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Abstract: The generation of a tau-V337M point mutation mouse model using gene editing
technology can provide an animal model with fast disease progression and more severe
symptoms, which facilitate the study of pathogenesis and treatment of Alzheimer’s disease
(AD). In this study, single guide RNAs (sgRNA) and single-stranded oligonucleotides (ssODN)
were designed and synthesized in vitro. The mixture of sgRNA, Cas9 protein and ssODN was
microinjected into the zygotes of C57BL/6J mice. After DNA cutting and recombination, the
site homologous to human 337 valine (GTG) in exon 11 was mutated into methionine (ATG). In
order to improve the efficiency of recombination, a Rad51 protein was added. The female mice
mated with the nonvasectomy male mice were used as the surrogates. Subsequently, the 2-cell
stage gene edited embryos were transferred into the unilateral oviduct, and the FO tau-V337M
mutation mice were obtained. Higher mutation efficiency could be obtained by adding Rad51
protein. The FO tau-V337M point mutation mice can pass the mutation on to the F1 generation
mice. In conclusion, this study successfully established the first tau-V337M mutation mouse by
using Cas9, ssODN and Rad51. These results provide a new method for developing AD mice
model which can be used in further research on the pathogenesis and treatment of AD.
Keywords: Alzheimer’s disease; tau-V337M; Cas9; DNA recombination; unilateral oviduct
transplantation; Rad51
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gl . PG, BUA /)N BUBERL A BE W I X T
AD %% tau B [ I AR SC AL I 58 75 2212 il
BT R4 B AU RY, tau-V33TM RAZHL
At 5 A R RUAT 5 g 7 B (1 B AT PR
IRAFEE ST tau-V337TM /) SRR JEEAH SCIFSE
Ji 1% E B KL 4 45 2% (cytosine base editor,
CBE)F/1 i 22 14 i, i 2 5 745 (adenine  base editor,
ABE)JE: H Al fie 7 FH A4 s 5 2 48 T H., CBE 2
Cas9 FE 784 5 o i 0 It 22 I 20 )l 1 il 5 21
TEHL ] 5 RNAs (single guide RNAs, sgRNA)FS
SI TN RGEREA B0 8, 7E 4-7 i dale i 1
SEPL CoG F| T-A m#E#'; ABE J& Cas9 287%
A5 I W 5 24 i G RS SR, T LU
sgRNA F85| T7E 4-7 fi g4 F LB AT 3
G+C el Tl e 51 43 Btk BN V33TM
XA e SR G B 4 2 TR 1Y) B S T (GTG) st
AL R E IR (ATG), SR IX A5 AE AL ANTE
CBE Jaf 11 P, B LLAS B8 380 2o i o S 6 S5 P
R 2% i B Cas9 U381 70 2R 6% 5 4% 1T R
(single-stranded oligonucleotides, ssODN)H ZH >k
SEPE IR GE N AR L Cas9 R GEIR HUPR | w5k
EEESERE R, T TR I EE . BEEARYT .
FETAE . shWy R ALy K o) R K DR i i 46
FAUE 1, Cas9 BERSTE gRNA 5] 5 X1 H
FyFERFEAT U], 7= A U W 24 (double strand
break, DSB), #F 1 fik & 9k A ¥6 K ¥ %
(non-homologous end joining, NHEI) & & F1
DNA [f] J5 4 #6111 5] U5 7€ 17 1% & "/ (homology
directed repair, HDR), 7£& 4 HDR K}, F|JHE
LV IS DNA ZEA% R ssODN, W5
B H W75 1 R A (knock in, K1), & A HitiB
CRISPR/Cas9 #%i454 ssODN, 4T ATP7B
5,5 1] 5, 5228 (p. Arg 778 Leu) e, LB A
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(14 S FE I AR AR RO (RN IR B 7 R
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[, 2SR IR K2 5. Rad51 f&2—
Fifr e 52 4 2K 11 212, FE [ 5 2 2 (homologous
recombination, HR)HEZ.OAEH, AW R
F Rad51 5 Cas9 R4t S ssODN HEAAM A 1k A ff
FHIE, ] 5k HDRP, A#FseiE s ks
T ARG, B3R tau-V33TM /M,
i AD BYBFSEER AL TR AR
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1.1 ##
L11 SR

