TRAE SRR Sep. 20, 2020, 47(9): 3065-3074
Microbiology China DOI: 10.13344/j.microbiol.china.200734

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

Lt 545k

CRISPR/Cas9 7£ Epstein-Barr & B 5o & P VA RIHERE

v R
WL DR 2 eI LA EE B R R [ 5L R S RS2 P W BOM 310052

# E. ZANEERHKE(Epstein-Barr virus, EBVABRE R E, RFEMHR . RFFHAFERE
BRI REFRIEF, RV IEWREHT RS, RF;REABRELL TERT, MEALEA
A BOR A B ATAHUR R EBV J& 89 B AUEIAL B0 40, 16 R L8k 2 8 697677 5 #Mu#ﬁb L3
7, ERTEHRE, EAFZREABRFLL, RAGAEN RS LT IF7 B4 XL RE 9
(clustered regular interspaced short palindromic repeats/CRISPR-associated nuclease 9, CRISPR/Cas9)3%
AT EEF RNA 5|5 F, B9 REA R 7 78w pmit. BLRME uﬂfi\ ,;o. e, B
ZE AT RAED AR DR RAREMEUABRAN LR R AL S FARIR, KINBT
CRISPR/Cas9 # AL |l F EBV & i A 50 89 AT it e, €48 EBV 2R A B 22 fu i AR A
b, KAEBRAMAR EABILE e %4697 EBV AR X kA%, A EBV 48X /& 69 L AL
B AR R 3R IR 06 T R BRI R IR

Xx$2i7: CRISPR/Cas9, EB Ja#, 21, ERA%E

CRISPR-Cas9 in immunity of Epstein-Barr virus infection: a
review
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Research Center for Child Health, Hangzhou, Zhejiang 310052, China

Abstract: Epstein-Barr virus (EBV) infects the vast majority of the world’s population. The types of
diseases, caused by infection of Epstein-Barr virus, in different subgroups and regions are various.
However, the immune mechanism of EBV infection is still unclear. Acute EB virus infection related
diseases are usually self-healing. On the other hand, most patients with chronic and latent infections are
still lack of effective treatment with a poor prognosis, and risk of cancer. The CRISPR/Cas9 (clustered
regular interspaced short palindromic repeats/CRISPR-associated nuclease 9) technology was derived
from an acquired immune defense system in bacteria and archaea. As the third-generation genomic editing
technology, it can perform targeted editing of specific genomic sequences under the guidance of sgRNA.
Because of its characteristics of ease to operation, time saving and high efficiency, it has been widely used
in new crop cultivation, animal disease model construction and precise diagnosis and treatment of human
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diseases. The review describes the progression of CRISPR/Cas9 system in immune research of EB virus
infection, including exploration of screening key pathogenic genes and host dependency factors,
pathogenic mechanisms, and gene targeted editing to treat EBV-related diseases. It provides implications
for studying the pathogenesis of Epstein-Barr virus related diseases and exploring new antiviral treatment

strategy.
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EBV J& 1964 4 Epstein 11 Barr 1E{AFEERME
J84 (Burkitt’s lymphoma , BL)H & B e #H ¢ DNA
WiFE, BT AZESE ¢ WA AR EBV
ME—RARTE £, A EBV WIRIELE LGy
I8, SNV fERE, B N2 I
R4 B kil EBV 1 ARE P A
Wi, AT RORNE R, AR AR EBV Stk
PEFRRS L 90% A ML AR |, EBV U AR FIHIX.
AFEAES ARG B ERIE 2, UG 2278
K BRAEENE EBV B 5 ARRYE, BT
Ghs KEBITIE G RIS , AT
[, EBV VRS 5 Z R0 g B UIAHDG,
B E R . BLIEYES (nasopharyngeal carcinoma,
NPC). 44k 298 (Hodgkin lymphoma, HL). 5%
121K B 4 itk 9% (diffuse large B cell lymphoma,
DLBCL). EBV #f% 5 J#(Epstein-Barr virus-associated
gastric carcinoma, EBVaGC)FI 4 11 il £ 25 (4n HIV
SR AR T RAE T K AR B ARk U R0 |
B, EBV MEAREURHLE AW, EBV 1810
PRI JH A IR AT e = A SRR T 25 10 F
AT, SRS AESC,

