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[Abstract] Objective: In order to detect the putative off-target effects of CRISPR/Cas9 system, the knockout mouse model of RNA
methyltransferase Nsun5 gene were constructed using wild-type Cas9 and nickase Cas9-D10A, respectively, and performed off-target
analysis of FO mice to compare the specificity of the two strategies. Methods: Paired sgRNAs targeting the third exon of Nsun5 were
designed and co-injected with Cas9 mRNA and Cas9-D10A mRNA respectively into mouse one-cell fertilized eggs to generate Nsun5
knockout founders. Off - target effects were analyzed in founder mice injected with CRISPR/Cas9 and Cas9 - D10A, respectively.
Results: CRISPR/Cas9 and Cas9-D10A were used to establish the Nsun5 gene knockout mouse model successfully. The founder mice
obtained from the two variants were subject to off-target analyzation, and no off-target sites were detected. Conclusion: Nsun5 gene
knockout models were successfully generated by the both strategies without off - target sites, paving the way for further studying the
biological functions of Nsun5.
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Table 1 Oligonucleotide sequences of PCR primers for sgRNA1 and sgRNA?2 off-target sites

(5" —3")

51914 (5’ —3")
N5-OT-sgl-1 ACCCGCTAAGTGTGTAGAACTTG
N5-OT-sgl-2 TTCGTCTTGCCAAGCCATGAATT
N5-OT-sgl-3 TCCTAAGCCAGCCTTGAACTTGC
N5-OT-sgl-4 GGTGAAGTACACTGCTGCCTAG
N5-OT-sgl-5 CAGCATCCAGTCCACCAACCTAG
N5-OT-sgl-6 AGCAAGTTCTGGGTTCTGTGTGA
N5-OT-sgl-7 ATGAGTGTTGGTGGCAGGTGGA
N5-OT-sg1-8 GGTTAGGTAATCCGTGTGCTTCA
N5-OT-sg1-9 GAGTGAGCACCACAGTACCTACC
N5-OT-sg1-10 AAGCACCAGCGTAGTCAGTCAG
N5-OT-sg2-1 TGAGCCATCGGGTGAGACTAAGA
N5-0OT-sg2-2 CCAGTTAGACCGTTAGACCGAGA
N5-0OT-sg2-3 GCAACAGGAATGGAGGAGGAGGAA
N5-0OT-sg2-4 TCCTTGCCCTGACCAAATACC
N5-0OT-sg2-5 CGGTGGAGGTATGTGTTGAGAGG
N5-0OT-sg2-6 TGTTCTGTCCACTGTCTTCATGTT
N5-0OT-sg2-7 GGCAGGAAGTGAGAATGAGGAAGT
N5-0OT-sg2-8 CTACCTCCTTCCTCCAACCACACT
N5-0OT-sg2-9 CCGTGAAGTTAAGACTGTCCTATG
N5-0OT-sg2-10 GTCCATCCAGCACATGAGCACTAT

TCGAGTGCAGGCTTGTTAGATGT
GCTGCTCTATGACAAGCGATCAA
GCTCCATCCATCAACGGCAGAC
ACGTGCCTGAATGTGAGAACCA
GTTCAGTACCAGGAGAGCCAGTG
AAGTCAGCGATGTCCTTGTGAGA
TTGTTCCTGGCACAGCTTGTCTG
CTCCTCAGATAGGCTTGGACTCA
CGGCAACCCTTCTCCTAACAGTT
AGGCAGAATTGTAGCCAGAAGGT
ACACAGCACAGCATTGCCTCT
CCAGGCATCACCTAGAACCAGAG
GCAGGCACATTGTGAGGCAGAG
TCCAACTCTCACCTAAGAACTCAA
GGCTGGAAGTGGCAGGATAAGG
CCTCAGCCTCCTCAGCAATTC
CACCTGGCTGTGGAGTGTAGAC
GCCAGTTGTCTTGCCACAGAGAT
GCTGTAGTTACAAGTGGCTGAG
GCCCATTGCCCTCCTTCTCTTTC

NS5 :Nsun5; OT: off-target;sgl : sgRNA1;sg2:sgRNA2,
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53955 i S U 1 sgRNA TR A, B Cas9 mRNA Fll Cas9
-D10A mRNA A2k B2 1545 2 20 ng/pl, sgRNAT il
sgRNA2 2R EHR N S ng/uL. BHR G T/
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25 °C, BHRPRE 0.1 °C;4 COFF. IR IOTIIRTFIK I,
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Cas9/sgRNA 41 14 17 H i # [ ; Cas9-D10A/sgRNA
A7 AR GR2).
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DL RO /N B PR 2H R8s, #1510 msNsun'5-
E3 For fl msNsun5-E3 Rev #£17 PCR § 44 (4= 7Y |

