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B AEDNASEAS A%, &G, BiLgdh B3 EENE B R EFQAE, 4R 2T, ZCRISPR/Cas9
4L B8 40 ) 5 R A JE 2 % T I, BPCRISPR/CasOfE 9 A% 75 45 2 49 %1 4 /) B F 31K, 42 LATIE,
CRISPR/Cas9+7 %] 2 7% 7 £ ) LA DNA F L4741 7 5% 7 2. 4.
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CRISPR/Cas9 Cleavage of Viral DNA Efficiently Suppresses Vaccinia Viruses

Wang Jiaojiao', Zhang Xinmin', Ni Aiming?, Zhang Kangjian?, Liu Xinyuan"?, Liu Xijun®*
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2Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai
200031, China; *Institute of Pan-vascular Diseases, Shanghai Tenth People's Hospital, Tongji University, Shanghai 200072, China)

Abstract Previous study had shown that viral genomes could be edited effectively using CRISPR/Cas9-
mediated genomic editing technique. However, the precise edit to viruses with large DNA genomes, such as vaccinia
viruses by CRISPR/Cas9 system has not been reported. To explore the effects of genetic inactivation or mutation
on vaccinia viral replication, the recombinant virus armed with an nonessential enhanced green fluorescent protein
(EGFP) gene (WR-EGFP) was selected as the object of study here. Two guide RNAs were designed to target
the coding region of EGFP gene. Fluorescence microscopy result showed that expression of EGFP significantly
decreased in cells that both infected with WR-EGFP viruses and transfected with Cas9/gRNA plasmids, compared
with control group that only infected with WR-EGFP. The Cas9/gRNA could induce site-specific cleavage of EGFP
gene, thus caused mismatch repair of DNA viral genomes which were detected by SURVEYOR assay. Moreover,

the mismatch repair of DNA sequence in virus resulted in losing the ability of virus replication. Taken together,
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the CRISPR/Cas9 system was a highly efficient strategy for editing the recombinant vaccinia viral genomes which

could significantly inhibit the replication of virus.

Keywords

CRISPR(clustered regularly interspaced short
palindromic repeats) 5 4t /& M A% A4 A IR, B
FUUE L, CRISPRFR GE MM 2 5 I 4% 40 Mo 4 4 36
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HEE AN AL R W U)Wl — % S 0 B 5 &%
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CRISPR/Cas9; vaccinia viruses; targeted cutting; virus replication
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TAY TREARA . KODE B FIE T Axygen
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CGG CAC CGG AGC GCA CCA TCT TCT TCA-3'
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AAG ATG GTG CGC TCC-3'. EGFP {11757 gRNA
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#5149 J3175-Sense: 5'-AAA CAC CGG CAC CGC
TGA AGC ACT GCA CGC CGT-3'#l1175-Antisense: 5'-
CTC TAA AAC AAA CAC GGC GTG CAG TGC TTC
AGC-3', #4 #Cas9/gRNAJT ki, 55— & loligos
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WR-EGFPT4f, 24 h)i B4 M5 72 T3 B 58 % Wl
5N IR (488 nmi KR ) -

FLipofectamine™ 2000 DNA#, 4% & 7] 4% 4
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Table 1 Information of primers

GIL RS FFAI(5'—3")

Primer name Primer sequences (5'—3")

Primer OF CGG CCC CAT GTT TTC AGG TA
Primer OR ATG CGT CCA TAG TCC CGT TC
Primer 1F GGC GGA CTT GAA GAAGTC G
Primer 1R GGA TCC ACC GGC CGG TCG
Primer 2F GTG AAC CGC ATC GAG CTG AA
Primer 2R TTA CTT GTA CAG CTC GTC CAT G
Primer 3F GGA TCC ACC GGC CGG TCG
Primer 3R ACG GGG CCG TCG CCG ATG G
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RAFADNA L B 2E RIDNA FIPCR= Wik 47 R 4, iF
TR E . B K E AR, 3B K N4 AF: 95 °C
5 min; 94 °C 2 s, REAMEFAERFEFEIEL0.1 °C, 200K 1
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1.9 FRSIT
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Ay Ik