CRISPR/Cas x4 3P i 9 AL A ] ol ] 5
BRI SAIRZLIRMG RS, 8T 5 A
R385 O PR S iE R, FH T HCARD A D5 T 1 s 5
DNA Af2¥, CRISPR/Cas9 1 2 i fkistits 1
I %] CRISPR/Cas F4G¢, AIHFXTH AYHED R 5144 i
B 5 F R FC 6T Ji 0 52 3 ] RNA (single  guide
RNA, sgRNA), 7£ sgRNA 5|5, H Cas9 R
T B4 7 8 g R 3 BT, P 1 [R] Y5 B2 41 (homologous
HR) #1/ 8 3k [6] I K o #E £
(non-homologous ending-joining, NHEJ)5¢ il 4 5k

recombination ,

DRIP40 0 i 1) VR SR 5 =A% DNA BRI
AR, MEALSEN DNA B RRREGEE N it 4
A, WEHEZIRIE(Zinc-finger nucleases, ZFN)FIZE
B Sk WOWE A F AN W % R B (transcription
activator-like effector nucleases, TALENSs)JE Xl 4fH
RS, CRISPR/Cas9 FR G HA fH AL, M1 {L
PR T LA K AT [ G 225 A O,
ITAER , BORBZ I+ E B0 T CRISPR/Cas9 %
ARBHT EBV B AT OIS T — %
G TR
1 2R CRISPR/Cas9 F{ AR ik EBV By AL
PRI g AR

EBV JEGEA R ARE L ARl fiE F A4S 51 A 5
TRARBL R IUS AAAE RO 22 57, BRTE st 5
I BHINGEN R Z A1, AR EBV Zop ik A
S AR H IR R IR 3R
Z MR EBV SR 73 2 MIERL, 1 B A
W, FEAEMT B 40, fHSC B bk E Ak A
TR 5, 2 B9 DL TR 704 X A8 SRS 191 5
FERSMIERE SR AT, 1 TG4k B R i . fiff
HB A AR I RE 15 T 2 MU0, SR RS AR,
EBV W RIBYLHT v 3Rk 9 RIS IRHAPLIR, ufh 6 Fh
¥PTR(EBV nuclear antigens, EBNA1, 2. 3a. 3b,
3¢ Fil LP)A1 3 Figfk i #E H (latent membrane
proteins, LMP1. 2a Fl 2b); MR BTEIR
HIpUIE A, "I EBV FER4Hs R 3 B T Y
EBNA1 £ik, WU TARM SR, TRIRX
EBNA1 #l LMPs, W LA, EBV AHIC B
EBV FHPERE A Gk ELR . NK/T itk i AR s
PR B ARk IR A5 TIIAIRGA 248 EBNAs,
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LMPs F19E4i % RNA 55, W Tk E R 40 i R
(lymphoblastoid cell lines, LCLs). EBV FHP:#H 5
IR LIS R A HIV A OGHE BB A 1) oo
SR, EBV RFWAIRZL, il Fihsm2s, RIff
I R E AR Y[Rl — EBV UL e, HEom
=752 el (51 RV 6 407 N 1 0~ 97 ol W
5 DR P A B M 2 Je e L, X EBV
S0l JE PR 41 R AR I R %) F 9 3 T O i
Ko (HAZIR BRI 78 % 5K, EBV Wk
DNA B KK 175 kb, S5 —RIE I 7 H A R4 45
SRS PAHMELI LA 7588 2 i A s 565 AR p 4
REBEIRAZIF A BE R, AH PR AR P4
ML X 4 EBV SRR EEERE F B, W
irl—4 fl fr 4; Rk, M%7 EBV SUR ALK P51 RHIE
I P A 2 B S

