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AHHoTanus. Pa3BuTHe BEICOKOIIPOU3BOIUTEIBHBIX METOJIOB T€HOMHKH TIPUBENIO K
TOSIBJICHUIO OIPOMHBIX MaCCHBOB MH(OPMAIMK 1 OOIIMPHBIX 6a3 JaHHBIX O MOIUMOp-
(bu3Max MM TeHETUYECKUX BapUAHTaX, BCTPEYAOIIMXCS B TeHOMAaX MAlMEeHTOB ¢ 3a00-
JICBaHUSIMH PA3IM4HbIX OPraHoOB U cucTeM. OIHAKO JIMLIB JUIs HEOOIbIION 1011 reHe-
THUYECKUX BAPUAHTOB MOJTBEPK/ICH [IATOJIOTMYECKHI CTaTyC U IPOBEICHBI TOAPOOHbIE
UCCIIeIOBAHUS MOJICKYIISIPHO-TEHETUYECKUX MEXaHU3MOB, BbI3BaHHBIX UMH HATOJIOTH-
YeCKHX IPOLECCOB, 4TO TPpeOyeT Co3AaHus HOBBIX MOZICNIbHBIX cucTeM. Hamu ObL1 mc-
clleZIoBaH MOTEHIMA IPUMEHEHHs IporpaMmupyemoit Hykiieassl AsCasl2a mist BHe-
ceHus IByLenodeqHsix pa3peioB JJHK B n0Kycax, acconnupoBaHHBIX ¢ HEHpoaereHe-
PaTUBHBIMHU U CEPACYHO-COCYAUCTHIMU 3aboneBanusamu uenoBeka (MYBPC3, APOE,
PSENI, LRRK2, PINKI u PRKN), a Taxxe ans BHeceHus TpaHcreHa EGFP B nokyc
SOX6 reHoMa MHIYIMPOBAHHBIX ILTIOPUIOTEHTHBIX cTBONOBBIX KieToK (MIICK) 3m0-
poBoro uyenoseka. Kpome toro, ¢ nomoripio CRISPR/Cas9-omocpenoBaHHo# roMosno-
ruYHON pekoMOuHanuu B Jiokyce A4 VS1 6butn nonyuenst UTICK 3p0poBoro noHopa u
nmaueHTa ¢ reserudeckuM BapuantoM c.2013T>G (rs63750756, p.N279K) B rene
MAPT, xoTOpble HECYT JOKCHLIUKIMH-YOpPaBISIeMbId TpaHCreH OHoceHcopa
MitoTimer. B pe3ynbrarte 6b110 ycTaHOBIIECHO, 4TO HyKiIeaza AsCasl2a Moxer nprme-
HATBCS JUIS HOKayTa F€HOB U CTUMYJISILIMM TOMOJIOTMYHOM PEKOMOMHALMK B TEHOMax
UIICK uyenoBeka, a Takxke MOIy4eHa MOJIEIb ISl UCCIIeIOBaHUs] OUOreHe3a MUTOXOH-
JIpUil B KJIETKaX C MaTOreHHbIM monuMopdu3Mom B reHe MAPT, accolMUpOBaHHOM C
JI00HO-BHCOYHOM JeMEHIUe ¢ MapKUHCOHU3MOM-17.