7 4 Y95 W I WRE I i, AE 9 R B
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FH e R 1kCas9/gRNA174(gRNA174)FICas9/
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B B2 (Mock), HUIEGEWR-EGFPY 5 [FI1E by
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H 55 7 31 %% YL CRISPR/Cas9 Ji K [ 52 56 41 ¢ Y 5 i
W% FE(K1B).
2.2 CRISPR/Cas9sE i S EIERESE£E A
DNARJERAL &

DLAE S (1) 25 28 R AU B, Wik XS EGFPIY)
K 51 #)Primer 30EATPCRY™ M. 41, 2. 3. 4
155y 45 L FEE 0. 5. 250 SOFI100 ngi I 7
FEI A (K2A). %4 WR-EGFPY5 & 3 K] 41 73 1) 3

TK left

— i ——)—{

_—

/

v
5-.TGACCTACGGCGTGCAGTGCTTCAGCCG

gRNA174

CCAGGAGCGCACCATCTTCTTCAAGGACG..-3'

c
L N Ry e A N S NN N A PN AN T
G

3-.ACTGGATGCCGCACGTCACGAAGTCGGCG

gRNA175

(B)

Mock WR-EGFP

40 um 40:pm.

WR-EGFP+gRNA174

GTCCTCGCGTGGTAGAAGAAGT TCCTGC..6'

WR-EGFP+gRNA175

40 pm 40 im

A FLALSENG 75 (0 54 M gRNABEAT 1575 5 1] ; B: WR-EGFPY 7 FICRISPR/Cas QI e 4l il )5 56 6 2 A R34 .
A: the constructure of WR-EGFP and target sites of gRNAs; B: fluoriscence protein expression after infection of WR-EGFP and/or gRNAs.
1 CRISPR/Cas9317& % HWR-EGFPR K E R FiLHIF MY
Fig.1 Effects of CRISPR/Cas9 on the expression of WR-EGFP vaccinia virus
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1.5 B Primer 1 [ Primer 2
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g
=
3
< 0.5
A
sk
stk
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24

Time (h)

A: WR-EGFPHI/E{gRNAsAL FEEGFPAN R M [FPCR %52 £5 5L 1: B0 ng; 2: B IES ng; 3: BEHR 525 ng; 4: B 50 ng; 5: B 100 ng;
B A0S 2 BEPCR 5| ) 7 B 45 Ky V] J 5 FE 45 2R . *#%P<0.001, LyPrimer 241 HCEL

A: EGFP PCR results after treatment with WR-EGFP and/or gRNAs for different times; 1: 0 ng amount template; 2: 5 ng amount template;
3: 25 ng amount template; 4: 50 ng amount template; 5: 100 ng amount template; B: the structure of primers and relative quantification

result. ¥***P<0.001 vs Primer 2 group.

El2 CRISPR/Cas9gElS S Sl fm 2 RALL A
Fig.2 CRISPR/Cas9 could cleave the target site of vaccinia genome effectively
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i vE RV 12 52, A 51 #Primer 33E1TPCR, 15
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Wi kA B RN WY 2 5 14507 . iR gRNA17441

gRNA175HE ] ()7 A A AR D) B 5 S D) 4% iy
KANEATF(E3).
2.4 CRISPR/Cas9i#li5wEEF

76 35 K Y2 his, HEK29341 Jitd T % 4LCas9/
gRNAs, #4424 /i 5 40 Ml e 4 A 2 A 8 v
B . CRISPR/Cas9OX] i i #E DNAJKE K 21 1) 1) %]
SHUR MK It RIUR Bt 453 BN,
gRNATE G Casoy] #5775 EEDNA 5 0% 75 1930 J&
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3 itig
CRISPR/CasOEt ] & 7E 41 TR 3R AF PE oy R4
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WR-EGFP + + + +
gRNA174 +
+

gRNA175

700 bp —» | |

___ +T7El

379 bp
<— 324 bp

24

48 72 (h)