S5 /N BUR JE AUR SRR R W B R 2 Sy
SO B R N [SYXK(JE) K2018-0008];
ICR 5 C57BL/6) /NI A B B BE A} R 27 S5 5
Y4 ER[SCXK(IH) K2020-0004]; /ML B A1k
IR FNR A (A BT DR H 75 M SO 512 56 25 47 ]
BIRHABRA Rl HRAE), PRGN 18-23 °C.
ARG BT LA SN B R BCHEDE , BRI . 25
FLo VRGBSR A EBORE A DU 45 4 55 35 BB 3 T
REF S S WA 22 23 B A% A HE[PZWH(IE
K2019-0003],
1.1.2 SKEE#A

GeneArt™ Precision gRNA Synthesis Kit iz,
# & . Distilled water, Cas9 . Phospho-Tau
(Ser202, Thr205) Monoclonal Antibody (AT8)$t
&) B Thermo Fisher Scientific; NeuN HTi&
H Cell Signaling Technology /A rl; /)N EE RS
FE W KSOM I [ Millipore 73 Al 5 375 WA iR W i |
M2, K53l H Sigma-Aldrich; Rad51 &[]
A FEEEHIEAE YRR IRA ] R R
B 7 £ (Single Cell WGA Kit), TA FEf&EiR
#5(5 min TA/Blunt-Zero Cloning Kit)lly H F§ iU
WEMERE A MR A R A Wl ; DNA HERE P 21
fLi 7 &5 (Easy Pure Quick Gel Extraction Kit)l4
At X GAEYEAR BN A IRAE; 4,6-— K
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F£-2-ZR I | DAPI (4,6-diamino-2-phenyl indole,
DAPI)IJ H Biotium 7\ A ; ribbit568 . Donkey
Anti-Mouse IgG H&L (Alexa Fluor® 488)I [
abcam 72~ F) ;{3 S FH LA 14 2 (pregnant mare
serum gonadotropin, PMSG) FlvE: &f F 4 4E P &
(human chorionic gonadotropin, HCG)ItJ H 755
TWERT T RS A SRR AL A
SRR A PR A
1.2 FHiE
1.2.1 sgRNA HJIZITFARIME R

NCBI Ml T4 AFVN L MAPT 21928 5k
M2I75 . ¥ M GenBank I 3RAFH/INERAY Mapt 5
K¥51(Gene ID: 17762), ffiH] sgRNA Rk
(http://www.rgenome.net/cas-designer/) &t Xf H 5L
JTT sgRNA . ssODN [ AE TAY) TAR( i) A7y
BIRARIAH, sgRNA ffiff] GeneArt™ Precision
gRNA Synthesis Kit 17| & 21 RSN 5%
1.2.2 NREFFIIIRE

/N HE R SZAF IR 3RS 278 2019 4F%
R o S5 & 2 1 1Y
1.2.3  ZHROIPAER AT

& B 2% i 45 PiezoXpert (Eppendorf)f Leica
DMI3000B {2 5 7 41X (Leica) , i FH F142 2%
2-3 pm A AT SRR R S TR A/ B2 RG D
MLBT, A S 28 18 K ) 32 A BRAE S 25 1
PR ARSI IR Cas9 & 1(10 ng/ul),
tau337 sgRNA (10 ng/uL), tau-ssODN (40 ng/uL),
DI K Rad51 (10 ng/uL)¥ BEAH N L )4 & I (%
FIRZEEAK), TEA/NRSZAG IR N . 1558
HG  FEFERIGIK . 10 min, KRS A KSOM
(potassium-enriched simplex optimized medium,
KSOM)H . id I [e BT E L1 . 16
PETE U, ¥ KSOM MR A — A by 7246
(Thermo Fisher) " 175538 (37 °C, 5% CO,).
1.2.4 sgRNA T1EI% &

