTepuy, He CoIepXaluxX I[IOCIeOOBaTeJIbHOCTE-

MMIIEHE . Takoe oOTJIMUMEe MOXeT BO3HMKATL Ha OCHOBe reTepOoI'eHHOT'O



paclpenejyieHMda OpToT'OoHaJbHEX CRISPR-Cas CUCTEM B TEHEeTUUECKU
CXOIHBIX NOMNYJIALMAX . TakuMm  oOpas3oM, B HEKOTOPHX BapMaHTax
OCYIIECTRJIEHMA MaCCUB CRISPR, KOTOPHM BBOOUTCHA B TIOIIYJIALINIO
KJIETOK, MOXeT oKazaTbCHad COBMEeCTUMMEM (T.e. OYHKUMOHAJLHEM) C
CRISPR-Cas cucTeMOM B OOHOM wuIu ©OoJjee OaKTepMaJIbHHEX KJEeTKax,
IoIJieXalMX YHUUTOXEHUIO, M HEeCOBMECTUMMEM (T.e. HebdyHKUMOHAJIbHBM)
c CRISPR Cas cucTeMOMV IIO MeHBIIEM Mepe B omOHOM wumIM 0oJiee
BaKTepMalbHEX KJIeTKax B IIONyJjaumm. Hanpumep, Escherichia coli u
Klebsiella pneumoniae MOTYT wuMeTb CRISPR-Cas cucTeMe Tuna I1-E
wim Tuna 1-F; Clostridium difficile xomupyeT cCUCTeMe Tulla 1-B, a
paszJnuHbele mTammel S. thermophilus wuMeT Kak CcuUCTeMs Turna I1I1I-A,
Tak M Twula 1-E, WM TOJIBKO CUCTeMeE Tula II-A. B 3aBUCUMMOCTM OT
KoHkpeTHOV CRISPR PHK, TpaHCOOpPMMPOBAHHOM B CMech OaKTepul, OHa
MOXEeT CHelUMdUMUeCKM HalleJIMBATBLCA Ha TaKoe I[NOOMHOXECTBO MIONYJIALNUU
Ha OCHOBe ee (QYVHKIUMOHAJLHOM COBMECTMMOCTM C POICTBEHHOW en
cucTeMoM. OTO MOXHO IIPUMMEHMTL K pPasJIMUHBEM BKIAaM, CoIepXall/M

sHInoreHHBEle CRISPR-Cas CUCTEMEH, TakMM Kak, 0e3 OTpaHUUYEHUA:

Pseudomonas spp. (Hanpumep: P. aeruginosa), Escherichia spp.
(HanpuMep: E. coli), Enterobacter spp. (Hanpumep: E. cloacae),
Staphylococcus spp. (HanpuMep: S. aureus), Enterococcus spp.
(HampuMep : E. faecalis, E. faecium), Streptomyces Spp.
(HammpuMep: S. somaliensis), Streptococcus spp. (Hanpumep: S.
pyogenes), Vibrio spp. (Hanpumep: V. cholerae), Yersinia spp.
(HanpuMep : Y. pestis), Francisella spp. (HanmpuMep : F.
tularensis, F. novicida), Bacillus spp. (Hanpumep: B. anthracis,
B. cereus), Lactobacillus spp. (HanpuMmep: L. casei, L. reuteri,
L. acidophilus, L. rhamnosis), Burkholderia spp. (Hanpumep: B.
mallei, B. pseudomallei), Klebsiella sSpp. (HanpuMep: K.
pneumoniae), Shigella sSpp. (HanpuMep: S. dysenteriae, S.
sonnei), Salmonella spp. (Hampumep: S. enterica), Borrelia spp.
(HanmpuMep : B. burgdorfieri), Neisseria spp. (HanmpuMep : N.
meningitidis), Fusobacterium spp. (HanpuMep : F. nucleatum),
Helicobacter spp. (HanpuMep: H. pylori), Chlamydia spp.
(HanpuMmep: C. trachomatis), Bacteroides spp. (HanpuMep: B.
fragilis), Bartonella spp. (HanpuMmep: B. gquintana), Bordetella

spp. (HanpuMep: B. pertussis), Brucella spp. (HanmpuMep: B.



abortus), Campylobacter spp. (HamnpuMmep: C. Jejuni), Clostridium

spp. (HanpuMmep: C. difficile), Bifidobacterium spp. (HanopuMmep:
B. infantis), Haemophilus spp. (HanpuMep: H. influenzae),
Listeria spp. (HanpmuMep: L. monocytogenes), Legionella spp.
(HanpuMep: L. pneumophila), Mycobacterium spp. (Hanopumep: M.
tuberculosis), Mycoplasma sSpp. (HanpuMep : M. pneumoniae),
Rickettsia spp. (Hampumep: R. rickettsii), Acinetobacter spp.

(HanpuMep: A. calcoaceticus, A. baumanii), Rumincoccus spp.

(HanpuMmep: R. albus), Propionibacterium spp. (HanpuMmep: P.
freudenreichii), Corynebacterium sSpp. (HampuMep : C.
diphtheriae), Propionibacterium spp. (HanpuMmep: P. acnes),
Brevibacterium spp. (Hampumep: B. iodinum), Micrococcus spp.
(HanpumMmep: M. luteus) wu/mam Prevotella spp. (HanmpuMep: P.
histicola).

HauemmBaume CRISPR MOXeT NOPpUMBECTUM K YIOAJEeHMIO CHelnudruueCKUX
IIOIMHOXECTB OaKTepuy Ha OCHOBe paljMuanimerocsd TeHeTHUYeCcKOTO
COomepXaHMAa B CMEMaHHBIX IIONYyJNALMAX. [IOOTBepXIeHMEe DSTOTO 3afaBJIeHUd
opencraBjieHO B IpuMepax 4, b5, r1rme Lac ©OakTepum oOTOMpamwT IO
[IOJIHOT'O MCUe3HOBeHMS B nonyjadumm Lact. T'eHeTHUyecKoe pas3jnume
Mexny Lact™ m Lac™ mTaMMaMM IIpelcTaBJIeHO B IHIpuMepax 8 m 10, 1Dxe
CeKBEeHMPOBAaHME  BEIKMBIMX KJIOHOB BHABMJIIO InO0 5,5% pazanuuit B
TeHeTUMUEeCKOM COIOepXaHMM I[I0 CpaBHEeHMIK C pedepeHCHEM ITaMMOM S.
thermophilus OUKOTO TUIIA . TaxmuMm oBpasom, CIIeiCepHl IJIs
HaueguBaHmMda Ha CRISPR MOXHO HacTpauBaTb Ha pPa3Hyw CTelleHb
pPoIOCTBa MeXny OaKTepuaMu IIYTeM HalleJIMBaHWMA Ha KOHCEPBATUMBHEE WU
OVMBEPTEHTHEE TeHeTUUeCKUe IIOCJIeloBaTeJIbHOCTH. TakmMM o6pasoM, B
HEeKOTOPHX BapuaHTax OCYIIECTRBJIEHU A DaKTepuaJlbHEE KJIETKU B
[NONYJIALIMKM  MOTYT COomepXaTk OIOHYy ¥ omoHy u Ty Xe CRISPR-Cas
CUCTeMY, " BBeIeHHBM MaCCHUB CRISPR, TakuM oBbpa3oM, MOXeT
OYHKIMOHMPOBATE B HONYyJIAUMM OaKTepuM Kak eIMHoe leJjoe, HO
TeHeTUUeCKOe CoIepXaHMre IOpYyI'MX WTaMMOB WMJIM  BUIOB, KOTOPHE
COCTaBJIALT BTy Oonoyadumio ©O0aKTepuit, OTJAMYaeTCcd B IJOCTAaTOUHOM
CTelleHrM IJA TOT'O, UYTOOH o0O8JlacTb-MHIIEHE IJIS BBEeIEeHHOTO MacCCHUuBa
CRISPR ©Orula OOHapyXeHa TOJIBKO B OIOHOM WM 0OoJiee IIpelHazHaYeHH
I0JIS YHUUTOXEeHMSI BMIax OaKTepuM B DONYJAALUMM. OTO MOXeT OHTH

NpMMEeHEeHO K pasJIMUHBEIM BMIaM, cozmepxamuM 5SHIOoTreHHEle CRISPR-Cas



CUCTeMEl, TakKue Kak, 0es3 orpaHmueHns: Pseudomonas spp. (HamopuMmep:

P. aeruginosa), Escherichia SPpP. (HanmpuMep: E. coli),
Enterobacter spp. (HanpuMmep: E. cloacae), Staphylococcus spp.
(HanpuMep: S. aureus), Enterococcus spp. (Hampumep: E. faecalis,
E. faecium), Streptomyces spp. (HanpuMep: S. somaliensis),
Streptococcus spp. (HanpuMep: S. pyogenes), Vibrio spp.
(HanpuMep: V. cholerae), Yersinia spp. (Hampumep: Y. pestis),
Francisella spp. (HaipuMep : F. tularensis, F. novicida),
Bacillus spp. (HampuMmep: B. anthracis, B. cereus), Lactobacillus
Spp. (HanpuMmep: L. casei, L. reuteri, L. acidophilus, L.
rhamnosis), Burkholderia spp. (HanpuMep : B. mallei, B.
pseudomallei), Klebsiella sSpp. (HanpuMep: K. pneumoniae),
Shigella spp. (Hanpumep: S. dysenteriae, S. sonnei), Salmonella
spp .- (HanpuMep: S. enterica), Borrelia spp. (HanmpuMep: B.
burgdorfieri), Neisseria spp. (HanipuMep : N. meningitidis),
Fusobacterium spp. (Hampumep: F. nucleatum), Helicobacter spp.
(HanmpuMep : H. pylori), Chlamydia spp . (HanmpuMep : C.
trachomatis), Bacteroides sSpp. (HanpuMep: B. fragilis),
Bartonella spp . (HanpuMep : B. quintana), Bordetella spp .
(HanpuMep: B. pertussis), Brucella spp. (Hampumep: B. abortus),
Campylobacter spp. (HanpuMmep: C. Jejuni), Clostridium spp.
(HampuMep: C. difficile), Bifidobacterium spp. (Hanpumep: B.
infantis), Haemophilus spp. (HanpuMmep: H. influenzae), Listeria
spp. (HampuMmep: L. monocytogenes), Legionella spp. (HanpuMmep: L.
pneumophila), Mycobacterium spp. (Haopumep: M. tuberculosis),
Mycoplasma spp. (HanpuMep: M. pneumoniae), Rickettsia spp.
(HanpuMep: R. rickettsii), Acinetobacter spp. (HanpuMep: A.
calcoaceticus, A. baumanii), Rumincoccus spp. (HammpuMep: R.
albus), Propionibacterium spp. (HanpuMmep: P. freudenreichii),
Corynebacterium spp. (Hampumep : C. diphtheriae),
Propionibacterium spp. (HanpuMep: P. acnes), Brevibacterium spp.
(HanpuMep: B. iodinum), Micrococcus spp. (Hanpumep: M. luteus)

u/man Prevotella spp. (Hanpumep: P. histicola).
CrerneHb YHUUTOXEHMS B IIOOYJALIMM CIHOCOOOM IO HACTOAMEeMY
n300peTeHnI0  MOXET 3aBUCETDb oT BOCIIPUMUMYVBOCTH KOHKPEeTHOM

TIOITYJIALIMNM K TpaHCCbOpMaLU/IM JOIIOJIHMTEJIBEHO K TOMY, I'ome HaXoIMTCHA



oBJIaCTb—MUIIEHE, B HEXM3HEHHO BaXHOM TI'e€He, XM3HEHHO BaXHOM TIeHe
2NNz VMHOPOIOHOM OCTpOBE. CTelleHb YHUUTOXEHNMA B ITOITYJIALINN

GaKTepMaHBHHX, apX@ﬁHHX VJirM IOPOXKEBEX KJIETOK MOXEeT BapbMpPOBaThH,

HalpuMep, B 3aBUCHMOCTHU oT opraHu3Ma, poma u BUIA .
COOTBETCTBEHHO, VICIIOJIb 3Y &M B HaCTOAlleM OIIMCAaHUN TepPMUH
"yHuuTOXeHMe" o03HavaeT YyHajeHue 2 log wiam 0OoJjlee KIETOK B
nmonyjgsauum (1% BEXXMBaAEeMOCTM WMJIM MeHee). YHUMUTOXeHMe Ha YPOBHe

MeHee 1 log OymeT HeOOJBIIMM COKpalleHMeM UMCJIEHHOCTM IONyJISLUM,; B
TO BpeMa KaK YHMUTOXEeHMe Ha ypoBHe 2-3 log nmOpuBemeT K
SHAUUTEJILHOMY COKpPAalleHVK UYMCJIEHHOCTM IIONYJIALUVM,; a YHUMUTOXeHMe Ha
ypoBHe ©0OoJjee 3 log ykKaseEBaeT Ha TO, UYTO IMIONYJALMS SBJIAETCHS II0
CYIIeCTBY YHUUTOXEHHOM.

B OpYyT'OM  acIleKTe [penocraByideTrcd crioco®  MOeHTUOUKALUU
beHOTHIIA, AaCCOLUMMPOBAHHOTO C OaKTepMallbHEM T'eHOM, BKJIOUAIINH
BEeIleHUE B MOIYJIALIM DaKTepraJlbHEIX KJIETOK KOHCTPYKLUA

TeTepoJIOTUUYHOM HYKJIEMHOBOM KMUCJIOTEH, coIepxame¥ MaccuB CRISPR,

conepXammi (B 5'-3" HamnpaBJeHUN) [IOCJIeDOBATEJIbHOCTE  [IOBTOP-
Clie¥icep-IOBTOP WJIM I[I0 MeHBIIeM Mepe OIHY IIOCJIedoBaTeJIbHOCTDb
IIOBTOpP-CIleyicep, B KOTOPOM CIeMlcep YyKa3aHHOM II0 MeHblle Mepe
OOHOM IIOCJIeIOBATEJIbHOCTM IOBTOP-CIelMcep M IIOCJIeIOoBaTeJIbHOCTHU
IIOBTOP-CIIEMCEeP-IIOBTOP COIOEPXUT HYKJIEOTUIHYIO II0CJeIOBaTeJIbHOCTD,
KOTOopad IO CYHIeCcTBY KOMILIeMeHTapHa o0JlacTU-MUIIEHM B  T'€HOMe
BakTepralIbHEX KJIETOK YKal3aHHOM IMoNyJsuumu, IIpuueM 5STa o006JacTb-
MUIIEHL COIEPXUT II0 MeHbIeM Mepe YacTh OTKPHTOV PaMKM CUMTHBAHUSI,
KoOupyolmen IDOJUIIENTHU, WIM (YHKUMOHAJBHYID HYKJIEMHOBYID KMUCJIOTY,
TakKMM OO0Opas30OM YHMUTOXad KJIETKM, colepXxamme 32Ty o00JacTb-MUIEHL, U
cozmaBad TIONYJALMID TpPpaHCPOPMMPOBAHHEX OaKTepualJIbHHX KJIEeTOK, He
comepxamyx 3Ty o0OJIaCTb—MMUIIEHE (T.e. BHXMBIIME KJIETKM He COIOEepXarT
obJlacTb—-MMIIeHb) ; M (1) aHadMz Q(eHOTUIIa MONYJISLMM KJIeTOK MM (ii)
BHpAallMBaHME OTIEJIBHEIX faKTeprallbHBX KOJIOHUM n3 MOMTYJIALUUN
TPaHCOOPMMPOBAHHEIX faKTepraJlbHBX KJIETOK u aHaJmn3 beHOTHUIIA
OTOeJIbHEIX KOJIOHMUIM . MaccuB CRISPR, VICIIOJIb 3Y eMEIM B 5TOM
n300peTeHnM, MOXeT OHTL MaccuBoM CRISPR Tmmnma I, Tuna 11, TuHDa
I1I, Tuna IV wiam THIa V.

B IOpyroM aclIeKTe I[NpedocTaBJIgeTCHAd CIIOCOO  MIOeHTUOUKALUU



beHoTHna OaKTepMalIbLHOTO, apxeMHOoT'0o, BOIOOPOCIEBOTO WM IPOXKEeBOTO
TeHa, BKJOUAMMM: BBeIeHMe B IIOoNyJdaAuuio OaKTepMalJlbHBEX, apxXeWHHX,
BOIOOPOCJIEBHX WM OPOXKEBHX KJETOK (a) KOHCTPYKLUMM I'eTepOJIOTUUHOM
HYKJIEMHOBOM KMCJIOTHI, comepxamemn TPaHC—-aKTUBUPYIOIYIO CRISPR
(tracr) HYKJIEMHOBYIO KUCJIOTY, (b) KOHCTPYKLUMM TeTepOoJIOTUUHOM
HYKJIEMHOBOM KUCJIOTH, comepxamer mMaccuB CRISPR, comepxammit (B 5'-3'
HallpaBJIeHUN) IIOCJIeNOBaTEeJIbLHOCTL  I[IOBTOP-CIIEMCep-IIOBTOPR WMJIM  IIO
MeHbIel Mepe OIHY IIOCJIeOOoBaTeJIbHOCTL IIOBTOP-CIelcep, B KOTOpPOM
crieicep COOEPXUT HYKJIEOTUIHYID IIOCJIed0oBaTeJIbLHOCTL, KoTopas IIo
CYIIeCTBY KOMILJIEMeHTapHa OofJlacTU-MUIIeHM B T'eHoMe OaKTepualJlbHHX,
APXEeMHEIX, BOIOPOCJIEBEX WM OPOXKEBHX KJIETOK YKa3aHHOM IIONyJIALNnM,
u (c) Cas?9 IIOJIMIIENITUIAa WIIN KOHCTPYKLUUN TeTepPoJIOTUUHOMN
HYKJIEMHOBOWM KMCJIOTEH, coIepXxallel I[IOJUMHYKIIeOoTHUn, Koaupyiomuit Cas9
IIOJIUIIENTHUN, TakuM o00pa30oM VHMUTOXasa OakTepualJlbHHEe, apxenHbe,
BOOOPOCJIEBHE MM OPOXKEeBHEe KIJIeTKM, comepxamye o0JacTh-MHUIIEHL, U
cosmaBad MNONYJALMI TPaHCOOPMMPOBAHHEIX OaKTepMalJlbHEX, apxXeWHHX,
BOIOOPOCJIEBHX WMJIM IOPOXKEBHX KJIETOK, He coIepXalMx o0JIacTh-MHUIIEHD;
u (i) axHadM3 @QeHOTHUIIA MNONYJIAUMM KJIeTOK WM (11) BHpamMBaHUE
OTHOEJIbHHX OaKTepMaJIbHEX, apXerHHX, BOINOPOCJEBHX WM IPOXKEBHX
KOJIOHMM M3 TONYyJIAUUY TPaHCOOPMMPOBAHHEX OaKTepMallbHHX, apxXeWHHX,
BOOOPOCJIEBHX WMJIM IOPOXKEBHX KJETOK; U aHaln3 QeHOTHUIIa OTIOEJIbHBIX
KOJIOHUM .

B HeKOTOPHX BapMaHTax OCVYIEeCTBJIeHMS aHaJus BkJmouaeT IIIP,
OoITHYecKoe KapTHUpoOBaHMUe TeHOMA, CeKBeHMpOBaHUe TeHoMa,
PECTPUKLMOHHOE KapTHUpoBaHMe U/MUIM PEeCTPUKLUMOHHEIN  aHajlM3 OJIS
MIOeHTUOUK AL " XapaKTepucTUKN My Talum, a Takxe aHaums
KOMIIJIEMEHTAPHOCTHM  M/MUIM  (eHOTUIMUYeCKMe  aHaJM3H IOJI9  aHajMs3a
beHOTUIIA .

B HeKOTOPHX BapMaHTax OCYIMeCTBJIeHUI MU300peTeHMsa olIpelelieHue
CTelleHM YHMUTOXEeHMS WM COKpalleHMA IIONYJSAUMM MOXeT BKJIOUATDH

Jobor crnoco® onpeneleHMSa UMCJIEHHOCTHM TIIONyJIaumy, BKJouas (6e3

OTPaHNUYEeHNH) : (1) II0CeB KJIETOK " romcueT KOJIOHUM, (2)
onpenejieHMe OITHUUYECKOM IJIOTHOCTHM, (3) [omcueT IIOI MMKPOCKOIIOM,
(4) onpelieljieHrMe  HauboJiee BEePOSATHOM  UMCJEHHOCTM  U/UiIu (5)

BOCCTaHOBJIEHIE MeTMIIEHOBOTI'O CHUHETO. B HeKOTOPRIX BapMaHTax



OCVYIIEeCTBJIEHNA  IOJA OlpeleJjieHMd  NOpoduiid  KOMIO3MUMM  CMEMaHHBIX
IOMNYyJIALUMM MOXeT OHTL MCIOJb30BAaHO CeKBeHMpoBaHMe 16S pIHK. 3To
MOXHO cChOejlaThb, HanpuMmep, noyreM oumcTkmM ITHK oT oOpasua B LeJIOM, U
npoBeneHmMa JmMOO CeKBEeHMPOBaHMA BCer'o I'eéHOMa MeTOoOoOM IpoOOoBHUKA
IpM IIOMOWM BECOKOSOOEKTUMBHEX TeXHOJOTUM, Jubo, HalpuMep, IMIyTeM
NUP-amMmmmomukauum 16S T'eHa UM CeKBEHUPOBaHMA I[IPOOYKTOB TaKMM Xe
oBpas3oM. 3arTeMm nyreMm KOMIILIOT EPHEIX BHUMCJIICHUMN 2TU
[IOCJIeDOBRATEJIbHOCTY MOXHO OTHECTM K OIIpemeJIeHHEM ©OaKTepHualibHEM
TaKCOHaM. B @Opyrux BapMaHTax OCYHeCTBIJIeHUMA IJId KOJUUECTBEHHOI'O
omnpemnejieHrsa OaKTepuM TakKXke MOXHO MCIIOJL30BAThH KOJIUMUECTBEHHHE
MeTonu IIIIP. TakMe MeTOIH XOPONO WM3BECTHH B JTaHHOM oBJjJacTu.
HanpuMmep, OpavMeps OJIS aMIIUMOUKALMM OJIS KoJIuduecTBeHHOM IIIP MOTYT
OLITL CKOHCTPYUPOBAHE, B UYaCTHOCTM, M3 BMIa, pooa WIM TPYIIIIH
OPTraHM3MOB, KOTOPHE MMET STy I[IOCJIEeNOoBaTEJIEHOCTL. TakuM o0pas3oM,
OJId KOJMUYECTBEHHOTO OIIpelejyieHMd YKa3aHHOTO OplaHM3Ma WM ITPYIIIH
OPT'aHM3MOB  MOXHO  MCIIOJIE30BaTh [IOpOoIToBOE 3HadeHNe (ct) . B
OOIIOJIHU T €JIb HEIX BapMaHTax OCyIeCTBJIEHUSA Jmobas DakTepHraJibHa4g
AKTMBHOCTL (QeHOTMII), cCHelumdMuHasd OJS LeJIeBOM IMONyJIALuM, TakKXe
MOXeT OHTb MCIOJIb30BaHa B KaudecTBe IoKaszsaTeJld IJid OlpeleJleHUd
MCTOWEeHNWA INONYJIALUN.

B IOpyrux BapMaHTax OCYIEeCTBJIEHUA I[IpeloCcTaBJIgeTCa CIOoCo0
oTbopa omHOM MIM OoJiee OaKTepMaJIbHHX KJIETOK, KVMeKNUX YMeHbLIIeHHBN
pasMep TeHOMa, M3 I[IONyJaluM OaKTepMallbHEX KJIeTOK, BKJIIOUAIIMINN @
BBeIeHHUE B IIOIIYJIALIAIO DaKTepralibHEX KJIETOK KOHCTPYKLUA

TeTepPOJIOTUUYHOM HYKJIEMHOBOM KMUCJIOTEH, comepxamet Maccue CRISPR,

conepXxammi (B 5'-3" HamnpaBJIeHUN) [IOCJIeDOBATEJIbHOCTE  [IOBTOP-—
CIeMICep-IIOBTOP WMJM IO MeHBIIeY Mepe OOHY IIOCJeNOoBaTeJIbHOCTD
IIOBTOP-CIIENCED, B KOTOpPOMU criemcep CONEPXUT HYKJIEOTUOHYIO
IIOCJIeNOBATEJIEHOCTE, KOToOpasd II0 CymMeCTBY KOMIIJIEMeHTapHa o0jJacTu-—
MUIIEHV B T€HOMEe OINHOM UM OoJiee OaKTepMaJIbHHX KJIeTOK B YyKa3aHHOU
HNONYyJIALNN, opuyeM KJIEeTKH, comepXxamue oBJacTb—-MUIIEHE,
YHUUTOXAKTCSA, TakKuM o00pasoM OCYyMeCTBJAS OoTOop OOHOM uiIu OoJee
BaKTepMallbHEX KJIETOK, He CcoIepXallMx 5Ty o0B0JacTh-MUIMEHbL U MMERIMX
YMEHBUIEHHE pa3Mep TI'e€HOMa, W’3 NONyJaauuu ©OaKTepMaJIbHEIX KJIETOK.

Maccup CRISPR, VCIIOJIb3YEMEI B 2TOM M300peTeHUH, MOXeT  OHTb



MaccuBoM CRISPR Tmmna I, Tuna 11, Tuna 111, Tuna IV winM TUa V.

B HEeKOTOPHX BapMaHTax OCYIIEeCTBJIEHMSA IIPeOoCTaBJISeTCHd CIocob
oTBopa omHOM MM OoJiee OaKTepUaJIbHEIX KJIEeTOK, MMEKIUX YyMeHbIIeHHHM
pa3Mep T'eHOMa, M3 NOoNyJAaAlUuM OaKTepMallbHBIX KJIETOK, BRJIOUYAMINUN:
BBeIeHMe B IONyJaAuMi OaKTepralIbHEX KJIeToK (a) (i) omuy wmim BoJee
KOHCTPYKUMUM TeTepPoJIOTUUHON HYKJIEMHOBOM KVCJIOTHL, comepxalmmx
HYKJICEOTUIHYIO IIOCJIeOOBaTeJIbHOCTL, MMEKMYyK II0 MeHbled wMepe 80%
UOSHTUYHOCTM 110 MeHbmel Mepe 300 nocjaemoBaTeJIbHEIM HYKJIEOTHIAM,
IPUCYTCTRBYIMM B TeHOMe YyKas3aHHBEX 0OaKTepuallbHEIX KJIeTok, wuiIm (ii)
IBYX WM 0OoJlee KOHCTPYKIUUM TeTepOoJIOTUUHOM HYKJIEMHOBOM KMUCJIOTH,
comepxamux IO MeHblleM Mepe OIMH TpPaHCIO30H, TakMM oBOpa30oM
cozmaBad IMONyJALMI TpPaHCT'eHHHEX 0OaKTepMaJlbHHX KJIETOK, COIepXalllxX
HeNIPUPOOHHM CcaMuT OJIS TOMOJIOTMUHOW peKoMOMHALMM MeXIOy OIOHOWM WM
BoJee KOHCTPYKIIV AMU TeTepoJIOTUUHOM HYKJIEMHOBOM KMCJIOTHI,
VHTeI'PUPOBaHHEIMU B T'eHOM, n 1o MeHbIIen Mepe 300
IoCJIeIOBATEJILHEIMY HYKJIeOTHuIaMM, OIPUCYTCTBYOIMMM B T'eHOMe, WK
MexXxOy IIepBEM M BTOPBIM TPAHCIIOZO0HAMM, MWHTETPUPOBAHHEIMM B TEHOM; U

(b) KOHCTPYKLUMM TeTEepOJIOTMUHOM HYKJIEMHOBOM KMCJIOTH, COIepXalen

MaccuB CRISPR (crPHK, crIHK), comepxamuit (B 5'-3' HanpabBjeHUN)
[IOCJIeIOBATEJILHOCTE IIOBTOP-CIIEMCEP-IIOBTOPR WJM TIIO MeHBIIEM Mepe
OOHY [IOCJIEDOBATEJILHOCTD IIOBTOpP-CIIeNncep, B KOTOPOM criemcep
YKa3aHHOM I[IOCJIeIOBATEJIbHOCTM IIOBTOP-CIEeMCep—IIOBTOR WMJIM YKas3aHHOM
10 MeHblIely Mepe OIOHOM IIOCJIeNOBaTeJIbHOCTM IIOBTOP-CIIeMcep COINEePXUT
HYKJIEOTUIHYIO IOoCJIeIOBaTEeJIbHOCTE, KoTopasda 1o CymecTBY
KOMILJIEMeHTapHa obJlacTU—-MUIIeHHU B TeHOMe OnHOM VI BoJee
BakTepralJIbHEX KJIeTOK B YKa3aHHOM IIoNyJfaluM, IIpuueM 5Ta o00JacTb-—
MUIIEHb pacroJoXeHa MeXxXnay omHOM M BoJiee KOHCTPY KLV AMU
TeTepPOJIOTUUHOM HYKJIEMHOBOWV KMCJIOTH, BBeIeHHHMM B TI'€HOM, M IO
MeHbmel Mepe 300 nocjaemoBaTeJIbHEIMY HYKJIEOTHUIAMM, IPUCYTCTBYIOIVMA
B TeHOMe, U/UJIM MEeXOy IIePBHM TPAHCIO30OHOM M BTOPHM TPaHCIO30HOM,
IpM STOM KJETKH, comepxamue 0OOJaCTb—MUIIEHb YHUUTOXAKTCH, a
KJIETKM He colepxamme 00JaCTb—-MUIIEHb BHXMBAKT, TaKMM oOpasoM
ocymecTBJIAS oTOop OIOHOM WM ©OoJjiee OaKTepMaJIbHEX KJIETOK He
comepXamux 5Ty 06JacTb-MUIIEHbL ¥ MMEKIMX YMEeHbIIeHHHM pasMep

I'eéHOMa, M3 IIOITYyJIAIVIVM TPaHCI'€HHEIX GaKTepmaﬂmex KJIeTOK. MaccuB



CRISPR, MCIHOJBL3YEeMHM B 5STOM M300peTeHMM, MOXeT OHBTL MacCCHUBOM
CRISPR Tuna I, Tuna 11, Tuna 111, Tuna IV wiam TUIa V.

B of6jlacT TeXHUMKM XOPOIIO WM3BECTHO, UTO TPAaHCIO30HH MOTYT
OHITL CO3OaHB IpM IIoMOomM, HalpuMep, I[P aMmauouraluM WM CHUHTe3a
cosnaHHoM IMHK M MOTYT OHTL BBeIOeHH JIOOBM CcrIocofoM TpaHchopMalunu.