El3 CRISPR/Cas9tEIEmEDNAFEYI AHEEE
Fig.3 CRISPR/Cas9 incision to DNA of vaccinia virus caused mismatch repair

1509 - WR-EGFP

100

Virus yield (x10° puf/mL)
Wi
S
1

-H- WR-EGFP+gRNA174
-4 WR-EGFP+gRNA175

#£P<(.01, ***P<0.001, 5 WR-EGFPZ L% .
**P<0.01, ***P<0.001 vs WR-EGFP group.

Time (h)

El4 CRISPR/Cas9# =% 5 &
Fig.4 CRISPR/Cas9 could inhibit the replication of vaccinia virus
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I Wang SR FE R 1 H A £ i 5 (hepatitis B
virus, HBV) ] 3L 4/ 4] 45 2 IRDNA(covalently closed
circular DNA, cccDNA)E 17 41 [] 4 #5 . {H 2 & 7E

P2 2 3 DR 2 oS0 v ) S A B an e, H R v AT
Al RaE . R FRATTE T AL AR RO
%, FIHICRISPR/Cas9E R 4t Hi R, B R %EL
ARAEJ 3 285 S0 IVE R, h i S0 25 204 R v
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K P il o 3t 2 T N, A T B SRS A 5 6 11
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WAH . LEIE, Al TLAWR-EGFPE 41 55 9 75 1 W T
FON G, DA EGFPHE R NARFNG B 5L DR 4 A 1)
D (R PP RIS 27, B 8% K P o2 A1 It 4 2
N, I HLIE T EGFP#%¢ ' T DL A I 2 1 52 21 9]
F G R BRI 2R, DR B [0 EGFPRE R P 51) 2 LR
HIEM LR KIHE X EGFPRF C 4 5 AiF i 1) %1
M ) gRNA174F1gRNA 17545 5 CasOHl i) 7] &1, &
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ok 5 1 s I ¢ B WR-EGFP 2 3 (1 92 't i i
FPE BRI, T TG EE RGN AL A e, BB
W5 B JC B YeCas9/gRNA 174 JFURL o i 41 52 B AR & 5
()79 . I 45 536 W], CRISPR/Cas9xt i 7% [ 1) &1
Ji AT DA 35 kR U FE R R 4 EEGFPI 3Rk .
A I 5206 Fhfilt 2 F, CRISPR/Cas9x g s #4511
A2 D) 11 FH A% G2 IRIPCR 5 V25 2K 56 UF 952 993 25 2 75 17
A=) VTS B REHZ B L1 PCR SN TG vED 1, 45
R EIYT AL FIPCR™ ) i) 1 W] 2 IS T AT WR-
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FEART LR DI, R I SRR AL A T LA A
S AT D) MBS, BN ok I R I ) SR
g5 LR, o0 EE AR Y24 hi A W Y] s &,
{H5248 W] DL AR U] FHE L, 72 h X IS
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B ) BE R AL AT BY DT R AR D) LB &, (HIX S
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a2 K% 8 AL I FIU6 IS 8 1 15 ] (I gRNA K % .
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I v 9 e B R TR A, 2 B % 58 A 81 1R Cas9 i
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RGP e R EA Wi TR . B CRISPR/Cas9
FE AN P A R 5 2 1) 52 71 M 4 iy i L i
oz (6 LA, bR ye s B AL T IR . X TAE
AT 4k S 4857, I CRISPR/Cas9o A N ] T-9697
P2 975 i 1) S R R A A 50 2 it

L0 FE A AT O AN B R AR A R f g sk
ISR A 0 TR R 3697 BAT ARG I N T 6 52
AWFFEUE 52, CRISPR/Cas9 3 A 1] LA ] T 95 9% B¢
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