W GRS IR IGAEAR AP RG 3% 34 d, OF
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WEE R EH BRI ), RIS A
P 4R BUR ) £ (Single Cell WGA Kit)F2H
DNA. %%/ tau337 7 S 3% E 519 E
7519 Mouse-tau-F: 5'-CCATGCTTCCTGTAC
CACTGA-3'; T i#5]%) Mouse-tau-R : 5'-GGATA
TGATGATATGCTACCTCCAA-3") . ¥ %t [H 4H
DNA #JE47 PCR ¥ 84 J5 , X} PCR ;=¥ J£47 Sanger
WF 5y BT, LAGRE 58 A8,
1.2.5 TA &N

Wtk kB 2RISR g G (10 /),
I 4 4 BOAGR) &2 36417 DNA $2HUR1 PCR
¥4 PGS 0Pl ] PCR 9y 4lifk el i
Ml iitraifh, Baifb)5/ PCR =4 2 ul, il
A 1 uL 5xTA/Blunt-Zero Cloning Mix Fll 2 uL
ddH,0, FRAGEMFL 5 uL YRR, R Rl
FIA 50 pL J8652 A5 20 i 5% A0 J5 AR A 300 pL A
AR LB 5575, 37°C. 200 r/min 3%
B3R 10 min 5, AT RBIRMR, 37 °ClRAR N T
w¥EF A, PR TRE R IRG RS, B4
EIEAEABE 40 AN TEFEHETT Sanger M) .
1.2.6 /NERARRR MR EBHE

W B AR R 1) 52 e B AR 25 L Y i Bk
FTACHE, FE R DR A 2 RBREFSZ AR HE R, IF
FEAR AL B3 T (o 00 26 o 45 4 O IR G A A 5 (Y
12120 pmol/L)He — 4 i HA i R B8 A8 A 327 1<
R i B9 A 2 R — 00,5 g — 00 e B0 A I S
e B IR, BERCZAE IR LA F ARG SR E .
B I o TR ) A B R AT A /N BRI s DL SR AR
FAR R IR FEFFEE S 10 o R/ ERUK
Rizdhfie i fa, HEE T LIRS,
127 #HENREERBLEE

e /N B FO A FLAR ARSI 7-9 d,
BIEGHT A FUERE T 50 mmol/L NaOH (100 pL)
Vs T 244%(95 °C, 30 min). YRR EERE E =
)5, A 1 mol/L Tris HCI (10 uL)H A2 i
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W B.OEM EEAT PCRY M, Y4 nils
BHEERE FEL UK A3 8 L [T B Y B b AT 07 5 o
1.2.8 =T/ ER B #E 4G

ffi | CRISPOR Jfii #8 7l l K 4 % tau337
SgRNA [TAE B HE A7 55 BEAT T, e %052 T4
i b H <3 RS IO 5 8 T 5 | 1k
TH R B EAG I B 3 R YR E N tau-V337M A
SR 1 /N BRI R 2 ISR 5 1 64 T PCR 47 15 0
P25 7E
1.2.9 FORBERMALTFRBERALRE

B UKRYI R I SR BRI e T AT (BBD) I
NeuN (P0) #1739, fF Donkey Anti-Mouse
IgG H&L (Alexa Fluor® 488) . ribbit568 #il DAPI
WEEF SR EHE AXR BOGIH B4 B iEs vt
FEAGEATHA IR