B HEeKOTOPEIX BapraHTax OCyIlleCTBJIEHN I n3obpeTeHmsa
IpenocTaBjigseTcsa crnoco® oTbopa OOHOM MM 0OoJiee OaKTepMaJibHEX,
APXEeMHEIX, BOIOPOCJIEBEX WJIM OPOXKEBHX KJIETOK, MMEIMX YMeHbIIeHHBIM
pasMmep TeHOMa, nu3 MOy JIALUN OaKTepuallbHEIX, apxXeMHHX,
BOOOPOCJIEBEIX MM  OPOXKEBEIX  KJIETOK, BRJIIOU A0 & BBeIleHUE B

TIOITYJIALIVIO GaKTepMaﬂbHBIX, apxeﬁHbe, BOIOOPOCJIEBEX WJIM IOPOXXEBEIX

KJIETOK (a) KOHCTPYKLUUNM  TeTepoJIOTMUHOM  HYKJIEMHOBOWM  KMCJIOTH,
comepxamemn TPaHC—aKTUBUPYIIIYIO CRISPR (tracr) HYKJIEVMHOBYI
KMCJIOTY, (b) KOHCTPYKLUUM TeTepOoJIOTUMUHOM HYKJIEMHOBOM  KMCJIOTH,
comepxamemn MaCCUB CRISPR (crPHK, crIHK) , comepxammi

IOCJIENOBATENBHOCTE I[OBTOP-CIEMCEeP-MOBTOP WMJAM IO MeHBIIel Mepe
OIOHY TIOCJIeIOBAaTEJIbLHOCTL IIOBTOpP-CIleVicep, B KOTOPOWM CIeNcep IO
MeHBIIE Mepe OOHOM IOCJIENOBATEJILHOCTM IIOBTOpP-CIelMcep M IO
MeHBIIE Mepe  OIHOM IIOCJIeNOBaATEeJIEHOCTM  IIOBTOP-CIIEMCEep-IIOBTOP
COOEPXUT HYKJIEOTUIOHYID IIOCJIeOOBATEeJILHOCTL, KOTOopasd IO CYHIeCcTBY
KOMILJIEMEeHTapHa oO6JlacTU-MUIIEHM B T'eHOMe OaKTepMraJlbHEIX, apxelHHX,
BOIOPOCJIEBHX WJIM IPOXKEBRHX KJIETOK YKa3aHHOW HNonyJjJauuu, u (cC)
Cas9 noJgumnenTuna WIM KOHCTPYKUMM TeTepOoJIOTMUHOM  HYKJIEMHOBOM
KMCJIOTH, CcoIepXxalel I[IOJIMHYKJIEeOTHI, KoIoupyklmui Cas9 [IOoJIUMIEenTHUn,
opuyeM KJIETKM, CcoImepxXamye o0O6JacTb-MMIIEHE YHUUTOXAKTCS, TaKUM
oBpasoM  OCYIEeCTBJIAS oTBoP ooHOM  WMJIM DoJiee DaKTepHrallbHEX,
ApPXEeWHEIX, BOINOPOCJIEBHX WM IOPOXKEBHX KJIETOK, He CoIepXalux
0BJlaCTL—MMIIEHE ¥ MMEKNMUX YMEeHBIEeHHHM pasMep IT'eHOoMa, U3 IMIONyJALUuU
BaKTepMallbHEIX, apXeWHEX, BOIOPOCJIEBHX MM IPOXKEBHX KJIIETOK.

B IOpyrmx BapMaHTax OCYWEeCTBJIEHUSA [IpeloCTaBJigeTCs CIoCcoO
oTbopa OmHOM WM 0OoJjiee OaKTepMaJIbHHX, AapxXeWMHHX, BOIOPOCJIEBHX WU
IO OXOKE BEIX KJIETOK, VIMEMMX YMEHbIIeHHEIN pasmep T'eHOMa, ns
NOoNyNauny OaKTepUallbHEX, AaPxXeWHHX, BOOOPOCJIEBHX WM IPOXKEBHX
KJIETOK, BKJIIOYU AN BBelleHUE B [IOITY JIALNIO BakTeprallbHEX,
APXEeMHEIX, BOINOPOCJIEBHX WJIM IPOXKEBHX KJIeTOK (a) (1) oIOHOM WIu

BoJiee KOHCTPYKLUNM TeTepPOJIOTMUHOV HYKJIIEMHOBOM KMCJIOTH, COIEepPXallMx



HYKJIEOTUIHYI IIOCJIeOoBaTeJIbHOCTL, MMEeK Myl II0 MeHbler wMepe 80%
UIEHTUYHOCTM 110 MeHbmel Mepe 300 nocjaemoBaTeJIbHEM HYKJIEOTHIAM,
IPUCYTCTBYKIMM B T'e€HOMe YKa3aHHHX KJIeTOoK OakTepul, wiu (1i) IOBYX
NI BoJiee KOHCTPYKLUUN TeTepoJIOTUUYHOM HYKJIEMHOBOM KV CJIOTHL,
comepxammMx IIO MeHblleM Mepe OIMH TPAaHCIO30H, TakuM ofpas3oMm
cosnaBaga IOIIYJIALMIO TPaHCIT €HHEIX BakTepnallbHHX, apXewnHHX,

BOIOOPOCJIEBEHX WMJIM IOPOXKEBEIX KJIETOK, comepXxammx HerMpO,]IHI:HZ camT

0JIs TOMOJIOTUUHOM pPeKOMOMHALUM MeXIY OIHOM NI BoJiee
KOHCTPYKUMAMA TeTepOoJIOTUUHON HYKJIEMHOBOMU KUCJIOTHL,
VHTeI'PUPOBaHHEMU B T'eHOM, n 1o MeHbIIen Mepe 300

[IocJIeOBaATEJIbHEMM HYKJIEOTHMIAaMM, MNIPUCYTCTBYKIMMM B TEeHOMe, WU
MeXIy TIE€PBEIM M BTOPEM TPRAHCIIO30HAMM, MHTETPMPOBAHHEIMM B T'€HOM; U
(b) KOHCTPYKUMM TeTepOoJIOTUMUHOM HYKJIEMHOBOM KMCJIOTH, COIOepXalen
TpaHC-akTuBUpywoilyn CRISPR (tracr) HYKJIEMHOBYK  KMCJIOTY, (1i)
KOHCTPYKIINU TeTepOoJIOTUUHOM HYKJIEMHOBOM KVCJIOTHI, comepxalmen
MaccuB CRISPR (crPHK, crIHK), comepxXamui IIOCJIeloBaTeJIbHOCTD
IIOBTOP—CIIEeNCep—IIOBTOP VI 1o MeHbIen Mepe OIOHY
IOCJIeIOBATEJILHOCTE IIOBTOP-CIIeicep, B KOTOPOM CIeNcep yKa3aHHOM
10 MeHblle¥ Mepe OOHOM IIOCJemoBaTeJIbHOCTM IIOBTOP-CIeMcep U IO
MeHbIIe  Mepe OOHOM  IOCJeIOBATEJBHOCTM IIOBTOP-CIIEMCEepP-IIOBTOP
COOEPXUT HYKJIEOTHUIOHYI IIOCIIeNoBaTeJIbHOCTL, KOTopas IO CYIeCTBY
KOMILJIEMeHTapHa oBJiacTU-MUIIEHN B TeHOMe OIHOM VI BoJiee
BakTepralIbHEX, AapPXeMHBX, BOIOPOCJIEBEX WJIM OPOXKEBEX KJIETOK B
yKasaHHOM nomnyiadumm, u (1i1i) Cas9 nounenTtuia M/MUIM KOHCTPYKLNUNA
TeTepPOJIOTUUYHOM HYKJIEMHOBOW  KMCJIOTH, CcoIepXxallel I[IOJMHYKJIEOTHUI,
Komgupyiommt Cas9 [noJunenTun, IpuueM oBJlaCcTb-MMIIEHEL PacIoJIoXeHa
MexXxOy OIOHOM wWaM 0oJiee KOHCTPYKUMAMM TIeTepOoJIOTUMUHOW HYKJIEeMHOBOM
KMCJIOTHI, BBeEeHHEMA B T'eHOM, " rio MeHbIIeMn Mepe 300
IOCJIeNOBATEJILHEMY HYKJISeOTUIaMM, IPUCYTCTBYIONMUMMU B TeHOMe, U/UJU
MeXIy IIepPBEIM TPAHCIIO30HOM M BTOPHM TPAHCIIO30HOM, IIPUUYEM KIIETKMH,
comepxamye oOO0JaCTh-MUIIEHL YHMUTOXAKTCH, a KIeTKW, He CcoIepXalue
00JlaCTL—MMIIEHL BEXXMBAKT, TakKMM o00pasoM OCYymeCTBJISAS OTOOp OOHOM
uiam OoJiee OaKTepMallbHHX, AapPXeWHHX, BOIOOPOCJIEBHX WMJIM OPOXKEBHX
KJIETOK, He coIepxXxamyx oO0JaCcTb-MUIIEH:L W MMEeIMX  YMeHbIIeHHHM
pa3Mep TeHOMa, W3 MNONYyJALMM TPaHCTeHHEX OaKTepuaJibHEIX, apXeWHHX,

BOOOPOCIIEBHX WMJIM HOPOXXEBEX KJIETOK.



B HEeKOTOPHX acleKTax YyMeHLIEeHHH pa3Mep I'eHOMa MOXeT OHTb
YMEeHBIIeH II0 CPpaBHEHMI C KOHTpOJIeM. B HEeKOTOPHX aclleKTaxX KOHTPOJIb
MOXeT TIIPedCcTaBJIATE Cco0O0M IMONYyJAlMD OMKOTO Turna OaKTepMallbHHX,
ApPXEeMHEIX, BOIOOPOCJIEBHX MM  OPOXKEBHX  KJETOK WX  IIOITYJISLMIO
BaKkTepralIbHEX, apxXeMHHX, BOINOPOCJIEBHX WM OPOXKEBHX KJIETOK,
TpaHCHOPMUPOBaHHEIX TeTepoJIOTUUHON KOHCTPYKLMKEN, conepxamen
MaccuB CRISPR (Hanpumep, CRISPR Tuna I, Tuna 1I, Tuna I1II, Tula
IV wim Tuna V), comepXxammi I[I0CJIedoBaTeJIbHOCTL IIOBTOpP-CIIeMcep—
IIOBTOP WM IIO MeHbIleM Mepe OOHY IIO0CJeIOoBaTeJIbHOCTL IIOBTOP—
crieicep, B KOTOPOM cCIelcep YKal3aHHOM II0CJIeIOoBaTeJIbHOCTU IIOBTOP-—
creicep-IoBTOP VI yKasaHHOM 1o MeHbIen Mepe onoHOM
IocJjleIoBaTeJILHOCTHU IIOBTOP-CIeMcep COOEPXUT HYKJIEOTUIHYIO
IOCJIeIOBATEJILHOCTEL, KOTopasa He 4BJ4geTCcda KOMILJIeMeHTapHOM ofJlacTu-—
MMIIEHV B TI'eHOMe OaKTepHraJbHHX, APXEeMHEIX, BOOOPOCJIEBHX  WJIM
OIPOXKEBEX KJIETOK yKasaHHOM IOy JIALNN (T.e.
HecaMOHalleJIeHHb/ " CKpeMOIMPOBAaHHLEM creticep"). B OpyTroM acrekTe
KOHTPOJIbE MOXeT TIIpPeIOCTaBJIATL coboM nonyaaumio OaKTeprallbHBEX,
APXEMHEIX, BOIOPOCJIEBHX WJIM MOPOXKEBHX KJIETOK, TPaHCOOPMMPOBAHHEX
KOHCTPYKLUMEN TIeTepPOJIOTMUHOM  HYKJIEMHOBOM  KMCJIOTH, comepxamen
MaccuB CRISPR, comepXxamuMi IIOCJIeOOBaTeJIbHOCTE I[IOBTOP-CIeMcep-—
IIOBTOP WMJM TIIO MeHbIleV Mepe OOHY IIOCJeIoBaTelJIbHOCTL IIOBTOP-—
crericep, B KOTOPOM cIeMcep YyKa3aHHOM IIOCJIedoBaTeJIbHOCTU IIOBTOP-—
Criemcep-IroBTOp VI yKasaHHOM 1o MeHbIen Mepe onoHOM
IIoCJIeIOBaATEJILHOCTHU IIOBTOP-CIeicep COOEPXUT HYKJIEOTUIHYIO
[IOCJIeIOBATEJILHOCTEL, KOTOpas IO CYIeCcTBY KOMILJIEeMeHTapHa ofJjacTu-—
MMIIEHV B TI'eHOMe OaKTepHraJlbHHX, APXEenHEX, BOIOOPOCJIEBEIX  WJIU
IPOXKEBHX KJIETOK YKa3aHHOM I[IONYJSUIMM, HO He COIEPXMUT MOTUE,
IPUMHKALIMY K OpoTocHelcepy (PAM) .

B HeKOTOPHX BapMaHTax OCYIeCTBJIeHMS IpedoCTaBJISeTCsa CIOoCoD
UOoeHTUOUKALNWM B IIONYJAIMM OaKTepui II0 MeHbllelM Mepe OIHOI'O
n30JIATa, comepxamero oeJelmno B cBoeM TeHoMe (HanmpumMmep,
XPOMOCOMHYI W/WJIM IUIa3MUIHYI0 IeJlellMi), BKJIOYalINWi: BBeIeHMEe B
YyKasaHHYIo TIOIIYJIALIMIO BaKTepralbHEX KJIETOK KOHCTPYKILNWNA

TeTepOJIOTUUYHOM HYKJIEMHOBOWM  KMCJIOTH, comepxamer MaccuB CRISPR

(crPHK, crJHK) , conmepxammi (B 5'-3' HalpaBJIeHUM )



[IOCJIeIOBATEJILHOCTE IIOBTOP-CIIEMCep-IIOBTOPR WM IO MeHBIIeM Mepe
OIOHY [IOCJIEOOBATEJILHOCTE IIOBTOpP-CIeNcep, B KOTOpOM crencep
yKasaHHOM II0CJIeNOBATEJILHOCTHY IIOBTOP-CIIEMCEP-IIOBTOPR WMJIM YyKa3aHHOMU
10 MEeHBbIIey Mepe OIOHOM IIOCJIeNOBaTeJIbHOCTM IIOBTOP-CIlelicep COIOEepPXUT
HYKJIEOTUIOHYIO [IOCJIeIOBaTEeJIbHOCTE, KOTOpad 1o CyleCcTBY
KOMILJIEMeHTapHa oBJiacTU—-MUIIEHN B TeHOMe OIHOM VI BoJiee
BakTepralIbHEX KJIETOK YKAa3aHHOM IIONYJSLMM, M KIJIeTKM, coIepXxalme
oBJacTb—-MMIIEHb, YHUUTOXAKTCHA, TakMM o0pas3oM co3daBad IIOIIYJIALMUO
TPaHCPOPMMPOBAHHEIX OaKTepMallbHEIX KJIETOK, He comepXamux oO6JacThb-—
MMIIEHD ; ¥  BHpallMBaHNE OTIOEeJIbHEIX faKTepraJibHBX KOJIOHUM U3
MNONYyJIALUMM TPaHCOOPMUPOBaAHHEX OakKTepMalJlbHEX KJIETOK, TakuM oOpa30oM
OCYMeCTBJIAS UIeHTUOMKALMID I[1I0 MeHblle Mepe OIHOTO M30JaTa U3
IONYJIALVM TPaHCOOPMMPOBAHHEIX OaKTepMuM, MVMeNUxX »IeJieliMio B CBOeM
redHoMe. MaccuB CRISPR, MCIHOJL3YEMHM B 2TOM M300peTeHUM, MOXET
OeTe MaccupoM CRISPR Tmma I, Tumna 11, Tuna III, THuna IV miaM THUIla
V.

B OPpYyTUX BapMaHTax OCYIIeCTRBJIEHUS n300peTeHnsd
IpenocTaBJIgeTCcsa crnoco® MAOeHTUOMKALUMM B MONYJIAUMM OaKTepui IIo
MeHbIle Mepe OOHOTO M30JIATa, colepXamero OejlellMio B CBOeM I'eHOME,
BKJIOUAKIMM : BBeIeHMe B IONYyJALMID OaKTepralbHHX KJIeTok (a) (1)
OOHOV WM 00Jiee KOHCTPYKUMUM TeTepOJIOTMUHOM HYKJIEMHOBOM KMUCJIOTH,
comepXamMx HYKJISOTUOHYI I[I0CJelOBaTeJIbHOCTL, MUMEeKNyl II0 MeHblek
Mepe 80% MIEHTHMUYHOCTM IIO0 MeHbmelM Mepe 300 mnocjeloBaTeJbHBM
HYKJIeOTHOaM, OPUCYTCTBYKIMM B TI'eHOME YKa3aHHHX 0OaKTepMaJlbHHX
KJIeTok, wyam (ii) OIBYX WM 0oJiee KOHCTPYKUMM TeTepOoJIOTUUHOMN
HYKJIEMHOBOWV KMCJIOTH, CcOIepXalMxX I10 MeHbIlel Mepe OIMH TPaHCIOS30H,
TakMM ofpa3oM Ccos3daBad IIONYJIALMI  TpPaHCIT'eHHHX  OakTepMrallbHEIX
KJIETOK, coepXammx HelpUpPOOHEM camtT nJjs TOMOJIOTMUHOM
peKoMOMHaALUMM MeXOy OINHOM WM 0oJiee KOHCTPYKIUMAMM TeTepOoJIOTMUHOMN
HYKJIEMHOBOW KMCJIOTH, MHTEeIPUPOBAHHHMM B I'eHOM, ¥ II0 MeHLIIeM Mepe
300 rmocyienoBaTeJIBHEMKM HYKJIeOTHIaMM, [NPUCYTCTBYKIIMMM B T'€HOME,
IV MeXIOy IePBEM M BTOPHM TpPaHCIO30HaMM, WMHTETPUMPOBAHHEIMU B
TeHoM; " (b) KOHCTPYKUMM TeTepOoJIOTMUHOM HYKJIEeMHOBOM KMCJIOTH,
comepxamemn MaCCHUB CRISPR (crPHK, crIHK) , comepxammui
[IOCJIeIOBATEJILHOCTE IIOBTOP-CIIEMCEP-IIOBTOPR WJM IIO MeHBIIEM Mepe

OIoHY I1oCJjienoBaTeJIbHOCTDB HOBTOp—CHeIZCGp, B KOTOpOﬁ cneﬁcep



COOEPXUT HYKJIEOTUIHY [IOCIeOOBaTeJIbHOCTE, KOTopasa I[I0 CYIeCcTBY
KOMILJIEMeHTapHa ofJIaCTU—MUIIEHN B TeHOMe OnoHOM I DoJiee
BakTepraJIbHHX KJEeTOK B YKa3aHHOM IIONyJAlLUuM, IpuueM 5Ta o6JacTb-—
MUIIEHDb pacIroJjioxeHa MeXIy onoHOM ZNRZN DoJiee KOHCTPYKLMAMA
TeTepOoJIOTUUHOM HYKJIEMHOBOM KMCJIOTH, BBEIEHHEMM B TEHOM, U IO
MeHbIe Mepe 300 mocjemoBaTeJIbHEIMM HYKJISOTHIAMM, IPUCYTCTBYIOIVMHI
B TeHOMe, U/MIM MeXOy IIePBHM TPaHCIOSOHOM M BTOPHM TPaHCIO30HOM,
U KJEeTKM, coIepxamme o0OJaCTb—-MHUIIEHb VYHUUTOXAKTCA [a KJIeTKM, He
comepxamye oOOJaCTb-MUIEHL, BEXXMBALT], TakuMM ofpa3oM co3naBasgd
NONYJIALIMI TPaHCOOPMUPOBAHHEX OaKTepMaJIbHEX KJIETOK, He CcomepXallrxX
obJlacThL—MHUIIEHL; ¥ BHpAallMBaHMEe OTIOEJILHHX OaKTepMallbHHX KOJIOHUM U3
NONYJIALIUMY TPaHCOOPMUPOBAHHEX OaKTepMallIbHEX KJIETOK, TaKuM o0pasoM
OCYMeCTBJIAS UIeHTUMOMKALMD I[I0 MeHbllel Mepe OIOHOTO M30JaTa U3
nonyJsaluumu ©OakTepui, MMeRmUMxX IeJlellMio B CBOeM TI'eHoMe. MaccuB
CRISPR, MCHOJBL3YEMHM B 5STOM M300peTeHMM, MOXeT OBTL MaCCHUBOM
CRISPR Tuna I, Tuna 11, Tuna 111, Tuna IV wiam TUla V.

B OPpYTUX BapmMaHTax OCyIleCTBJIEHU I n3o0peTeHnda
[pernocraBligdeTcd crioco® MIOEeHTUOUKaALUU B [IOIIYJI AN BaxkTepum,
apxer, BOOOPOCIeM WIM IOPOXKeM II0 MeHblIlel Mepe OOHOTO M30JI4ATa,
MeKreTro OeJIellnio B CBOEM T'eHOMe, BKJIIOY AOMNN BBeIeHUE B

TIOITYJIALIVIO 6aKTepMaﬂbHHX, apxeﬁme, BOOOPOCJIEBEIX WMJIM IOPOXXKEBEIX

KJIETOK (a) KOHCTPYKUUM  TeTepoJIOTUMUHOM  HYKJIEeMHOBOM  KUCJIOTH,
comepxalen TPaHC—aKTUBUPR YYD CRISPR (tracr) HYKJIEMHOBYIO
KMCJIOTY, (b) KOHCTPYKLUUM TeTepOJIOTUUHOM HYKJIEMHOBOM KUCJIOTH,
comepxamemn MaCCUB CRISPR (crPHK, crIHK) , comepxammi

[IOCJIeNOBATEJILHOCTE IIOBTOP-CIENCep-IIOBTOP WJKM I[IO MeHLIIell Mepe
OOHY IIOCJIeIOBATEJIbHOCTL  IIOBTOpP-CIelcep, B KOTOPOM  cremcep
YKa3aHHOM I[IOCJIeNOBATEJLHOCTHY IIOBTOP-CIEMCEepP—NIOBTOP WM YyKa3aHHON
10 MeHBIIEN Mepe OIHOM IOCJEeNOBaATeJILHOCTM IIOBTOP-CIIEMCEep COIEPXUT
HYKJIEO TUIHYO IOCJIENOBATEJLHOCTE, KOoTOopasd info) CymecTBY
KOMIIJIEMEHTapHa o0JacTU-MMIIEHM B TeHOoMe (HalpuMep, XPOMOCOMHOM,
MUTOXOHIPUAJLHOM, n/nnm IJIa3MUOHOM TeHoMe) HaKTeprallbHHX,
ApPXEeMHHEX, BOINOPOCJIEBHX MM OPOXKEBHX KJETOK YKa3aHHOM M[IONYyJISLMnM,
u (c) Cas9 nojgunenTtuma, IIpHUeM KJIeTKM, comdepXamre o0JacCTbh-MUIIEHD
YHUUTOXATCH, TaKMM oBpasoMm coznapasd TIOITY JIALIMIO

Tpch@opMMpOBaHHHX GaKTepMaﬂbHHX, apxeﬁHHX, BOIOOPOCIIEBEX MJin



IPOXKEBHX KJIETOK, He coIepXamMx o0JlacTh-MUIIeHL; W BHpallMBaHUe
OTHOEeJIbHHX 0OaKTepMaJibHEX, apxXerHHX, BOINOPOCIEBHX WIM IPOXKEBHX
KOJIOHMM M3 TONYyJIAUUX TPpaHCOOPMMPOBAHHEX OaKTeprallbHHX, apxXeWnHHX,
BOOOPOCJIEBHX MJIM IPOXKEBHX KJIETOK, TaKuMM ofpa30oM OCYmeCTBJIAA
UOeHTUOUKALIMIO I[I0 MeHblleM Mepe OIOHOTO M30JiATa U3  IIONYyJSUuu
TpaHCOOPMUPOBAHHEIX OaKTepMaJibHEX , apxXenHex, BOOOPOCJIEBHIX  WJIU
OIPOXKEBEIX KJIETOK, MMEKINUX IeJlelMid B CBOeM I'eHOMe.

B OPYITUX BapuaHTax oCcymecTBJIeHUS nsodbpeTeHmUs
npenocTaBlIigeTCcd crioco®  MUIOEeHTUOUKaALIUU B MOy JIALUN BakTepult,
apxel, BOOOPOCJeM WIM IPOXXKelM I[I0 MeHblley Mepe OOHOTO M30J4ATa,
VMepmero - meJjieliMio B 2 CBOEeM  T'eHOMe, BKJIIOU A0 & BBeIeHMe B
nonyJjfauuio OaKTeprallbHHX, apxXeMHEX, BOIOOPOCJIEBHX U  IPOXKEBHX
KJIETOK : (a) (1) onmHOM MM ©oJiee  KOHCTPYKLUMM TeTepOoJIOTUUHOM
HYKJIEMHOBOWM KUCJIOTH, CoOIOepXallMxX HYKJIeOTHMIHYID II0CJIedOoBaTeJIbHOCTDL,
VMMENMY I[I0 MeHbIed Mepe 80% MIEHTMYHOCTM IO MeHbmenm Mepe 300
IocjleIOBaTEJIbHEIM HYKJIeOoTUIaM, I[IPUCYTCTBYKIMM B T'eHOMe YKa3aHHHX
BDakTepralIbHHX, apXeWHBEX, BOIOOPOCJEBHX U IPOXKKEBHX KJIETOK, WK
(i1i) IBYyX wmIM 0oJiee KOHCTPYKIMM TeTepoJIOTMUHOM HYKJIEeMHOBOMU
KMCJIOTH, CcoIepXamMx II0 MeHbIeM Mepe OIOMH TPaHCIIO30H, TaKuM
obpaszoM co3maBad IIONyJALUMI TPaHCTEeHHHBX 0OaKTepMaJlbHEIX, apXeWHHX,
BOINOPOCJIEBEX U IOPOXKEBHX KJETOK, COIepXallMx HEeNPUPOIHHBM CcamT OJIid
TOMOJIOTMUHOM pPeKOMOMHALUMM MexIy OOHOM Wau ©0oJiee KOHCTPYKIMAMU
TeTEePOJIOTUUHOM HYKJIEMHOBOM KUCJIOTH, UWHTETPUPOBAHHBEIMM B T'€HOM, U
1o MeHbIen Mepe 300 IIoCJIe IOBATEeJIb HEIMM HYKJIEOTHIaMH,
IPpUCY TCTRYIOMVMU B TeHOME, W MexXmIy [IePBLM u BTOPLM
TPaHCIIO30HaMM, MHTETPUPOBaAHHEIMM B TeHoM; U (b) (1) KOHCTPYKUUU
TeTepoJIOTUUHOM HYKJIEMHOBOM KMCJIOTHI, comepxaien TpaHC—
AKTUBUPYIYIO CRISPR (tracr) HYKJIEMHOBYIO KMCJIOTY, (ii)
KOHCTPYKLUUN TeTepOoJIOTUUHOM HYKJIEMHOBOM KMCJIOTH, comepxalmen
Maccup CRISPR (crPHK, crIHK), comepXamui IIOoCJIelOoBaTeJIbHOCTDL
IIOBTOP-CIEeNCep—IIOBTOP WIn 1o MeHbIen Mepe onoHYy
[IOCJIeIOBATEJILHOCTEL IIOBTOP-CIIeMicep, B KOTOPOW CcIeMcep COOepXUT
HYKJIEOTUIHYIO IoCJIeIOBaTeJIbHOCTE, KoTopasda 1o CymecTBY
KOMILJIEMeHTapHa obJacTU—MUIIEHN B TeHoMe OnoHOM VI BoJiee
BDakTepralIbHHX, apXeWHHEX, BOIOPOCJIEBEX WM »OPOXKEBEX KJIETOK B

yKaszsaHHOM nomnyadaumu, u (iii) Cas9 nounenTtuma M/UIM KOHCTPYKLUNA



TETEepPOJIOTUYUHOM HYKJIEMHOBOW KMCJIOTH, COHOepXalel IOJIMHYKJIEOTUH,
kooupyomuyt Cas9 nojaunenTun, OpudeM oO0JIaCTh-MUIIEHL pPaCOJIOXeHa
MeXIy OHOHOM WM O00Jiee KOHCTPYKUMAMM TeTepPOJIOTMUHOM HYKJIEMHOBOM
KMCJIOTHL, BBeIOeHHEMM B T'eHOM, 1z 1o MeHbIIEN Mepe 300
[IOCJIeNOBATEJIbHEIMM HYKJIEOTUIaMY, I[IPUCYTCTBYOIVMM/ B TeHOMe, W/WIKu
MeXOy IIePBHM TPaHCIO30HOM M BTOPBM TPaHCIO30HOM, IIpHUUeM KJIETKU,
comepxamye oOOJIaCTh-MMUIIEHE YHUUTOXAKTCH, a KIeTKM, He colepXxalye
06JIaCcTh—MHUIIEHDb BEDKMBAWT, TakuM ofpas3oM co3makas  IIOIIYJIALUIO
TpaHCOOPMUPOBAHHEIX OaKTepMaJlbHEX, apxXenHHXx, BOOOPOCJIEBHIX  WJIU
OPOXKEBEIX KJIETOK, He comepXallMx oO0JlaCcTb-MMIIEHL; W BHpallBaHUE
OTHeJIbHHX OaKTepralIbHEX, apxXeWHHX, BOINOPOCJIEBEHX WM IPOXKEBHX
KOJIOHUM U3 MNONyJAIUM TPpaHCOOPMUPOBAHHHX OaKTepMaJIbHHEX, apxXeWHHX,
BOOOPOCJIEBHX WM IOPOXKEBHX KJIETOK, TakKuM of0pa3oM OCyWeCTBJIAsA
MOSHTUOUKALIMID I[1I0 MeHBIel Mepe OIOHOTO M30J4ATa U3 OONyJIaluM,
VMeKMey Iejleluid B CBOeM I'€eHOME.