EBV J#YL75 = B MB?HEIH@F Al AR A,
AR LRI U FIpk LR A R4S, 7 HOR AR Ak

R, EBV SU KL A A TS A D 4] &
FEAE R H R ARG . Ma ZUH ] CRISPR/Cas9
Bk, % EBV JEYLFHYE . B 4N AR A
BL Fil LCLs J [Nl 41 14 7 35 DRI Y i , 43 0l ASe i s
55 e A e A= K RS 220G TR 57 4 BL R [H A
87 /I~ LCLs JE [N 5 tE— 2038 £ J [ Tl sk 2 ot LAt
FEUESE, EBV ERILE T LMP-1 31 oflip &
LCLs #XAH TNF-o /25 0FE A e P8 T 1) S 4 R
+; BRILZ AN, EBV iBERUETEY bat/irf4 J& LCLs
R ZEDE bim PRI FVEIER myc TG BIPLE A
., ES T, Guo 2P0 4 5K H
CRISPR/Cas9 Fiiikte A7E BL 4 Mg rhoiit s — LA
5 F IR myc 2O ) S BERL R 2%, HALEE fact |

staga F mediator SFHER, EANTHEPME, #0ifI5C
FEBLIN bzlfl JRB)T-. bzIf] J& EBV WM R
N FEE LN, HgAS A ZEBRA RIS
EBV 1 4 0 2 S 0 s oy e R B A s PR P %
FEPR 3R IR O {5 B bk 2 A0 i B s 2 i 1 S A
T, B TFRIRIRYLRE, &N 316 BilkE
AL AS AL P FRBFSE W], CRISPR/Cas9

SSRGS A 1 N A B 2 B8t EBV A
& BL 1l LCLs Y OGS0 5 DI R FTE A0 5E
, MRS EBV SURALHE AR,
EBV [R5 B kEANEAR AL AL, tn] 5] &
R ANOEA D BT R ERA 10% B R
TF1E EBV &Y, EBVaGC HHER LKL 8 71
NP2 M4 HA EBV ARG B J# (Epstein-Barr virus
EBVnGC) ,
EBVaGC F:RUFNEFE bart miRNA 15321k . ebna-1
ik . Impl k2524 bart miRNA 3 EBV %
SR MRS IEIN, T A R DNA UEERT 2
EIEN atm INEEFER 1p53 FIMAZ S A ZAK ipo7 FE
DAL EEMIL, A 40 B 08 T A dkaRk e R 4, etk
AR YR Kanda 25280 M 88 U A0 B 1
FEM EBV PR B Ak SNU719 A1 YCCELL
VERWFER 4%, FIF CRISPR/Cas9 A, LA bart
miRNA % 5 T il %] 352 HE (bart miRNA viral open
reading frames, bvrf/)WEREE L, HILMERIEA ST
pX330-sgEBV 1E 515 RNA, KEHER S 2EHL A
Y bart miRNA BURIEFE P41, St H b 75 [ 5
YIRRIEE R, 45655 AR R PacBio H53
TR0 & R BEAYSE R A A T o B2, IF
E—#F) F Western blotting 5 [ 6653 E[1 78 25 52 56 1F
FTIR IR ey Bk TR T A G AR AR ik
B, TR T X B AHSC EBV BUR RV B IR ;
$£7R CRISPR/Cas9 % AR AJ F F /N [F] 5 9 HH L ()
EBV SL[R 2] S5 Jo e RN SR AU AR S (0 S 500 43, 2817 )
HIAR[E EBV S R0 i A 42 PO %
FEMAFAE— Lt iy )y, EEH bvrefl 1N
CRISPR/Cas9 AR By #E i, RAELE BART
miRNA B AE, 1A 2508 EBV 225
LB, SFAh, B IE R PR X IR, T L
wuﬂﬁEé'ﬁéﬁiﬂ’é%iﬂﬁﬁﬁ?ﬁ?E?J‘l‘l%fﬂ(ﬁ%I) *
o0 25 oA RN ABEPRAS , Tekgs A HATm b
Ji #H ¢ EBV R AR S ARAE; Wk, R
CRISPR/Cas9 £ ARFIHABF ARM EANE, A HEA
TRAMS T EBV HH B0 1 07 5L R R s &

non-associated gastric carcinoma ,
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AL O,