2 EREG5M

2.1 i&itEt A tau-V337M ZERZERY sgRNA
#0 ssODN
Wi et s 2B, ARV AY MAPT 2 &

A Species  Site

Human

Mouse

Exonl0

/

tau-sgRNA sequence

Amino acid sequence

SRR F 4 e B R (RT3 89%), H 4 180 fif
QILTRVIG , NHUVIN R S I BR 7 51 LA A [ o
NBY 337 S 5 5 /NN 5 326 5 2 SEIR AU
Y4 E R (Val) (] 1A), HxFR s 1k
11 SHME T HEFEEI, ANFV/NREE 11 540
BT Y S R I R A 100%. H e,
K/ NBUER 326 (57452 R (Val) 28 72 HE 24 R (Met) ,
T AR V33TM 878, 7= A R B 5 i
P ICET YR GLE ) AD NERABEY . O T8 /N
5511 SANE T GRS ER 326 1 4R 2 R 0 T
(GTG)é%*ﬁE%Pﬁa(ATG) zt@?ﬁffix%
X} ssODN #4718 #i% 11, X 4% ssODN f Bt
AL GAR S AN, P 46 bp (1 [FUE
FE51(& 1B).
2.2 tau337 sgRNA 1J] 2 5 Z 48

TR S R U 3 LA ORUE FE I B2 Y
KA, BSOS T Cas9 Fll sgRNA A EHE
PR IA M IR UEA T SE R4 L, PCR 345 &%
HUS pL AT 2% e WEEE S HL Uk 4B, 315 T
K 226 bp (4714 77 Br. PCR 7l iy 45 2R

Site
EVKSEKLDFKDRVQSKIGSLD 358

EVKSEKLDFKDRVQSKIGSLD
EVKSEKLDFKDRVQSKIGSLD 347

Exonl2

PAM \\\

WT 5" ACTAGGGCAAGAGGCTCATGTGGGTTGT

Val Pro(_ﬁv (JI\ (;Iy (Jln Val (Jlll

Met

Mutation 5" ACTAGGGCAAGAGGCTCATGTGGGTTGTGTTCCAGGAGGTGGCCAG H‘.(}t\;\(‘-T:\:\;\AT(‘.1\(‘.:\(]:\:\(‘.(]T(1(]1\(‘.'1‘"['(L-\;\(‘.GA(IAG.—\(‘.T(]C:\(‘.T(I 3"

tau-V337M ODN

3" TGATCCCGTTCTCCGAGTACACCCAACACAAGGTCCTCCACCGGTCTACCTTCATTTTAGTCTCTTCGACCTGAAGTTCCTGTCTCAGGTCAG 5"

1 A tau-V337M 7E/GE X N2 75 HY sgRNA & ssODN %1t

Figure 1

Design of the sgRNA and ssODN targeting the corresponding human tau-V337M in mice. A:

Alignment of the amino acid sequence of human and mouse MAPT proteins. The amino acid valine 337 in human
and corresponding residue valine 326 in mouse were indicated in red box. B: Design of sgRNA and ssODN.
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Won, 729 NG, A 6 Mtk 4 indel,
YIRS R 66.7%, HA A 5 5P E1K41.7%)
RAERIIEGR 5 3 SR YL 1K(25.0%) 7 L il S A
A 1 RGEAR(8.3%) K A Bl AL . IKAh, &
A 3 RGP AR R R AEDEI(E ).
23 EHERARENEZEENZN

R TSR g R R S X IR R T Y
Wi, WFFEXT TR RIAL B S IR R R, 4
R, SXFHRAIAHE, A 9 4 9 B R 3
B AFEFLRE BIREAG, XULBIES Cas9 REGEHM
ssODN &2k is i & &, mikE—2EmA
Rad51 A2 xt IR s R0 & B 1R R R2
(% 2).
2.4 tau-V337M ERE 4RIEE TA TESH

M H# sgRNA+Cas9+ssODN 4 K sgRNA+
Cas9+ssODN+Rad51 £ 76 H 19 7 /4 @ A (K1
ASGYCRZ 225, LUK E B4 AR %
RT S G, B R B EAR T &k, it
17 Sanger M ¥ 5 KB, 7£ sgRNA+Cas9+ssODN
A KA H BB 2A), 1T sgRNA+
Cas9+ssODN+Rad51 2F 19 MEA LA B 1L
SRLAKI A>G), B IR RAR N 54% (K] 2B);
B 19 AFEART, A5 13 ASFEAR R H 7 5,
FERRRLA, i EE 37%; i 6 MHEARR H AL

A B
= Delete 8 bp gCCAGGTGG)

=3 Delete 7 bp (CAGGTGG)