B HEKOTOPHIX BapuaHTax OCYIeCTBJIEHUA
IPUCIIOCOBIIEeMOCTE/CKOPOCTE pPOCTa MOXeT OHThH YBeJMUeHa 3a CuUeT
YMEHBIIeHM s pas3Mepa I['€HOMa WM [IYyTeM YyIOaJleHUs BHOPAaHHEX I'eHOB
(KOOVPYIOIMUX [IOJIMIIENTUOE WM QYHKUMOHAJILHEIE HYKJIEMHOBHE KMCJIOTH
(HanpuMep, pPeTryJIATOPE TPaHCKPUIILKMK) ), KOTOPHEE TpedbylT OO0JbIOIO
KOJIMUEeCTBa SHEePIMM OJ4d TPaHCKPUIUMM M TpaHcaduum. TakuMm oBpasoM,
B HEeKOTOPHX BapMaHTax OCYIWEeCTBJIEHNA openjaraeTrcd crioco®
YBEeJIMUEeHMA  IIPUCIOCOBJISeMOCTM MU CKOPOCTM  poOCTa  [ONyJIaLUuu
fDakTeprallIbHEX, apxXeaJlbHHX, BOINOPOCJIEBEX WM JIOPOXKEBEX KJIETOK,
BRJOUAKMNXY : BHOOP YMeHBIIEeHHOTO pa3Mepa T'eHoMa (HaopuMmep, BHOOP
1o OTCYTCTBUKO JyacTu T'eHOMa ) u/Uim neJjeumm B TeHOMax
fakTepralibHEX, apXeWnHHX, BOOOPOCJIEBHX MM  HOPOXKEBEX  KJIETOK
NONMyJIALNMY, KakK pPacKpHTO B HaCTOAMEeM ONMCaHMM. B HEKOTOPHX
BapuaHTax OCYWEeCTBJIEHUSa OeJlelMsa MOXeT ComepXaThk OIOMH TI'€H WK
foJjilee  OOHOT'O TI'eHa. CllenoBaTeJIbHO, B pe3yJibTaTrTe yMeHBIEHUH
pasMepa I'€eHOMa WM YyIOaJleHUSd KOHKPeTHOI'O TI'eHa WM I'€HOB KJIIETKU
[IOITYJIALNN DoJiblle He OynoyT TpaTUTh SHePIUD Ha
TPAHCKPUIILNI/ TPaHCJISLINIO gyacTu OTCYTCTBYKIIETO T'eHOMa NI
YIOaJIEHHOTO T'eHa WM I'€HOB, TeM CaMbBM yMeHbIlaeTCHd [NOTPeOHOCTL B
DHEPIUH, u yJydimaeTcsa IIPUCIIOCODIIAEMOCTE 1o CpaBHEHMIO c

KOHTPOJILHOM TIOMYyJISlMel, Bce elle coIepXxamel YKas3aHHYID UYacTb



TeHoMa M/WIM YKa3aHHHM I'eH MJIM T'eHH.

B OPpYTUX BapMaHTax OCYIeCTBJIEHN I npenjaraercd crioco®
YBeJIMUeHn I KOJIMUeCTRa nponykra, [IOJIYUYEHHOT'O nus TIOIIYJIALUNA
OaKTepHraJibHEX, ApPXEeMHHX, BOIOOPOCJIEBHX WM IPOXXKEBEX  KJIETOK,
BKJIOUAA YBEeJIMUEHMEe IIPUCIIOCOOIAEeMOCTH WM CKOPOCTU poOCTa KJIETKU
oyTeM oTOOpa B OTHOUWEHMM LeJjlelluyM B T'eHOMax OaKTepMalJlbHEX,
APXEeMHEIX, BOIOPOCJIEBHX WM IPOXKEBHX KJIETOK, KaK PacKpPHTO B
HacToAdlleM OIIMCaHuM. B HEKOTOPHIX BapMaHTax OCYIECTBJIEHMI IIPONOYKTH
MOTYT BKJIOUATE, tes OoTrpaHnueHund, AHTUOUMOTUKH, BTOPUUHEIE
MeTabOJIUTH, BUTAaMWHH, OeJiku, bEepPMEHTH, KM CJIOTH u
bapMalleBTUUECKME IIpelapaTH.

B HeKOTOpHX BapMaHTax ocCymecTBJeHus MaccuB CRISPR (crPHK,
crIHK), MCIOOJbL3YyeMBl B 5STOM M300peTeHuM, MOXeT IIpelCcTaBJIAThb
coboit ™Maccup Jimobom wm3: CRISPR-Cas cmcTemu Tuna 1, CRISPR-Cas
cucTeMel Tuna 11, CRISPR-Cas cucTemu THna 111, CRISPR-Cas cuUCTeMEH
Turna IV mam CRISPR-Cas cucTeMbl TUIla V.

UTo KacaeTcd IIpeldlleCTBYKIMX BapMaHTOBR OCYIeCTBJIEHUL, TO
KOHCTPYKLUMSA TeTepoJIOTMUHOM HYKJIEeMHOBOWM KMCJIOTE, coIepxamas tracr
HYKJIEMHOBYIO KMCJOTY, W KOHCTPYKIMA TEeTepOoJIOTMUHOM HYKJIEMHOBOM
KMCJIOTH, comepxamad MaccuB CRISPR, MoxeT OBTH BKJIIUEeHa M BBeOeHAa
B OOHY M Ty Xe KOHCTPYKUMID (HalpMMep, 32KCIPeCCHMOHHY KaCCeTy WM
BEKTOpP) MV B  pPasHBe KOHCTPYKLMUN. B KOHKpPeTHEX BapMaHTax
OCYMEeCTRBJIEHMS KOHCTPYKLUS TeTepPOoJIOTMUHOM HYKJIIEMHOBOWM  KMCJIOTH,
comepxailada tracr HYKJIEMHOBYIO KMCJIOTY, " KOHCTPYKLMA
TeTepPOJIOTUUYHOM HYKJIEMHOBOM KMUCJIOTEH, comepxamas Maccue CRISPR,
MOTYT OHTBH BKJIOUEHH B OIOHY KOHCTPYKLMID (HaIpUMEep, SKCIPEeCCHUOHHY
KacceTy U/WMIM BEeKTOpP), KOTopasd MOXKeT HeoOg3aTeJIbHO OOIOJHUTEJILHO
ComepXaTh IIOJIMHYKJIEOTUI, KOOMPYIMUM HOoJaunenTuln Cas9. B HEeKOTOPHX
BapMaHTax OCYIEeCTBJIeHUA KOHCTPYKUMA TeTepoJIOTMUYHOM HYKJIEMHOBOM
KMCJIOTE, cCcoOepXamasa tTracr HYKIEVMHOBYKD KUCIOTY, ¥ KOHCTPYKUUA
TeTepoJIOTUUYHOM HYKJIEMHOBOM KMUCJIOTEH, coIepxamas Maccue CRISPR,
MOTYT OHTbL OYHKLUMOHAJBEHO CBS3aHH ¢ OIHUM IIPOMOTOPOM  M/MUJIIMU
OTIOeJIbHEIMM I[IPOMOTOpaMM.

B HeKOTOPHX BapMaHTax OCVyIeCTBIIEHN A KOHCTPYKLMUAL
TeTepoJIOTUUYHOM HYKJIEMHOBOM KMCJIOTHI, conepxamada TpaHCc—

akTurMupypomyio CRISPR (tracr) HYKIEMHOBYKD KUCIOTY, ¥ KOHCTPYKUMUSI



TeTepOJIOTUUYHOM HYKJIEMHOBOWM  KMCJIOTH, comepxamyio Maccur CRISPR
(crPHK, crlIHK), wmoryT OvTB BKJKUeHH B I'mng CRISPR (gPHK, gIHK). B
HEKOTOPHX BapMraHTax OCymeCTBJIEHN A T CRISPR MOXeT OHITH
OYHKLUMOHAJIBHO CBA3aHO C IIPOMOTOPOM.

B  HeKOTOPHX BapraHTax ocymecTBJIeHMA  noJmunentun  Cas9,
VCIIOJIE3YEMEL B BTOM U300peTeHMM, MMeeT I[I0 MeHbmel Mepe 70%
MIEHTUMUYHOCTM (HanopuMmep, OpuMepHo 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% m T.m.) cC
AMMHOKMCJIOTHOM  IIOCJIeDOBaTeJIJbHOCTBI  HykJeas3w  Cas9. [IpuMepammu
HykJeas Cas9, OPpYMMEeHMMBEIMM B DTOM WU300peTeHVM, MOTYT OHTH JIOOHE
HyKJI€ea3H Cas9, B OTHOIMEHUN KOTOPHX M3BECTHO, uTo OHU
KaTaJlu3upyonT pacmernjedue THK B CRISPR-Cas cucrtemMe. B IaHHOMU
oBJacTM M3BECTHO, UYTO Takue HyKJea3w Cas9 comepxaT MOTMB HNH wm
MoTHMB RuvC (cM., Hamopumep, WO 0201/176772, W0O/2013/188638). B
HEeKOTOPHX BapuaHTax OCYMeCTRBJeHMA HaACTOAMEeTo M300peTeHMS MOXET
OBITE MCIOJILE30BaH (QYHKUMOHAJBHHM QpaTlMeHT HYyKJeass Cas9.

CRISPR-Cas CUCTEMEL U TPYIIIMPOBKM  HYKJIeas Cas9 XOPOIO
M3BECTHE B H»OaHHOM o0O6JacTM M BRJIOYAKT, HaopuMmep, Streptococcus
thermophilus CRISPR 1 (Sth CR1) TPYyImny HyKJIeas Cas?9,
Streptococcus thermophilus CRISPR 3 (Sth CR3) rpynmny HyKJIeas
Cas9, Lactobacillus buchneri CD034 (Lb) rpynny HykJeas Cas9 u

Lactobacillus rhamnosus GG (Lrh) TPpYyIny HyKJIeas3 Cas?9.
IOMNOJIHUTeJIbL HEE HYKJIeas3H Cas9 BKJIOUAT, tes OTpaHnueHusd,
Lactobacillus curvatus CRL 705. KpomMme ToOTO, HykJeasw Cas9,

VCIIOJIbE3YEMEE B STOM M300peTeHMM, BKJIKLUYaT, 0e3 oTr'paHnueHuda, Cas9
u3 Lactobacillus animalis KCTC 3501 u Lactobacillus farciminis,
WP 010018949.1.

[IToMMMO 5TOTO, B KOHKPETHHX BapMaHTax OCYIeCTBJIEHMSA HYKJIeasa
Cas?9 MOXeT KOOVUPOBaATHCHA HYKJIEOTUIHOM IOCJIenoBaTEJIEHOCTRIO,
KoTOpasd ABJISETCHA OIITUMU3UPOBAHHOM rio KOOOHaM B OTHOIIEHUNA
opraHmMs3Ma, conepxamero IHK-MMITIEHE . B OIPYyTUX BapMraHTax
OCymeCTBJIEHMA HYKJeasa Cas9 MoxeT coIepXaThk 10 MeHbIlel Mepe OIHY
IOCJIeIOBATEJILHOCTE AIepPHOM JIOKaJIM3alluM .

B HeKOTOpPHX BapMaHTax OCYUeCTBJIeHMA I[IOoJMUIIenTun Tuna I,

UCIIOJIb3YEME B HACTOSMMEM MK300peTeHuMr, uMeeT II0 MeHbmeld wMmepe 70%



MIOeHTUYHOCTHU (Hamnpumep, npumMmepHo 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 99% m T.m.) cC
aAaMMHOKMCJIOTHOM TIIocJjiefoBaTeJibHOCTRID Cas3, Cas3' HykJea3H, Cas3"
HyKJIeas3H, UWX pPeKOMOMHAHTHBIMKM BapMaHTaMM. B HEKOTOPHX BapMaHTax
OCYWECTBJIEHMS KaCKaOHHM [DOJMIIeNTMI Tula 1, MUCIOJb3yeMHl B
HacTodmeM M300peTeHuM, MMeeT II0 MeHbled Mepe 70% UMISHTUUHOCTU
(HanpuMmep, nOpumepHo 70%, 71%, 72%, 73%, 74%, 75%, 76%, T7%, 78%
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% m T.I.) C aMMHOKMUCJIOTHOM
nocJiemoBaTejyibHOCTBIO Cas’/ (CsaZ2), Cas8al (Csx13), Cas8a2 (Csx9),
Casb5, Csab, Casoa, Cas6b, Cas8b (Cshl), Cas’ (Csh2), Casb,
Casbd, Cas8c (Csdl), Cas’/7 (Csd2), Casl0Od (Csc3), Csc2, Cscl,
Caso6d, Csel (CasA), Cse2?2 (CasB), Cas7 (CasC), Casb (CasD), Casoe
(CaskE), Cysl, Cys2, Cas7 (Cys3), Caso6f (Csy4), Cas6 u/ummu Cas4d.

CRISPR-Cas CHUCTeMH THUIIa 1 XOpPOWNO WM3BECTHH B IaHHOM 0O0JlacTH
TexXHUKM U BKJIOUAKT, Halpumep, Archaeoglobus fulgidus, comepXamum
NpMBOOMMYI B KaudecTBe IHIpumepa CRISPR-Cas cucremy THHNa I-A,
Clostridium kluyveri DSM 555, cozmepxamuil IPpUBOAMMYI B KadecTBe
npuMmepa CRISPR-Cas cuctemy Tuna I1-B, Bacillus halodurans C-125,
comepXamul IPUBOOMMYI B kauecTBe IIpuMepa CRISPR-Cas cucTeMy TuIla
I-C, Cyanothece sp. PCC 802, coIepxamluy IIPUBOOMMYI B KauecCTBe
npuMepa CRISPR-Cas cucTeMy Tuna 1-D, FEscherichia coli K-12,
comepXxamuy MNPUBOIMMYI B KauecTBe IIpuMepa CRISPR-Cas cucTeMy TuUIla
I-E, Geobacter sulfurreducens, coIepxamui IPUBOOVMYI B KaudecCTBe
npuMepa CRISPR-Cas CUCTeMy THUIIA I-U, 1z Yersinia
pseudotuberculosis YPIII, comepXamuy NOPUBOIMMYK B  KadecTBe
npumMepa CRISPR-Cas cucTeMy THIa I-F.

B HeKOTOPHIX BapMaHTax OCYMeCTRBRJIEeHVA OOoJuIenTun Tuna 17T,
OPUTOOHEM OJIS IOaHHOTO M300peTeHMda, WUMeeT IO MeHbmel wMepe 70%
MIOeHTUYHOCTU (Hamnpumep, npumMmepsHo 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 8b5%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 99% m T.m.) cC
AMMHOKMCJIOTHOM IIOoCJienoBaTesJIbHOCTE Cas9. CRISPR-Cas cucCTeMBl THUIIA
IT xopomo WM3BECTHEHE B IaHHOM 06JJlacTM TeXHMKM U BKJIOUYAT,

HaopuMmep, mTaMMel Legionella pneumophila Paris, Streptococcus



thermophilus CNRZ1066 u Neisseria lactamica 020-06.

B HeKOTOPHIX BapMaHTax OCYHNeCTBJIeHMA IoJuIlenTtun Tuna 11T,
MCIIOJIb3YEMEIL B 5STOM M300peTeHUM, MMeeT IO MeHbIel Mepe 70%
UOEeHTUUYHOCTHU (Hampumep, nOpumMmepHo 70%, 71%, 72%, 73%, 74%, 5%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 99% m T.m.) c
AaMMHOKMCJIOTHOM IIocJiemoBaTelIbHOCTRI Cas6, CaslO (mym Csml), Csm2,
Csm3, Csm4, Csmb5, m Csmo6, Cmrl, CaslO0 (miam Cmr2), Cmr3, Cmr4,
Cmr5, wm Cmr6, Cas7, Casl0O, Cas’ (Csm3), Casb (Csm4), Cas7
(Csmb), Csm6, Cas7 (Cmrl), Casb (Cmr3), Cas7 (Cmr4d), Cas7

(Cmro), Cas?7 (Cmr6), Cmr5, Casb (Cmr3), Casb (Csx10), Csm2, Cas’
(Csm3) m allld73. CRISPR-Cas cucreMu Tuia I1I1 XOpowo WU3BECTHH B
DaHHOM 008JlacTM M BKJIOYAKLT, HaIopuMmep, Staphylococcus epidermidis
RP62A, colepXammMil HOPUBOOMMYK B KadecTBe TIpuMepa CRISPR-Cas
cucremy mTuna III-A, Pyrococcus furiosus DSM 3638, conmepxammi
NpUBOOMMYyI B KauecTBe IpuMepa CRISPR-Cas cucremy THna III-B,
mTamMMm Metanothermobacter thermautotrophicus Delta H, comepxamun
NpMBOOMMYyI B kaudecTBe npuMepa CRISPR-Cas cucremy tTHna III-C, wu
Roseiflexis sSp. Rs-1,comepxamyi IOpYMBOIMMYyK B KaueCTBe IIpUMepa
CRISPR-Cas cucrtemy THIa III-D.

B HeKOTOpPHX BapMaHTax OCYWeCTBJeHMA IIOoJUIenTnun Tuna 1V,
VCIIOJIBE3YEME B HACTOAMEeM M300peTeHMM, MMeeT IO MeHbleM Mepe 70%
UoeHTUuYHOCTM (Hampumep, nOpmumepHo 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 778%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95% 96%, 97%, 98%, 99% m T.m.) C

aMMHOKMCJIOTHOM  IIocJlemoBaTeJIbHOCThI Csf4 (dinG), Csfl, Cas’/
(Csf2) wm/umm Casb5 (csf3). CRISPR-Cas cucCTeMH TuIa 1V XOPOIo
M3BECTHH B OaHHOM obJylacTu, HanpuMep, Acidithiobacillus

ferrooxidans ATCC 23270 coIepXuT IPUMBOAVMYK B KaudecTBe IIpuMepa
CRISPR-Cas cucTteMy Tuila 1V.

B HeKOTOpHX EBapuaHTax OCYWeCTBJIEHNA IIOJMUIeNTHUI Tulla V,
OPUTOOHEM OJIS IDaHHOTO M300peTeHMda, WUMeeT IO MeHbleM Mepe 70%
MIOEeHTUYHOCTHU (Hamnpumep, npumMmepHo 70%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95% 963, 97%, 98%, 99% m T.m.) C



aMMHOKMCJIOTHOM TocJemoBaTesibHocThlo Cpfl, Casl, Cas2 wuiamum Casd.
CRISPR-Cas cucCTeMH THINa V XOpOWO WM3BECTHH B HaHHOM 0O0JacTu U
BRJIOUAT, HaOopuMmep, Francisella «cf. novicida Fxl, comepxamun
NpUBOOMMYyI B KauecTBe Ipumepa CRISPR-Cas cucremy TUIa V.

B HacTofdmeM OIMCaHUM Takke IIPeICTaBJIEHE BKCIPEeCCUOHHEE
KaCCeTsl M BeKTOPH, coIepXalle KOHCTPYKUUM HYKJIEMHOBEX KUCJIOT,
MaCCHUBE HYKJIEMHOBHX KUCJIOT, MOJIEKYJIH HYKJIEMHOBEIX KMUCJIOT W/WUIIN
HYKJIEOTUIHHE IoCcJjIefoBaTeJIbLHOCTHU 1o HacToAIeMYy n3o00peTeHunn,
KOTOPHE MOTYT OHTB MCIOJBb30BaHH CO CIoocofaMM, PaCKPHTHEMMU B
HaCcTOAmMEM OIMCaHUM.

B Ipyrux acrnekTax KOHCTPYKIUMM HYKJEMHOBHX KWUCJOT, MaCCHUBEH
HYKJIEMHOBEIX KMCJIOT, MOJIEKYJIH HYKJIEMHOBEIX KMCJIOT n/

HYKJIEOTHMIOHEIE IIOCJI€eIOBaTeJIEHOCTM IIO HaCTOoAIlleMy MBO@peTeHMD MOTYT

OHTL BBeOeHH B KJETKY OpPTraHM3Ma-XO03SMHa. MOXHO MCIOJIB30BATH
J0By1o KJIETKY/OpTaHu3M-xX039UH, B OTHOIMEeHUN KOTOPOTO BTO
nsofpeTeHne IPVIMEHVMO . [IprMe P OPTaHU3MOB—-X0O35EB BKJIOYAOT

DaKkTepuM, apxer, BOINOPOCJer M TPHUOH (HalopuMep, IPOXKN) .

Dajlee wun300peTeHMe OIMCaAaHO CO CCHJIKOM Ha TI[IpUBeIOeHHHE HIXe
npuMepsl. CllefyeT MMeTb B BUIOY, UYTO HSTHU IIPMMEPHE He IIpelHa3Ha4YeHEH
oJisa OT'PaHUUEHU A obweMa bOPMY JIEL nz3obpeTeHUd, a CKOpee
IpenHasHauveHs OJIA WMIJINCTPpaluM HEKOTOPHEX BapMaHTOB OCYIeCTBJIEHMUAD.
JoOEle BapMalMy B [OPMBEOEHHHX B KauecTBe IIpMMepa clrocobax,
KOTOPHEE BOBHUKAKLT Yy ClIeluralucTa B OaHHOM o6JacTu, BXOOAT B o0BLeM
HacTOoAmWeTro M300peTeHUA.

[TPVIME PH

Npumep 1. BakTeprajibHHE WTAMMB

Bce fOaKTepuaJibHEE [T aMMEL [IepeunCIIeHE B Tabsnle 1.
BakTepuaJlbHEE KYJIBTYPH OBUIM KPUOKOHCEPBMPOBAHEL B HOOXOIAMEN

cpelne IJa BHpamyBaHua Cc 25% mamuepuHoM (06./00.) ¥ XpPaHUIUCH IIPU

-80°C. S thermophilus pa3MHOXaJIM B cCcpene OSunvkepa (Elliker)

(Difco), momoJsHeHHOM 1% TOBAXLMM SKCTpakToM (Mac./o6.) u 1,9%
(Mac./006.) B-rmmiepodochara (Sigma), B CTaTUUECKMX anpOOHHX
ycioBuax npu 37°C wamM Ha TBepmou cpeme ¢ 1,5% (mac./o06.) arapom

(Difco), MHKYyOUMpPOBAJM B aHaRPOOHLIX YCIJIOBMAX HOpu 37°C B TeueHue 48
p p p

dacos. B cliydae HeoOXOoOuUMMOCTH, IOJIA oTbopa IIJIaSMMIOEI B S.



thermophilus WMCIOJBL30BAJIM KOHIUEHTpaUUM 2 MKI/MJI SPUTPOMULIMHA
(Em) m 5 MKD/MI XJopaMbeHukoJsa (Cm) (Sigma). E. coli EC1000

pa3MHOXaJIM B al’pOoOHHX YCJIOBUAX B OyJaboHe Luria-Bertani (Difco)

npu 37°C waIM Ha TBepOoOM cpelde C CepIeYHO-MO3TOBEHM BSKCTPAKTOM
(BHI) (Difco), nomojHeHHoM 1,5% arapom. Ilpu HeoOXOOMMOCTM, OTOOP
E. coli C WCIOJb30OBaHME aHTUOMOTHMKA BHIIOJHAIM HIpu 1omomy 40
MKT/MJI KaHaMmimMHa (Kn) um 150 wMxD/Mi Em 0Jjd pekoMOMHaHTHOM E.
coli. OLeHKYy CKPMHMHIAa I[IPOMBBOIOHEX S. thermophilus B OTHOMEHUN
AKTUBHOCTKY P-TajlakKTO3MOas3H BHIIOJHAJIM Ha KauyeCTBEeHHOM YPOBHe IIyTeM
OOIIOJIHEHUSI CHMHTEeTUUEeCKOM cpeld 2JJMkep 1% JakTos3ou, 1,5% arapowm
n 0,04% OpOMOKpPe30JIOM B KaueCTBe MHOMKaTopa pH.

NpuMmep 2. BrgeneHue U KIOHMpPpOBaHMe ITHK

Bce HaOOpHL, bepMeHTH n peareHTH MCIIOJIbE 30BaJIICh B
COOTBETCTBUA C VHCTPY KLUV AMN IPOM3BOOUTEIEN . Ouncrry u
KJIOHMpOoBaHre [HK BEIIOJHAJM, KaK OIMCaHO paHee (41). BxkpatTue, Jsa

OUMCTKM TeHoMHOM [IHK w3 S. thermophilus wucnojab3oBajlu Habop ZR
Fungal/Bacterial MiniPrep kit (Zymo). Inasvuanyio [THK BHOEJISIM U3
E. coli npm nomomu HabGopa Qiagen Spin miniprep kit (Qiagen).
BEICOKOKAUECTBEHHYIO [NIP-aMrimpmra o OHK BEIIIOJIH 4JIU C
ucnogszoBaHueM [JHK-nommmepaser PEFU HS I1 (Stratagene) . OOBUHEE
MeTonu IIIP NPOBOIMJIM C MCIIOJb30BaHMeM MoJuMepassl Cholice-Tag Blue
(Denville) . IpauMepsn njag I[P amMiandmuraumm OpuodpeTaln y KOMIIaHUU
Integrated DNA Technologies (Coralville, IA). OSkcrpakuuio ITHK us3
arapOB3HEX TeJleM OPpOBOIMIM IIpM OoMomM Habopa 2Zymoclean DNA gel
recovery kit (Zymo). PeCTPMKIUMOHHBEE BSHIOOHYKJIea3Hw OIpuodbpeTaliu VY
KOMIIaHUU Roche Molecular Biochemicals. s JIUTUPOBAHUA
MCIOJIb30BaNIM JuTraszy T4 mjiasa owcTpoy cumBiku (New England Biolabs).
CekBeHMpPOBaHMEe BHIOJHAIM B Davis Sequencing Inc. (Davis, CA).
KpnuokoHcepBUpOBaHHEEe, 00paboTaHHEHE XJIOPUIOOM pPyOMAOUS KOMIIeTEHTHEE
KJeTkn E. coll 1moJgy4dYasiM KakK OIMcaHo paHee (41). CosmaBajm
IasMmMOoel C MacCuMBaMM HalleJIMBaHUA Ha lacz, kaxzmad W3 KOTOPHX
comepxala B clenypimeM IopAIKe: (1) HaTUBHYIO JIUOEPHYI
[IOCJIeOOBATEJIbHOCTEL, chHeumdpmuHyin njsa STthCRISPR1 wmiam  SthCRISPR3
(2) HaTUBHHE IIOBTOPH, cHeludruHee 1Jid4 CRISPR 1 mim CRISPR 3 (3)

ClleMiCepHyl IIOCJIeNOBaTeJIbHOCTL, cCcHeuudmuHyo 1jsa 5'-xoHua lacZ (4)



IPpyTOM HaTUBHEM HOBTOp (dmr.l). IOiad cCo3mDaHMA KaXIoW I1JIa3MUIEH,
IIepeuMCJIeHHEe BHIIE OIPM3HaAKM I[IOCJIEeOOBATEeJIbHOCTHY YIHIOPAOOUMBAIN B
BUIEe VYIJMHEHHHX OJIMTOMEepPOR (Tabiuua 2), OOBEeIMHANM [OPpM IIOMOIU
CILIaMICMHT'a MEeTOIOM VYIJIMHEHUS IepekKpHBalmmxca IIP-npooykToB (42)
U KJIOHMpoOBaJsM B PORIZ28 (dmur.2).

Opumep 3. OrBop u paspaborxa CRISPR crencepoB

[IpoTrpaMMUpyeMa s CrelndUUHOCTE XPOMOCOMHOTO pacmernjeHnsa

3aBUMCUT oT BEIOOpPa TpeéyeMoﬁ IIoCJIeOoBaTeJIbHOCTHU cneﬂcepa,

YHUKAaJbHOM oI aJieJIa—MUIIeHN . CneundmMIHOCTDb IOTIOJIHUTEJIEHO
OCJIOXKHSAETCSH TpebyeMBM PAM, KOPOTKOM KOHCEepBaTHUBHOM
II0CJIeNOBATEJIEHOCTEI, KoTopas OOJDKHA HaxXOIUTHLCHA B
IIOCJIeNOBATEJIbHOCTU ~MUIIE HY B HelloCpeIOCTBEHHOMN BIM30CTHU oT
npoTocnericepa (21, 43). TaxuMm o0O0pa30M, CTPOTUMU KPUTEPUAIMM IJIS

OT@Opa n CO3IoaHMA cneﬁcepOB OBUIM MECTOIOJIOXEHME KOHCEHCYCHEIX

nmocJjiemoBaTeJIbHOCTEN PAM " cilyyalHas MOEHTUYHOCTE
[IOCJIeDOBaATEJIbLHOCTH C MHOPOIOHEIMM TeHOMHEIMM  JIOKYCaMM . IlepBEM
OT'paHUUeHNrEM OJIisd [penrojiaraeMuex IPOTOCIIENCEPOB OBLIIO

MECTOIIOJIOXeHMEe BCeX IMpenlnojlalaeMex IocJiefoBaTellbHOCTe PAM B
CMBICJIOBOM ¥  aHTUMCMHCJIOBOM HMTAX lacZ. B TrTeHe gpmaumHom 3081
HYKJIEOTMIOOB OBJIO HaMIeHOo 22 calTa PAM pjasg CRISPR1 (AGAAW) m 39
caiToB PAM gnia CRISPR3 (GGNG), KOTOPHE OKa3ajMChb UIeHTUUHBEMU
CBOMM KOHCEHCYCHEM [IOCJIenOBATEJILHOCTAM, [IOJIyYEeHHBIM
OMOMHPOPMALIMOHHEIM METOIOM (21). [Tocae UOEHTUQUKALIUNA
IOTeHIMAaJIbHEIX  CIIeMcepoB  OvUI  HOpoBeneH BLAST  aHajliM3  IIOJHOTO
IpoTocCIelcepa, 3aTpaBKM U IIocJedoBaTeJJbHOCTM PAM OTHOCUTEJIBHO
TenomMa S. thermophilus LMD-9 nJjs OpeloTBPalleHMs IOMNOJIHUTEJIBHOTO
TepTreTUHTa HeCHelUudUUeCKUX JIOKYCOB. Crnemicepu mjsa CRISPR1 wu
CRISPR3 wmMesn pasHHE IIOCJENOBATEJIBHOCTM WM He COOTBeTCTBOBAJIU
cataMm PAM, Ho OmuiM paspadoTaHH IOJ4 HalleJIMBaHMA Ha b5'-KoHel
lacz, B pe3yJjbTaTe UYel'0 [IpeldCKa3aHHEE ydacTKM pacllellJIeHUs
oKa3zaJiMCh opyr oT opyra Ha pPaccTosaSHUN 6 HYKJI€EOTUIOB.
CllemoBaTeJIbHO, JIMOEPHEE IIOCJIeNOBATEJILHOCTM, I[IOBTOPH M CIeMCepH
Ha KaxXOoW IuJla3MuIe OpelICcTaBJIAIM CcoDOM OpTOTOHAaJIbHHE [IPM3HAaKH,
yHuKaJbHEle 1Jig CRISPR1 wmiam CRISPR3, CoOTBeTCTBEHHO. [JIS OLEeHKU
MyTalu¥, 3BaBUCUMEX OT JOKYCOB-MMIIEHEN, CO3OaBajiM HOOIOJHUTEJbHY

maasmuny CRISPR3 co cHoemcepoM B OCTaTKe, CBA3BBAKIEM KaTMOH



MeTalia, KOTOPHM MMeeT BaxHoe 3HaueHMe IJd aKTUBHOCTH  [-
rajlakTO3MOasH. InmasMunoy c MaCCHUBOM CRISPRI1, conmepXxamyn
HecaMOHalleJIEHHHM Clelcep, MCIOJb30BaJIM B KauecTBe KOHTPOJIA MOJIA
KOJIMUECTBEHHOM OlLIEHKM JIETAJILHOCTM B pPe3yJibTaTe CcaMOHalleJIMBAaHUA.
IpuMmep 4. TpaHchopMalUs
[1asMuObe SJIEKTPOIIOPUPOBAIM B KOMIETEeHTHEM S. thermophilus,

conepmammﬁ UYyBCTBUTEIJIBHYIO K TeMIIlepaType XeJIIIEePHYIO IIJIasMHITyY

PTRK669, B COOTBETCTBMM C MeTOoIaMM, OINMCaHHEIMM paHee (44) .
BkpaTie, HOUHVYID KYJIbTYPY S. thermophilus VHOKYJIMPOBAJIN C
KOHIleHTpaluen 1% (06./06.) B 50 MJI cpemn 2JIMKep, OOIOJIHEeHHOM 1%

TOBSXbLUM SKCTpakToMm, 1,9% p-raunepodocharom m Cm 1ojag oTdopa.
Korma KyJILTypa OoCcTHUIJIa 3HaAUEeHUA 0OD600 HM, PaBHOTO 0, 3,
DO00aBIAIM NeHUUWJIJIMH G @[O0 I[OJIydeHMs KOHeuHOWM KoHUeHTpauum 10
MKT/MJI, IJId IIOBHIMEHMUS SOPPeKTUBHOCTM SJIeKTpornopaumnmu (45). KieTku
cobupaliM LeHTpUdyI'MpoBaHMeM M IIpoMeBaliM 3 pa3a B 10 i Oyodepa
OJI8 XOJIOOHOW B»JjekTpomnopauuu (1 M caxapo3w u 3,5 MM MgClz) . KiaeTkwu
KOHUeHTpUpoBaM B 100 pas B Oydepe nisa sjekrTponopaunu, u 40 MKJI

CYyCIIeH3VM aJIMKBOTHMPpOBAJIM B O,l MM KIOBETH IJIA SJIEKTPOIIopallli.