By R/INA 487 bp, T 75 seRNA VEFHRE &S, SR I 64T
B IK (I 1B) . CasO 21, il 1.3~5.7~13,
15~17 5 /N PCR 257 55 M7 A UG REHH LU A7 PH S
5 EE3.4.7.9.11.12 5/NE I PCR P2 ¥ k47
T-A 5[, F38 2 I o % e FL & A= 1) HLAAR 4% (8]
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PCR £ 507 A= RO IEAH HU AP AR A B 22 57 e B 1.2
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sgRNA1 sgRNA
AGGCCCATGGAAGGCTCTGCTGGGCCGGCACCAGGCAAGGCTCAAGGCTGAGCTGGCCCGACTCAAGGTTC
B Cas9/sgRNA Cas9-D10A/sgRNA
M1234567 891011121314151617con M 1 2 3 4 5 6 7 con
1 000 bp— 750 bp— B s -
- P
00 e 57 by SO0 b ey DD D g T W 57
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sgRNA1
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Nsun5 AGGCCG (“ ~\'[(“GA &( FC[Cl( ClFG(;LLCCCACCAGCCAACCCTCAAG(‘(Jl(,A( Cl(“GCLCG&(ALw\ \( ( STTC (WT)

3% AGGC: © (-81,7/9)
AGGC: TCTCCTCCCCCCCCACCACCCAACC A TTC (-11,-39,2/7)
45 AGGC: e B n(llliiiiiiiiiiii33312333355 (100+76/8)
75 AGGCCGAT(J AAGCCTCTGCTGGGCCGG(,ACCAGGCAAGGCTCAACG S T ITTC (-1,-21,5/9)
AGGCCGA : : '::::::::::::::::::::(812/9)
9% AGGC:::::::::: :TCTGCTGGCCCGCCACCAGGCAAGCCTCAAGG B :TTC (-11,-21,4/9)
AGGCCGAI R (-81 4/9)
" Ai R ACCCTCTCCTCCCCCCCCACCACCCAACCCTCAACCCTCACCTCCCCCC ITCAACCTTC E 10, 2+)1 ,1/9)
2 81,6/8
AGGCCG: -:::::::::::~:‘(l((k](.,r((]:l( piiiiiiiiiioon CTCAAGGTTC(55+131/8)
125 ACCCCCATC S TCAACCTTC(535/9)
T S A S A S S S S 2 V)
Cas9-D10A
sgRNA1 sgRNA2
NsunS AGGCCG ( A[(y(yAA(y(y(A[(41(7(4[(7(1(1(A(AGCCACCA('CCAACCCTCAA(r( CTGAGCTGGCCCGACTCAAGGTTC (WT)
145 A(x(y(, - N TGAGCTGGCCCGALTLAAGGTTL (-44,8/8)
2% : “TTC (-68,8/8)
5% ACCLCCATCCAACCCTC H HEH CACCTCCCCCFACTCAAFCTTC (-33,6/9)
AG: (yL(,(y(yLAL(,A(;(y(,AA(x(y(,T(,AAGGLTGAGCTGGCCCGALTLAA(JGTT(, (-21,2/9)
ACCCCGATCGAAGCCTCTCCTGGCCCGCCACCACGCAAGC H - TTC (-28,1/9)
65 AG:::: (828/8)

AEEXT Nsun5 K 358 B F i3 T sgRNA HE ]V &4 ; PAM (protospacer adjacent motif ) 7571 FHEE (I RIZE 7R s seRNA VR FHAE s 2L (%

7No B:Cas9/sgRNA J% Cas9-D10A/sgRNA JFAZ A 15 2 FOAL/INER NsunS FE KT,

con: FFA BRI s Be5 o/ NS S o C o 19 BPAE IR

AALEAT 3522 500 PCR ™ HIHE T T-A SeR I NP2 A . S8 A TR UV ING F-RERIR s 3 A (), B (=) s /N FR TN 4 BRSO se e
El1 CRISPR/Cas9 /1 S/\iR Nsun5 B EBIBR &£ E
Figure 1 Identification of CRISPR/Cas9-mediated knockout of mouse Nsun5 gene