KiroueBble ci10Ba: UHIYIMPOBAHHbIE IUTIOPUIIOTEHTHBIE CTBOJIOBBIE KICTKH, KIle-
TOYHbIE MOZIeNH, Oone3Hb [TapkuHCOHA, JTOOHO-BUCOUHAS EMEHUMS C MAPKHHCOHH3-
MoM-17, penakrupoBanue renomoB, AsCas12a, SpCas9
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Summary. The creation of models that are designed to study the molecular genetic
mechanisms of disease development, search for target molecules and test potential
drugs and technologies is one of the current areas of modern biomedicine. An alterna-
tive to the use of animal models is cellular models, in particular those based on the use
of differentiated derivatives of induced pluripotent stem cells. Genome editing tools,
for example, CRISPR-mediated systems, make it possible to artificially create various
genetic variants (single nucleotide polymorphisms, deletions, insertions, etc.), and can
also be used to stimulate homologous recombination during targeted transgenesis. The
combination of these systems with the technology of induced pluripotent stem cells
makes them a unique tool for creating models of human hereditary pathologies. In this
work, we used clones of human induced pluripotent stem cells of the ICGi022-A line
(https://hpscreg.eu/cell-line/ICGi022-A), which carry transgenes of two variants of the
AsCasl2a nuclease that recognize different PAM consensuses (ICGi022-A-6 (As-
Casl2a, PAM 5-TTTV-3') and ICGi022-A-7 (AsCas12a, PAM 5'-TYCV-3")), and the
reverse doxycycline-dependent transactivator transgene M2rtTA. The work also used
induced pluripotent stem cells from a healthy donor and a patient with the genetic var-
iant ¢.2013T > G (rs63750756, p.N279K) in the MAPT gene. All lines of induced plu-
ripotent stem cells were obtained by the authors previously. Protospacers for AsCas12a
were selected using the Benchling platform (https://www.benchling.com/). The selec-
tion took into account potential off-target activity and proximity to the point of interest
in the genome. Constructs for expression of AsCasl12a gRNA were created based on
the pTE4560 vector (Addgene #107526). T7EI analysis was used to study the efficiency
of AsCasl12a. Gibson's method was used to assemble the pSOX6-T2A-EGFP-HygroR
plasmid construct. To obtain clones of cells with the MitoTimer transgene, pX458-
AAVSI1 and pAAVS1-TRE-mCMV-MitoTimer constructs created by molecular clon-
ing were used. The donor plasmid AAVS1-Neo-M2rtTA, encoding the reverse tetracy-
cline transactivator, was obtained from the Addgene depository (Addgene #60843).
PCR was used to analyze transgenic cell clones. The creation of isogenic cell models,
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including knockout cell lines and lines carrying various genetic variants (single nucle-
otide polymorphisms, deletions and insertions), as well as transgenic cell lines, is an
urgent biomedical task. Our study shows that the programmable nuclease AsCasl2a
(PAM consensus - 5-TTTV-3") introduces double-stranded DNA breaks in the loci of
the genomes of human induced pluripotent stem cells, which are associated with neu-
rodegenerative and cardiovascular diseases (MYBPC3 - efficiency (T7EI) 16.2 +£1.42%
and 13.4+0.91%, APOE - 25.3 £ 1.76%, LRRK?2 - 23.5 + 1.86% and 11.4 + 0.04%,
PRKN -20.6 +0.63% and 9.6 = 0.01%, PSENI - 3.3+ 0.01% and 4.2 + 0.01%, PINKI
-8.0+0.02%) , which makes it a promising tool for knocking out genes and stimulating
the process of homologous recombination in this type of cell. In this case, induced plu-
ripotent stem cell lines carrying the doxycycline-driven transgene for the programmable
nuclease AsCas12a can be used to create isogenic cellular models of pathological pro-
cesses. In addition, it was established that in the line of human induced pluripotent stem
cells carrying the AsCas12a transgene (PAM consensus - 5-TYCV-3'), successful As-
Casl2a-mediated homologous recombination of the 3' region of the SOX6 gene occurs
with the plasmid donor construct, which is intended to mark the expression of the SOX6
transcription factor using the fluorescent protein EGFP, which shows the promise of
using this cell line to create transgenic human induced pluripotent stem cells. By
CRISPR/SpCas9-mediated homologous recombination at the AAVSI locus, three
clones of induced pluripotent stem cells from a healthy donor and four clones of induced
pluripotent stem cells from a patient with the genetic variant ¢.2013T > G (rs63750756,
p-N279K) in the MAPT gene, which carry doxycycline, were obtained -transgene-
driven biosensor MitoTimer. It was confirmed that the resulting transgenic clones of
induced pluripotent stem cells express markers of self-renewal and pluripotency of hu-
man cells, have a normal karyotype and can be differentiated into derivatives of the
three primitive germ layers - ectoderm, mesoderm, endoderm. Thus, the combined use
of induced pluripotent stem cell technology and programmable nucleases AsCasl2a
and SpCas9 makes it possible to create a wide range of cellular models, including plu-
ripotent cell lines with knockout of genes associated with hereditary human diseases,
and transgenic lines designed for live-cell visualization of cellular processes.
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Keywords: induced pluripotent stem cells, cell models, Parkinson’s disease, fron-
totemporal dementia with parpinsonism-17, genome editing, AsCas12a, SpCas9

Fundings: The reported study was funded by Foundation for Scientific and Techno-
logical Development of Yugra according to research project Ne 2023-573-05.