Kaxoywo CYCIIEH3UIO OOBEeIVHAJIN c 700 HT [JIa3MUIOH . YciioBuA
pJIeKTponopauun OvUM  claenywomymm: 2500 B, emrkocTs - 25 MO wm
comnpoTurJieHre - 200 OmM. BpeMeHHHE KOHCTAHTH PETUCTPUPOBAJN;

MHTepBaJl BapbMpOBaHMA KOTOPHX cocTaBun oT 4,4 1nmo 4,6 wMc.
CycrneHsun cpa3y obbemuHsaIu ¢ 950 MKJ Openra3HaueHHOM  IJIA
U3BJIEUEHVA Cpelb ¥ MHKYOMpOBaJIM B TeueHue 8 uyacor npu 37°C.
KileTOuHEHE CyCIEeH3MM BECEeBaJIM Ha CeJIeKTMBHYK Cpelly, a KIOBETH IJiAd
BIIEKTPOIOpalMM TIPOMHBAJIM CpPeloW OJd TapaHTUPOBAHHOTO WM3BJIEUEHUI
KJIETOK.

lpymMmep 5. NonTBepxneHMe dpeHoTMNA [-ralakToBMIASBH

TpaHCOOPMaHTH, I[IOJIydeHHHEe Kak wu3 CRISPR1, Tax u CRISPR3,
cHavajla TIoOBepraly CKPMHMHITY Ha G(GeHOoTHun, OeduurTHelt 1o B-
TajlakTo3MOgase, IIyTeM IIOCeBa KOJIOHMM ITPUXOM Ha NOJIyCHMHTETUUECKOM
Cpenme OSJIIMKep, HOOMNOJHeHHOM 1% JIakTo30M B KauecTBe MCTOUHMKA

TBEPpIOEX YIJIEBOIOOEB. HOTepD AKTVMBHOCTIM B—PaﬂaKTOSMﬂaBH ImogTBepXoaJi

BHIIIOJIHEHMEM aHaJIM30B Muijiepa (o-HUTpobeHmI-B-D-TanakTosun (ONPG))

(46) . BkpaTue, KYJIETYPH — pasMHOXaJM OO OOCTWXKEHNS  IIO3OHEUN



JorapubdmMmueckom dasel (OD600 uM=1,2) B 5 ™M1 cpemsl M cobupaln

LeHTpupyrmposanmeM (4000 x g B TeueHue 10 MmH) . KieTKM IIPOMEBAJIN
nu pPecyClIeHINpOBaJn B 0,5 MJI 3ab0ydepeHHOTO dbochaToMm
dmusmosorMUueckoM pacTeBope (Gibco-Invitrogen). Kaxoyon CYCIeH3UIO

oBvenuuaaM co 100 MKJ CTeKJSHHHX MuKpochep ToJsmmHOM 0,1 MM
(Biospec), a 3aTeM HnomBeprajau nat™m 60 cek LMKJIaM TOMOTEeHM3aluM B
Mini-Beadbeater (Biospec). 3BaTem obpas3uu LeHTpudyrmuporasm (15000
X g B TeueHMe 5 MMH) @OJ4 yIaJleHMS KJIETOUHEIX OCTATKOB UM MHTAKTHBX
KJIeTOoK. KileTouHee JmM3aTH (10 MKJ aJMKBOT) O00bemmMHSIM C 600 MKJ
pacTBOpa cybcTpaTra (60 MM NayHPOs4, 40 MM NaHzPOs, 1 wmr/mia ONPG,
2,7 MKJI/MI B-MepKanTo3TaHOJa) M MHKYOMpPOBAJIM B TedeHMe 5 MUH OPU
KOMHAaTHOM TeMIepaType, Iocjie dYero gpobaBjaaau 700 MKJI CTOI-
pacTtBopa (1 M NaCOsz). IlorJyomeHMe perucTpupoBaau npu 420 HM, a
AKTHUBHOCTL B-ramakTosunasu yKasbEBaJIn B eIVHUILaX Muiepa,
pPacCuMTaHHEX, Kak OINMCaHO paHee (46).

[IpuMep 6. OLleHKa pOCTa M aKTUBHOCTU

KyJbTypH OpeldBapUTeJIbHO obpabaTeHBalM OJIA OlLIeHKM pocTa IIyTeM

CYyOKYIIb TMBMPOBAHMA B TEeUeHNMe 12 T1[okoJIeHUMM B HOHVCMHTGTquCKOﬁ

Ccpene SJrkepa, nedUIMTHOM 1o JlakTo3e. CBexym cpeny
MHOKYJIMPOBAJIM HOUHOM KYJILTYPOM C KOHIeHTpauuen 1% (06./00.) wu

UMHKYOUpoBaau mpu 37°C craTruecku. ODeoo PETUCTPUPOBAMU KaXIBEL Yac
o Tex TIIop, IOoKa KyJbTYpPH He OOCTUIJIM CTalMoHAPHOM  das3H.
CKBallMBaHMe MOJIOKa OLeHMBaJIM IIyTeM MWHOKYIIAUUM HOUHOM KYJILETYPH B

ofe3XMpeHHOe MOJIOKO nHo YypoBHA 108 KOE/MI ¥ MHKYOMPOBAHUS IIpU

42°C. BaTeM cJenwM 3a 3HaueHreM pH npm nomomy pH-MeTpa Mettler
Toledo Seven Easy u 30HIA Accumet. OBe3XMpPeHHOe MOJIOKO

npuobpeTalr Ha MOJIOUHOM 3aBome NCSU Dairy plant m nacTepu3oBau

B Teuenme 30 mmH mpu 80°C.

IpuMep 7. NoeHTUMOMKALIMS MHOPOIOHHX I'@HOMHHX o6JlacTen

In silico [IPOTHO?3 MHOPOLHEIX MO OMJIIb HEIX JIOKYCOB ojig
HalleJiMBaHMsa Ha CRISPR-Cas BHIIOJIHAJIM Ha OCHOBe 1) MeCTOIIOJIOXKEHMS,
OpMEeHTaluM W HYKJIEeOTHMIHOM MUIESHTHUYHOCTM 1S D2JeMeHTOB ¥ 1i)
MEeCTOIIOJIOXEHM A KUBHEHHO BaXHEIX OPC. B Bacillus subtilis
KOJIMUECTBO MIOEHTUOUUMPOBAHHEX XW3HEHHO BaxHeXx OPC cocrTaBuio 271,

KOTOpoOe OBLIIO oripeneJieHo IIo JIeTaJIBLHOCTM HOKayTOB TI'€éHOB B TI'€HOMEe



oukoro Twumna (33). I'edom S. thermophilus MCCJeIOBaJM Ha HaJMUUe
TOMOJIOTOB II0 KaxIoMy XMB3HEeHHO BaXHOMYy TeHy B B. subtilis 1ipu
IIOMOMM MHCTPYMeHTa HOJA I[oMCKa B OporpamMmMe BLASTp C MaTpuUlen
OLIeHKMU, VCIIOJIbE 3y eMOM 1o YMOJIUaHUIID o4 AMMHOKMCJIO THEIX
nocyjenoBaTeJibHOCTeM. B S. thermophilus MOeHTUOUUMPOBAJM IT'OMOJIOTU

oJig  OpuMepHo 239  XMB3HEeHHO  BaxHux  OPC, BCe U3  KOTOPHX

KOOMPOBAJIMCE  XPOMOCOMOM (Tabmamua 4). BeJaxwu, yuyacTByKIEe B
KOHCEepPBaTHUBHEX KJIE TOUHHX npoleccax, BKJIIOUA I IOHK
pelrKalLmio/ ToMeocTas, MeXaHW3MEB TPaHCJISLIUN u OCHOBHEIE
MeTaboJIuueckme IIYTH, OEUIM  JIETKO  UIOeHTUOMUMPOBAHE. He O

HalgeHH TOMOJIOTM, COOTBETCTBYKIMEe OMOCHMHTE3Y NIUTOXPoMa/IHXaHuio,
B COOTBETCTBUU c MeTaboJInue CKMUM npoduieMm bepMeHTaTUBHEIX
BakTepur. Kaxnyio OpennojaraeMyln XWM3HeHHO BaxHyil OPC oTobpaxaln
Ha pebdepeHCHOM T'eHOMEe IIpM IIOMOIM OPOTPaMMHOTO  O0ecledueHUd
SnapGene, uTo ofJjieryvano BU3YaAIU3alMKw MX  MeCTOIIOJIOXEHUSA "
pacnpenejyienvs B S. thermophilus LMD-9 (omr.3A).

IS-2jleMeHTH B TeHoMe S. thermophilus TpyNnupoOBauM IIyTeM

BEHPaBHVMBAHNMA KOIMPYRIMX TPOAHCIIO3OHEI mocjiefoBaTeJIbHOCTEN Ipn

[IOMOIY MPOTPaMMHOTO ofecrneueHnsa Geneious® (opur. 4). OBo3HaUueHUS
CeMEeMNCTB OIpelesifiiM B COOTBETCTBMM C aHaJluzoM BLAST B oObeMme
6as3be IOaHHBEIX 1S—-3JieMeHTOB (www—-is.biotoul.fr//). Ing npenckaszaHmns
5OOEeKTUBHOCTHM OIOCPeNOBaHHOM pekoMOMHalMeN BSKCUUBUKM XPOMOCOMHEX
CEeI'MEHTOB, OTHOCUTEJILHOE PAacCIOJOXEHNE POOCTBEHHEX 1IS—5JIEMEHTOB
oToBpaxasiM Ha TeHOM S. thermophilus (¢pmur.3A). CemercrTBa 151193 u
Sth6 IS-»mJeMeHTOB Ualle BCEeI'O BCTpPEUYaJIMCk B TI'€HOMe U OOBUHO UX
MOXHO HauTu B Streptococcus pneumoniae u Streptococcus mutans
(34) . HecmoTps Ha InpeobiialaHue »JjieMeHTOBR 131193, OrUIO IIOKa3aHOo,
uTO  MHOTHMe U3 STUX  JIOKYCOB npencTaBJIsain cobom  HeboJbmMe
dpaTMeHTH, HOEeMOHCTPUPYKIME HeKOTOpyK CTelleHb HOOoJuMoOpdu3Ma U
BHPOXIEHNVs, TIIPM STOM TakKXe MMeJIOChE HEeCKOJBEKO KOMNUM C BHCOKHUM
YPOBHEM  MIEHTHMUHOCTHM  IOCJeIOBATEJIbLHOCTHU (dur.bA) . HanpoTus,
ceMeMcTBO Sth6é noxaszaljio 3HaAUMMYyK CTeleHb HOJMMOpOM3Ma UM BHCOKYK
BHPOXIEHHOCTL, IpMUeM HEeKOTOPHE KONMM COHOepXallM 3HauuTeJIbHHE
BHYTpeHHMe nejieuuu (our.5B) . SijgemeHTH 1351167 m IS119]1 OwpuiM MeHee

YaCTBEIMIM, HO TIoKazaJjlM TIIOUTKM MIOeaJIBHYK TOWHOCTE BOCIIPOM3BEIEHNUA



KOOMY, UAOEHTUOUMUIMPOBAHHHX B TeHoMe (puc. 5C wm b5D). Mcxoms wus3
CTEIEHM COXPAaHHOCTM MOJMHE M TIIOCJIENOBATEJIBHOCTM BJIeMeHTOB 1S1167
m IS1191 y S. thermophilus M UX OTHOCUTEJILHOM OJIM30CTM K IT'eHaM
amanTaumum MOJIOK A&, OrLIa BHOBMHYTA runoTresa, uTo BTU
KOHCEePBAaTMBHEE/BOCIPOU3BOOUMEE C BHCOKOM TOUHOCTBIO TPAHCIIO3OHE
OB NPUOBPEeTEeHE I'eéHOMOM HeIaBHO.

OOBEeOIVMHUB MeCTOIIOJIOXEHNME IIpeCKasaHHEIX XM3HEeHHO BaXHEBIX OPC

u IS-3JIeMeHTOR, OBLIIN UOEeHTUQULUPOBAHE VHOPOIHEIE OCTpPOBa,
bJIaHKMPOBaHHEE IS-mJIeMeHTaMM, BOCIIPOM3BOIVMEMA C BLHICOKOM
TOUHOCTLID (dur. 3A) (rTabsamuua 3). IIepBHM OCTPOB COIepXalJl OIepoH,

VHUKaJBHEM 1IJig S. thermophilus LMD-9, KOIUPYKONIMUNM IIpenrnojaraeMylo
ATO-3aBUCUMYIO TPAHCIIOPTHYIO CUCTeMY OJIMTOHYKJIEOTHUIOB C
Heu3BeCTHOW chHeuudpmuHocThio (pur.3B) (35). BTOpOM OCTPOB CoIepXall
IpoTenHas3y KIJIeTOUHOM CTeHKM PrtS, koTopas obecneuuBaeT QEeHOTUII
OEICTPOTO CKBallMBaHUA Y S. thermophilus (pur.3C) (36) .
[lpMedaTeJIbHO, UYTO XOTHA pPrtS He HABJIAeTCHd MUPOKO pPaclpOCTPaHEeHHHBM
B TeHoMax S. thermophilus, OHJIO NPOIEMOHCTPMPOBAHO, YTO T'E€HOMHEE
OCTpOBa, KoIupywmme prtS, epemawTcd MeXOy ITaMMaMU I[IO0CPelCTBOM
ecTeCTBEeHHOM KOMIIETEHTHOCTH (36) . TpeTun OCTpPOB comepxall
IpenrnoJjiaraeMuii OeJlok ATd-3aBUCHUMOM TIOMIIEL MOHOB Menu u
IPUCYTCTBOBAJI B KaXIOM CeKBEHMPOBAaHHOM mTamMme S. thermophilus
(dur. 3D). UeTBepTHM OCTPOB OBJI CaMBIM KPYIIHEM II0 MOJMHE, pPaBHOMU

102 T.m.o., ¥ 10 comepxXaHmio TeHoB c 102 mnpemnckazaHHemMu OPC,

BkJIoUasag Jlac omnepoH (pur.3E). 3ToT oCTpoBR OBl OOHapyXeH BO BCeX
mramMmMax ~— S. thermophilus, OpM STOM  KaxOul MmTaMM  OTJIMUaJiCa
crieuMdMUUHEIM  CcoOepXaHrueM TeHOB U OJIMHOMN. UToBE  ONpelesUTh

pesyabTaT HallelIMBaHUA 00erx DHIOTEeHHHX CHUCTeM Tula 11 Ha KpYIIHBMN
T€HOMHEIM OCTPOBRE, o4 [IOCJIeDOBaATEJILHOCTH, KOIMpYyoIen lacz,
co3maBaJiM MaCCUBE HOBTOp-cIelcep (our.3E) u kJoHMpoBailuM B pORI2ZS8
(duT.2). UeTBepTHM OCTPOB BHOMpalIM B KauecTBe MumeHM nJjsa CRISPR-
Cas mM3-3a eIro pasMepa, MIMPOKOM PpaClIpOCTPaHeHHOCTM B mTaMMax S.
thermophilus ¥ BO3MOXHOCTM OCYmECTBJIEHUS CKPMHMHTAa Ha HaJudue
lacZ-MyTaluuit o OTpUllaTeNIbHOMY (QeHOTHIY [B-TajlaKTo3MUIasH.

OpuMmep 8. CRISPR-Cas HauenuBaHue lacZ sBrbupaeT cCOOHTHUSI C

KPYIIHEIMM OeJieli-aMAN



B cucTtemMax TuUIa IT Cas9 ©pacnosHaeT [JHK wu obBpaTmuMo

CBA3SEIBaAeTCA C IIoCJIefOoBaTEJIEHOCT AMIM PAM, Ipn STOM IIPOMCXOIONMT

axkTuBaUMdg Cas9 Ha MUIIEHU uepes obpasoraHue OYyIIJIeKCa
tracrPHK: : crPHK (37), uTo B KOHEUYHOM nurore [IPUBOOUT K
pacmeryieHrio  dsIOHK (pur.6A U oB) (25). our. 14A u 14B

npencTapjgaoT coboy cxeMaTUMUYeCKyln IMarpaMMy ofmero  OpMHLIMUIIA
COBMECTHOTI'O B3aMMOIEeCTBUA SHIOT'€HHEIX CRISPR CUCTEM oJis
HalopaBJIEHHOTO YHMUTOXeHMsa. B dyacTHoCcTM, Ha omur. 14A wu 14B
IokasaH IIPUMHIUII COBMECTHOM padoTh SHIOOTEHHHX CUCTeM Tuna II B
Streptococcus thermophilus nJjs HAOPAaBJIEHHOTO YHUUTOXeHMS. TakKuMm
obpasoM, B S. thermophilus =anporpaMMMpOBaHHas r1ubeJb KJIETOK
oJocTuUIrajacCb 3a CuUeT MCIOoJb30BaHMA cucTemel CRISPR-Sthl (A) wnm
CRISPR-Sth3 (B) muna II, nyreM pas3paboTKM HaIpaBJIEeHHOM Ha TI'eHOM
IOCJIeIOBATEJILHOCTHU cIelcepa, OGJIaHKMPOBAHHOM HATHBHLEMKM IIOBTOPAaMM,
DKCIpPeCcCcUusd KOTOPHIX YOpaBJAalach HaTUBHEIM  WJIU CUHTEeTHUUYECKUM
IIPOMOTOPOM. [poueccuHr TPAHCKPUOUPOBAHHOTO MaccHuBa IOBTOP—
crieicep OCYIECTBJAJICA IOIPM IIOMOIMM KOOMPOBAHHOM XO03AMHOM PHKaszm
ITT u Cas9 c noJjgyueHueM 3pesieix CcrPHK, koTOpee pekpyTUpybRT Cas9 B
TeHOM, UYTOOH BHE3BaATh IOBYXLEIOUeUHOe paclerieHve [ITHK, npuBondglee
K rubesqiM KJIETOK.

TpaHchopMaL s rasMmMnamm, BEI3EIB A0IMMI XPOMOCOMHOE
caMOHalleJIMBaHue [IOCPEenCTBOM CRISPR-Cas CUCTEM, okasaJjlachb
HUTOTOKCUYUHOM, COTJIacHO pesyJbTaTaMm U3MEPEHUA YMEHBIIEHU I
KOJIMYeCcTBa BEDKMBIIMX TpaHCOOPMaHTOB 1o CPaBHEHUID c
HecaMOHalleJIeHHBEIMM I1asMunamvm (15, 29). TaprertmpoBaHMe TI'eHa Jlacz
B S. thermophilus mnpuBejo k 2,5 1log VYMEHBIIEHMIO KOJIMUECTBA
M3BJIEUEHHBEX TpPpaHCOOPMaHTOB (pur.6C), TakuMM of0pasoM OoCcTuUrasd
IpenesjIbHOTO 3HaueHusa DHDOPeKTUMBHOCTM TpaHchopMalrM. [IBYXHUTEBHE
paz3peieu JHK (DSB) HABJAOTCA CYMNEeCTBEHHOM YIPO30M MOJIS BLEXXMBAHUA
OpTraHM3MOB. [IJI4 COOTBETCTBYIMX IIyTelV pelapalMM UYacTo TpedbyioTcs
pesexrumsa KOHIIOB oJjisa BOoCCTaHORJIeHrd [THK cC TYIIEIMM  KOHIIAMU.
SHOOHYKJIEOJIN3, VHOYLIMPOBAaHHEMN Cas?9, ene BoJiee yoyryosigaeT
OaBJIeHMe Ha MyTaluu, BH3BaHHHEe DSB, Tak KakK [OJ89 BOCCTAaHOBJIEHUA
JIOKyCa—MMIIEHM B IOUMKOM THIIe HeJIb3a uz3bexaThk Inocjenyomero CRISPR
HalleJuBaHMA. OnpenejieHMe IIPOMCXOXIEHUS CIeMCepoB B MOJIOUHOKMCJIIHIX

BakTepnax roxkasalo, uTo 22% CIIEVICEePOB obJjamamnT



KOMILJIEMEHTAPHOCTEI K caMuM cefbe, M UTO COOTBETCTBYKINME TI'€HOMHEE
JIOKYCH OBUIM M3MEHEHE, UYTO, BepOATHO, CIOCODCTBOBAJIO BEXXMBAHUKL
BCTpevamnmnmMxCcsa B IOpUpole COOBTHUM caMoHalleJuBaHMUA (28) .

UTOOH ONpeleliuThb, MyTHpOBaJl JM JIOKYC—-MMUIIEHE B OTBET Ha

BEHIBBaHHOe Cas9 pacumeljeHue, TpaHCOOPMaHTEL OBUIM  [IOOBEPIT'HYTEL

CKPUHMHTY CHauajla B OTHOIEHMM [NOTePM aKTUBHOCTM [-TajlakTo3MIasH.
KijloHH, @»medMUMTHEHE IO STOM AaKTHUBHOCTU, OBJIM T'eHOTUIIMPOBAHHE B
JIOKyCe lacZz. Hurkakmx MYy Talui n3-3a KJIACCUUECKOTO WU
aJIb TEPHaATUBHOT'O KOHIIEBOTO COeIVIHEHWH, HU CIIOHTaHHBIX
OOHOHYKJIEOTUIOHEX TIIOJIUMOPOUBMOEB He HabjomoaloCk HM B OIOHOM U3
CeKBEeHVPOBAHHBIX KJIOHOB . OTcyTCcTEME OOHOHYKJIEO TUIHBIX
IIOJIMMOP M 3MOB MOXeT OHITH CBA3aHO C HU3KOM SOOEKTUBHOCTHIO
TpaHchopMallMK, YCYTIyOJeHHOM HM3KOM UYaCcTOTOM TOUeUHHX MyTaluli, a
OTCYyTCTBMe TOMOJIOTOR Ku u LigaselV KoppelMpyeT C OTCYTCTBUEM
HETOMOJIOTMYHOT'O KOHIIEBOTO coemuHeHusa (38). IIIP-CKpUMHUMHI IIOKa3al,
uro lacZ OUKOTO TUIla He [OIPpUCYTCTBOBaJ, HO I[P aMIJIMKOHE He
COOTBETCTBOBaJIM HATMBHOMY JIOKYCY lacZ; BepOATHee BCeI'O IIpOoM30lja
aMIIMOUKaUMa IIOCJIeOOBaATeJILHOCTHM, OJaHKMPOBAaHHOM IS-3JjieMeHTaMM, B

JPpyIT'OoM T'€éHOMHOM JIOKYCe. UToOH MCCJeIoBaThb IT'€HOTWUII, OTBeTCTBEHHLMN

3a [IOTEpPK AKTUBHOCTHU f-ranmakToszunast, OBLIIO BEIIIOJIHEHO
OOHOMOJIEKYJIAPHOE CEeKBeHUpPOBaHME B  pealJlbHOM BpeMeHM B IOBYX
KJIOHaX: OOMH M3 KOTOPHX OBJI IOJyYeH B pesyiabTaTe CRISPR3
HalleJMBaHMsa b'-koHIla lacZz, ¥ »OpyTroM OwJI IIOJIyUdeH B pesyJbTare
CRISPR3 HalleJIMBaHU g IIOCJIEOOBATEJIEHOCTH, Kooupywoien MOH-
CBA3HBaLMNMIA KapMaH, HeOOXOOMMEM MJId KaTajJus3a P-TajlakKTo3umgash
(pur.7A m 7B). STa CcTpaTeIrMsa CeKBEHMPOBAaHMA MCIIOJIb30OBaJlaCh M3—-3a
OOJILIMOM OJIMHBEL CUMTHBAaHMSA, UYTOOH OOOMTM TPYIHOCTM, CBA3aHHHEE C
HaIeXHOCTbID OToOpaxXeHMsa TIMNPOoUTeHUM B MIPaBMJILHOM JIOKYyCe, U3—-3a
OOJIBIIOTO  KOJIMUEeCTBa  1S—-2JIEMEHTOB B I'e€HOMe (35). [IpouTeHUd
oToOpaxasM Ha pedbepeHCHOV I'eHOMHOM IMIOCJIeOOBATEeJIbLHOCTM IIPU IIOMOIIM
oporpaMMHOTO obBecneduenusa Geneilous, ¥ OBJIO BHSABJEHO OTCYTCTBUE
KPYIIHOTO cCceTrMeHTa (mnpuMepHo 102 T.10.0.), KOIOMPYKIETO OTKPHTY
pPaMKy CuUMTHBaHUA lacz (pur.7A m 7B). 0O0a CeKBEHMPOBAHHHX IITaMMa
IOOTBEPOMIIM BOCIPOM3BOIMMOCTE TPaHMI KPYIHOM »OejleluMy UM IIoKa3aJu,

uTo oejielin4d IMIPONCXOONT Hes3aBMCHMO oT cneﬁcepﬂoﬁ



nocJjiemoBaTeJibHOCTH lacZ miam CRISPR-Cas CUCTeMBl, MCIIOJL3IyeMOW IJIA
HalleJqBaHusg. OOHaAKO HOaHHBE CEKBEeHUMPOBAHMA He JaBaJlM IOOCTOBEPHOTO
oTOoBpaxeHMd TOUHHX I'PaHUll OeJiellu.

YoaJjleHHBle CEeTIMeHTHE pasMepoM 102 T.II.0. COCTABJALT IPUMEPHO
5,5% or 1,86 wM.m.o. TeHoMma S. thermophilus. 06jacTb coIepxalia
102 npenrnojiaraeMuelx OPC (STER_1278-1379), KOoIUpyomme ABC-
TPaHCIOPTEPH, OBYXKOMIIOHEHTHHE pPeryJIATOPHHE CUCTEMEH, T'eHH
CMHTe3a 0OaKTepuollMHa, CBSA3aHHHEe C ¢paroM OeJIkM, TeHH kaTaboJm3Ma
JJAKTO3H ¥ HECKOJIbBKO CKPHTHX T'eHOB 03 aHHOTUMPOBAHHOM OQYHKINUM
(35). BiusHMe pmeJleuMM Ha O(eHOTMII pPOCTa OleHMBaJIM B OYJILOHHOM
KyJIbType nyTemM wusMepeHusa OD 600 HM B 3BaBHUCHMMOCTM OT BPEMEHMU
(pur.7C) . KJIOHH C @»OeJjielusaMM, I[IO-BUIOMMOMY, MMeJIM 0o0Jiee OJMHHYIO
Jar-dgasy, 0OoJlee HM3KOe KOHeuHoe 3HaueHre OD (p <0,01) m mokazaim
3HAUUTEIJBHO BoJee OJIMTEeJIbHOE BpeMsa TeHepaln BO BpeMs
JorapudMmueckom Gasbel CcO cpelHMM 3HaueHuem 103 MMH, IO CpPaBHEHUO
c 62 MMH g OUKoro Tuna (p <0,001). XoTd [OpOM3BOOHEE C
neJjJeumuaMu MMeJy MeHBNMM [0 pa3Mepy I'eHOM JIA pellMkauum (Ha
5,5%) B pacueTe Ha OIOHO IIOKOJIEHME W He TpaTUIM PeCypCH Ha
TPAHCKPUIILMIO WJIM TPAaHCIAUMD MCKIIOUeHHEX OPC, HMKaAKOI'O SABHOTIO

YIIy4dlmeHrMAad B @ UX HpMCHOCO@J’IHeMOCTM OTHOCUMTEJIEHO JIMKOI'O THIIa He

HaOJOAJOCh. AKTMBHOCTL [B-TajllakKTOo3MIOa3H SBJISETCS OTJUUMTEJbHOMU
0COBEHHOCTRI0 IJIA IIPOMBIIJIEHHOTO IIPYMMEHeHMSA MOJIOUHOKMCIEX OaKTepum
M ¥MeeT BaXHOe 3BHaueHMe MOJId COXPaHeHUsS IIMHIEBHX CUCTEeM IIYyTeM
CKBamMBaHMa. Takum o00pasoM, CIocoBHOCTL JlaciZ-mnedUUMTHHEX ITaMMOB
S. thermophilus K CKBAaIIMBaHUI MOJIOKa OLIEHUBAJIN nyTeM
OTCJIeXMUBaHMA 3HaueHuyr pH (puc.7D). Kak ¥ 0XMIaJIOCL, MmTaMM C
neJjeumuaMu — He Br1  crocoBeH K CKBallMBaHMID  MOJIOKa B XoIe
SKCIepUMeHTa, UYTO Pe3KOo KOHTPpacTHUMPpOBAaJIO C (GeHOTUIIOM OHCTPOTO
CKBaMMBaHMg, HabloDaeMbM y IMKOITO THUIIA.