B [nsert 1 bp (C)

Bl Delete llg bp

V337M sgRNA+Cas9+ssODN

E 2 Tau-V337TM ERFERIBEM TA RESH
Figure 2

F 1 tau-sgRNA ] E| &N

Table 1 Detection of tau sgRNA cutting efficiency

Mutation type Number of chromosomes  Ratio (%)
carrying mutations

Deletion 5 41.7

A>G replacement 1 8.3

Insert 3 25.0

WT 3 25.0

F2 AEAENEERIIZIE
Table 2 Effect of different combinations on blastocyst
rate

Group Number of  Blastocyst
injected (blastocyst
zygotes rate)

Control 26 22 (85%)

sgRNA+Cas9+ssODN 18 10 (56%)"

sgRNA+Cas9+ssODN+Rad51 19 11 (58%)*

*: Significant difference (P<0.05).

RS, B AETEHAA SR A, (R 17%
(Kl 2B), XH sgRNA+Cas9+ssODN £H 77 Az [
4 Fhge KR | sgRNA+Cas9+ssODN+Rad51 21
JREET T R SEARSEAY, KW T Rad51 BAMA
YRR A (B 2A. 2B).

2.5 tau-V337TM /NREIRER D FEWZF
K¥E

WL 20 AR IR RS AE 2] 3 SR SC D
2 RMERL, 21t 19.5 d BIEIRY, 3775

1

K[ A>G (V337M)

= K[ A>G (V337M)+Other site mutations

= Delete 8 bp (CCAGGTGG)

=3 Delete 7 bp (CAGGTGG)

B3 Insert 1 bp (A)/delete 9 bp (GTGGCCAGG)
m [nsert 1 bp (C)

mm Delete 4 bp (CCAG)

V337M sgRNA+Cas9+ssODN+Rad51

TA cloning and analysis of tau-V337M gene editing. A: TA clone of blastocyst in

sgRNA+Cas9+ssODN group. B: TA clone of blastocyst in sgRNA+Cas9+ssODN+Rad51 group.

http://journals.im.ac.cn/cjben



FREESE Z/EHF CRISPR/Cas9 RAFNILIE ssODN BHE tau-V337TM NFIEE

2 FURAR(EL 3B). 7-9 d BPHHAF B T4 FIAL Bl A8 S U 7 8 I B v B 1 Hp & A R i
GURHE, 2 PCR =¥l Fot, KBERGH RAKREL.

2 HFOfRALFE 2 Fh SRR R4 (K 3A, 3C). H. 2.6 tau-V337M /NRAIRBLRY I BE

RN . 7EARI5 89 FO-1 S/NRL A, A3 FEARAFH FO AR AEAA T, U 1 S
1 R R 228 (] 3C), MIMTFAESE 337 (il /N H R4S . PIZSAR G UL R L E
R (GTG) X Ry B FEAT o5 2878 A dm i s AR IRE, Syl b A A= A AU Bl DR R IR ok TG vk 1
(ATG)ITIE ; 76 FO-2 S/NREE 8 bp MBIt BUAIEOL, K C57 HFA: AUME BRUS JE P 28 A8 fE L
B (B B3k CCAGGTGG) (K 3C), X #&M 1:1 Bl &%, BEIMmA—H €57

A B
bp M 1 2

FO-1

B3 FoR/NRIMEBERSH

Figure 3 Founder mouse and genotype analysis. A: Agarose gel electrophoresis identification of two
founders, the length of the target fragment is 226 bp. M: DL2000 DNA Marker. B: Two four weeks old
founder V337M gene mutation mice. C: Sanger sequencing map of two gene mutation mice.