2 iz CRISPR/Cas9 i R ZE EBV 83
AL

EBV il il MERALHEHE AR NS, F2I&G A\ B
WREL AN, tnT R F A . T WA NK
1)U S 138y R ) AL S N S A S B
RPN (1) A R IR Y (Iytic infection ,
Lysis): F2AE B AR, fomE DNA 7Efd 40
MRz et U, RS OREDREREE N, ¢
PEAE T 20BN R A ™,  [R) o  g E EE 1
R NPT 2 5L 21 fifd (antigen-presenting cells, APCs)
PO, AL EEYE T K E 40l (cytotoxic T
lymphocytes, CTLs){EF 512 F4NIEE R . 5E
T, FFRHOREHT AR R ORL, & 0L T ks n
JL # f& 4e % BB 4 M 3G £ JE (infectious
mononucleosis, IM); (2) T {REYL(1atent infection,
Latency), Al ULF B #kE4HME. T #REAfIAT NK
M5, 7E DNA XUBETETS T A0 b 58 v b
S, RS RE AR I SR S R AR A ANk, AU
SRR BRI RIK, RIS EAE

Lytic infection
B cell

3
S |
W Viral entry ™

EBV

Blasting
B cell

S
ot . | )
EBYV enters the host nucleus, *

expresses viral protein,
promotes the growth and
proliferation of B cell

FEWE . FREATE, &S8R RAMOEA AL, #
WS st EBV By . EBV A G anfri 5k
FEREURT . BLRESE . BBV SRR TE E AN B
RAGFEF AL, 2R RERGWRESR EBV 1E B
A1 37 (RS2 BXAE I (BCR  cross-linking) 8 £k 2% 175 5
YIRS G, TR AR R A Mk e, RS 4 Mk 5
BE (Iytic reactivation) (B 1P, EBV &Ytk
J5 . WeRESTE AN A i 2 RO N K5
WA AR, s AR AL i R YL Fsi
JAEITES1 ] CRISPR/Cas9 Hi A Horb 1 e
FER P T RE B (loss of function) I T, 5
X LSS LR G AT, GBI T EBV 8L
g HAARHR LR,

FEL ARG EBV RUICIZ B 4 AIAH S e 41
Jare, afalfl EBV KEI4EFRETRIR, HAEHL
TASER A o LIRS R B, S R e EBNA2
1 LMPs 7E EBV #r/gde ) B itk At i rb i 2 %
Fik, MiEREAEYGE FIiE1Z B 41 A A AR B
AP RO T T R R T AR
TR L], A 9F EBV B
AR R AV A X 42, FIF CRISPR-

.
.;*

EBV expresses viral antigen
protein with low immunogenicity!
causes B cell persistent latency,
transformation and oncogenesis

Latent infection

—>

EBV expresses viral
antigen protein with
high immunogenicity,
- initiates CTLs response
. mediated by APCs

0 Host B cell lysis,
" viral shedding

e o o o o e e e e e e e en e e En e e em Em e em e e e e
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Lytic reactivation

1
1

1

1

§ 1

1

1
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* chemical activators, etc :
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Figure 1 The process of EBV infection and its types
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Cas9 7 A [a] i SRR 418 H1Z RALM prel JE,
fif H2AK119Ub1 ¥z R ALZAMH, 4kAE Imps i
BhF i Imps JEH G T IR, IEH R AR,
[FEE, bk DNA HILALIEEEIER whrfl 1 dnmtl
A5 LMP1, EBNA2 I bzlf] 4mfhas (& i ik
F3EMY, LMP1. LMPs F1 EBNA2 3k 155 frugis Jsi vk
JREEER L, A AT ik R ML e A0 % i A
MBAA s EBV 2R OCHEEED bzIf1 I 4mhs a1
AT A A R AR A SR SN 5 X — RNk
RO e 2T 5 R AP SRR 90 200 e 78 % A B A
L TCIE AR IR BRSO, B sE R
52, fEAIE EBV B HASAERER T, DNA H
JEHEFLNE 1| (DNA methyltransferase, DNMTI1), 72
Z R4 PHD MR85, 1 & [ (ubiquitin-like
ringfinger domains, UHRF1)FIZ il & F1 & 549
1 (polycomb repressive complex 1, PRCI)m#Ii] =
YR SRR 75 8 (1R bzlfl SRS E 1 S
EBV ¥ 4RMUPEZIR SO0, T ) F-18 3 20 Atk ik
BRE BRI N, KRR RGOS,
HOR AR AR AR AT AR A,