IpuMep 9. T'eHOMHHE [HeJIeliIMM IPOUCXOIOAT IIYyTEeM PeKOMOMHALIUM
MeXxXOoy T'OMOJIOTMYHEMM IS-3JIeMeHTaMu

IO1a mu3yudeHMI MexXaHu3Ma JeJleliu ObUIM olIpeleJieHH HYKJIEOTHUIHEBE
mocjienoBaTeJIbLHOCTH, bIaHKMpyMmKe CerMeHT. EOMHCTBEeHHEMN
TOMOJIOTMUHEIMM I[IOCJIEeOOBATEJILHOCTAMM, HabJoTaeMbEMM Ha CTHKax, OBJIN

IOIBEe YCeUeHHHEe MHCEPUMOHHEE IIocjiemoBaTeJibHOCTM IS1193 ¢ 91%



UIOEHTUYHOCTLI0 HYKJEOTHMIOHOM IIOCJIeIOBaTeJIbHOCTM II0 BCeW OJMHe,
paBHOM 727 m.o. TaxumMm oBpasoM, IJS aMIIMOuKalumu TeHoMHOM ITHK
BEIKMBIIMX  KJIOHOB, comepxammx — OeJIelyio, Opula paszpaboTaHa Iapa
opaMepoB, OGJaHKUpYyKIMX OBa 1S-3JjeMeHTa. KaXOe M3 ITaMMOB C
mejlelied MMeJI XOpOollo palzjIMuMMyld IIOJIOCY IIpeICcKa3aHHOTO pa3Mepa
(npumMepHo 1,2 T.IO.H.), dYTO HABJIAeTCHA IIONTBEPXIeHUEM COOBETUA
KPYIIHOM T€HOMHOM neJjelumum (pur.8A) . VHTepecCcHO, uTo CJ1a 0w
aAMITJIMKOH, COOTBETCTBYINUY XPOMOCOMHOWV  »eJjlelnu, Habmomalcs VY
OIMKOTO TMIla, UYTO YyKa3eBaeT Ha TO, dYTO 5»Ta o00JacTb MOXeT
eCTeCTBEeHHEM 00pasoM MCKJUATLCS M3 I'eHOMa C HUBKOM CKOPOCTBI B
INONYyJAUMAX IWKOTO Tula. CeKBEeHMPOBaHME aMILJIMKOHAa CTHEKA BHIIOJIHAJIN
njuga 20 KJIOHOB, TEHEPUPYEMHX XPOMOCOMHHEHM CaMOHalleJIMBaHMEM IIPpU
yuactun CRISPR3. T'eHOTHMIMPOBaHME JIOKyCa BHSABUIIO HaJlMdye OIHOTO
XMMEPHOTO IS—-3JIeMeHTa B KaXIOM KJIOHEe, WU, IIOMMMO TOTO, Y KaxXIoIo
KJIOHa OwpJla OOHapyXeHa TpPaH3UMIMA BHIIEPACIOJIOKEHHOTO D3JIEMEHTa B
PAaCIIOJIOKEHHYK HWXEe TIIOCJIENOBATEJIEHOCTE BHYTPM XMMepH (our.8RB) .
HabGmomaeMell pasMep Oejeluy BapbupoBajs oT 101,865 mo 102,146 m.o.

TOUHEIM pas3Mep JIOKyCa TpPaH3MIMKM He OBUI IIOCTOSHHEM, HO OKa3aJicad He

CIIy4darHBIM BHYTPHU KJIOHOB, UuTo noIpa3yMeBaJio IOTeHIMaJIbHOe
CMelleHre MexXaHM3Ma OeJleluM. S. thermophilus wWMeeT TUIWUHBEM
pexoMOVMHAIMOHHEI  alnapart, KOOUPYEMHY  Kak  RecA (STER _0077),

roMoJioTaMr AddAB, OYHKUMOHMPYHIMMM B BUIE IBOMHEX ATO-3aBUCHUMEBIX
IDHK-sk30HYKJIea3s (STER 1681 m STER 1682), u resuxkason (STER 1742)
ceMeMcTBa RecD. Bricokag HYKJIEOTUOHASA UOEHTUUYHOCTE MeXIY
GJIaHKMPpYRIMMU ~ 1S—-5JIEMeHTaM ¥ CIOCOOHOCTBE  S. thermophilus K
OCYImEeCTBJIEHUID CcauT-cleuupruecKkon pexkoMOMHauuM (4) HOOOTBEPXOalT
50PeKTUBHOCTL ReCcA-olIoCpelOoBaHHOM pekoMOMHAaLIMM, YUacTByoIel B
SKCUM3UM TeHOMHOT'O ceIMeHTa (¢mr.S8C).

SaTeMm OLIeHVBAaJIU BO3MOXHOCTE MCIIOJIE30BaHUA CRISPR-Cas
HalleJIMBaHU A OJIA BHIOEJIEHU I neJjeumnm oJisa Kaxmoro JIOKyCa C
OOVHAKOBOM TeHeTHMUeCKOM CTPpyKTypor. C BTOoM lLeJbld Cco3OaBalli TPU
CRISPR3 MaccuBa IOBTOp-CIeNcep, OIOMH M3 KOTOPHX TapreTHUpOoBalJl
TPAHCIIOPTEP OJUTOHYKJIEOTUIOB B I[IepBOM JIOKyce, prtS BO BTOpOM
JIOKyce, u TeH ATO-3aBMUCHMOV IIOMIIH MOHOB MeIM B TpeThbeM JIOKyce, U
KJIOHUpOoBaJ B pPORIZ28 (pur.b5). [IJjd CKpPpMHMHIA Ha HaJlnuue IOeJielluM

cosmaBajiM IIpalMepd, OGJaHkupyomre IS-3JIeMeHTH B KaXIoM JOKyce,



0JIg  aMIUIMOUKaLUMKM KaXIOoI'o CTHKa ngejeuum (¢our.8D). OrcyTcTBHE
JIOKYyCOB IOMKOT'O THIla TakXe IIOOTBepXIOaliM B KaXIOM Cllydae IIYyTeM
pazpaboTKM BHYTPEHHUX OpalMepOoBR IJSg KaXIoI'0 TI'€HOMHOT'O OCTpOBa
(puc.8E) . Ilocyie TpaHcdopMaluMM OpY IIOMOIM HallPaBJIEHHEIX ILJla3MUI
BHIOESJIAJIM HeJleluM B KaXIOM JIOKYyCe, M IIOOTBEepXIalM MX OTCYTCTBHUE Y
OVKOTO Tuna. CeKBeHMPOBaHME aMIUIMKOHOB CTHKa OeJlelMM IOOTBEepPIMIIO
HaJlMuye OOHOTO OCTaBIerocsda cJjiega XMMEpPHOTo IS-3JIeMeHTa, dYTo
yKa3hBaeT Ha o0mui MexaHM3M »OeJlellMM B KaXIoM JIOoKyce. JVHTepecHOo,
uTo npariMepH, biraHkMpyRILne IS—-2JIeMEeHTH, Takxe OBLIIU
aMIimmMouuMpoBaHe U3 gIOHK Ouxkoro Tulla, 4YTO IOONOJIHUTEJIBHO YyKas3HEBaeT
Ha TO, UYTO TeTepOl'@HHOCTL I[IONYyJALUMM BO3HMKAET eCTeCTBEHHEM
ofpasoM B KaxXIOM JIOKYyCe M3-3a CIOHTAaHHEIX TEeHOMHHX »Oejelu. OS5Tu
pe3yJbTaTH [IpenrnojarainT, 4YTo pacliellleHre Cas9 CHeUM@UUHEIX B
IOCJIENOBATENBHOCTEN TPOUCXOIUT U3bupaTeJIbHO B  BapMaHTax, He
comepXamMx KOMOMHalUMM TMpoTocHelcepa ¢ PAM, HeoOxoOouMele OJIA
TapreTUpoBaHuia. TakuMmM o0Opa30M, CIOHTAHHEE I'€HOMHEE »OeJilelM MOI'YT
OBITH BEIIEJIEHEL Ipu TIOMOIIMU CRISPR-Cas HalleJIMBaHM4A, Kak
50PEeKTUBHOTO MexXaHM3Ma OoTOopa MUKPOOHEIX BapMaHTOB, I[IOTepABIIMX
Takye IT'€HOMHEE OCTpOBa.
DpuMep 10. CKPUMHMHI' IIOIIYJISILIUNA

B sToOM mMcCCJeOOBaHMM HaATHMBHEE CUCTeMH Tulla I1IA, comepXallnecs

B S. thermophilus, MCIIOJIE30BaJIM OJId OINpeleJleHMS  CIIOHTAaHHHX
OeJlellni  KPYIHBX TEeHOMHBX OCTPOBOB. IIOCPEeOCTBOM HE3aBUCUMOTO
TAapTeTUPOBAHMA UYeTHpex OCTPOBOB B S. thermophilus co3maBaliu

CTaBMIILHEIX MyTaHTOB, Y KOTOPHX B o0Omer CJOXHOCTM OTCYTCTBOBAJO
7% TeHOMa. XapaKTepuMCTHKa CTHKOB »OeJlellMi Ipennojaraja, dYro IS-
3aBUCHUMEI MexXaHM3M PeKoMOMHAlMY BHOCKT BKJAL B TeTepOoTeHHOCTH
IONyJAlMK ¥ ofeclleuMBaeT BHABJIeHME COOHTHM OejlellMM pa3MepoM OT 8
o 102 T.II.0. TouHOE KapTUpOBaHMe  XUMEPHHX IS-2J1eMeHTOR
yKaswBaeT Ha  TO, uTo COBBITH A ecTeCTBEeHHOW  peKOMOMHAlINM,
BEepOATHO, OTBETCTBEHHH 3a OoJbIlMe XPOMOCOMHHE mejieummu B S.
thermophilus ®  NOOTEeHIMAJILHO  MOTYT OHTH MCIIOJIB30OBAHE  IJIA
HamlpaBJIEHHOTO pellakKTUPpOBaHMA TeHoMa.

Hamy pesyJbTaTH I[IOKa3HBalT, UYTO KJIOHE IMKOTO TUIla OBJIU
yoajleHH M3 TIOoNyJduuu, B TO BpeMa KkKak MyTaHTH 0e3 I[IPU3HAKOB

HalpaBJIeHHOU CRISPR-Cas BBEDKIMJIIV . Taxkum oBpasoM, alalTMBHEE



OCTpoOBa OBUIM MOSHTUQUUIMPOBAHE M NOOTBEPXIOEHE, UTO I[IOKas3HBaeT,
UTO TOUYHOE HalleJIMBaHMe I[IOCPeICTBOM 5BHOOT'eHHOTO Cas9 wmMoxeT OHTBH
WCIIOJIL30BAHO NJIA BHIOEJIEHMA B CMEMaHHEX [IONYJALMAX BapMaHTOB C
KPYIIHEMY OeJIeLMAMNA .

SBoJiOLIMA TeHOoMa OaKTepuM NIPOMCXOOUT uepes TOPU30HTAJILHBM
[IepeHoCc TI'eHOB, BHYTPEHHII MyTalMio ¥ peopraHM3alMio IT'eHOMa.
CeKBeHMPpOBaHMUeE TreHoOMa u CPaBHUTEJIbL HEM aHaJms3 MTaMMOB S.
thermophilus BHABWIJIM 3HAUUTEJILHOE pas3pylleHMe TeHOoMa, HO TakKxe
roxkasaJjm, yTo amanranmuAa K oBOTallleHHEIM  [IUTAaTeJbLHBEM cpelnam
IPOUCXOOUJIa 4Yepes ClIeludprMuecKoe IJIA HUIIM HOpuobpeTeHMe IT'eHOB (18;
35). Hammume MGE, BKJIOUAKINVX MWHTETPUPOBAHHEE W KOHBOIVPOBAaHHEE
DJIEMEHTEH, Opodarm m IS—-5JIeMeHTH, B TI'eHOMax S. thermophilus,
CBUIETEeJILCTBYeT 00 MxX OHCTPOM 2BOJOIMM B MOJOUHOM cperle (38-39).
MoOBUJIIbLHEIE TeHeTUUeCKHre IMIPpM3HaKM obJjerdanT IpuodpeTeHMe TIT'eHOB U,
HaobopoT, MHAKTUBR AL WJIn noTepn HEeXM3HEHHO BaXHEIX
mocJjiegoBaTeJILHOCTENM . CilemoBaTeJIbHO, MGE npumgamnT T'eHOMHYIO
[LJIaCTUUYHOCTb Kak CPenCcTBO [IOBLIIEHM I IPUCIIOCOBIAEMOCTHA I
M3MEeHEeHMA HBKOJOTHUUECKOTo ofbpa3a XM3HM. I[IoJIyUeHHBEEe pPe3yJibTaTH
YyeTKO YKasHBawT Ha TO, uTo CRISPR-Cas TapreTupoBaHmMe HSTUX
BJIEMEHTOB MOXeT BJIMATE Ha XPOMOCOMHEE IeperpyliInpoOBKY u
TOMeOoCTa3. 3TO KOHTpaCTUPyeT C HBKCIepMMeHTaMM I[I0 HalleJIMBaHMIO Ha
CYLleCTBEHHEE IIPpU3HaKM, KOTOPHE I[IPMBEJM K BHOOPY BapMaHTOB C
MHaAKTUBUPOBaHHEM amnnaparoM CRISPR-Cas (Jiang 2013). MyTaumusd
XKM3HEHHO BaXHBIX OPC He 4gpjdgeTcd 5SOOEeKTUMBHEM IIOOXOIOOM IJIA TOTO,
YTOOEL n3bexaThb CRISPR-Cas HalleJIMBaHu4, n, TaKVM obpas3oM,
OCTaKnTCA TOJIBKO KJIOHH C MHaKTUMBMpOBaHHEMM CRISPR-Cas cucTeMaMH.
I[lo szawmmICIY, HalleJIMBaHMEe Ha T'eHeTUUeCcKMe  BJIEMEeHTH, KOTOPHE,
COTJIaCHO TIIPOTHO3aM, [ABJATCA ITHUllepBapuabelJIbHEMM ¥ MHOPOIHEMY,
OIPOONEMOHCTPUPOBAJIO, UTO KUBHECIOCOOHHMM OKas3aJIMCk BapMaHTH C
M3MEeHEeHHEMM JIOKyCaMM, COXpaHUBIIMMKM aKTuBHEEe CRISPR-Cas CHUCTeMEH
BO BpeMsa COOHTHM caMoHalleJMBaHMA.

HecMOoTpd Ha IOUTH IIOBCEMECTHOE paclpocTpaHeHMe IS-3JIEMEHTOB
B OaKTepMrallbHHX TI'eHOMaxX, OHM OCTalTCHA 3araloyHOM TeHeTUUYeCKOM
CYIIHOCTBEK, B OCHOBHOM WM3-3a MX QYHKUMOHAJIEHOTO MHOTOOOpasmia u
[JIaCTUYHOCTU (34) . [TostyueHHEe pPes3yJibTaTH IO3BOJIAT

CIIPOTHO3MPOBATH peKOMGMHaLU/IIO MeXnOy pooCcTBEeHHEBEIMN IS—-nJieMeHTaMun



nyreMm aHamsa nUx MEeCTOIIOJIOXKEHN A, OpMEeHTalun u COXpaHeHUA
nocjiemopareJibHOCTU (our.4 m our.b). CRISPR-Cas HaleJMBaHMEe MOXHO
najee MCIOJBL30BaATH MJIA SMIMPUUECKOM TIPOBEPKM TeTepPOT'eHHOCTHU
[OIYyJIALMM B KaXIOM IIPOTHO3MPYEMOM JIOKyCe ¥ OIOHOBPEeMEeHHO IJid
YBeJIMUEeHUSS WU3BJIEUEHUS MYyTaHTOB C HM3KOM CTelleHbld BCTpeuaeMOCTM.
Bricokad cCTelleHb BCTpeuaeMoCcTM MGE B MOJIOUHOKMCIIEIX OaKTepuax U
oCcoB®eHHO v S. thermophilus COOTBETCTBYET "X poJn B
BUOOOBPAB0OBAHUNM STUX TUMNepalalTUPOBAHHEIX OaKTepUM uepe3 DBOJIOLIMIO
TredoMa (39-40). BoJjiee TOT0O, WU3BJIeUeHMe MYTAHTOBR C TI'@HOMHBIMU
mDeJgieuaMm nyreM CRISPR-Cas HaleJIMBaHMS MOXET IIO03BOJIMTE IIOJIYUUTH
beHOTUNIMUECKYID XapaKTepucTuue TeHOB C Heu3BeCTHOW OQyHKLMEN.
MyTaHTE, HOEMOHCTPUPYKIMe »OeJIelMio OCTpoBa pas3mMepomM 102 T.m.o.,
KOIVpyKmero lac-ollepoH, 3BHAUMTEJIBHO YBEJIMUYMIIM BPeMsa T'eHepallMM II0
CPaBHEHVK C IOUKMM THUIOM ¥ OOCTHUIUIM OoJiee HU3KOTO KOHEUHOTO
3HaueHusa OD. Ilpum Hammumm B Hux 102 npencka3aHHex OPC, BepoOdTHO,
UTO BO3MOXHE OONOJIHUTEJIbEHEE (QOEeHOTUIIE, ¥ MHOITME TeHH He KJMeKT
AHHOTUMPOBAHHEIX OQYHKIMM. YUMTHBAaSA IPOMBIUJIEHHYID 3HAUMMOCTL I'€HOB,
CrneuMpUUIeCKMUx OJId HUIM, TaKuxX KakK prtS, DToT MeTOI I[I03BOJIAET
BEIIIOJIHUTE HEINOCPENCTBEHHYI OLIeHKYy TOI'0, KakMM o0o0pa30M KOIOUPYEMBEe
OCTPOBOM T'€HEl CIHOCODOCTBYKT amalTaluM K poCTy B MOJIOKe. BoJjee
TOT'O, OHa IIPOUCXOIOIMT B TEHOMHOM M 5SKOJOIMUECKOM KOHTEKCTEe,
€CTeCTBEHHOM MOJIA DTUX TOPMUIOHTAJILHO I[IPUOOPETEHHEX IIPU3HAKOB,
[IOCKOJIBKY OHM, BEepOSATHO, OBUIM T[OIpUOOpeTeHH B BHUIEe OTIEJIbHEX
OCTPOBOB. OTU pPe3yJibTaTH OO0ecCleuuBanT HOBHEHE BO3MOXHOCTU IOJIA
IpUMeHeHusa caMoOHalleJiIeHHEIX cucrteM CRISPR-Cas9 B OakTepuax OJid
M3YUeHUS TPAaHCIIO3ULIUHA, MeXaHM3MOB BOCCTAHOBJIEHUSA IOHK u
[JIaCTUUYHOCTHU T'eHOMa.

CRISPR-Cas CUC TEMEI OOBIUHO OTpaHUuUMBAaT TeHeTHUUYeCcKoe
pasHoobpasmre 3a CcueT MHTepdhepeHIUMrM ¢ TeHeTHMUeCKMMM SJIeMeHTaMy,
HO npruodpeTeHHHE MGE MOTYT Takxe oBecrneunBaThb anarTUBHEE
IperMymecTea OaKTepuiaAM—X0O'34eBaM. TakuM ofOpasoM, [IpeuMymeCcTBO
COXpaHeHMsa MHTEeIPUMPOBAHHEX B TI'eHoM MGE, HecmoTpsa Ha CRISPR-Cas
TapreTUpOBaHMe, HABJISEeTCHAd BaXHEM (akToOpoOM IToMeocTaszsa TI'eHoMa. B
COBOKYIIHOCTHM IIOJIYUEHHEE pPes3yJIbTAaTH IIoKashBalT, UYTo Iin sSilico
npenckasaHMe GEI MoxHO cBA3aTk ¢ CRISPR-Cas HalleJllMBaHMEM C LeJIbI0

BEIOEJIEHMA KJIOHOB, OJEMOHCTPHMPYIOINMX KPYIIHEE I'eéHOMHEIE neJjielim.



Clenb XMMEPHOM MHCEPLMOHHOM I[IOCJeIOoBaATEeJIbHOCTM B KaXIOM CTHKe
neJjeluy yKa3HBalnT Ha OoO0mUMM MexaHM3M yIaJleHMsa Bcex UJeTHpex
OCTPOBOB. Bricokas CTelleHb BCTpPEeUaeMOCTHU CaMOHalleJIEHHEIX
CIielicCepoB, IOEMOHCTPUPYINMX MWISHTUUHOCTL C T'Ee€HOMHEMM JIOKyCaMy, B
coueTaHUun c DKCIIEPUMEH T aJIb HEIMIM OeMOHCTpalMaMA T'€HOMHEIX
V3MeHeHU, TIO3BBOJIAET NPEenioJyiOXNUTE, UTo CRISPR-Cas
caMoHalleJIMBaHMe MOXeT B SHAUMTEJILHOM CTelleHM CIIOCOOCTBOBATDH
SBOJIOLMM T'eHoMa ©OakTepuit (28; 30). B COBOKYIHOCTHU, U3YyUeHUE
KPYIIHEX Oejleuuyt, UWHIYLUMPpOBaHHHX CRISPR-Cas, I[OOTBepXOalT, UTO
DTOT TIIOOXON HABJAEeTCSA OBICTPEM U 20OEeKTUBHEIM CPeOCTBOM OLIEHKU
BaXHOCTU u OYHKIMOHAJIEHOCTHU T'eHHEIX KJIaCTEepOB, JIVIIE HHEIX
aHHOTAaLUWM, W OlIpelefleHVd MUHUMAJILHEX OaKTepMraJIbHEIX T'eHOMOB Ha
OCHOBE XPOMOCOMHEIX »OeJlelul, IPOMUCXOOAMMX IIOCPEedCTBOM MOOMIILHEX
DJIEMEHTOB.

Ha our. 9 mnoka3aHB OIpelelJIeHHBEE T'eHeTUMUeCKMe JIOKYCH IJIAd
OLlIeHKM JIeTaJIbHOCTM, OCHOBaHHOM Ha CRISPR-Cas cucreme Tuna 11,
IIOCPeOCTBOM TapreTHpOoBaHMA TeHoMa Streptococcus thermophilus
IMD-9. CHonocoOH BHIIOJIHEHMS BTOWM OLIEHKM WM3BECTHH B YPOBHE TeXHUKU.
cM., Selle and Barrangou PNAS. 112(26):8076-8081 (2015).

Brulr nOpoTecTUpOBaHE o0&  OpTOTOHAaJIbHEE CHMCTeMel Tumna 17T
(CRISPR1 m CRISPR3); wMmmeHu CRISPR1 mnokazaHH TEMHO-CEPHM IBETOM,
a MumeHM CRISPR3 - CcBeTJIO-CepHM LBeTOM. KOHKpeTHHE TI'eHeTUUeCKUe
OpM3HaAKKY ObUIM BHOPAaHH IJIS TeCcTUPpOoBaHMS (1) MeXTeHHHX of6JacTen
(INT), (ii) MOBMJILHEIX TeHeTUUeCKHMX 9JjeMeHTOoB (IS, GEI1-GEI3,
PRO, 1lacz, EPS), (iii) xXmMB3HeHHO BaXHwex IreHOB (dltA, LTA), (iv)
IIOJIOCOB pelumxopkl (ORI, TER) ¥ OpAMBEIX MM O0OpaTHHX HUTel [ITHK
(BHEIIHMX MMIIeHEeM I[I0 OTHOMEeHMIO K BHYTPEeHHMM MUIIEeHAM) .

Ha dmur.10 rioKasaHa JIeTaJILHOCTB Ha OCHOBEe CRISPR,
OoCTHUTaeMas IIOCPeOCTBOM TapleTUMpOBaHMA obJjlacTel, I[IOKa3aHHHX Ha
our.9. JlorapudMmMueckoe yMeHbIleHMe B enumHMIIax KOE paccuMTHBaIM B
OTHOUIEHUM TpaHchopMalMM KOHTPOJIS - HecaMOHalleJIeHHOW ILjla3MMIHL;
PORIZ28; JleTalJlbHOCTE HaxXOoOWJlaCk B Ipenejlax yMeHblleHUsa 2-3 log 104
BCeX TeCTUPYEMEIX  MUIEeHeN, He3aBUCUMO oT MeCTOIOJIOXEHN I B
XPpOMOCOME, KOIMpYyKIe IoCIeloBaTeJIbHOCTH, WX  BaXHOCTM  OJIA
BEIKMBAHUA .

Ha ¢mr.1l1l nokasaHe OpodmiaM TpaHCKpMUILUMM mTaMMoB ¢ CRISPR-



OTIOCPeOBaHHEMA OeJjiel aMn T'&€HOMHEIX OCTPOBOB. BrimeJsieHne "
TeHOTUIIMPOBaHMe KJIETOK, BBXUBIMX IIpM CRISPR HalleJMBaHUM IT'€HOMHEX
OCTPOBOB 1-4, TMNPUBEJIO K MWIOIESHTUOUKALUM CTaOUIIEHEIX He3aBUCUMEBIX
MyTaHTOB, He comepXallMxX T'eHOMHHM OCTPOB, TapTeTUPOBAHHEI B
KaXIOM DKCIIEpMMeHTe. 3aTeM KJIeTKM pasMHOXalM M ux obmyion PHK
BEIOEJIAJIM WM  CEeKBEeHMPOBAaJIM. Hcnonbsyd STOT IIOOXOL, rnoJiyyasnm
npoduim TPaHCKPUIILUA yTeM oToDpaxeHUs IpOUYTEeHUMN npu
CEKBEHVPOBAHUM B pPedepeHCHOM T'eHOMe. B KaxIoM cjiydae OTCYTCTBUE
OaHHEIX I[I0 CeKBEHMPOBAHMK IOJIA IIPeOcKa3aHHOT'O JIOKyca IT'€HOMHOTO
OCTpOBa, Hajiee Ipenrnojarajio IIOTepl TeHeTUUeCKOTO OO0BeKTa-MUIIEHU,
IpM STOM OKa3HBafg MMHMMAJIBHOE BJIIMAHME Ha DKCIPEeCcCHId T'eHOB 4Ipa
BO BCeM OCTaJIbHOM YacTM I'eHOMaA .

Kpome TOT0O, IOaHHEHE CeKbBeHUVpoORBaHM4d PHK DOOTBepXIaiT I'PaHWUIIE
neJilelu IOpM I[IOMOMMY KapTUPOBAHMA TIOKPHTHUM IPOUTEHUM ¥ CpaBHEHUMA
3HaAUEeHUM TPaHCKPUIILINHA, a TakKxe NOOTBEPXIAT pacrosHaraHue
beHOTHIIA [IPM IIOMOIM CPABHUTEJLHOM TPaHCKPUIITOMMKM, IIOJIYUeHHOM C
WCIIOJIL30BaHMeM OIOHOTO ¥ TOTOo Xe Habopa TaHHHX. B 4YaCcTHOCTH,
OaHHBEE BHCOKOINPOM3BOIUTEJILHOTO PHK-CeKBeHMPOBaAHMA IIOOTBEPXIAT
OTCYTCTBUE TPAaHCKPUIILMOHHOM aKTMBHOCTH, IpUCYTCTBYKIMEen B
oXumaeMex 0O0JlaCTAX OejellMy, KaK IIoka3aHo Ha o¢ur.l2. Ha o¢ur.l2
[IOKa3aHo log2 [IOKPEITHE IPOUTEeHUN npu CeKBeHVPOBaHUNU
TpaHCchopMMPOBaHHEX PHK mTaMMOB C JejlelUMsaAMM TEeHOMHEX OCTPOBOB U
OJIS KaXIoT'o IITaMMa C TI'e€HOMHHM OCTpoBOM (GEI1-GEI4); oTCyTCTBUE
OaHHEIX CEeKBEHMPOBaHMA IOJIg IIpeldCKa3aHHHX JIOKYCOB C T'€HOMHBMU
OCTpOBaMM TakxXe TIIOOTBEPIUIIO IIOTEPK TeHeTUUeCKOTO OO0BeKTa-MUIIEHU,
C MMHMMAJILHBEIM BO3OEMCTBMEM Ha DSKCIpeccHuid TITeHOB sAOpa BO BCeln

oCTaJIbHOM YacTu I'eHOoMa.

dur.13 OOIIOJIHUTEJIEHO [IOOTBEPXOaEeT OTCYTCTBUE
TPAHCKPUILMOHHOY aKTHMBHOCTM yHOaJIeHHEX TeHOB. [JIa KaxOoro U3
LTaMMOB C IOeJleuusaMu T'eHOMHEX ocCcTpoBob (GEI1-GEI4) oskcopeccusda

TeHOB, KOIMPYEMEIX Ha KaXIOM M3 OCTPOBOB-MUIIeHeM (UepHHe), OBJa
MUHMMAaJIbHOM . I'eHB, KoOMpyeMue B GEI1l, Noka3zaHE Ha BepxHeW JeBOu
maHeJu, TeHH, KoaupyeMee B GEI2, mnokasaHH Ha BepxHeMW I[IpaBoM
riaHeJiv, T'eHHI, KomupyeMmele B GEI3, T1oKa3aHE Ha HWKHEeM JeBOu
maHeJu, a T'eHH, KooupyeMee B GEI4, 1oKa3aHHE Ha HWKHEN I[IpaBOM

HaHeau. B obmweM cJjydae, »OeJleMUM TI'€HOMHEX OCTPOBOB 1 U 2 UMEeJH



MUHMMAaJIbLHOE BJMAHME Ha TPAHCKPUIILMID IPpYIMX TeHOB (cepwit), ToTIa
KakKk JeJlellMd TeHOMHHX OCTPOBOB 3 M 4, [NO-BUIMMOMY, BJMAJa Ha
TPAHCKPUIILIMID OPYIMUX T'€HOB, He KOIOUPYEMEIX B OCTpOBax.

Kpome TOTO, @»aHHEE CeKBeHMpoBaHMA PHK wmcnosibsoBaiMck OJjidg

CpaBHeHIMA ypOBI—IeVI TPaHCKPUIILMM I'€HOB, He KOIMPYEeMEX Ha YIOaJIEeHHOM

ocTpoBe (GEI4), T.e. @OpyI'MX TI'€HOB, BCe elle IIPUCYTCTBYIOIMUX B
XpoOMOCOMEe, ¥ MUIeHTUOMKauM GEeHOTUIIOB, CBS3aHHEX C I'€HOMHBEMMU
mejieumMaMr. I'eHH, KOTOpHe IuddepeHlMraJIbHO TPAaHCKPUOUPYIOTCS B

mTaMMe C OeJjielmrel, YKa3HBalT Ha TO, UYTO Ha KJIETOUHHE IIPOLeCCH
BJIMAT T'eHH, KOTOPHE OBLIIN [IOTEPSAHEH, I  4UTO CymeCTBYET
KOMIIEHCAllMad IIOTePM aKTUMBHOCTM 3TUX TI'eHOB. TakuMmM oOpa30M, MOXHO
coejlaThk BEBOIEL O TIIYTAX, K KOTOPEM OTHOCHATCS D2TM T'€HH WK
T'eHOMHEIe ofOjlacTu. B Tabiuie 5 TNOIpMBEeNeH CHOMCOK IuddepeHIMrasIbHO
DKCIIPECCUPYEMEIX  T'€HOR, MIOEHTUOUMUIMPOBAHHEIX B mTamMMe GEI4 cC
nejeuue. MHOTMe U3 T'eHOB, KOTOPHE COIJIACHO Ha®JoIeHMAM SBJISATCH
InbdepeHIMPOBAHHO BKCIPEeCCUPYEMEIMM, CBSA3aHH C OMOCHMHTETHUUECKOM
CIIOCOOHOCTRIO Streptococcus thermophilus, BKJIOUYA I OMOCHUHTE?S
apoMaTUUYECKMX aMMHOKMCJIIOT UM IIYPUHOB.