For citation: Medvedev SP, Akhmerova VI, Nadtochy JA, Grigor’eva EV, Pav-
lova SV, Zakian SM. Targeted editing of human induced pluripotent stem cells ge-
nomes as a tool for functional analysis of genetic variants. Vestnik Tomskogo gosudar-

stvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2025;69:113-121. doi: 10.17223/19988591/69/13

BBenenne

Co3nanue mMozesnei, KoTopble IpeaHa3HaueHbl AJIs U3YUYEHUsT MOJIEKYJIIPHO-
TCHEeTHYECKUX MEXAHW3MOB pa3BUTHA OoJe3HEH, IOMCKa MONEKYI-MHAIICHEH U
TECTUPOBAHUSI TIOTEHLIMAJIBHBIX JIEKAPCTBEHHBIX MPENAapaToB U TEXHOJIOTUH, SB-
JSeTCS ONHWUM W3 aKTyalbHBIX HANpPaBICHUH COBPEMEHHOW OMOMEIWIINHEL.
B Hacrosmuit MOMEHT TOAaBIIsIONIee OONBITIMHCTBO (PYHIAMEHTAIBHBIX U IPH-
KJIamHBIX (DapMarieBTHIeCKUX MCCIECIOBAHUIA OCYIIECTBISIETCS C MPUMEHEHUEM
TPBI3YHOB (MBIIIEH M KPBIC) B KA4ECTBE MOACIBHBIX Oprann3MoB. OIHAKO cye-
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CTBYIOT IIPHMEPBI, KOTIa )KHBOTHBIE MOJICITH HE CIIOCOOHEI B MTOTHOM Mepe OTpa-
3WUTH IPOSIBIICHUS OONE3HU Ha MOJIEKYJISIPHOM U KJIETOYHOM ypoBHAX. Hampumep,
CYIIECTBYIOT 3HAUHTENBHBIC MPOOJIEMBI TPH CO3AaHUH JKUBOTHBIX Mozeiei
HEHPONIETeHEePATUBHBIX U CEPICYHO-COCYAMCTHIX 3a00IeBaHIi. AJTbTepHATHBON
HCIIOJIb30BAHUIO )KUBOTHBIX MOZENEH SBIAIOTCS KICTOYHBIE MOJENHU, B YacTHO-
CTH, OCHOBaHHBIE Ha MpuMeHeHnn ) depeHIupoBaHHbIX mpor3BoaHbix MITCK.
HIICK moryT ObITh HalpaBJIeHHO U GEPESHIIMPOBAHBI B MPAKTUICCKH JTFOOOH THTIT
KJIETOK, OHH CIIOCOOHBI K CaMOOOHOBJICHHIO, YTO peliaeT MpoOjeMy MONTydeHUS
TPYIHOIOCTYITHBIX THIIOB KJIETOK, HATIPAMEDP HEHPOHOB TN KapANOMHUOITITOB.