TP ZE T [AF 8 (interferon regulatory factor,
IRF8), N4 TIMEMAFILGEENA, BN IRF
FIEHE EE N T, FEIEH B A4 rh & 4556
SRR Ly 00 EBV &G40 B k4N
IR Akata fERAFSEXS SR, FIFH CRISPR/Cas9 AR
X a8 LR EA TR I B, R B R
IR T- 8 i Caspase-1, Caspase-3 F1 Caspase-8
YW NI, 4kimifd KAP1, PAXS #il DNMT3A 45
EORETER N, T REIER. KAPL, PAXS I
DNMT3A #Jifi 2 5 TRIM28 . bzlf] 4ty 11254t ]
YERT, 04 8 =5 200 60 3 200 b0 14 24 i D B DT
RO LRGP 78 EBV YL Akata
ifrp, IRFS ik BT E AR, #S
KAP1, PAX5 Fl DNMT3A %85 (24#%, H2EEN
(%) 2 e P fef i = 200 L Pl R R e e ) 5 4 U e
AR, AT EBV WV AN E T IS

EBV A DL rE R, o] 5 A
PR sl B AL [ T [F— 1 R4, B2 A E
VR, &R SR 3 AE B ARk e
TR A EBV AUEIEUR A RIS fF 58 &
PR it E T A o A XL Y™ 0 D o 2 PTS e
1 Toll FE3ZAKR-9 (TLR-9)MHilr SE4FIbk 98 4 it
() EBV ¥ EZ4A7% , i HEELAHLHRI A B AR
9% & FH CRISPR/Cas9 H7 AR 435 HE [ Zi’E Akata
MR tr9. mydSS. irakd FEDH; Zead % HoHr
RPN, TLRO-MyDS88-IRAK4 {5 53 S J . ik
B e iy s bzlfl GBI &8 B2 TR,
AT EBV WSO, AR IR
RZS s WFIEEWITE EBV Sye b L [R] gL fis 40
LA R b, D 6 R E e TR e A
TLR9-MyD88-IRAK4 {55 53 # , T I 4l i i Sk
bzIfl S & i, i EBV &b TR T
5 EAAR N TR, 4émifedt BBV FYE 5 H
St [l 5 s A R
3 2 CRISPR/Cas9 A 4E 5L Hh
J7 EBV HR P95

I RBEEHE R, AR EBV 2 DIV R
Yl E. BT, EBV R ARG 1E 406k
ZH TG FETT T, BURHE DY, H4m
Bt 2 DL EBV AL EEER 111 GP350 sl
RE R, R rh Rk, AT
RHIER BRIy, TG R s TRy M i ) 32 2
B X 5 AR DT IR, AT PRI i A rp ™
A AT RV DR IS VR A, RO A ™ 2
FESR PR G ie 2, B CTLs X Mg 40 At 4
Yifie 120, (B EBV JEN4UFIEK, FEH TR
FhkZ | ZRK, WiEARAES:; mH kTR
FYESET- 324K 1 (programmed death factor-1, PD-1)/
PP T Z KRR 1 (programmed death factor
ligand, PD-L1)% g fasie ki rF1EH], S
B2 AN R IR AEAE T 22 IR R0 5
Gh, ABSHUE 2T AR o3 R B R B
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AR, AMELIIRTE BRI R, XS R AR
IR ETPRUERT , JF& BT EBV R
TBITHTRIG SC H R B I, Ak, Bl
% CRISPR/Cas9 HARTE NFEIIHST I I
WA, —SIE RITRONME . UG ZE RPN,
o BEAH OGRS | Ak DR 3 A4 5 o AR e g R SR
TR AT SRR IR T AU A e A R
L CRISPR/Cas9 F N g4 £ A , X EBV i %k
BRL e 270 A T8 [ G 6, P 50 EBV BRI 5 it
Fe v I A0 M XA YT | T RO RO, T SR
kol