[IpmMep 11. HampaBJeHHOe yHHUUTOXeHMe Lactobacillus casei mnpu
oMoy CRISPR-Cas cucTeMel Tura IT

[lpyBeneHHEIe B KauecTiBe npuMepa ruOoel CRISPR-Cas Tuna II nia
L. casel mnpencraBJeHH Ha ¢(ur.l5. Ha BepxHel DaHeJ M OpencTaBJIeH
npenckasaHHBl I'MI, B TO BpeMsa Kak Ha HWXHeM JeBOM IIaHeJ M
IokasaHa IIpUBeleHHAas B KauecTBe IIpuUMepa IBOMHaA CTPYKTYpa I'uia,
a Ha HMWXHeM TOpaBo¥ IIaHeJM IIoKalaHa IpMBeIdeHHas B KauecTBe
IpryMepa OIOHOHMTEeBad CTPYKTypa I'MIia.

[lpmmMep 12. HamnpaBlieHHOe YyHHMUYTOXeHMe Lactobacillus gasseri
npu nomoumy CRISPR-Cas cucTeMel Tuna IT

[IpBemeHHBE B KadyecTBe nprMepa T TUIIa IT oJs
HanpaBJIEHHOTO VYHMUTOXeHMS L. gasseri IpedcTaBJIeHH Ha ¢ur.l6. Ha
BepxHeM IaHeJ M IIpeOcTaBJieH IOIpelcKa3aHHEM TITUI, a HWKHeW JeBou
rnaHeJm [IpUBeneH IPaBUJIbLHEM OBOMHOM TUL crPHK: tracrPHK
(moOoTBepXIeHHHM CceKBeHMpoBaHuMeM PHK), Ha HWKHeM OpaBo¥ [IaHeJ M
IoKasaH IIpMBEeIeHHHM B KauecTBe IIpMMepa IIpeldcKa3aHHHM OIHOHUTEBOM
BHICTyTIAMUNA TUL .

[InazsMuae  TpaHchopMuporBanu B L. gasseri, kaxIas IIJla3Muia



uMeJla Ppa3HHe KOHCTPYKUMM: OycToM BekTop pPTRK563, KOHCTPyKUMIO C
IPpaBUJILHEM [OPOTOCIEeMCepOoM, HO HeBepHEM PAM, C OpaBUJIBHEM PAM, HO
C  I[IPOTOCIIENCEPOM, KOTOPEM  He HaxoOourcsda B MaccCuBe, nu c
IpaBUJILHEIMM [OpOTOCIeMcepoM ¥ PAM. Pes3yJjbTaTH IHOKasz3aHH B our 19.
[InazMupa, uMeomas OpaBUJILHEM I[IpOoTOClelep © OpaBWUJIbHEM  PAM,
rmokasaJsa CYIEeCTBEHHO BoJiee BHICOKYIO CTeIleHb HallpaBJIEHHOCTH
VHTepbepeHUUN U I'MOeJIM KIIETOK.

Ipumep 13. HampaBlieHHOe yHHMUTOXeHMe Lactobacillus pentosus
npu nomomy CRISPR-Cas cucTeMel Tuna IT

[lpyBemeHHEE B KauecTBe opuMepa TUIOEL THUIIa IT o4
HallpaBJIEHHOT'O YHMUTOXeHUs L. pentosus NpencrabBJieHH Ha omur.l7. Ha

BerHeﬁ IIaHeJIM IIOKa3aH HpeHCKaSaHHBIﬁ Tn. Ha JIeBOVM HIMXHeM IIaHeJIu

npencTaBJIEH IpaBUJIbLHEIM OIBOMHOM UL crPHK: tracrPHK
(MoOoTBepXIeHHHNM CeKBeHMpoBaHMeMm PHK), a Ha HWXHeM I[IpaBOM IIaHe M
moxasaH IpUBeIeHHBM B KauecTBe npuMepa npenckKasaHHbBM

VMCKYCCTBEHHHY ONHOHMUTERBOM BHCTYyIIAKMUM THUI.

[masMuOel  TpaHchopMHpoBaIM B L. pentosus, noprueM Kaxnoad
jasMmna MMeJia pPasHEEe KOHCTPYKLUMM: KOHCTPYKLUMI C  I[IPpaBUIIbHBM
IpOTOCIEeNCcepoM, HO HeBepHEM PAM, KOHCTPYKUMI C OpaBMUJILHEM PAM,
HO C TIPOTOCIIEMCEPOM, KOTOPHM He HaxoOUTCA B MacCCHUBe, IIyCTOU
BekTOop PTRK563, ¥ C HOpaBMJLHHEM IIPOTOCIENCepOoM U NIpaBUJIbLHEIM PAM.
PesysbTaTH [OKaszaHH B our 20. IljasMuIa, WUMeolas IPaBUJIbHEM
IpoTocHnencep u IpaBUJIbHEIM PAM (Lpel gttaat), nokasaJjia
CYILeCTBEeHHO 0Oo0Jiee BHCOKYI CTeIlleHb HallpaBJIEHHOCTU MHTepdepeHLUU U
el KJIEeTOK.

[lpmmMep 14. HamnpabBlieHHOe YHMUTOXeHMe Lactobacillus jensenii
npmu nomoumy CRISPR-Cas cucTeMel Tura 1T

Ha ¢ur.18 mnpencraBjieHH B KadecTBe IpuMepa Iunel CRISPR-Cas
Turna 1I. Ha mHOaHeJu CJieBa IIOKa3aH M[OpaBWJILHHEM  IOBOVMHOM  THI
crPHK:tracrPHK, T[OOTBepXIeHHENM CekBeHUMpOBaHMeM PHK, Ha mnaHesnu
crpaea npencrapjieH B KauecTBe npuMepa npelCKas3aHHBN
VMCKYCCTBEHHHM ONHOHUTEBOM I'MI.

[nasMuas  ObBUIM  TpaHcbopMMpOBaHE B L. Jjensenii, kaxIad U3
JasMmMn muMeJla pasHBeEe KOHCTPYKUMM: KOHCTPYKIMIO, COOepXalykl IyCTOW
BekTOop pPTRK563, KOHCTPYKUMIO C TI[IPaBUJIBHEIM [IPOTOCIENMCEPOM, HO

HeBepHBEM PAM, KOHCTPYKUMI C IIPaBUJBLHEM PAM, HO C OPOTOCIIEMCEPOM,



KOTOPEM  He HaxoOUTCH B MacCcCHuBe, n KOHCTPYKLMIO, VMeKRIY
IPpaBUJILHEM [IPOTOCIIEMCep M HNOpaBUJBHEM PAM. Pe3yJbTaTH I[IOKa3aHH B
bur 22. InasMuOa, KMMeKllas IIPaBUILHEM IPOTOCIIEMCep M IpPaBUJIbLHEIM
PAM, r1okaszajla CYyMeCTBeHHO O00Jiee BHCOKYK CTeleHb HallpaBJIEeHHOCTHU
MHTepbepeHIMN M I'MOeJiM KJIETOK.

DpumMmep 15. HanpaBiieHHOe yHHMUYTOXeHMe Lactobacillus casei NCK
125 npm nmomoumy CRISPR-Cas cmucTeMsl Tumna I

Ha our.21 mnopencraBJeH B kKadecTBe IpuMepa T1un CRISPR-Cas
Tuna 1 gua L. casei, KOTOPHM COOEPXUT HATUBHYKD JIMIAESPHYIO
IOCJeNoBaTeJIbHOCTE TUMIa I ¥ II0BTOpP, HaWaeHHEM B L. casei NCK
125. PAM 5'-YAA-3' OwJla IIpelcKaszaHa C WCIOJIE30BaHUEeM HaTUBHEX
CIeMCepHHX I[IO0CJIeNOBATEJIbLHOCTEM B OpTraHu3Me. O9TOT MCKYCCTBEHHHM
MacCCHUB COIEPXUT CIelcep, KOTOPHM TapreTupyeT TeH 16s pIHK B
T'eHOMe XO3f4MHa. Pe3yJbTaThH I[IpencTaBJIeHE Ha OouIr.Z22, I'Ie II0Ka3aHOo
3HauUMMOe YMEeHBIeHMe MeXOy I[IYyCTEM BEeKTOPOM UM IOByMS pPa3HEMU
VMCKYCCTBEHHHMM MacCCUBaMM: OOMH U3 KOTOPHX COIEPXUT eIOVHWUHLBIN
crieyicep, TapTreTupyomui +ienk B TeHe 16s (1-2 alt), a @»pyron
COOEPXUT MCXOIOHHM CHelcep, TapleTUPYKMMUN +1eldb, M TakKXe COIEpPXUT
OOINOJIHUTEJILHEM CIIecep, TapleTUpyimmMi -1enb B T'eHe 16s (1, 2-3).

CRISPR-Cas cucCTEeMH, KakK pPacKpHTO B HacTodlleM OlIMCaHuMK,
MOTYT OBITE  MCIIOJIb30BAaHEHL, HallpuMep, nJ14 (1) HallpaBJIEHHOTO
COKpalleHN A [IaTOT'€HOB B ciydae MeOUUMHCKOTO BMellaTeJIbCTBa

(HaanMep, IaToIr'eHoOB, BKJIUas, 06e3 OT'paHMYeHNA, I‘pM@BI, HeMaTOIERI,

HpOCTeIZLHMe (Hanpmmep, MaJ'IF[pI/IIO) I1eCTOOEL, KORUIVM IOV
(M_T/IKpOCl'IOpM,HMM) 7 TpeMaTOIEl, IIeHTaCTOMMIOEL, aKaHTOU,e(baJIBI,
YJIEHMCTOHOTHME U T.II.); (ll) OJIA 3alllVITEL HOTpG@J’IFIehABIX BellleCTB

(IumeBLHE CHUCTEMBl, XMBOTHHE, KYJILTYPH),; (iiil) @miag xoHTpoJsg u/uUiInu
yIaJleHMSd HeXeJlaTeJIbHEIX OPITaHM3MOB M3 IIPOMEBIIJIEHHEIX QepMeHTaTUBHEX
IpOILIeCCOB (CrIpB 4, TEeXHOJIOTUUYECKOT O oBopynoBaHMA, CTapTOBHX
KYyJIbTYP) u (iwv) oJis KOHTPOJA DKOJIOTUUECKUX MUKPOOHBIX
KOHCOPLUUYMOB MOJIS BO3IeMCTBMA Ha SKOCUCTEMH UW/WIM XYMMHUUeCKUe
LIMKJIE, a TakKXe OJS PeKyJIbTUBAalUM.

Tabauua 1. BakTepualibHBE MTaMMb M T1JIa3MUIE

OboBHaueHMue OnmcaHue NcToOuHMUK

TaMMa




E. coli EC1000

X034AUH nJjid PORI Jjiasmmn,
XPOMOCOMHEX repA't (pWVOl), Km®

XozamuH pisa pTRK935

47

S. OUuKMy TUII 40

thermophilus JINZ 07078 TUII, RepA* u CmR | B 2TOM

IMD-9 npuoBpeTeHHbe IIOCPEenCTBOM | MCCJIeDOBaHUNA

S thermophilus | pTRK669

LMD-9 C

PTRK669

[InasMmOe

PORIZ2S8 MIMPOKOMUCIIOJE 3y MBI 47
HepelUIMKAaTVUBHEM BeKTOp, EmR

PTRK669 Ts—-xeJjillepHad ILlasMuma repA’, CmR | 44

PCRISPR1::lacZz | pORIZ28: :CRISPRlI-mmnep-RSR-l1acz This study
N-TepMMHAJNBLHEM CIeNCcep

PCRISPR3::lacZz | pORIZ28: :CRISPR1I-mmnep-RSR-l1acz This study
AKTUBHEI CauT cHeMcep

PCRISPR3: :ABC PORIZ28: :CRISPRl1-mmumep—-RSR-ABC This study
creMcep

PCRISPR3::Cu PORI28::CRISPR1-munep-RSR-Cu This study
IIoMIla cIieycep

PCRISPR3::prts | pORIZ28::CRISPR1-mmoep-RSR-prts This study
crnemcep

PCRISPR3::1lacZz | pORI2Z28: :CRISPR3-mmunep-RSR-lacZ This study

PCRISPR1::Heca |N-TepMMHaJILHEM CIeNcep This study

MO—HalleJIeHHa4d

PORIZ28: :CRISPRl1-mmunep—-RSR-

HecaMoHalleJIeHHEM Cneﬁcep




Tabauua 2. IIpaliMept
Haszpauune MocanegopaTelbHOCTD SYHKLIMST
nparnMepa
Cl N-term F CAAGAACAGTTATTGATTTTATAATCACTATGTGGGTATGAAAATCTCAAAAATCATTTG MaTpuua mgnss SOE-IILP
- - AGGTTTTTGTACTCTCAAGATTTAAGTAACTGTACAACATTAAGAGATTGTCTTAACTT
C3 N-term AGCGGATAACAATTTCACGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACTCAGAA | MaTpuua mnsi SOE-IILP
- AATTCTTCAAGAGATTCAAAATACTGTTTTGGAACCATTCGAAACAACACAGCTCTAAAA
CCTCGTAGGATATCTTTTCTAC
Cl N-term R AGCGGATAACAATTTCACGTTGTACAGTTACTTAAATCTTGAGAGTACAAAAACAGGGGA | MaTpuua pgnss SOE-IILP
- ~ | GATGAAGTTAAGACAATCTCTTAATGT
C3 A-site AGCGGATAACAATTTCACGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACGAAGTC Marpuiia pgnss SOE-IILP
- TTGGTCTTCCAACCAGCTTGCTGTAGTTTTGGAACCATTCGAAACAACACAGCTCTAAAA
CCTCGTAGGATATCTTTTCTAC
C3 ABC I AGCGGATAACAATTTCACGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACGATAACAC
- GAGATAAAACATCCAGCCCACCGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACcteg
taggatatcttttctac
C3 prts I AGCGGATAACAATTTCACGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACGTTGTAGC
- TTTGAGGTCTGAGAATACACGCGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACcteg
taggatatcttttctac
C3 Cu AGCGGATAACAATTTCACGTTTTGGAACCATTCGAAACAACACAGCTCTAAAACGATTGC
- TCAATCAATCGTTTCAGCTGCTAAGTTTTGGAACCATTCGAAACAACACAGCTCTAAAAC
ctcgtaggatatcttttctac
C3LF AGCAGGGATCCTGGTAATAAGTATAGATAGTCTTG Avnandéukaumss Sth3 Jlumep mz glHK
C3LR CTCGTAGGATATCTTTTCTAC Avnandéukaumss Sth3 Jlumep ms glHK
ClF AGCAGGGATCCCAAGAACAGTTATTGATTTTATAATC CRISPR1 SOE-TUP IpsMon
C3F AGCAGGGATCCTGGTAATAAGTATAGATAGTCTTG CRISPR3 SOE-IUP IpsMon
ClC3R TGCTGGAGCTCGTGAAATTGTTATCCGCT CRISPR1 m CRISPR3 SOE-IIUP O6paTHHM
1193F TTGAACACTAGGAACCTCATA Avnnmnbomkalmsi CTHKa OgeJelmn
1193R CGTAAGGTTTTGATGACTCAAG Avnnmnbomkalmsi CTHKa OgeJeLmn
PORIZ8F TTGGTTGATAATGAACTGTGCTG CexBeHMpoBaume MCS ms3 pORI28
PORIZ28BR TTGTTGTTTTTATGATTACAAAGTGA CexBeHMpoBaHume MCS ms pORI28




Tabmuua 3. IlpeanojlaraeMbele MHOPOOHHE T EeHOMHBE OCTpoBa WU

OCTPOBKHA.
T'ednomH | OBJjacTb HnmHa, TI'eHOoMHOE VI3BeCTHbEIE T'€HBbI IS-
BIN OPC T.II.0. | comepxaHue, ceMelrcTBO
OCTPOB %
1 STER 139- 7,81 37,1 TpaHCIoOpPTEeP: IS6
STER 148 OJINT'OIENTUIIOB
2 STER 840- 10,29 39,9 [IporeuHaza PrtsS ISsthleé/
STER 848 IS1167
3 STER 881- 8,71 39,3 [loMIla MOHOB MeIOu IS1191
STER_ 888
4 STER 1277-|101,76 | 37,2 KaTabtoamzm IS1193
STER 1380 JIaKTO 3k,
perynaumnda 2—
KOMIIOHEHTa,
CUHTeSs
OakTepuounHa, ABC
TPaHCIOPTEPH




Tabnuiia 4.

T'oMOJIOTM IO MIPMMEPHO

239 xM3HeHHO BaxHHEx OPC,

MHeHTM@VﬂHﬂNDBaHHHX B S.

T'enoMm
JacT Hanpas IoKp | e- aa Bacillus subtilis
; STER Ha4ajo KOHel] JIeHue HTHe | BHadeHMue | id aHHOTAaLINS
BeJloK DnaA MHMLMATOP 4.00E- BeJlok DnaA MHMLUMATOP
CSTER | 1 101 1465 + XPOMOCOMHOM penamKal 98% 124 44% | XpOMOCOMHOM penauKalumu
BeTa cyB®bennHuila IHK dnan BeTa cy®bennHua
CSTER | 2 1620 2756 + noygmuMepase 11T 99% 1.00E-88 | 39% | IHK nosnumMmepassl 11T
CSTER | 6 5818 6387 + MenTtunni-TPHK muoposasa 97% 1.00E-61 | 51%
Besiok DivIC KJIETOYUHOTO
CSTER | 9 10331 10702 + BeJsiok KJI€TOUHOTO LMKJIA 94% 1.00E-05 | 22% neJIeHus
TPHK (Ile) —nmsmuaonH TPHK (Ile) —nmsmuaouH
CSTER | 12 12122 13387 + cuHTaza, MesdJ 92% 3.00E-40 | 32% | cuHTasa tils
TUIOKCAaHTUH-T'yaHUH
TUMIOKCAHTUH-T'YaHUH dochopubosunrpanchepasa
CSTER | 13 13469 14011 + bochopubosunrpanchepasa 99% 2.00E-82 | 63% | hprt
MreC Besiok, oNpeIessommi MreC 6eJyiok, oOIpeIlessomni
CSTER | 40 25595 26425 + bopMy KIIETOK 94% 1.00E-22 | 28% | dopMy KJIIETOK
puboso-dochaT 3.00E- Puboszo-dpochar
CSTER | 43 28617 29582 + nupodochorkmHasa 97% 145 ©65% | nupodocdhormHasa prs
[Ipenmnod. T epUH—3— 5.00E- docdar auunTpaHchepasa
CSTER | 47 32842 33846 + bocdaT aumnTpaHcohepasa 94% 124 54% | P1sX
CSTER | 48 33846 34091 + aunJI-nepeHocammun BeJyloK 76% 1.00E-08 | 40% | aumy-nepeHocsamuil BOeJIOK
CSTER | 65 53036 54727 - apruHMI-TPHK cuHTeTasa 98% 6.00E-52 | 28%
IHK nosumepasa III PolC-
CSTER | 95 72798 77192 + IHK nonmMmepasa III PolC 99% 0.00E+00 | 51% | Tun
1.00E-
CSTER | 105 82956 83723 + 30S puBocoMHBII BeJjiok S2 96% 118 ©69%
daxTOp BJIOHT'alUMM
CSTER | 106 83841 84881 + TpaHcaauum Ts 97% 8.00E-72 | 44%
1.00E-
CSTER [ 117 97363 98706 + umcTenHu-TPHK cuHTeTasa | 99% 178 54%
505 puBocoMasbHBEI BeJIoK
CSTER | 127 104406 104852 + L13 99% 9.00E-57 | 57%
30S puBocoMasbHBI BeJIoK
CSTER | 128 104880 105272 + S9 100% | 3.00E-59 | 68%
CSTER | 193 159363 160967 + CTP cuHTeTasa 99% 0.00E+00 | 68% | CTP cmuHTasza pyrg
CSTER | 199 166439 166897 - KOHCEpPB. I'MII. OeJIoK. 81% 2.00E-07 | 28% | Geymor NrdI
30S pubocomasbHEIL BeJok
CSTER | 208 176203 176472 + S15 100% | 6.00E-38 | 63%

thermophilus.




BO3SMOXHO YHIOEKaNpUHUI
nupodochdar odocdarasa N-
YHIOeKaNpuHMI Oupodocodar alle TUIITJIIOKO 30Me HUJI 1-
CSTER | 217 183028 184185 docdarTasa 98% 2.00E-68 | 38% | dochaT TpaHCchepasa tagO
8.00E- PacTuresbHEM OBesiok 296
CSTER | 218 184346 185116 ABC TpaHcnoprep ATdasa 95% 130 71% | sufC
4.00E- BeJsiok cBOPKMU FesS
CSTER | 219 185153 186415 TUn. 6BeJok 97% 111 42% | xynacrepor SufD
nopenn. aMMHoTpaHcdepasa UM CTenH oecyibdypasa
CSTER | 220 186469 187701 (kytacc V) 98% 0.00E+00 | 60% | Sufs
LUMHK—-3aBUCUMAaA
CSTER | 221 187688 188122 CemericTBo Beskor NifU 95% 3.00E-48 [ 51% | cynmpdoTpaHchepasa SuflU
bochoTumar dbocdoTmmaT
CSTER | 245 208199 208993 UMTUINInITpaHcbepasa 98% 3.00E-67 | 41% | unTumunuinTpaHchepasa
CSTER | 247 210343 212205 npoyuy—-TPHK cuHTeTasa 98% 0.00E+00 | 50%
CSTER | 252 215735 216022 Ko-manepoH GroES (HSP10) | 97% 1.00E-18 | 43%
manepod GroEL (ceMelicTBO
CSTER | 253 216071 217690 HSP60) 98% 0.00E+00 | 75%
50S pubBocoMasbHEI BeJIoK
CSTER | 261 224055 224204 L33 97% 9.00E-12 | 50%
Cy®benmuHMLa SecE Cy®benmHmila SecE
CSTER | 262 224216 224392 IpenpoTeMH TpPaHCJIOKAa 3H 81l% 1.40E+00 | 21% | mpenpoTeMH TpaHCJIOKAS3H
CSTER | 268 227616 230117 genuun-TPHK cuHTeTasa 99% 0.00E+00 | 70%
HMKOTHMHAT HMKOTMHAT
CSTER | 273 232342 233796 bochopubosunrpanchepasa 97% 0.00E+00 | 63% | docdopubosunrpaHchepasa
9.00E- NH (3) —zaBUCHUMAasa NAD (+)
CSTER | 274 233808 234629 NAD cuHTeTasa 100 109 59% | cuuTeTasa nade
YOO-N-aleTHUIMypamaT— 3.00E- YOOd-N-aleTHUIMypamaT—
CSTER | 286 248252 249580 aJlaHMH Jurasa 99% 170 55% | amaHMH Jgurasa murC
CSTER [ 302 260849 261664 T'nmyTamMaT palieMasa 94% 7.00E-83 | 48% | I'myTamMaT paleMasa 1 racE
Besiok A cerperaumm u Besioxk A cerperanumun "
CSTER [ 307 264328 265041 KOHIOEeHcaluumn 93% 5.00E-37 | 39% | xoHOeHCcalUuuM
Besioxk B cerperauuMm u Besiok B cerperaumun 1Z8
CSTER | 308 265034 265615 KOHIOEeHCaluumn 94% 9.00E-36 | 40% | xoHIeHcauuu
CSTER | 313 269788 270297 pPHK MeTmnTpaHcdepasa 96% 3.00E-58 [ 51% | pPHK MmeTmnTpaHcdepasa
CSTER | 349 303983 305959 TpaHCKeToJlasa 98% 0.00E+00 | 58% | TpaHckeTosasa tkt
Besiok DnaB MHMLMA LN
pennmnKaumumu Besok MHMLIMauum
XPOMOCOMEL/ IPUKPEIJIEHUS K penymMKauuy  XPOMOCOMHBL U
CSTER | 357 312857 314032 MeMOBpaHe ©63% 3.00E-02 [ 18% | npukpenjeHus K MeMOpaHe
CSTER [ 358 314036 314938 pubocomManbHEl Besyiok Dnal | 99% 7.00E-58 | 35 pubocoManbHEN Bejiok Dnal




I'T®—-cBA3HBALMUN BeJIoK

CSTER | 359 315044 316354 EngA 100% | 0.00E+00 | 67% | I'T®asa Der
CSTER | 368 321054 322394 cepusi—-TPHK cuHTeTasa 100% | 0.00E+00 | 63%
Besiok OMOoCHHTE3a TPHK
KOHCepBaTUBHEM THUII. TpeoHMJIKapOaMoujaneHO3MH
CSTER | 376 329673 330116 BeJloK 89% ©.00E-33 | 43% | a TsakE
Besoxk TepMMHaLNUKU
daxkTOp BJIOHTaLMM 2.00E- TPAHCKPUNUUM/ aH TUTEPMIHA

CSTER | 380 332545 333732 TpaHCKPUILUN 950% 113 46% | uum NusA
daxkTOp MHMLMaUUu

CSTER | 383 334363 337194 TpaHcKpunuuy I1F-2 99% 0.00E+00 | 55%

YId-N-
YIOd—-N- ale TMIMypoMouIiajiaHmuiI—D—
alle TUIMypoMouajganmui—D— rayTamMaT-—2, 6—
rayTamMaT-—2, 6— OMaMMHONMMEJIaT aurasa

CSTER | 387 339864 341309 OMaMMHONMMeEJIaT JuITasa 92% 3.00E-52 | 29% | murE
npen. MapTaHel— MapTaHell-3aBUCKUMas
3aBMUCHMas HeoplaHMUecKas 3.00E- HeopraHMUecKas

CSTER | 419 364962 365894 nupodocdharasa 99% 125 58% | nupodocdharasa ppac

CSTER | 430 375355 375579 Aumi-nepeHocamunn BeJyloK 93% 5.00E-14 [ 49% | Aumn-nepeHocsamui BeJloK

MaJIOHMUJII CoA—-aumia
AlMII-IIE€PEHOC AWM BeJlok [IepEeHOC AmmM Bellok

CSTER | 432 376667 377593 S—-MaJIoHuUJITpaHcdepasa 95% 3.00E-86 | 47% | TpaHcbepasa
3-keToalumJi— (aumii-— 3—-okcoalu- [al M-
nepeHoCammi—BeJIoK) repeHoCAmMii—BesoK]

CSTER | 433 377606 378340 penykTasa 99% ©6.00E-79 | 47% | penykTasa FabG
3-okcoaluui— (aumi— 3-okcoaluui— [aumii-—
nepeHoCammi—BesIoK) 1.00E- IepeHoCammi—BeJIoK]

CSTER | 434 378401 379633 cuHTasa 11 99% 133 48% | cuuTasa 2
Cy®benmHmiia BO1oTUH
KapBokCcUII-IIepeHOoCame o O1 O TUH KapBOoOKCUII—
Benka auneTtusa-CoA [IepPEeHOC ammM BeJylok

CSTER | 435 379637 380125 KapOoKCHUIIa 3h 98% 9.00E-26 | 37% | aueTun—-CoA Kap®OKCHUJIaSH
Cy®benmHmiia OMOoTUH
kKapbokcuiasa aleTuyi—CoA

CSTER | 437 380667 382037 KapOBoKcuUIa 3h 98% 0.00E+00 | 60% | BuoTmH kap®Ooxcuygass 1

Bera cy®bpeIMHMLIA
KapBoKCUII TpaHcdepashH
Bera cy®bpenmHMLA alleTUJI— ale TUJI- KOSH3UM A
CSTER | 438 382043 382909 CoA xapBokcMa skl 94% 8.00E-98 | 51% | xapBokcuask




Ak da cy®beOMHMILLA
KapBoOKCUII TpaHcdepasH
anb da cy®penmHuLa ale T KOBHB3UM A
CSTER | 439 382906 383676 aneTmii—-CoA KapBOOKCUJIASH 76% 2.00E-81 | 53% | xapbokcuiash
KoHcepBaTMBHEM TUII.
CSTER | 442 385819 387417 BeJIoK 98% 0.00E+00 | 58% | puboHykJeasa Y ymda
505 puBocoMasbHBI BeJIoK
CSTER | 455 402156 402470 L21 99% 2.00E-44 | 663
50S pubocomasbHEIT BeJok
CSTER | 456 402507 402797 L27 95% 5.00E-47 | 79%
4-TUIOPOKCU~—
INTUOPOONIMKOIUHAT TeTParuIPOOUIMKOIIMHA T
CSTER | 460 405038 405805 penykrasa 98% 7.00E-95 | 53% | penykrasa dapb
CSTER | 461 405802 407010 TPHK CCA-nupodocoopunasa | 98% ©6.00E-86 | 40% | CCA-pmoBamugommii GepMeHT
daxToOp PEeLMKINHTA
CSTER | 475 422256 422813 PrBOCOMEL 100% | 2.00E-68 | 56%
CSTER | 485 430547 432550 MeTHOHMII-TPHK cuHTeTasa 98% 0.00E+00 | 58%
[lpenmecTBEHHUK Benka
CSTER | 492 438748 439890 cospeBaHUsa OpoTeastl 91% ©6.00E-11 | 26% | Besiok odosmase PrsA
CSTER | 493 440232 442850 asnaHmi-TPHK cuHTeTasa 99% 0.00E+00 | 52%
CSTER | 513 460453 463104 Banuia-TPHK cuHTeTasa 99% 0.00E+00 | 63%
OeJIoK FtsW KJIETOUHOT'O npepnnojiaraemMaa Jsmnomn IT
CSTER | 523 469888 471168 OeJIeHU s 93% 4.00E-59 | 34% | doimnnasa FtsW
CSTER | 524 471406 472602 dakTop BmygoHTauum Tu 99% 0.00E+00 | 76%
8.00E- TpuocedpochaT nsoMepasa
CSTER | 525 472851 473609 TpruocedpochaT mMs3OMepasa 97% 109 62% | tpia
CSTER | 526 473848 474477 TUMMUINIIAT KMHa3a 96% 4.00E-73 | 55% | TuMmmmomuiaT KMHasa tmk
IenbTa cyBbenuHuua JTHK IenbTa cyObenuHuiia JHK
CSTER | 527 474486 475361 nosmuMepase 111 96% 8.00E-41 | 33% | noammMmepasel 111
AJib da cy6benuHMLa 4.00E-
CSTER | 539 484827 485744 mymuii— TPHK cuMHTeTasH 97% 169 74%
Bera cy®benmHMLIA INIMLUMII-
CSTER | 540 486028 488064 TPHK cuHTeTass 97% 0.00E+00 | 45%
50s pubocoMasb Hbll
CSTER | 567 512413 512916 BesiokL10 100% | 7.00E-61 | 57%
505 pmuBocoMasbHBI BeJIoK
CSTER | 568 512991 513359 L7/L12 100% | 4.00E-38 | 67%
N-aueTuamoKosamMmH—1— 3.00E- BrubyHKUMOHAJIbHEIM BeJyiok
CSTER | 603 548926 550308 bochaTr ypummnrpaHchepasa | 97% 164 52% | G1lmU
mMrugpodosaT  pemykTasa
CSTER | 623 566278 566781 murunpodosaT pemykTasa 94% 8.00E-34 | 38% | dfra