Co3naHne KIETOYHBIX MOJEIBHBIX CHCTEM TpeOyeT MPUMEHEHHUS HHCTPYMEH-
TOB pENaKTHPOBAHUS T€HOMOB, KOTOpPBIE 00JIAal0T JBYMS CBOHCTBAMH — BBICO-
KOH TOYHOCTHIO W 3()(PEKTHBHOCTEIO paOOTHI B WCIOIB3YEMOM THIIC KIIETOK.
B nameii pabotre MBI HCCIEAOBAIN BOSMOXXHOCTh IIPUMEHEHHSI TPOrpaMMHUpPYe-
Mmoit mHykneassl AsCasl2a mnst pemaktupoBanust reHoMoB MIICK uenoseka. Cy-
IIECTBYIOT DKCIIEPHMEHTAIbHBIC TOKA3aTeNCTBA TOTO, UYTO JaHHBIN (DEpMEHT pa-
OoTaer OoJiee CreU(pUIHO IO CPAaBHEHHIO ¢ HANOO0JIee YaCTO MPUMEHIEMOR HYK-
neasoit SpCas9 [1]. Ero MoxxHO MCITONB30BaTh ISl MYJIBTUIIIIEKCHOTO PEIAKTH-
pOBaHHsI TCHOB, TaK KaK OH CITOCOOEH K MpOoIlecCHpOoBaHUIO Hampasistoneid PHK
[2]. OmHako AsCasl2a obnamaeT CpaBHUTEILHO HU3KOW aKTHBHOCTBIO M HE MO-
KET BHOCHTH Pa3phIB B HEKOTOPHIC YUaCTKH T'€HOMA, YTO CBS3BIBAIOT C OONbIIEH
TIOTHOCTHIO HYKJIEOCOM B 3THX pakioHax [3].

HUccnenoanue moneneid Ha ocHoBe UTICK TpebyeT nmpriMeHEeHUS METOANICCKHX
MTOXOZI0B, KOTOPBIE OBl TIO3BOJIHMIIA UCCIIEA0BATH (PH3UOTIOrHICCKUE ¥ OMOXUMMYe-
CKHeE TapaMeTphl Ha KUBBIX KJIETKaX B PeXKUME peabHOro BpeMeHu. OTHUM 13 Ta-
KUX TIOIXOIOB SIBISIETCS HCIIONIF30BAHNE TEHETUIECKH KOMMPYEMBIX OHOCEHCOPOB.
B nannoit padote Mbl mpumeniita cucremy CRISPR/SpCas9 nnst cozmanms UTICK
narmenTa ¢ BapuaaToM ¢.2013T > G (rs63750756, p.N279K) B rene MAPT wu 310po-
BOrO JIOHOpA, HECYIIMX JOKCHIIMKIMH-YIPaBIIEMBI TpaHCTEH OWoceHcopa
MitoTimer [4]. /laHHBII TeHeTHYeCKWi BapuaHT B reHe MAPT acCONMUPOBAH C
JIOOHO-BHCOYHOW JIeMEHIIMEH C TapKHHCOHH3MOM-17. DTo HelpojereHepaTHBHOES
3a00JIeBaHIe, XapaKTePH3YIOIIeecs MaTOJIOrHuecKor arperampeii 6eika Tay ¢ oopa-
30BaHHEM HEHpOGUOPHIIIAPHBIX KITYOKOB H JaJIbHEHIIICH THOCIIBI0 HEHMPOHOB. bermok
Tay, Komupyembli reHoM MAPT, perynmupyet cOOpKY ¥ CTaOHITH3AII0 MUKPOTPYOO-
4ek, ydacTBys B iepeaade curaana B [{HC u akconamsHOM Tpancnopre. ['enernye-
ckuid BapuaHTt ¢.2013T > G (1s63750756, p.N279K) B rene MAPT npuBOAUT K Hapy-
MICHUIO B3aMOJICHCTBHS Oellka Tay ¢ MUKPOTPYOOUKaMH, 0Opa30BaHUIO HUTCBU/-
HBIX BKITFOUCHHH ¥ IOCIIeyromiel THOSM HEHPOHOB, YTO TPUBOIWT K Pa3BUTHIO
JI0OHO-BHCOYHOW JEMEHITHH C TTApKUHCOHU3MOM-17 [5]. TouHBIi MeXaHH3M pa3BH-
THsI OOJIE3HU ITPH TOM T'eHETHIECKOM BapHAHTE [TOKA HE U3BECTEH, UTO HE TI03BOJISIET
BBIPAa0OTATh cXeMy JieueHus. Vcronp3oBanne OMOCEHCOPHBIX CUCTEM, B YaCTHOCTH,
oroceHncopa MitoTimer, MOXKeT cCrtocOOCTBOBATH OoJIee TITyOOKOMY ITOHUMAHHFO T1a-
TOJIOTUYECKUX ITPOIIECCOB, MPOUCKOISIIHNX B KUBBIX KIETKAX.