&: 010-64807509 B: cjb@im.ac.cn
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S A R fd R o SO B A B, RERTS 14 HUI
BU(E 4A. 4B), Xf 14 HUNEGHAT Sanger M7
GriTlE, B 3 R FRRIE 40).
2.7 tau-V337M =R TAE B/ A ¥R 4G
M TR G AT RS S sgRNA 7EE
AL SR R R A, T S BUb
FEAE, sgRNA B indel B &4 IE HLER
WK indel BAFECHEILRMSNE FAL, TRgss
X RI R, AGHSEH A CRISPOR Jii
BT AR BT A B, <3 AN O A5 v L i
FEAESN . F A 34, ARG 3R | L E
FE L BEBCOLS ST R 3. RRIERS
BT (R, 3 T 22 0 tau-V337M %
ASR/NE(FO-1, F1-9, F1-11, F1-12) & — HEfA:

A M 1 2 3 4 5 6

4 F1NRAMEREB

Al(wild type, WT)/INR LRI 2 R 5 [ 93007 7
Sanger My or#T. 5 E/RS WT Mit, 4 HEE
RURRAE 3 A ALS A 5 R R A AR (8] 5) .
2.8 FORBERRALTHFEBRRALEE
SFARCFRRIEC £ B3RS T tau-V337M
B, TR AEXT tau BERRIL I RZNA
BN 6 1B FO AL BRI T B2 437
i % B iz 3h B )2 AL D) R il AT R Ak tau
HAFESFPUR AT8 FIpl 20 = hiiAk Neun 2
PSSPt JE R I, 5 R AR /N B L
tau-V337M s AERN/NRM AT E X D&M
B tau B 1AL B BERR AL B i 22 41 4 4 45 2
2, HFmZ(E 6), %45 R i tau-V337M
RAEXT tau BERR 1L AT 2 HE4E H

7 8 9 10 11 12i 5.

Figure 4 F1 generation mouse and genotype. A: The agarose gel electrophoresis of the three F1 identified
that the target fragment was 226 bp long. M: DL2000 DNA Marker. B: Three 8-weeks old V337M F1 mice. C:

Sanger sequencing map of three F1 gene mutation mice.
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F3 REBMSRSIME
Table 3  Off-target site and primer design

Name POT Off-target (5'—3") Primer sequence (5'—3")
Gm5884 exon_Gm5884_chr6 TGTTCCAGGAGATGGTCTGGGGG TGCTGATCGACTTCCCAACC
TCATCGTCCTTCTCCTGGGT
Fbx039 exon_Fbxo39 chrll TGTTCCGGAAGGTGGGCAGGAGG CGGATCTTGCTGCAGGAGAT
GACTCGCTACTCACCTGCAG
Nsdl exon_Nsdl_chrl3 TTTTCCAGGTGGTGGCCAGCTGA CCCAACCCCACAACTCATGT
AGAGGGAACAGCTCGAGGAT
A cccagaccatctcctggaacagecccctcggaggaagacccaggagaaggacgat B C T ICLECADSLREtASCEE B
b L b i Lk b Stoscagacctostgcccaccttecggaacaccetgcapgtony atttttacciEREECARgEOtagEcagEt gagatctgccat
JEELGIERURRACEEERE: 9990 gcctcototgggiectettectgeta gectatct aneaIACEIOtRARIGECEEREggaca e CAa19AL0PAARSODLECAECACEOREERACtCTADATTEE
S Nl=
e . T T T T C Tt .
by O Y e chad 1 b IV, W f L_.ﬁl..‘-‘."\‘.‘-' A f‘ﬂ- ! M.}L’\ /J\MN&M\ Af\;ﬁl ‘\,
Ol VA YR ; ! :
-] ey ﬁ'\ ) s M\A‘MIAI FO-1 iyl gl MpAIAMA Jlﬂ‘mﬂﬂﬂn | ﬂf\ﬂi\ﬂf&,\ WAy
-ggjg;gjﬁdeﬂM&&AAﬂJ&A FLQ;NDJJJAi a1 A ML
FI-11 /_\_JL‘LJ}M_A&AI‘ F1-11 b A iy AAA M F1-11 jusg /‘AMMJ\ Dl Wy

F1-12 Dyl

B 5 tau-V337M S R THR AR B 00

el i »ﬂm Bl lzmjL_me K- leJ

Figure 5 Off-target sequencing of mouse with tau-V337M point mutation model. A: Gm5884. B: FBX039.