BO3MOXHEIM I'To-

CSTER | 626 568210 568809 I'Tdasa EngB 96% 7.00E-92 [ 63% | cBasvBaommii Besok EngB
npexn. rauuepuH-3-docdaT mamuuepuH-3-dochaT
CSTER | 632 573613 574254 aumaTpaHcdhepasa PlsY 90% 3.00E-40 | 46% | aunnTpaHcdepasa plsy
Cy®benmHmiia B IHK Cy®benmHmiia B ITHK
CSTER | 633 574392 576341 TonomsomMepass IV 97% 0.00E+00 | 71% | TonomsoMepasH 4
Cy®benmHmila A IHK Cy®benmHmiia A IHK
CSTER | 634 576969 579434 TOornmomsoMepass 1V 95% 0.00E+00 | 54% | TonomsoMepassl 4
MeTUJIeHTeTpaIrugpodosarT
nermoporeHasa/
MeTuJIeHTeTparugpodosarT 2.00E- BrdyHKUIMOHA b HBIA Bellok
CSTER | 660 598871 599725 LUMKJIOTH OpoJiasa 99% 109 56% | FolD
5.00E-
CSTER | 668 605570 606469 I'Tdasa Era 98% 143 64% | I'T®asa Era
CSTER | 670 607313 607927 nebochpo-CoA kaHasza 95% 2.00E-50 | 45% | medocdo-CoA kMHasBa coae
672 609192 609338 505 ribosomal prot. L33 97% 1.00E-16 | 52%
CSTER | 684 620012 621316 eHoJlasa 100% | 0.00E+00 | 70% eHoJlasa eno
BosMoxHasa cyObeOuHMIIA
openr. UMTOosMH-C5 Ydio Me TUJIasH BsuMI
CSTER | 731 664470 665690 crieund. IOHK MmeTunasza 60% 5.00E-16 | 31% | Mmomudmraumm
Jmsuii—- TPHK CHMHTeTasa
CSTER | 733 666939 668429 (kjmacc II) 97% 0.00E+00 | 64%
IlenmbTa cyBbemuHuua JHK HeoxapaKTepn30BaHHBI
CSTER | 761 694548 695582 noauMepass 111 84% 2.00E-37 | 33% | Genok YgeN
YId-N- VId-N-
alle TMIIMypaMouiiajlaHMHE——D— 8.00E- alle TMIIMypaMouiiajlaHMHE——D—
CSTER | 773 704704 706056 JIyTamMaT Jmrasa 98% 147 49% | ruoryTamMaT Jmrasa murD
YO®-N-aueTUuJIIJIIKO3aMUH—
N-aueTHIMypaMmiiI—
(meHTamenTmm) bocdopmi-
YHIOEKAaIpeHOoJ N-
N-aLueTHUJITJIKO3aMMHNII alle TMIITJIIOKO 3aMMH
CSTER [ 774 706060 707130 TpaHchepasa 95% 3.00E-30 | 27% | TpaHcbepasa murG
BeJloK KJIETOUHOT'O IeJIeHUS BeJiok KJIETOUHOTO IJeJleHUS
CSTER | 775 707140 708264 FtsQ 79% 4.00E-15 [ 26% | DivIB
BeJslok KJIETOUHOT'O IeJIEHUS 4.00E- Besiok KJIETOUHOTO IeJIeHUS
CSTER | 776 708388 709764 FtsA 84% 103 44% | FtsA
Beslok KJIETOUHOT'O IeJIEHUS 2.00E- Besiok KJIETOYHOTO IHeJIeHUA
CSTER | 777 709793 711115 Ftsz 92% 123 53% | FtsZ
CSTER | 783 714803 717592 nsogenuui-TPHK cuHTeTasa | 99% 0.00E+00 | 58%
CSTER [ 787 720193 720459 50S pubocomHbmr Beyiok L31 | 100% | 1.00E-22 | 50%




daxrTOp BBICBODOXIEHMUS 6.00E-
CSTER | 793 725315 726394 nenTunHoM uenm 1 99% 158 59%
CepmnH
CepuH 2.00E- IMOPpOKCHUMe TUIITpaHchepasa
CSTER | 796 727911 729161 TMOpOKCUMeTUIITpaHchepasa | 97% 171 60% | glya
CSTER | 833 760678 762396 npenn. docdorsmoroMyTasa 98% 0.00E+00 | 47% | docdorsmroMyTasa pgm
CSTER | 850 783500 783736 30S pmbocoMHbI OBejiok 320 | 94% 1.00E-13 | 46%
acnaparmuHui-TPHK 4.00E-
CSTER | 864 797961 799307 CUHTEeTasa 99% 180 56%
U1y TaMMH-—QPYyKTO30—6—
D-dpykTozs0-6-dochar docoar aMMHOTpaHchepasa
CSTER | 903 833853 835661 amMmupgoTpaHchepasa 100% | 0.00E+00 | 59% [Msomepusaumual glmsS
Besok yaCcTULBL 2.00E- BeJsiok YyaCTULBL
CSTER | 915 845349 846911 pacrosHaBaHUS CHUITHaJa 95% 178 57% | pacnosHaBaHMA CcUIT'HaJa
PuBocoMaJibHOT'O 8.00E- PuBocoMaJibHOT'O
CSTER | 919 848991 849845 ouoreHesuca I['Tdasa 98% 101 50% | GuoreHesuca I'Tdasza rbga
CSTER | 923 852605 854749 IHK TmonomsoMepasa 1 98% 0.00E+00 | 64% | OHK TonomsoMmepasa 1
ATd-sz3arucuMasa IOTHK ATd-sz3apucuMasa ITHK
CSTER | 994 915311 917623 renukasa PcrA 99% 0.00E+00 | 54% | resmmurasa PcrA
CyrumunnaTpaHchepasHbl
KOMIIOHEHT ocTaTKa
CyObennHula E2 OUTUIOPOJIUIOUIIIIM 3UHA 2-
DerngpoTreHasH OKCoTIUIyTapaT
PasBETBJIEHHBIX anbda IeTMOpOT€HASHOTO
CSTER | 1034 959843 561231 KETO-KMUCJIOT 99% 5.00E-69 | 34% | xommekca odhb
alleTOMH OeTIMIpOoT'eHasHBM Anbda cyBpenmHMIIA
KoMIulekc, El KoOMINOHeHT, KOMIIOHE THa E1l oMpyBaT
CSTER | 1036 962412 963383 asibda cyObeIMHMIIA 81l% 3.00E-33 | 28% | merunporeHass pdha
50S pwubocoMasibHBEI BeJIoK
CSTER | 1087 1007529 1007888 L20 85% 2.00E-56 | 80%
505 puBocoMasbHEI BeJIoK
CSTER | 1088 1007945 1008145 L35 100% | 1.00E-23 | 62%
dakTOp MHMLMaUUM
CSTER | 1089 1008184 1008714 TpaHckpunuum 3 (IF-3) 98% 2.00E-63 | 60%
darTOpP BBHICBODOOXIOEHMUA 2.00E-
CSTER | 1102 1017867 1018880 NeNTUOHON Lemm 2 91% 137 57%
CeHcopHasa TUCTUINH 4.00E- PeryJisaTOpPHLIA BeJiok
CSTER | 1115 1029796 | 1031136 KMHa3a 97% 117 71% | rpaHckpunuum YycF
IBY X KOMITOHE H THHIM 2.00E- CeHCOHasa TUCTUOMH KMHa3a
CSTER | 1116 1031129 1031836 peryysaTop OTBeTa ©68% 120 47% | YycG




YIO®—-N-aueTUJIIJIIoKO3aMUMH

YIO®-N-aueTUJITJIIoKO3aMMH
1_

1- 2.00E- KapbokcuBMHMUIITpaHCcbepasa
CSTER | 1123 1036555 1037826 KapbokcuBMHMUITpaHchepasa | 96% 172 59% | 1 muraa
S—aleHos3UJIMe TMOHMH S—aneHO3UJIME TMOHMH
CSTER | 1135 1049456 1050649 CHUHTEeTasa 97% 0.00E+00 | 67% | cuHTeTaszsa metk
OuoTuH- (aueTnyi—CoA OMbyHKUMOHA b HEIM
CSTER | 1136 1050929 1051867 KapBokcmuiasa) Jaurasa 92% 4.00E-44 | 33% | smrasa/penpeccp BirA
IHK rnoyamMepasa 111, 3.00E- T'amMMa cyb®bennHuila IHK
CSTER | 1138 1052266 1053918 raMma/Tay cyBbenMHULIA 93% 137 44% | nomumepasel I11/Tay Dnax
50S pwubocomasbHEI BeJok
CSTER | 1144 1056546 1056893 L19S 100% | 2.00E-61 | 77%
4.00E- ATd-3aBUCKUMA S 6—
CSTER | 1164 1073225 1074244 6-dochodpykrTOKMHABA 93% 124 61% | dochodpyrTokmHasa pfka
ITHK nojmuMepasa 111, Arnbda cy®benmMHMlLa ITHK
CSTER | 1165 1074337 1077447 anbda cyOvemmHmua DnakE 96% 0.00E+00 | 35% | mommmepasel III dnae
ywlC HeM3BeC THHM
KOHCEpPBATUBHEIL OeJIoK ¢
daxkTOpP TPaHCIALUNA nmMpyBaT PHK-cBASHBAKIMM
CSTER | 1166 1077600 1078385 nupyeraTa (SUAD) 42% 3.00E-04 | 24% | moTuBOM TW
T CTOHOIIOLO OHEIN ITHK- IHK-cBgasuBabmmi 6Sejiok HU
CSTER | 1175 1085950 1086225 CBSASHBAabLUY BeJIoK 95% 4.00E-40 | 72% | 1
TepaHuJIrepaHusl bapHesUn onpochaT
CSTER | 1182 1091629 1052501 nupodochaT cmHTasa 89% 5.00E-58 | 44% | cuHTasa ispa yqgid
Besok perMKaumumn JHK Besok permMKanumumn JHK
CSTER | 1188 1095764 1096462 DnaD 85% 1.00E-07 | 22% | DnaD
2.00E-
CSTER | 1193 1101272 1102201 puboHyKJeasa Z 99% 105 50% | Ribonuclease Z rnz
Rod bopmy —onpenes gommni
CSTER | 1197 1105450 1106877 Besiok KJIeTOUHOTO HeJjieHusa | 88% 2.00E-57 | 38% | Besox RodA
dochoroKo3aMMH MyTasa
CSTER | 1230 1131390 1132742 dochoruioKO3aMMH MyTasa 100% | 0.00E+00 | 63% | ybbt glnM
puboHyKIJIeoTHUn-OudochaT puboHyKJIeoTHn-OudocdaT
penykrasa, anbda penykrasa, aJsibda
CSTER | 1248 1154457 1156616 cy®benmHMiLa 98% 0.00E+00 | 47% | cybpemmHMila nrde
pubonyryeoTun-nudochar pubonyrieorun-noudochar
penykrasa, BeTa penykrasa, BerTa
CSTER | 1249 1156775 1157737 cy®benmHuila 97% 8.00E-98 | 49% | cybpemmHmuua nrdf
ITHK rmpasa, A ITHK rmpasa, A
CSTER | 1256 1161831 1164284 cy®benmHmila 98% 0.00E+00 | 62% cy®benmHuila




benmmanasmua—TPHK

cCuHTEeTasa, BeTa
CSTER | 1267 1174041 1176449 cy®penuHuLLa 99% 0.00E+00 | 47%
benmmananmna—TPHK
cuHTeTasa, anboda 3.00E-
CSTER | 1270 1177285 1178328 cy®bpeOuHuLa 98% 161 62%
ATdasa XPOCOMOCHOM Pasmensgiommin XPOMO COMHI
CSTER | 1271 1178950 1182483 cerperauum, SMC BeJiok 99% 0.00E+00 | 37% | Besok Smc
CSTER | 1272 1182486 | 1183175 pudornyryasa IIT 89% 4.00E-68 | 47% | puBoHykJeasa 3
4-TUIOPOKCU—
INTUOPO ONIMKOJINHAT TeTPpaIMOPONMKOJIMHAT
CSTER | 1273 1183332 1184267 CHMHTasa 93% 5.00E-88 [ 47% | cuHTasa dapA
acrnapraT-ceMManbOerus 1.00E- acrnapraT-ceMManbIerus
CSTER | 1274 1184605 1185681 oerunporeHasa 99% 143 58% | merumporenasa asd
7.00E- beppenorcuu—--HAID
CSTER | 1382 1293065 1254063 TUPEOOKCHUH penyKTasa 97% 113 50% | penykTasa 2 yumc
TPHK (ryaHmMH-N (1) —) — TPHK (ryanmH-N(1)-) —
CSTER | 1383 12594065 1254784 MeTuJITpaHcbepasa 100% | 6.00E-87 | 56% | MmeTunTpaHcdepasa
MeTHMoHMJI—TPHK
CSTER | 13985 1303326 1304261 bopMmIiTpaHcdepasa 96% 5.00E-98 | 49%
Beisok cBOpPKU
OpaliMOCOMHOTO  KOMILJIeKCa [IpaliMoO COMHBIN Besox N
CSTER | 1396 1304279 1306675 PriA 99% 0.00E+00 | 48% | PriA
CSTER | 1398 1307153 1307782 I'vaHmWIaT KMHAasa 98% 5.00E-87 | 59% | I'vaHmyiaT KMHasa gmk
BeJloKk KJIETOUHOT'O IeJIeHUS 8.00E- PeunenTop JacTHUl,
CSTER | 1399 1308015 1309406 FtsY 97% 121 55% | pacnosHamwmMx curHajg FtsY
HeopraHuue cKum
noamnpochat /ATO®-HATL
CSTER | 1422 1330503 1331339 KMHasBa 100% | 5.00E-78 | 44% | HALl xuHasz3a 1 ppnk
puboso—-dochaT 4.00E- puboso—-dpochaT
CSTER | 1425 1333019 1333990 nupodochokmHaza 100% | 113 54% | nupodochokmHasa prs
nopenr. UMCTEeUH 2.00E- npenr. LUMCTEeUH
CSTER | 1426 1333994 1335106 mecyinbbypasa 98% 115 47% | mecynbdypasa IscS
Curma baxTop PHK 6.00E- Curma dbaxrTOp PHK
CSTER | 1448 1355769 1356878 noJsimMepasbl RpoD 93% le7 70 noJimMepass SigA
CSTER | 1449 1356882 1358693 IHK npuMasa 68% 9.00E-86 | 37% | OIHK npmumasa DnaG
30S pubocomasbHEIT BeJok
CSTER | 1451 1359076 | 1359252 s21 98% 3.00E-29 | 89%
CSTER | 1464 1371306 | 1372619 I'Tdasa ObgE 100% | 0.00E+00 | 67% | I'T®asa ObgE
CSTER | 1480 1387053 1389005 cyBpenuHmuia B IOHK rupase | 100% | 0.00E+00 | 68% cybbenuuuia B IOHK rupass




VI®-N-
alle TVMJISCHOJIIIMPYBOMJITVJIIOKO3

YI®-N—
alle TVIJISCHOJIIIVMPYBOMIITVJIIOKO 3

CSTER | 1497 1401241 1402143 aMMH penyKTasa 98% 1.00E-66 | 40% | aMMH pemykTasa murB
30S puBocoMasbHEI BeJIoK
CSTER | 1506 1409996 | 1410268 slé 100% | 5.00E-42 [ 67%
CSTER | 1512 1415065 1416078 Openrn. JUOMI KMHasa 95% 1.00E-96 | 51% | OImarmmuepmuH kKmHasa dagK
CSTER | 1513 1416088 1418034 HAI-zsaBucuMasa IJHK sgmrasa | 97% 0.00E+00 | 55% | IHK smmrasa LigA
methionine
CSTER | 1516 1419659 1420519 aminopeptidase 99% 6.00E-56 | 37%
YIO®-N-aleTUJIIJVIIOKO3aMMUH
YOO-N—-aleTHIIIJVIIOKO3aMMH 1-
1- 6.00E- KapBokCcUBMHUIITpaHCcbepasa
CSTER | 1519 1422447 1423709 KapBokcUBMHUITpaHchepasa | 96% 125 46% | 1 muraa
l-auma-sn-TJauLepuH—3-
l-auma-sn-TauLepuH—3- docoar auugaTpaHcdhepasa
CSTER | 1522 1426828 1427583 bocharT aumnTpaHcohepasa 92% 1.00E-29 | 32% | plsC
YIP-N-aleTUIMypaMomniI— YIP-N-aleTUIMypaMoniI—
TpunenTuig-D-anaHuia—D- TpunenTun-D-anaHuin—D-
CSTER | 1534 1439747 1441120 ajlaHUJI JMrasa 98% 2.00E-98 | 38% | amaumun Jsgmrasa murF
D-aJjaHMJI—aJIaHWUII D-anaHmi——D—-ajsaHui
CSTER | 1544 1447537 1448583 CHMHTeTasa A 98% 2.00E-95 | 42% | smrasa ddl
HMxoTMHOBOM KM CJIO TEL
MOHOHYKJIEOTUN HMKOTMHAT-HYKJIeOTUL
CSTER | 1583 1483475 1484107 aleHWIMIITpaHcdepasa 98% 2.00E-62 | 44% | amenmnunTpaHchbepasa nadd
openr. PHK-cBSA3HBAaW0LNMIA BO3MOXHEIA PHK-
CSTER | 1584 1484211 1484528 OeJIoK 95% 1.00E-24 | 50% | cBaswBaommil Gejok Ygel
T'T®-CBSASEBARIMINI OeJloK 6.00E- HeoxapaKTepn30BaHHBII
CSTER | 1585 1484767 1485885 YgeH 100% | 163 59% | Besok YgeH
acnapTni/ Ty Tammii- TPHK
aMmnOoTpaHcdepasa,
CSTER | 1590 1488021 1489463 cybpeguHuia B 99% 0.00E+00 | 63%
acnapTni/ riry Tammii- TPHK
ammnOoTpaHcdepasa,
CSTER | 1591 1489463 1490929 cybbenuHmuua A 99% 0.00E+00 | 59%
acnapTni/ iy rTammii- TPHK
aMmnoTpaHcoepasa,
CSTER | 1592 1490929 1491231 cy®pemuumuua C 97% 1.00E-18 | 41%
3.00E- TropenoKCHUH penykTasa
CSTER | 1615 1511378 1512298 THopelOKCUH peryKTasa 95% 126 58% | trxb




docho-N-aLe TUIMypPaMOMII—

docpo-N—-aLe THMIMypPaMOMII—
NeHTalenNTUI-TpaHcdepasa

CSTER | 1665 1554189 1555211 NeHTalenTUO-TpaHcdepasa 92% 1.00E-66 | 41% | mray
npenn. IEHUUMUIIIINH- [IeHMUMIIIIMH— CBSSbIBaWMUMT
CSTER | 1666 1555213 1557480 cBAsHBapIM GeJiok 2X 90% 9.00E-88 | 32% | Besiok 2B
Beslok KJII€TOUHOT'O HNeJIeHUSI
CSTER | 1667 1557484 1557804 FtsL
CSTER | 1701 1591284 1592387 AlaHMH palileMasa 93% 1.00E-98 | 43% | AsmaHuMH paueMasa 1 alr
npenr. 4'-
bocdonaHTe TEMHIIT ToJ1o- [auMII-Iep eHo CAmmUM—
CSTER | 1702 1592408 1592767 TpaHchepasa 97% 6.00E-29 | 41% | Gesyiok] cmHTasa
Cy®penmHuLa IPENpPOTUH Cy®penmHuLa [IPENPOTUH
CSTER | 1705 1594955 1597504 TPaHCJIOKAaSE SecA 100% | 0.00E+00 | 55% | TpaHCcysOKasH SecA
30S pubocoMasbHEI BeJIoK
CSTER | 1726 1616337 1616576 S18 100% | 5.00E-32 | 65%
Besoxk, CBSASHBAaINI BeJsiok B, CBS3HIBAaLINI
CSTER | 1727 1616618 1617136 omHoHMUTeByl JHK 93% 1.00E-41 | 56% | ogHoHUTeRyl ITHK
30S pubBocoMasbHEI BeJIoK
CSTER | 1728 1617148 1617438 S6 96% 4.00E-40 | 61%
npen. O- TPHK N6-aneHOsSMH
CHAJIOTJIMKOIPOTEUH 6.00E- TpeoHMIKapBaMouTpaHchep
CSTER | 1745 1633808 1634821 SHIOINENTHIa3a 97% 130 55% | asa tsad
BeJlok TsaB BrocHHTEe3a
npen. TJIMKOIIPOTEMH TPHK
CSTER | 1747 1635236 1635922 SHIOOINEeNTHUIAasa 100% | 6.00E-44 | 38% | TpeoumnkapbaMomuJialeHO3UH
MPHK ODerpajalnn
CSTER | 1749 1636421 1638103 pubonykyeasu J1/J2 99% 0.00E+00 | 62% | pubonyryeasa J1 ygkc
2.00E-
CSTER | 1755 1642501 1643700 dochormmiiepaT KMHasa 100% | 124 50% | dochormmiepaT KMHaABa pgk
daxTOp BJIOHT'alUMM
CSTER | 1762 1648240 1650321 TpaHCKpunuumu G 100% | 0.00E+00 | 77%
30S puBocoMasbHEI BeJIoK
CSTER | 1763 1650542 1651012 S7 100% | 1.00E-86 | 75%
30S puBocoMasbHBEI BeJIoK
CSTER | 1764 1651031 1651444 S12 98% 3.00E-80 | 86%
npennoJjiaraeMas I'Tdasa
pubocoMa—accouumupoBaHHa g 5.00E- p1BOCOMHOTO BuoreHesa
CSTER | 1770 1656078 1656950 I'Tdasa 99% 105 51% | RsgA
CSTER | 1776 1660099 1660413 npeni. TUOPEeIOKCUH 92% 1.00E-37 | 61% | TmopenokcuH trxa
50S pubBocoMasyIbHEI BeJIoK
CSTER | 1787 1670058 1670192 L34 100% | 1.00E-15 | 70%




BeJIKOBHIM KOMIIOHEHT

CSTER | 1790 1673060 1673395 puboHykKJeasa P 95% 1.00E-31 | 47% | puboHyKJeasa P
CSTER | 1793 1677296 1678750 ruoyTaMmuJi-TPHK cuHTeTasa 100% | 0.00E+00 | 55%
505 puBocoMasbHEI BeJIoK 505 pubBocoMasibHEI GeJyIoK
CSTER | 1797 1681106 1681795 Ll 98% 4.00E-99 | 65% | L1
mauuepuH-3-dochaT
ramuepnuH-3-dochaT 4.00E- OeruaporeHasa [NAD (P) +]
CSTER | 1809 1690036 | 1691058 merugporeHasa 94% 122 53% | gspA
MeTaJjl-3aBUcCKUMasa
ammasa/ammuHoaumasa/ ©6.00E- N-alueTuiagMaMUHOIMMETIAT
CSTER | 1813 1693298 1694431 KapOBOoKCcUIIeNTHIA Ba 95% 120 47% | mmauermyasa ykur
npenr. 2,3,4,5- 2,3,4,5-
TEeTPATUIPONUPUOMNH—2 — TEeTPATUIPONUPUIANH-2 , 6—
KapBoxkcuiaT N- OUMKaAPBOOKCUIIAT N-
CSTER | 1814 1694510 16955208 cyKUMHUIITpaHCchepasa 98% 4.00E-86 | 60% | aueTunrpaHcdepasa dapH
Bernokxk, CBSASHBAINI BeJsiok B, CBSA3HIBAaLINI
CSTER | 1821 1699209 1699601 CUTHAJbHYI HUTH 93% 1.00E-25 | 40% | curHamnbHy©0 HUTh JHK
ITHK-zaBucumMad PHK JHK-HanpaBJieHHad PHK
noamuMepasa, BeTa noJmMepasa, teTa
CSTER | 1844 1713286 1716924 cyB®benmHMiLa 97% 0.00E+00 | 68% | cyBwenmHMIlA
ITHK-zaBucumMad PHK IHK-HanpaBJjieHHada PHK
noJmuMepasa, BeTa nonuMepasa, teTa
CSTER | 1845 1717025 1720606 cyBbenmHmiLa 98% 0.00E+00 | 71% cybbpenmHMila
CSTER | 1847 1723493 1724749 Tuposui-TPHK cuHTeTasa 99% 0.00E+00 | 58%
bpyxTozo-OudpochdaT BOBMOXHAad dpyKTO30—
CSTER | 1876 1751169 1752050 aJbnoJiasza 100% | 4.00E-83 | 45% | 6udochdaT anbnosasza fbaa
50S pubBocoMasbHEI BeJIoK
CSTER | 1880 1755102 1755488 L17 100% | 2.00E-62 | 73%
ITHK-saBucumMasda PHK JIHK-HanpaBJieHHad PHK
noJjmuMepasa, anbda 7.00E- noJsiMMepasa, aJsbda
CSTER | 1881 1755506 1756444 cyB®benmHmiLa 99% 139 62% | cyBbenmHMIA
30S puBocoMasbHELI BeJIoK
CSTER | 1882 1756493 1756876 S11 93% 7.00E-69 | 87%
30S puBocoMasbHEI BeJIoK
CSTER | 1883 1756904 1757269 S13 100% | 2.00E-58 [ 73%
505 pmuBocoMasbHBI BeJIoK
CSTER | 1884 1757290 1757403 L36 100% | 4.00E-16 | 84%
daxrTOp MHMLUMa LN
CSTER | 1885 1757429 1757647 TpaHcaauumu 1 (IF-1) 100% | 1.00E-38 [ 78%
CSTER | 1886 1757765 1758421 AmeHWUJaT KMHasa 99% 3.00E-89 | 59% | AmeHmyiaT KMHasa adk




nopenrm. cy®bpeOMHMLA 4.00E- cyB®bpenuHmila TPaHCJIOKAaSH
CSTER | 1887 1758553 1759848 TpaHCJIOKasH, SecY 99% 140 49% | SecY
505 puBocoMasbHEI BeJIoK
CSTER | 1888 1759865 | 1760305 L15 100% | 1.00E-70 | 72%
505 puBocoMasbHEI BeJIoK
CSTER | 1889 1760433 | 1760615 L30 98% 3.00E-20 | 62%
30S puBocoMasbHBI BeJIoK
CSTER | 1890 1760630 | 1761124 S5 93% 8.00E-70 | 76%
50S pubBocomasbHEIT BeJok
CSTER | 1891 1761143 | 1761499 L18 100% | 4.00E-55 | 73%
50S pwubocomasbHEIT BeJok 50S pubBocoMasbHEN OeJoK
CSTER | 1892 1761589 | 1762125 L6 100% | 3.00E-69 | 60% | L6
30S pubBocoMasIbHEI BeJIoK
CSTER | 1893 1762252 1762650 S8 100% | 1.00E=-73 | 77%
30S pubBocoMasIbHEI BeJIoK
CSTER | 1894 1762773 | 1762958 S14 100% | 1.00E-31 | 77%
50S pubBocoMasbHEI BeJIoK 3.00E-
CSTER | 1895 1762976 | 1763518 L5 99% 100 77%
50S pubBocoMasbHEI BeJIoK
CSTER | 1896 1763545 | 1763850 124 99% 7.00E-38 | 64%
50S pubBocoMasNbHEI BeJIoK
CSTER | 1897 1763931 | 1764299 L14 100% | 5.00E-74 | 87%
30S pubBocoMasbHEI BeJIoK
CSTER | 1898 1764324 1764584 S17 97% 4.00E-46 | 84%
50S pubBocoMaNbHEI BeJIoK
CSTER | 1899 1764612 1764818 L29 78% 1.00E-14 | 58%
50S puBocoMasbHEI BeJIoK
CSTER | 1900 1764828 1765241 L16 93% 1.00E-76 | 83%
30S pubBocoMasbHEI BeJIoK 1.00E-
CSTER | 1901 1765245 | 1765898 S3 100% | 119 75%
505 puBocoMasbHEI BeJIoK
CSTER | 1902 1765911 | 1766255 L22 96% 7.00E-49 | 64%
30S puBocoMasbHEDI BeJIoK
CSTER | 1903 1766271 | 1766549 S19 100% | 2.00E-54 | 83%
505 puBocoMasbHBI BeJIoK 5.00E- 505 pubBocoMasibHBEI OeJyIoK
CSTER | 1904 1766643 | 1767476 L2 100% | 159 76% | L2
50S pubBocomasbHEIT BeJok
CSTER | 1905 1767494 1767790 L23 94% 2.00E-31 | 60%
50S pwubocomasbHEIT BeJok 50S pubBocoMasbHEN OeJIoK
CSTER | 1906 1767790 | 1768413 L4 100% | 9.00E-92 | 60% | L4




50S puBocoMasbHEI BeJIoK 4.00E- 505 puBocoMaJsyibHEI OBeJyloK
CSTER | 1907 1768438 1769064 L3 99% 115 75% | L3
30S pubBocoMasbHEI BeJIoK
CSTER | 1908 1769181 1769489 S10 100% | 1.00E-58 [ 78%
505 puBocoMasbHEI BeJIoK
CSTER | 1936 1795296 | 1795484 L28 100% | 7.00E-26 [ 69%
CSTER | 1948 1805428 1807179 acrnaptui-TPHK cuHTeTasa 98% 0.00E+00 | 57%
1.00E-
CSTER | 1950 1807719 1808999 rucTuana-TPHK cuHTeTasa 99% 140 49%
50S pubBocomasbHEI BeJok
CSTER | 1953 1810651 1810833 L32 91% 1.00E-10 | 48%
50S pubBocoMasIbHEI BeJIoK
CSTER | 1954 1810849 1810998 L33 100% | 1.00E-14 [ 55%
30S pubocoMasIbHEI BeJIoK
CSTER | 1973 1823718 1824329 sS4 100% | 1.00E-95 [ 69%
Penjmuka TUBHOM ITHK 8.00E- Penjmka TUBHOM IHK
CSTER | 1975 1824852 1826213 reluKasa 95% 176 56% | reamkasa DnaC
50S pubBocoMasbHEI BeJIoK
CSTER | 1976 1826257 1826715 LS 100% | 2.00E-39 [ 55%
TPHK (5-MeTujgaMMHOME TMJI—
2-THoypUIMUIIaT) — 9.00E- TPHK-cneumndpmueckas 2-
CSTER | 1979 1830931 1832052 MeTuJITpaHCcbepasa 98% 177 70% | TmoypuImiasa MnmA
CDP-mmaumiIranLepo——
miepuH-3-dochaT 3-
docoaruomunrmuumupodocodatT dochbaTunuiTpaHchepasa
CSTER | 1986 1838183 1838725 CHMHTAasa 93% 2.00E-45 | 52% | pgsA
MHOSMH—5'-MOoHObOChaT MHOSUH—5'-MOoHObOChaT
CSTER | 1992 1843910 1845391 OeruIporeHasa 99% 0.00E+00 | 68% | merumporeHasa guab
TpunTodaHms—TPHK
CSTER | 1993 1845568 1846590 cuHTeTasa 11 98% 8.00E-42 | 35%
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Tabmmua 5. Coucor muddepeHUMalbHO DSKCIPEeCCUPYEMEX T'EeHOB,

UOEeHTUOULUUPOBAHHEX B mTamMMe GEI4, comepxaleM IeJIellu.