[enp paboThl — HcciteoBaHUe CeKTpa 1 3O(HEKTHBHOCTH MTPUMEHESHHUS MPO-
rpammupyeMbix Hykiea3 AsCasl2a u SpCas9 miis HanpaBIeHHOTO peIakTHPOBa-
Hus reaoMoB UTTCK yenmoBeka mpu co3IaHUU KIIETOYHBIX MOJIeIIei 3a00eBaHUi
YeJIOBeKa.
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MarepuaJibl 1 METOABI

B nanHOIf paboTe MBI HCIIOIB30BAIIN KIIOHBI HHTYITUPOBAHHBIX IUTFOPHIIOTEHT-
HBIX CTBOJIOBBIX KiieTok denoBeka JimHuM [CGi022-A (https://hpscreg.eu/cell-
line/ICGi022-A), KOTOpbIe HECYT TpaHCTEHBI JBYX BapHAHTOB HYKJICa3bl
AsCas12a, pacnio3Haromux pasHeie koHceHCcychl PAM (ICGi1022-A-6 (AsCas12a,
PAM 5°-TTTV-3’) u ICGi022-A-7 (AsCas12a, PAM 5’-TYCV-3)), u TpancreH
00paTHOrO JTOKCHITMKIHH-3aBUCUMOT0 TpaHcaktuBaTtopa M2rtTA [6]. Taxxke B
paboTe OBLIM WCHONB30BAHBI MHIYIHPOBAHHEIC TUIIOPHIIOTCHTHBIE CTBOJIOBEIE
KIJIETKH 3I0POBOTO JIOHOpA U MAlMeHTa ¢ TeHeThdeckuM BapuanToMm ¢.2013T > G
(rs63750756, p.N279K) B rene MAPT. Bce TMHUN UHIYIIUPOBAHHBIX TUTFOPHIIO-
TEHTHBIX CTBOJIOBBIX KJIETOK IIOJNydeHBI aBTOpamu panee. [Iporocmeiicepsl mis
AsCasl2a  BeiOmpasm ¢ momombio  Web-mmarpopmer  Benchling
(https://www.benchling.com/). Korcrpykiuu mis sxcnpeccun HPHK AsCas12a
co3/1aBaiii Ha ocHOBe Bektopa pTE4560 (Addgene #107526). J1ns uccnemoBanus
a¢dextuBHOCTH paboThl AsCasl2a ucnomnb3oBanu T7El-anamus. Hdis cOopku
masMuaHoM KoHCTpyKImu pSOX6-T2A-EGFP-HygroR npumensimu meron I'u6-
coHa. J[yist monmy4eHHst KIIOHOB KJIETOK ¢ TpaHcreHoM MitoTimer ObLTH HCITONB30-
BaHbI KOHCTpYKIMU pX458-AAVS1 u pAAVSI-TRE-mCMV-MitoTimer, co-
30aHHBIE METOIOM MOJIEKYJSIPHOTO KIOHHpOBaHUS. JloHOpHAs 1IIa3mmuma
AAVSI1-Neo-M2rtTA, kogupyromass oOpaTHBIH TETPAMKIMHOBEIA TpaHCAKTH-
BaTop, Obuta monmydyena u3 jgeno3utapus Addgene (Addgene #60843). Jlns mo-
CTaBKM KOHCTPYKIIMH B KJIETKH IpuMeHsutd jurnodeknuio (Lipofectamine3000
Transfection Reagent, «Thermo Fisher Scientificy, CIIIA) nian 351eKTpONOpauio
(Neon Transfection System, «Thermo Fisher Scientificy, CIIIA) ¢ mocneayrommm
0TOOPOM TPAHCTEHHBIX KIOHOB C IIOMOIIBIO CPEl, COAEPKAIINX COOTBETCTBYIO-
niie aHTHOMOTUKY (HEOMHUIIMH M TypOMHUIIMH). [[isi aHamM3a KIIOHOB TpaHCTeH-
HBIX KIICTOK HcIonb3oBanu [11P.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