EBV @Y IR YN L2t 5 P AR B 97 e
FLEMBURIKER, IFAT L 2R A b
kg, van Diemen 255 i5% K ebnal (EBV #%
UL ) orip (EBV S IE A7 £50) ¥ 7] LIa il
EBV &I FAERFT B s A0, Hrh orip U451
ebnal BILEAAL S FIE N A X AR PSS it
B XT ebnal IXIF% CRISPR/Cas9 F 4t , % EU%
B PN HATER R, I EB g BRI {1 2
FEMR LIRS Akata-Bx 1 20 5 rP 05 2 5L 1A 25 B AR
T 40%—60%; HE—XHOIE R, BOTECEET
Xt ebnal XA orip FFE KA HE ) S i R 5T,
AT A0 N B DR B R R 95%L B,
W 2 T 2 ) A 2 I T2 EEL R A i L
SEEANG B T 5 T R B
GV XA IR B A B XA #E ] RNA,
CRISPR/Cas9 45 AR AT DL g KR FE b I B A1 B bk
EL R b v AR SR o 2, DT 1 e 8 00 g A=
LT

Bk M B W Mk B (primary  effusion
lymphoma, PEL)EJET B 4y, %14 EBV fl
PG PRI AH S8 92 9% 57 (Kaposi’s sarcoma-associated
herpes virus, KSHV)#IEFEYLS, Bigi 257
WFFE & B, KesMEYE EBV VR Tl KSHV Bje
(¥ PEL 4fiffgrh, KSHV SEE4IEEMF KSHY 7
fRAH K AZ $t 5 (latency-associated nuclear antigen,
LANA) & 0 B 3 B Pl dstxt EBV

LA CRISPR/Cas9 [iokr, K HALYeF] KSHV
Al EBV WEE YL PEL 41 rh , & Hip EBV &
i T RRRIE, 20 PR ST R B, IR 20
671, KSHV &R #5 U E AR AP R i
Z T, MSA EBV EHUI-1 (5L ebnal N
A FIREIARL ST R AT R R kB
WRELE , EBV FIR % P4 PR AH SR Z e 5 AH HAR
M, LRI R RIS EBV SR
CRISPR/Cas9 A, £Br EBV FmyFElmy, Al
F T LANA &1 KSHV fafgdi, PR 4
MIiE 1, AIRRIERIGIT 591 EBV B 5k 1
B PRI R R B IR,

FEFRE AR R HL X, B R R S K S
EBV B UIMG, HE I kAR50, TiE K
FEBSO ) B9 RIR, bart miRNA Sy e 8 . B
JE5E EBV BHYE R MRl 41 B 25 H 2Rk . Yuen
A OLL 3t B EBV REN41 bart J3 307 X8,
#1515 RNA, FIF CRISPR/Cas9 $i AXf EBV BH:
SRS AN R C666-1 HEA T HE [n 4t , 45 FIESE bart
SR I R miRNA 5 2 %, DO R MR L 5
FEMEE R IR, bart SERIFEIRTE 7t 25 BRI,

P — 25T 3 5 R P UE S A & IR 80 o AN
i, 1Eh EBV iR LN, bart miRNA W] iE
T I 20 0 R b sk S AT AL, R
AR PR RIESE 3k ) R AR bart S
HHRZR T B R R SR s AR LR S 020,
WA BN — iR KB, T4 XT EBV DNA
FEDIZH AN A7 55 R[] CRISPR/Cas9 4%, % &K
AR Co66-1 MEATHR M FEN gml, ATy
EBV DNA & H R 50%, MBARERHEYLH) C666-1
YRR HHRAE, (HA] R e A X7 250
BITRN S-3RUPR M E ALY 7 U, B CRISPR/Cas9
HOR BARE EAERH L SRRk e, (AT HA BhG
7 IR A T A .