PervnaTon-

OnepoH Mpeanonaraemeld NYTL/QYHKLWA athcheKTop Fen log2 [
STER_O380-STER-03893 Metabonuam uucTenHa CmbrfHomriMtar ::Ez_g:g? —:II ; g;g-;g
STER_0392 -1.4 1.26-32
STER_D383 =-1.2 2.8E-15
STER_1018-STER_1017 MeTab0o1uaM ManbToneKkeTPHHA §¥E§—: g:s ";g . 5005 a8
STER_1545-STER_1555 EUDCHHTES apoMaTuieckux amuHokuenor | -2 0% RNALTIR} g:g;—: :g :1 g 32::2;
STER:’! 550 -1.3 7.9E-38
STER_1551 -1.3 1.2E-35
STER_1552 -1.3 [»]
STER_1553 -1.4 [+]
STER_1554 -1.3 [»]
STER_1555 -1.6 7.8E-73
STER_1960-STER_1963 MemBpanHuIe Benkw STER_1960 09 ©
STER_1961 -1.0 (o]
STER_1982 -1.0 8.3E-317
STER_1963 -1.1 3.2E-965
STER_Q049-STER_D0S54 BuocuHTes NypUHOB PuriR STER_DOD49 1.2 5 6E-34
STER_0QO050 1.1 1.4E-29
STER_ODS1 1.1 [+]
STER_QO52 1.1 O
STER_QOSZ 1.1 [¢]
STER_ODS4 1.1 6.6E-40
STER_DE99-STER_0701 Metabonmnam staHonaMuHa g;gg—gg‘gg ;‘_’i‘ a SEDZOO
STER 0701 2.2 7.B8E-329
STER_1020-STER_1024 TBHH APriHHH TPaHENOKasa Tath STER_1020 1.3 5.3E-14
STER_1021 1.3 8.8E-12
STER_1022 1.4 3.3e-12
STER_1023 10 9.8E-8
STER_1024 0.9 0.0022
STER_1025-STER_1028 omMeocras xeneaa PerR STER_1025 1.1 1.8E-09
STER_1026 0.9 2.5E-8
STER_1027 1.2 3E-12
STER 1028 1.2 1.58-17
STER_1405-STER_14C9 Tpatenopr ¢ yuactem ABC Benkos Cody §¥EE_: ﬁg :ll 2 9,55—90
STER_1407 1.6 3.7E-59
STER_1408 16 o
STER_1409 1.4 4.2E-54
STER_1821-STER_1823 Cetpece :$E§_; :g; gg s 42 .
STER_1823 2.0 o
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$OPMYJIA MBOEPETEHNA

1. Crioco6 BEIOOPOUHOTO YHUUTOXEHN A OIIPEemeJIEHHOTO
[IOOMHOXEeCTBA BaxkTepun B CcMemaHHOM IOy JIALUN DaKTepralibHBX
KJIETOK, BKJIOUAIMN ;

BBeIeHMe B CMellaHHY [NONYJIALUMI OaKTepMallbHEX KJIeTOK

(a) KOHCTPYKLUA TeTepoJIOTUUHON HYKJIEMHOBOM KMCJIOTEL,
comepxamer wMaccuB CRISPR, KOTOpPHM (QYyHKLIMOHAJEH C DSHIOI'eHHOMU
CRISPR-Cas cmucCTeMOM, IPUCYTCTBYKIMEeM B KOHKPETHOM IIOIMHOXECTRBE
BakTepuit, u/mUiaun

(b) w™maccume CRISPR m CRISPR-Cas cucrTeMy, IIPM 3TOM MacCCUB
CRISPR m CRISPR-Cas cucremy u3 (b) BBOODAT B OOHY M Ty Xe WMIM B
OTHOeJIbHHE KOHCTPYKUMM TeTepOJIOTMUHHX HYKJIEMHOBEX KMKCJIOT B JIOOOM
KOMOMHAaLIUN,

npu sToM Maccue CRISPR  wus3 (a) m (b) comepxuT (5'-3")
IOCJIeIOBATEJILHOCTE TIIOBTOP-CIEMCep-IIOBTOPR WMJIM II0 MeHblle Mepe
OOHY [IOCJIEAOBATEJIbLHOCTE IIOBTOpP-CIeWcep, n crencep
IOCJIeIOBATEJILHOCTU IIOBTOP-CHeMCep-IIOBTOP WMJIM I[IOCJIeOOBaATeJILHOCTHU
IIOBTOP-CIIelicep COOEPXUT HYKIJISOTUMIOHYID IIOCJIeOOBaTeJILHOCTL, KoTopasd
10 CymecTBY KOMILJIEMeHTapHa 00JacTU-MUIIEHM B  KOHCEPBATHBHOM
TeHeTUUEeCKOM [IOCJIeIOBaTeJIbHOCTHU KOHKPETHOM IIOOMHOXECTBE
BakTepulr, KOTOpOe OTJMUYaeTCsa OT IpyIux OaKTepuallbHEX KJIETOK B
CMemlaHHOM TIIONyJIALUM, IIpM STOM OOJIaCThb-MMIIEHL MUMeeT II0 MeHbleM
Mepe 10 rmocJgeloBaTeJIbHHX HYKJIEOTHMIOB, MNIPUMMHKAKIMX K MOTHUBY,
IpUMHKAKRIEMY K IIpoTocledcepy (PAM), paclosHaBaeMbX SHIOOTEeHHOM
CRISPR-Cas cucTtemon u3 (a) miam CRISPR-Cas cucTeMon u3 (b),

OpM DSTOM KOHCTPYKUMA (M) TeTepOoJIOTUMUYHOM HYKJIIEMHOBOWM KMCJIOTEH
3 (a) wuimm (b) He MHTerpupyeTcsa B TI'eHOM OaKTepMaJlbHEX KJIETOK
IIONYJIALNN, TEeM CaMBIM BHIOOPOYHO YHUUTOXA A onpeleJIeHHOe
IIOIMHOXECTBO OaKTepul, KOTOopoe COOepXHT o6JacTh-MUIIEHD .

2. Cnoco® mo 1. 1, oTjuuamnmmMmica TeM, UYTO 5SHIOoreHHada CRISPR-
Cas cucremMa u3 (a) mnOpencrasjsgeT cobou: (i) CRISPR-Cas cucreMmy
Tumna I, a MaccuB CRISPR mpencraiBiasgeT cobdor Maccue CRISPR Tuma I,
(ii) CRISPR-Cas cucTteMy Tuna II, a MaccuB CRISPR mnpencrTaBJjisgeT
cobo MaccuB CRISPR Tuma II, (iii) CRISPR-Cas cuctemy Tumna 111,
a MaccuB CRISPR mnpezncraBJjgeT cobol maccuB CRISPR Tuma III, (iv)

CRISPR-Cas cucreMy Tuna IV, a MaccuB CRISPR mnpezncrapJjgeT coboun
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MaccuB Tuna 1V MaccumB CRISPR mam (v) CRISPR-Cas cucremy Tuia V,
a Maccue CRISPR mpencraejseT cobol MaccuB CRISPR Tuna V.

3. Cnoco6 mo n. 1 wiym . 2, oTJauuawnmuncsa TeMm, uYuTo CRISPR-
Cas cucrema wu3 (b) npencrasjasger cobonm: (i) CRISPR-Cas cucreMmy
Turna I, a MmMaccuB CRISPR mpencraBygeT cobot mMaccuB CRISPR Tuna I,
(ii) CRISPR-Cas cucrtemy tuna 11, a MaccuB CRISPR OpencTaBJIglT
cobom MaccuB CRISPR Tumma II, (iii) CRISPR-Cas cucremy Tumna 111,
a MaccuB CRISPR mnpencrarJjsgeT cobol maccuB CRISPR Tumna III, (iv)
CRISPR-Cas cucreMmy Turna IV, a MaccuB CRISPR mnpezncrarJjsgeT cobomn
MaccuB CRISPR Tuna IV wmim (v) CRISPR-Cas cucrtemMy THIoa V, a
MaccuB CRISPR mpemncTaBjisgeT cobol MaccuB CRISPR Tumna V.

4, Crioco® 1o .3, B KOTOPOM

(i) CRISPR-Cas cucrtemMa Tuna 1 w3 (b) comepxur (A) 10O
MeHbllel Mepe OIOMH KacCKaIHHM DOJUIEeNTHI Tula I ¥ (B) DoJIMIenTun
Cas3, wu nosmnentun Cas3' um nojgunenTtmun Cas3', u/WiIM OOHY WM
HEeCKOJIBKO KOHCTPYKUUMN IeTepPOJIOTUYHEIX HYKJIEMHOBEIX KMCJIOT,
Komupyomux (A) u/mam (B);

(ii) CRISPR-Cas cucTeMa Tuoa I1I colepxuT nojunentun Cas9
U/UIY  KOHCTPYKLMIO HYKJEMHOBOM KMUCJIOTH, KOOUPYIYW IIOJUIEITUI
Cas9, npu nsTtoM CRISPR-Cas cucTemMa Turna 11 IOONOJHUTEJBEHO COIEPXUT
tracrPHK;

(iii) CRISPR-Cas cucTeMa Tuna I1II COOepXUT IO MeHbIIEV Mepe
OOVH TIOJIMIIEeNTUO  KoMIJlekca Csm MJIM IO MeHblelr Mepe  OIOMuH
MOJINTIENTUN  KoMILlekca Cmr u/uiaM oOHy wiIM 0oJiee KOHCTPYKIUNI
TETEePOJIOTUUHEX HYKJIEMHOBHX KMCJIOT, KOIMPYKMMUX IIO0 MEeHBIeM Mepe
OOVH IMOJUIIENTUO KoMmIlekca Csm M/MiIM T[I0 MeHbIlel Mepe OIUH
IIOJIUIIENTUL KoMILJIekca Cmr M, HeoOsa3aTeJI[bHO, HoJmlenTtun Cas6é Win
KOHCTPYKLMIO TeTepOoJIOTUUHON HYKJIEMHOBOMU KVCJIOTHL, KOOUpYyKmen
nosmnenTtmun Casb6;

(iv) CRISPR-Cas cucTeMa TuUla 1V COHOEPXUT I[I0 MeHBIIel Mepe
OIVH nus TIOJIUIIENITULOB Csf4 (dinG), [IOJIUIIENITULOOB Csfl,
nosunentunos Csf2 (Cas7) u/mimm nojmnenTtunoB Csf3 (Casb), wu/wm
OOHY WM 0oJlee KOHCTPYKLUMM TeTepOJIOTMUHHX HYKJIEMHOBHX KUCJOT,
KOOUPYKIKMX II0 MeHbIeM Mepe OIMH nojunentun Csfd, DOIUOENTHUN
Csfl, nosmnentun Csf2 m/unm nosmnentun CSE3; u

(v) CRISPR-Cas cucTemMa Tuna V comepxuT noJmnentun Cpfl
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U/ MY KOIOUPYHIYD eT0 KOHCTPYKIMI TeTepPOJIOTUMUHOM HYKJIEUMHOBOM
KMCJIOTH.

5. Cnoco6 o JmdomMy M3 IOI.2-4, oTIMYAKIMMCS TeM, UYToO
[IOCJIeIOBATEJILHOCTE TIIOBTOP-CIEMCEP-IIOBTOPR WMJM II0 MeHbIley Mepe
OOHa IIOCJIeOOBAaTEeJIbHOCTE IIOBTOp-cIencep: (a) wmaccuBa CRISPR Twumna
I ComepXuT IIOBTOP, KOTOPHM MIEHTHUUEH IOBTOpY M3 MaccuBa CRISPR
Turna 1 nukoro Tuna, (b) mMaccuBa CRISPR Tuna II COOepXUT IIOBTOP,
KOTOPHEM MOEHTUUEeH IOBTOPY M3 MaccuBa CRISPR Tuma II IMKOTO TUIIA,
(c) maccuBa CRISPR Tuna III COOEpXUT IOBTOP, KOTOPHM UISHTUUEH
INOBTOPY ™3 Maccumea CRISPR Tuna III »Oukoro TuUIa, (d) w™MaccuBa
CRISPR Tuna IV COOEPXUT IIOBTOP, KOTOPHYM MASHTUMUEeH I[IOBTOPY U3
MaccuBa CRISPR Tuna IV OguMKoTo Tuna, WIM (e) MaccuBa CRISPR Tumia
V ComepXuT IIOBTOP, KOTOPHM MIEHTUUEeH I[IOBTOpY M3 MaccuBa CRISPR
THUrla V OUKOTO THIla.

6. Crnoco6 mno JgwbomMy M3 IHOII.1-5, oTaMuampmmMyicg TeM, UYTO IO
MeHbIleM Mepe OOHa WM HEeCKOJbKMX 0OaKTepMaJlbHBEX KJIETOK CMelaHHOM
NONYJIALIUN He comepxart NOCJIenOoBaTeJIbHOC T~ MUIIE HA u,
CcJIemoBaTeJIbHO, IIO MeHbIIeM Mepe OoOHa WJIM HEeCKOJBKO 0OaKTepMaJlbHHX
KJIETOK He IrormbaeT nOpM BBeIeHMM MaccuBa CRISPR.

7. Crnoco6 1o JmdomMy M3 II.1-6, oTIMYaKmMMCcS TeM, UTo
crielicep IOCJIEIOBATEJILHOCTM IIOBTOP-CIEeMCep-TIOBTOP WM II0 MeHbIeM
Mepe OIHOM [IoCJIenoBaTeJIbHOCTH IIOBTOP-CIeNcep COOEPXUT
HYKJIEOTHUIHYI II0CJIedOoBaTeJIbHOCTL, KOoTopasa Ha 100% kKoMILJleMeHTapHa
[IOoCJIeOoOBaTEeJIbHOCTU ~MUIIEHN .

8. Cnoco® mno JmwdoMy M3 on.l-7, oTJaMUaKIMUMCT TeM, YUTO
[IoCJIeoBaTeJIbHOCTE ~MUIIEHDb BEHIOpaHa n3 TeHa, OTKPHTOM paMKu
CUMTHBAHMA WM IOpenrnojlaraeMo¥ OTKPHTOM pPaMKM CUMTHEIBAHUA WJIU
MexXT eHHOM obJyacTH, npu STOM NOCJIenoBaTeJIbHOCTE ~MUIIEHDb
HeoO43aTeJIbHO HaAXOOUTCS B XM3HEeHHO BaXHOM T'eHe U/MIM He XM3HEHHO
BaXHOM T'eHe.

9. Cnoco® no JjgodoMy M3 IIII.1-8, IOONOJIHUTEJLEHO BKJIIOUYAKINNA
BBelleHMe B CMeIaHHYK IOONYJIALMK OaKTepMaJIbHEX KJIETOK KOHCTPYKLUU
TeTepOJIOTUUYHOM HYKJIEMHOBOWM KMUCJIOTE, COIepXallell TpaHCKOIUPYeMy
HYKJIEMHOBYI KucjoTy CRISPR (tracr).

10. Cmoco® mno JwobomMy M3 OmrI.l-9, oTJaMUYaIUiCcsS TeM, UYTo

IIOIMHOXEeCTBO OakKTepuu, BKJIOUaKIee 06OJIacTb-MUIIEHD, BEIOpaHO U3



124

Pseudomonas sSpp., Escherichia spp. wu/ummu Staphylococcus spp.,
Heo®Aa3aTeIbHO, TIOe IIOIMHOXeCTBO OaKTepuM, coIepxalee o00JaCTb-—
MMIIEHL, BHOpaHo u3 Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus aureus.

11. Cmoco6 mno Jmwdomy wmu3 nmn.l-10, oTauMuamommica TeM, UYTOo
KOHCTPYKLUMA TEeTepOoJIOTMUHOM  HYKJEMHOBOM  KUCJIOTH U3 (a) VI
TeTEPOJIOTUYHEE KOHCTPYKUMM U3 (b) comepxurcsa(aTcd) B dare.

12. Cnoco® omnpenelJieHMS B IONYJNAUMM OaKTepMaJIbHEIX KJIETOK IIO
MeHbIlel Mepe OIOHOTO MB30JIATa, KOTOPHM He COOEepXUT B CBOEeM I'eéHOMe
KOHCEePBaATUBHYID 00JIaCTb-MUIIEHL, IIPUCYTCTBYIIYID B TI'eHOME OIHOM WM
HEeCKOJIbKUX OaKTepuaJibHHEX KJIEeTOK B IIONYJIALUMM, BKJIIOUAIINN

BBEIOEHMEe B MONYJALMIK OaKTepMallbHEX KJIeTOK

(a) KOHCTPYKIIMIO TeTepoJIOTUUHOM HYKJIEMHOBOM KMCJIOTH,
comepxamyio wMaccue CRISPR, KOTOPHEM OQYHKLUMOHAJIeEH C SHIOTEeHHOM
cucremorm CRISPR-Cas, IOIPUCYTCTBYKIEM B KOHKPETHOM IIOIMHOXECTRBE
BakTepuit, u/UIn

(b) w™maccmer CRISPR m cucremy CRISPR-Cas, @puM 3TOM MacCCHUB
CRISPR m cucremy CRISPR-Cas u=2 (b) BBOOAT B OODHY U Ty Xe& MWJIM B
OTHOeJIbHHE KOHCTPYKLUMM TeTepOJIOTMUHHX HYKJIEMHOBEX KMCJIOT B JIOOOM
KOMOMHAaLIUA,

npu 3TOM MaCCHUB CRISPR COOEePXUT (c 5 1o 3")
IOCJIeNOBATEJILHOCTL IIOBTOP-CIEeNCep-IIOBTOP WJIM II0 MeHbIel Mepe
OOHY IoCJIeIOBaTeJIbHOCTE IIOBTOP-CIIelcep, u cremcep
[IOCJIeIOBATEJILHOCTU IIOBTOP-CIEeNCep—-IIOBTOR WM IIOCJIedOBaATeJILHOCTH
I[IOBTOP-CIIeMCcep COOEPXUT HYKIJICOTUIHYID IIOCJIeOOBATeJILHOCTL, KOoTopasd
10 CYyMecTBY KOMILJIEeMeHTapHa  o00JacTU-MUIIEeHM B  KOHCEPBATHBHOM
TeHeTUUeCKOM [IOCJIeIOBATEJILHOCTH KOHKPETHOTO [IOOMHOXECTBA
BakTepul, KOTOpOe OTJIMUaeTCcd OT IpYyIux ©OakTepualJIbHEX KJEeTOK B
CMelaHHOM MOoNyJAlrM, IIpM 5SToM o00JlacTh-MMIIeHL MMeeT II0 MeHbIen
Mepe 10 rmocyieloBaTeJIbHHX HYKJIEOTHMIOB, [NPUMMHKAKIMX K MOTHUBY,
opujexamero K IIpoTocrnercepy (PAM), paclo3HaBaeMOMy SHIOOTEeHHOM
cucremomm CRISPR-Cas (a) wmiam cmucTeMo¥ CRISPR-Cas (b),

OpM D2TOM KOHCTPYKUMA (M) TeTepoJIOTUMUHOM HYKJIIEMHOBOW KMCJIOTEH
n3 (a) wimm (b) He MHTeIpUpyeTCcs B TI'eHOM OaKTepMalJlbHEIX KJIETOK
IOy JIALNNA ;

OollipeneJieHre HaJIMduMAad WJIM OTCYTCTBUA KOHCGpBaTMBHOﬁ obyjacTu-
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MMIIEHM B TeHOMe IIO MeHbIleM Mepe OOHOTO M30JATa U3  IIONYyJISLUMr
HaKkTepMaJIbHEX KJIETOK, U
omnpenejyieHMe II0 MeHbIIEeY Mepe OIHOTO WM30JIATa, KOTOPHEM He

COOEepPXnUT KOHcepBaTMBHOﬁ ofJlaCTUM—-MMIIEHM B CBOEM I'€HOME.

13. Cnoco® no 1. 12, omaMyalommMica TeM, UYTO SHIOOT'eHHAad
cucrtemMa CRISPR-Cas wu3 (a) opencraBjgeT coBoi: (1) cucremy
CRISPR-Cas muna I, a wMaccuB CRISPR mnpencrTaBjsgeT coBoM MaCCHUB
CRISPR Tmmma I, (ii) cucremy CRISPR-Cas mmna II, a MaccuB CRISPR
opencraBygeT cobort MaccuB CRISPR Tuna II, (iii) cucremy CRISPR-
Cas Tumna III, a MaccuB CRISPR mnpencrarjisgeT cobol MaccuB CRISPR
Turna 1171, (iv) cucremy CRISPR-Cas mTuna 1V, a wMaccuB CRISPR
OpencraByageT cobort MaccuB CRISPR Tumna IV miam (v) cucteMmy CRISPR-
Cas Tuna V, a MaccuB CRISPR npezncrTaBJjsgeT cobor wmMaccuB CRISPR
THIIa V.

14. Cnoco® no n. 12 wimm 1u. 13, oTJauyaomuiics TeM, UYTo
cucrema CRISPR-Cas w3 (b) opencraBygeT coboi: (1) cucTemy
CRISPR-Cas Tuna I, a wMaccuB CRISPR mnpencraBjgeT coBoM MacCHUB
CRISPR Tmna I, (ii) cmcremy CRISPR-Cas Tuna II, a mMaccuB CRISPR
npencraBJagiT cobor MaccuB CRISPR Tumna II, (iii) cucremy CRISPR-
Cas Tumna III, a MaccuB CRISPR mnpencrarjsgeT cobon MaccuB CRISPR
Turna 1171, (iv) cucremy CRISPR-Cas mTuna 1V, a wMaccuB CRISPR
npencraBiygeT cobom MaccuB CRISPR Tumna IV miau (v) cucrtemy CRISPR-
Cas Tuna V, a MaccuB CRISPR npezncrarJjseT cobon wmaccup CRISPR
THIa V.

15. Cnoco6 no JjgwboMy M3 nmn.l2-14, B KOTOPOM

(i) cwucrema CRISPR-Cas Tuna I w3 (b) comepxur (A) 1O
MeHbBIIe Mepe OIOMH KacCKaOHBEM TOJUIeNTMn Tula 1 ¥ (B) DoaunenTun
Cas3, wmu nosmnentun Cas3' um nojunenTtun Cas3', u/WiM oOOHY WM
BoJjlee KOHCTPYKUUM TETEPOJIOTMUHHX HYKJIIEMHOBHX KUCJIOT, KOOUPYRIINX
(A) n/mm (B);

(ii) cucrema CRISPR-Cas Tuna II colepxuT nojunentun Cas9
U/UIY  KOHCTPYKLMIO HYKJIEMHOBOM KUCJIOTH, KOOUPYIMYW IIOJUIEITU
Cas9, mnpu sToM cuctTema CRISPR-Cas Tumna II IOONOJHUTEJBEHO COIEPXUT
tracrPHK;

(1i1ii) cumucrema CRISPR-Cas Tumna III cCOIepXUT II0 MeHBIIEM Mepe
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OOVH  TIOJIMIIeNTMI  KoMIlJlekca Csm WM TI[IO MeHbIeM Mepe  OIOMH
IOJIMIENTHI KoMIJlekca Cmr, ¥/MAM OIOHY MWIM 0oJlee KOHCTPYKIIUNA
TeTEepPOJIOTUUYHEIX HYKJEMHOBEIX KMCJOT, KOIMPYIIMX I[IO MeHbIel Mepe
OIMH TIOJMIENTMI KOMIJIekca Csm M/MJIM [0 MeEeHbllell Mepe OIMH
IIOJIUIIENTUI KoMIJlekca Cmr M, HeobOaz3aTeJibHO, noJunentun Cas6é wWiIn
KOHCTPYKLUII TeTepoJIOTUUHON HYKJIEMHOBOM KMCJIOTEL, KOOUPYIOLYIO
noymmnenTtmun Caso6;

(iv) cumcrema CRISPR-Cas Tumna IV COOEPXUT II0 MeHBIIelM Mepe
OIMH nus TIOJIUIIENITULOB Csf4 (dinG), [IOJIUIIENITULOB Csfl,
nogunentuonoB Csf2 (Cas7) wu/wamn nojaunentumos Csf3  (Casb) wu/uiam
OOHY NI HECKOJIBKO KOHCTPYKLUUM TeTEepPOJIOTUUHEIX HYKJIEMHOBEIX
KMCJIOT, KOOUPYIIMX IO MeHblley Mepe oIMH noJunentun Csfd,
nosmnentun Csfl, nommnenTtun Csf2 wm/wum nosmnentun CSE3; u

(v) cucrema CRISPR-Cas Tuna V colepxuT noJmnentun Cpfl
U/ WM KOIOUPYRIYD eT0 KOHCTPYKIMI TeTepPOJIOTUMUHOM HYKJIEMHOBOM
KMCJIOTH.

16. Crnoco® mno JjgodboMy M3 Ion. 13-15, oTaMuammica TeM, UYTo
IIOCJIENOBATEJIBHOCTE IIOBTOP-CIEMCep-IOBTOP WM I[IO MeHBIIel Mepe
OoHa IIOCJIeIOBATEJIbHOCTL IIOBTOP-CIIEeNCep U3: (a) w™accuBa CRISPR
THUIIa 1 COIOEePXUT IIOBTOP, KOTOPHEM MIOEHTHUUYEH IIOBTOPY M3 MacCcCHUBa
CRISPR Tuna I gpgukoro Tuna, (b) maccuBa CRISPR Tmma II cCOOepXuT
IIOBTOP, KOTOPHM MUIEHTUUEH IOBTOPY M3 MaccuBa CRISPR Tuna IT
OIVKOTO THIla, (c) MaccuBa CRISPR tTumna III comepxuT IIOBTOPR,
KOTOPHEM MIEHTHUYEeH I[OBTOpPY U3 MaccuBa CRISPR Tuna III »OMKOTO
TUIIA, (d) w™accmBa CRISPR Tuma IV COOepXuUT TIIOBTOP, KOTOPHM
MIEeHTUUYEH [OBTOPY M3 MaccuBa CRISPR Tuna IV omkoro Tuna, wuin (e)
MaccuBa CRISPR Tuma V COOEPXUT TIOBTOP, KOTOPHM MIEHTHMUEH IIOBTOPRY
n3 MaccuBa CRISPR Tuma V OUKOI'O THIIA.

17. Crooco® mno JimodoMy M3 . 12-16, oTjMUanmMMiCS TeM, UYTO IIO
MeHblel Mepe OOHa WJIM HEeCKOJbKO 0OaKTepUaJibHEIX KJIETOK CMeMaHHOM
IOy JIALIUN He comepxaT NOCJIenOBaTeJIbHOCTY —~MUIIE HA u,
CJIenOBaTeJIBHO, II0 MeHBIeM Mepe OIHa WJIM HeCKOJBKO OaKTepHrallbHHX
KJIETOK He rnormdawnT OpM BBeleHMM MaccuBa CRISPR.

18. Cnoco® mno JgobomMy M3 Ion. 12-17, oTJAMUaARIMMCI TeM, UYTO
CIleVicep IIOCJIeIOBATEJIbHOCTM IIOBTOP-CIEMCep-IIOBTOP WMJIM II0 MeHbIeM

Mepe OIoHa IocjyienoBaTeJIbHOCTDB HOBTop—cneﬁcep COIOEepPXnUT
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HYKJIEOTHUIHYK I[IOCJIENOBaTEJIBHOCTE, kKoTopasa Ha 100% KoOMILJIEMeHTapHa
IoCJIeIOBaTEJIbHOCTU—MUIIEHN .

19. Cnoco® mno JjgoboMy M3 M. 12-18, oTJAMUARIMMCSI TeM, UYTO
[IOCJIeIOBATEJILHOCTE ~MUIIEHD BHOpaHa U3 TeHa, OTKPHTOM  paMKU
CUMTHBAHUSA WM T[pPenrnojaraeMol OTKPHTOM pPaMKM CUMTHBAHUS WJIMU
MeXT eHHOM obJjacTH, opu 3TOM [IOCJIeIOBATEJIbHOCTE ~MUIIEHD
HeoB43aTeJIbHO HaxXOOMTCHS B XM3HEHHO BaXHOM I'eHe U/MIM He XM3HEHHO
BaxXHOM TI'eHe.

20. Cnocof® mo JmoboMy M3 IMHII.12-19, IONOJHUTEJILHO BKJIOUAIINUIN
BBelIeHMe B CMellaHHY I[IONYJALMID ©OaKTepMalJlbHEIX KJIETOK KOHCTPYKLMUU
TeTepPOJIOTUUHOM HYKJIEMHOBOWM KMUCJIOTEH, CcoIepXallell TPpaHCKOIUPYeMYy
HYKJIEMHOBYIO KmMcJoTy CRISPR (tracr).

21. Cnoco6 1o JmwbomMy M3 0mn.l2-20, oTJMUAKIUMCS TeM, UYTo
KOHCTPYKLUMSA TeTepOoJIOTMUHOM HYKJIEMHOBOWM  KMUCJIOTH U3 (a) W
TeTepPOJIOTMYHEE KOHCTPpYKUUM U3 (b) comepxurcda (aTcd) B dare.

22. Crioco® info) JIodoMy nus nn.lz2-21, oIoHa MJIIN BoJiee
BakTepraJIbHHX KJeTOK B IIONYJALMM, KOTOpPHEe coIepXaT ofJlacThb-—
MMIIeHL, BHOpaHH U3 Pseudomonas spp., Escherichia spp., and/or
Staphylococcus spp., Heo®a3aTeIbHO, TI'Ie IIOIOMHOXeCTBO OaKTepui,
comepxamee oOJlacTb-MMIIEeHL BrOpaHo U3 Pseudomonas aeruginosa,
Escherichia coli, Staphylococcus aureus.

[To moBepeHHOCTH
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PUIl. 9
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oxic {0.00)
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