B mameMm wmccremoBaHWM TOKa3aHO, YTO IIpOrpaMMHpyeMas HyKJiea3a
AsCasl2a (koncencyc PAM — 5°-TTTV-3") BHOCHT JIBYIICIIOYCYHBIE Pa3pPBIBBI
JHK B nokycax renomoB UTICK wenoBeka, KOTOphIE aCCOMMUPOBAHEI C HEUPO-
JIeTeHEPATUBHBIMU M CEPACYHO-COCYTUCTRIMU 3a0oneBanusmu (MYBPC3 — a¢-
¢extuBHOCTE (T7E1) 16,2 £ 1,42% n 134 + 0,91%, APOE — 25,3 + 1,76%,
LRRK2 — 23,5+ 1,86% u 11,4 = 0,04%, PRKN — 20,6 + 0,63% u 9,6 + 0,01%,
PSENI —3,3+£0,01% u 4,2 £0,01%, PINKI — 8,0 = 0,02%), uTo nenaer ee mep-
CHEKTUBHBIM HHCTPYMEHTOM JIJIsl HOKayTa TEHOB M CTUMYJIIIIUH MIPOIIecca TOMO-
JIOTMYHOM peKOMOMHAIIMH B TaHHOM THIIe KiIeToK. [Tpu atom muamm UIICK, He-
Cyllve TOKCUIIMKJIMH-YIPABISIEMBIN TPAHCTEH MPOTrPaMMHUPYyEMON HyKIIea3bl As-
Casl2a, MOXKHO PUMEHATD JJIsI CO3/IaHMS N30TCHHBIX KIIETOYHBIX MOJIENEH Ta-
TOJIOTHYECKHX TporeccoB. Kpome Toro, ycranosneno, uto B imann UTICK geno-
Beka, Hecyiel Tpancred AsCasl2a (koncerncyc PAM — 5°-TYCV-3"), mpoucxo-
it yenemHas AsCas12a-omocpeioBaHHas TOMOJIOTHYHAS peKOMOWHAIMs 3°-00-
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nactu rera SOX6 ¢ ma3MuAHON TOHOPHOW KOHCTPYKITUEH, KOTOpast IpeIHa3Ha-
YeHa JUIT MapKAPOBAHUS SKCIIPECCHH TPAHCKPHUIIIIOHHOTO hakTopa SOX6 ¢ mo-
Momsio QuryopecrienTHOro 6enka EGFP, uTo mokasbsiBaeT mepcreKTHBHOCTD HC-
TIOJIF30BAHUS JAHHOMW JIMHWUW KIIETOK it cozmanus TpancreHHbrx UTICK gemo-
Beka. Hykireaza AsCasl2a mokasaja 3Ha9uTeIbHBIH YPOBEHb MOTU(DUKAITUH T10-
9TH BO BCEX aHANM3UPYEMBIX JOKycaX. BO3MOXKHO, 3TO CBSI3aHO C BHIOpaHHBIM
Hamu mogxomoM: AsCasl2a He BHOCHTCS B BHJE INIa3MHILI MM O€iKa, a dKC-
MIPECCHPYETCs B KIIETKE B OTBET Ha JT00ABIICHHE B KYIbTYPAIFHYIO Cpely JOKCH-
OUKINHA, YTO YIIPOIIAET MPOIECC PEAAKTHPOBAHUS U IMOBBIMIALT €ro AP (HeKTHB-
HOCTB, TAaK KaK BO BCEX aHAIM3HUPYEMBIX KIETKaX IPHCYTCTBYET HyKieaza As-
Casl2a. Takum obpazom, AsCas12a MoxHO 3(h(heKTHBHO UCTIOIB30BATh ISl BHE-
CEHUS HHCEPIIMI/IeTeHiA U HOKayTa TeHOB.

[Tonmy4yeHHBIH HAMU YpOBEHb MOAMMUKAIMA HE ABISCTCA MaKCHMaJIbHO BO3-
MOKHBIM. YK€ ceiiuac MoiydeHbl HECKOIbKO MyTaHTHBIX AsCasl2a, apdekrTuB-
HOCTb BHECEHHUsI pa3pbIBOB KOTOPhIMU JocTUraeT 90% B ONpelesieHHbIX THIIaxX
KIIETOK [ 7], HO, K CO’KaJICHUIO, YaCTh U3 ATUX (PEPMEHTOB MOKA3BIBAIOT OOJIEE BHI-
COKYIO Heclenu(pHUIECKy0 akKTUBHOCTH [ 8].

