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Gene targeting is extensively used to gemerate designer
mouse mutants and to study gene function in vivo. Knock-
out mice that harbor a null allele in their germline provide
appropriate genetic models of inherited diseases and often
exhibit embryonic or early postnatal lethality. To study
gene function in adult mice and in selected cell types, a
refined strategy for conditional gene inactivation has been
developed that relies on the DNA recombinase Cre and
its recognition (loxP) sites. This process has traditionally
relied on the complex process involving genome editing in
embryonic stem (ES) cells despite its limitations, includ-
ing incorrect targeting or cassette structure, and difficul-
ties with germline transmission of the allele from chimeric
mice. CRISPR-Cas9 gene editing technology has consider-
ably facilitated the generation of mouse knockout alleles,
relieving many of the cumbersome and time-consuming
steps of traditional mouse ES cell technology. However,
the generation of conditional knockout alleles remains an
important challenge. An earlier study reported up to 16
% efficiency in generating conditional knockout alleles in
mice using 2 single guide RNAs (sgRNA) and 2 single-
stranded oligonucleotides (ssODN), which has been ques-
tioned by another report combining data from multiple
transgenic cores. With the advent of CRISPR/Cas9 as a
mouse genome modification tool, we assessed the efficiency
of using this method in creating conditional targeted al-
leles in three genes, phosphatase and actin regulator 1
(Phactrl), apolipoprotein A-1 (ApoAl), and actin-related
protein T2 (Actrt2). Even though overall success rate was
low — about 2.5 % — we show that it’s possible to reliably

© A. GOLOVKO, J. ADAMS, H. GUO, J. BALLARD,
A.GONZALES, B. MORPURGO, 2020

80

generate conditional knockout alleles using CRISPR/Cas9
on a consistent basis.
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CUCTEMATUYECKOE IMOJIYYEHUE
YCJIOBHBIX HOKAYTHbBIX AJUTEJTEN
MBIIIEN C TIOMOIIbIO CRISPR/CAS9 ITYTEM
NCITOJIb3OBAHMA 2-X HEJIbHBIX PHK-
I'MAOB (SGRNA) 1 2-X OJHOLIEITOYEYHBLIX
OJIMTOHYKIJIEOTUAOB (SSODN)

LlenenamnpasieHHoe usMeHeHue reHoMHon JAHK 1m-
POKO MCIIOJIB3YeTCSl [IUISI CO3aHUsT MbIILLIC-MyTaHTOB U
JUIS1 U3ydeHust QYHKIMHI FeHOB in Vivo. MbIlIM-HOKAYThI,
CITOCOOHBIE TepenaBaTh MHAKTMBUPOBAHHBIN ajliellb
CBOEMY TTOTOMCTBY, SIBJISIIOTCSI LIEHHBIMU T€HETUUECKU-
MM MOJEJSIMM HAcJIeJICTBEHHBIX 3a00JIeBaHUIT U YacTo
JEMOHCTPUPYIOT IMOPUOHATILHYIO WM PAaHHIOK TOCT-
HaTaJIbHYIO JIeTAJIbHOCTb. JIJIst u3ydyeHust (yHKIUM Te-
HOB Y B3POCJIbIX MBIIIEN U Y OTACJIbHBIX TUIIOB KJIETOK
OblTa pa3paboTaHa YCOBEPIIEHCTBOBAHHASI CTPATErHs
YCJIOBHOI MHAKTUBAllUM FeHOB, ocHoBaHHas Ha JIHK-
pekoMbuHaze Cre u ee caiditax y3HaBaHusl (loxP). Dror
MOAXOMA, TPAAULIMOHHO OCHOBBIBAJICS HAa MHOTOCTYMEH-
4aTOM U TPYIOEMKOM MPOLECCE, BKIIOYAIOIIEM pelaK-
TUPOBaHUE FeHOMa B 3MOpHUOHaIbHBIX CTBOJIOBBIX (ES)
KJIeTKaX M MCIOJIb30BAaHUM WX IS TOJTYYEHUS] XUMED.
Kpome Toro, 3TOT mpoliecc MMEET HEKOTpble orpa-
HUYEHUSI, TAKME KaK HEOOXOIMMbIE 0OCOOEHHOCTH CTPYK-
Typbl BcTpanBaeMoii kacceTbl BekTopa JJHK, yacto He-
MpaBUJIbHOE PEAAKTUPOBAHME W TPYAHOCTU HACJeI0-
BaHUSl JIMHUM MOAU(DUIIMPOBAHHOTO aJljIesisl OT XW-
MEpHBIX MbIllei. TeXHOJIOTHsl pelaKTUpOBaHUSI TEHOB
CRISPR-Cas9 3HauuTenbHO YNpoCcTUa TOJyuyeHue
HOKAyTHBIX ajuleieil Mbllleid, HU30aBUB OT MHOTUX
TPOMO3JIKMX U TPYIOEMKHUX 3TalloB TPaIUIIMOHHOTO
MoJaXo/ia C MCIOJb30BaHMEM MbIIIMHBIX ES KieTok.
Tem He wMeHee, reHepalusi YCIOBHBIX HOKAYTHBIX
amneneir (conditional knockouts) ocraeTcst BaxKHOM
3agayeil. B Ooyiee paHHeM ucclieI0OBaHUU COOOIIATIOCH
o moutH 16 % >DGhEeKTUBHOCTH TeHepaluy ajieseit
YCJIOBHOTO HOKAayTa y MBbIIICH C MCIOJIb30BaHUEM TaK
HazblBaeMoro Metoja 2-g 2-o (2-x ueabHbix PHK-rugos
(sgRNA) 1 2-X OmHOLEMOYEYHBIX OJIMTOHYKJIEOTUIOB
(ssODN)), 4TO OBUIO MOCTABJIEHO MO COMHEHHUE ApPY-
oWl IPYIIION aBTOPOB, NMPOAHAIM3UPOBABILIEH pe3yJib-
TaThbl MOJyYEHHbIE HECKOJIbKMMU TPAaHCT€HHbIMU J1a00-
patopusimu. Ucronbzyss CRISPR/Cas9 B kauecTBe MH-
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CTpyMEeHTa MOIMMUKAIIMY TeHOMAa MBIIIN, Mbl OLEHWIN
9 (HEKTUBHOCTh MCMOJIb30BAaHUS 3TOr0 METOJa B CO3-
JNAHUM YCJIOBHBIX HOKAYTHBIX ajUleJiell B Tpex reHax:
docdaraza u perynasarop akruHa 1 (Phactrl), amonm-
nonporedd Al (ApoAl) M CBSIBaHHBIH C aKTUHOM
nporenH T2 (Actrt2). Hecmorpsi Ha TO, 4TO OOILIAsK
9 (HEeKTUBHOCThL METOdAa OKa3ajach HU3KOH — OKOJIO
2,5 % — Mbl TMOKa3ajayd, YTO MOXHO C BBICOKOM
JoJiell BEpOSITHOCTM T€HEepUpOBaTh aJled yCIOBHBIX
HOKayTOB Mblleil ¢ ucnoibzoBaHuemM CRISPR/Cas9
Ha MOCTOSHHOM OCHOBE.

Karoueesvte caosa: namenenne renomuont JJTHK, ycmos-
Hble HoKayThl Mbleit, CRISPR/Cas9, nensHbie PHK-
TUJIBL.
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