C: Nsdl.

NeuN AT8

Tau-V337M

100 pm 100 pm

100 um 100 pum

E6 FOREEBMAL{NRRBERALRE
Figure 6

&: 010-64807509

DAPI
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3 WREER

B 7R 251 BRORE 25 BB 3 . RBE St s i T
., 2AHRKRAAYRRBIGEIZN, FitS
2 FH & B 995 Bh R TR AE AR AL TR 5% S 25 400
WA FHHAEEE L RFFRULE au FEH
i TRE SR A S B AR, I CRISPR/Cas9 %
g4 AR, FFIES ssODN J Rad51 &, 78
/NEL MAPT JE[HZE 11 S4MNEFHY 326 5474
HEATRE B i, L HOKE A>G RS LRAE A
INRIERAH, R TXTRA tau-V337M FE[H
FE R ARNE, FE HZ/IN AT LUK 5 AR RS E
wAE A IE

FIH] ssODNAE Ry AR B AR 5 T REb A R g
A T KT sh PR i @ e Aol , B
AT R, S SCHUBE SEAZ T R LU OE S AR T
R AT IR /s O A3 ARICR P IR A o T
sSODN fE A AR AR Bt BE £ T gRNA R X
B, M — 0 A OB AL 7E ssODN g,
FETEW IR 46 bp WIRITEFS, SZU0E
XA TR B

/NG REAR T, ASBE RN B AH 4
TAUAL, ¥ B R A 0 52 (A e BR S AR FE LA B
PEATACIE , B RN UL BH I 4 M B 3z k. B
T, K IR RS A — Nl B0 A5 I R, IFK D)
— i ey O R A A e AR L SR AZ KGN . 38
oW IRRG ST S, A 1 R IRk TG
tau-V337M FEA e i AR/ N, X BEUEA] Cas9
IR G L AR AE AR KT shir i R i v sk,
UL B ARG R T8 B R B 2GS
TN IEYR o 3K AR W AT DL ] T i e T
RIS WG & B R AR S BUNXE LR A 5848
F I R) R

HEACHEE 11 Rad51 72 [A] 5 40 vh R %O A
I, Al ssODN 5 [A] Y5 8UE DNA #5 A 2 [1]

http://journals.im.ac.cn/cjben

R PLE S, 5T SRR AUEE DNA =4, A
WFFE 2B, RadS1 3#E 55 RS-1 B4R SM FH Al
R TR) 35 PR 1 R A RCR A 2 2 5 £512%); David
R. Liu BIBAIF5E R, ¥ 520) 1§ 5 hRad51 A8
KA 77 £ /Y hRad51-Cas9 (D10A)EE &, W]
/5 HDR [m]ifFEAR indel®” ., ASHIFSE i % 2
B, Rad51 nJ g EHREHRYCE, _EET
ssODN 1) HDR., [A]i, W55 & B Rad51 A9 0
AALBESE R LR, 21N Cas9 D) E) 1 B i)
B . 4l A AR A ) 5 22 R, Hop LR
HLHA T ZIR A

JIHE 2 Cas9 2 AR M A FEAR B AL, 25X 3
P 2% TR0 110 S5 8 i R VS AE RN RS ] FE SRR T
TR S i vt S Mg N 0T R VAL o 2 VO
S5 7R AE FO RN F 1A RS BRI 35K & B AE
JE SR AR LAY /N B B AR A 5 B 34X,
i R LAt Vs A 50 A X 2 4 2 TR ) R

FO FRAE Y B B2 AT 25 R o, 72 6 A
A tau-V337TM s 2848 /N FRBE R L H B tau 2K
P i B i R AL TE B AG ph g T e g s an 22, HBK
B, ORI AR B E SRS TR,
W B BT R R EIRE R AD /MR
R

ARHFFEH Cas9. ssODN il Rad51 4H4, ik
ARG T tau-V337M S48/ INRAE AL, ABIFSE Y
Z5 0060 AD MRS SR ALE I s AR,
Hofth /N AR g ST 22 %
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