[Tyrem CRISPR/SpCas9-omocpeoBaHHONW TOMOJIOTMYHON PEKOMOWHAITH B
nokyce AAVS1 nonyueno tpu xnona UIICK 3mopoBoro goHOpa n 4eThIpe KIoHA
UIICK mnammenTta c redHermdeckuM BapuantoM c.2013T>G (rs63750756,
p-N279K) B rene MAPT, KOTOpbIE HECYT TOKCHIIMKJIMH-YIPABIIAEMBIA TPAaHCTEH
ouocencopa MitoTimer. [ToaTBepkIeHO, YTO TOTyYSHHBIC TPAHCTCHHBIC KJIOHBI
HIICK skcripeccHpyroT MapKepbl CaMOOOHOBJICHHS W TUTFOPUIIOTEHTHOCTH KITe-
TOK YeJIOBeKa, MMECIOT HOPMaJIbHBI KapHOTHIT M MOTYT OBITh aAuddepeHInpo-
BaHBI B IPOU3BOIHBIE TPEX IPIMHUTHBHEIX 3apOIBIIIEBHIX JINCTKOB — SKTOACPMEI,
ME30JICPMBI, 3HTONIEpMbI. broceHcop MitoTimer — ITOKaIU3YIOMIANCS B MUTO-
XOHPHSAX 3€JIEHBIH (DITyopeceHTHBINH 0eoK Timer, CIUTBINA C CHTHATIBHBIM ITeT-
THI0M cyOohenuHnIbl COX8A, KOTOpBIN onpeenseT Jokanusanuio MitoTimer B
MHUTOXOHApPHAIEHOM MaTpuKce. [Tocie Tparmsaiuu u Gonauara MitoTimer ¢ury-
OopecuupyeT 3elIEeHBIM, a CO BPEMEHEM ITMK SMUICCHU MEHSETCS Ha KPacHBIH.
Ha6imromaemast amuccust MitoTimer OyzeT 3aBUCETh OT MPOAODKUTEILHOCTH KC-
MIPECCHUHU U CKOPOCTH BKITFOUSHHUS U JETpaalliiy OeJIKa B MUTOXOHIPHSIX. DTO MO3-
BOJISIET M3YyYaTh TEMIT OHOreHe3a, OTHOCHTENBHBIH YPOBEHb OKCHAATHBHOTO
cTpecca U MOoBpeXXIeHHe MUTOXOHIpUH [4]. UcciienoBanue paboThl OroceHcopa
MitoTimer B nuddepeHITNPOBAHHBIX MPOU3BOJHBIX MAIMCHT-CICITU(PUIHBIX
HIICK (nodamuHepruyeckux HeWpoHaX) MOXKET JIaTh HOBYIO HMH(OPMAIHIO O
MOJIEKYISIPHO-TEHETHYECKUX i ONOXMMUIECKIX MEXaHN3Max MaToreHe3a JI00HO-
BHUCOYHOHN JEMEHITNH C TAPKUHCOHU3MOM-17.

3akiioueHne

CoBmectHOe ncronp3oBanue Texaonoruu UITCK u mporpaMmupyemMsIix HyK-
nea3 AsCas12a u SpCas9 mo3BosnsieT co3/1aBaTh NIMPOKUH CIIEKTP KIIETOYHBIX MO-
JIeTIe, BKITIOYAst IMHAN TUTFOPUITIOTEHTHBIX KIIETOK C HOKayTOM T'eHOB, aCCOLUH-
POBaHHBIX C HACIICICTBEHHBIMI OOJIE3HAMH YEIOBEKA, a TAKKE TPAHCT €HHBIC JINHUH,
TpeIHA3HAYCHHBIC TS MPIDKU3HEHHON BU3YalIM3aIliy KIIETOYHBIX ITPOIECCOB.
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