£2 /INRBEBREHGEST Cas9 mRNA F1sgRNA ZEit

Table 2 Summary of mouse embryo microinjection of Cas9 mRNA and sgRNAs

ESHREY TES IR EL ARG HAE/NERL NG
20 ng/pL. Cas9 mRNA+5 ng/pL sgRNA 120 63 17 C9-(1-17)
20 ng/pL. Cas9-D10A mRNA+5 ng/pL sgRNA 120 65 7 D10A-(1-7)
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PCR Y"1 , 22 J& HEAT TTEN1 BTG 0 3 30 54007 (1
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EI X sgRNAT FI sgRNA2 T 7E 1) 20 /> B #7553 6
RAS X TTENT B DIHEI 50700 PCR ™4, 4T T
T-A GBI BEE , & B Y PCR = YA A AT
iR Z A E A 7 91 T30 Taq B WG R

=3

3 it it

AWFFEH ] Cas9/sgRNA Fll Cas9-D10A/sgRNA
XF/INE RNA B LA A S KL A NsunS 2517 1 #iBR , K
WY B sgRNA WEAE R IBLAR A7 i B IF A A B
HRON , RAFSE NsunS B9 AE )4 DN RESRAE T T 520
RN U AL, ABIFSR PR IE T 10 MR 5 KA
BSOS ()AL p AT ASE I, 7 S At A A (4 5 A, W]
AELSAEAE AR ARV 5 T TTEN1 BEEEIAG I 75 1 AL
R AR B C/NTF 19% B 5 AR R AN 2] ), AR 248 (14 e
FEAT S T RE BN ; 540, |8/ N G A &

sgRNA1 70 sgRNA2 it S84 s FOAZ E BR P 51

Table 3 Nucleotide sequences of off-target sites of sgRNA1 and sgRNA2

FLA J¥514 SRARFS(5'—3") FLA J¥51%4 FREHIRIFHI(5'—3")
FLmEALA sgl GGCCCAGCAGAGCCTTCCATCGG || B sg2 GGCTGAGCTGGCCCGACTCAAGE
RO sgl-1 AGACAGCAGAGCCTTCCATAGG WO sg2-1 GGCAGAGCTGGCCCCACTCACGG

sgl-2 GTCCCTGCATAGCCTTCCATGAG sg2-2 GGCTCAGCTGGGGCGACTCAAGG
sgl-3 GTGCCAGCAGAGCCTTCCAATAG sg2-3 GGCGCAACTGGTCCGACTCAGGE
sgl-4 GGCTGGGCAGAGCCTTCCATGAG sg2-4 GCTTGAGCTGGCCCGACTCACAG
sgl-5 TCCCAAGCACAGCCTTCCATGAG sg2-5 GGGTGAGCTGTCCCAACTCAAAG
sgl-6 GGAACAGAAAAGCCTTCCATCAG sg2-6 GGCCATGCTGGGCCGACTCACAG
sgl-7 GACCCAACAGAGCCTTCCAGAGG sg2-7 TGCTGGGGTGGCCCTACTCAGGG
sgl-8 GGGCTATCAAAGCCTTCCATCAG sg2-8 GGATCAGCAGGCCCTACTCAGAG
sgl-9 GTCGCAGTGAGCCTTCCATTAG sg2-9 TGCAGAGGTGGCCTGACTCATGG
sgl-10 TGCCCAGAGTAGCCTTCCATCAG sg2-10 GTGTGAGATGGCCTGACTCACGAG
PAMFII AR Tyt o IAEATIC iR 2L
A Cas9-OT-sgl B Cas9-0T-sg2
1 con2 con3 con4con5 con6 con7 con8 con9 conlOcon 1 con2 con3 con4con5 con6 con7 con8 con9 conlOcon
e - T T T - il L lelol 4 [ LR Al L
5% = 5%
—-____—-__--_—.__-___ T e T T o o o T e o
7% i 75
12%----—-—------"::---— 2% wew el | b A

Cas9-D10A-OT-sg2

1 con2 con3 con4 con5 con6 con7 con8 con9 conlOcon

——
E--w —— i —— - e = -

-—— —— ——
- o - - —— e - e e

6

A B:CasO 41 HE LS 5 .75 12 S B A 5 C D : Cas9-DI0A Ay B L 1 5 25 (6 S BERE AL st AN . O« JBEREAS0N 5 con s M7 A=

¢ Cas9-D10A-OT-sgl
1 con2 con3 con4 con5 con6 con7 con8 con9 conlOcon
15
6%
T HE PR A 6 R

B2 FO X Nsun5 &Fk/I\ R AL EERL R 53 47

Figure 2 Analysis of the off-target in Nsun5 knockout mice of F( generation
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