Uk, EAN S A S B0 PD-1 A1 PD-LI1
G R IR T M S 1697 Bt g i
T NIRRT P IRIRT T A FMERE ) 12 G . EBV
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FNE BT EBV dEHPEB i, HAME
AR . PD-L1 P HER &4, Su &
# EBV-LMP2A i#53#) CTLs 1F M4, FIH
CRISPR-Cas9 H A [ il R HH %) PD-1, i SMSE
B ESE, MG JA A CTLs 7] {2 2 34 %t EBV-LMP2A
USRS N 2 S, M T 38X EBVaGC 2R
AEEtE; EONEENE, YEESIUNEIYTRT,
XA AR PD-1 A9 CTLs 7 EBVaGC At/
B B v & i B TR AR s A TR
CRISPR-Cas9 % AR H B A4 ML sE 1 T 4l
CTLs, JiFScHAE EBVaGC sh¥iisy ih HAT Hifb
JEER, AME—2FH T 408 4ky7 R )T
EBVaGC 24t 1 B #%

4 ZE5RYE

25 LTk, EBV BRI 2, S0 A
PRI B 22 S o B A1 2 20 M A SR RS Il
B, FEPRTE A R T AT 2 AR AR KL
RSB R P S s, SRR IR S AL,
EBV J&Ye s il & 9 oAb St . 2 A= s LR sy
T ) DGR R R A 5 B AR AR,
FH CRISPR/Cas9 [ gt 4 A AT LA S 2l 285 Wil
5 F AN B EBV Eio B8R FIfE F HORIEE A,
RAGTEOR LR E RO, DA XA
HMEFEIFI MG T RNA, HE 2 5
CRISPR/Cas9 #%t, AlmIKIGIT EBV MICHN,
JEHIE EBV AR e £ BB Y m PR T 0 A
FIR M

CRISPR/Cas9 AN FHF EBV FHICHFFE Sk,
PEAELL T USRS : (1) A e 45 0d iz
Wik, AT, BRAHSCHEEE(adeno-associated virus,
AAV) . 18 %% 7 (lentivirus , LV) H1 T ki AE Ky AH 1
CRISPR/Cas9 RSz BRI FIETE 2 8m, S
LR ZH 3 FE A0 M ) B T R S A XU, b
B2 B RE SR AL AN B AR . R R K
B, A, SNIMALL RN T A UG A S ik R
G BEBCAR . LA L1 CRISPR/Cas9

RGBT (2) CRISPR/Cas9 H A Ml %L
NIRRT H ARSI, BERRmaciee s
MR 5] S RNA BCHZE, o8& T Sl X
BRI 5 A8 e B IL A T, kT REZ
VS TERSE IR B PA1, 7053 98 25 AN SE R I
AR B sl . ERIVER RN sgRNA )7
OSN3y ey 4V S H T CRISPR/Cas9
FEAR e A A il e i A5 2% P 07
KA HIEF ] CRISPR/Cas9 H AN AZENEHE L
e iR, BRI R R M g G JE e
i HIV e gs, (HHE 5 T AHCIEHA I,
W3 S T RS PR S U] 727
CRISPR/Cas9 ZZtHHF AP, ALk
ER TR, Zid ARHGE IR AIRE, Bt
£ EBV EURHIE SEEIRIT IR RIS T — %
G o AHFRATTE PP AR B 3 R0 A FE Ak 21 1fs R
AL AE— BT, 75272 R g I g e
RIVER, JUHAEA: Wy ey T Hps e sg g 1 7
ERNT, TEFON IS A RN T, TR
1T CRISPR/Cas9 HARTE NFSPRAH AT Ik 1
TEREIRER, R SRl TR R R
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