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Abstract; Marek disease (MD) , caused by Marek’s disease virus (MDV) | is one of the most serious avian immunosuppressive and neo-
plastic diseases, and it brings damage to the healthy development of global poultry industry. Due to the persistent evolution and increasing vir-
ulence of MDV, it is urgent to develop novel and high efficient MD vaccines against this disease. Herein, using the CRISPR/Cas9-based
gene editing technique, we successfully constructed a meq—deleted MDV mutant named HN302Ameq using the highly virulent MDV Chinese
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variant HN302 as a parental virus. The stable deletion of the meq gene from the viral genome of HN302Ameq was confirmed by both of poly-

merase chain reaction (PCR) amplification and subsequent DNA sequencing. Indirect immunofluorescence assay (IFA) and reverse tran-

scriptional real-time quantitative PCR (RT—qPCR) analysis also confirmed that the Meq protein did not express in HN302Ameq—infected

CEFs, and the deletion of meq did not affect the expression of other MDV~—1 genes. The in viiro proliferation curve of the virus determined by

qPCR showed that deletion of meq did not affect virus replication. Animal experiments on 1—day—old SPF chickens showed that, compared

with the parental HN302, the pathogenicity of HN302Ameq had been significantly weakened, and all of the cumulative morbidity, mortality,

and tumor incidence of MD in virus—challenged birds were 0, without any serious atrophy of immune organs. These data indicated that, com-

pared wwith HN302, the virulence of HN302Ameq was significantly omitted and it might possible to be used for future studies on MD vaccine

candidate strains. In conclusion, we successfully constructed a meg—deleted mutant of the virulent MDV Chinese variant, of which the viru-

lence was significantly eliminated; and this study might serve as an important basis for future research on MDV pathogenesis and development

of novel MD vaccines.
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SRR . A ITE . $EAT 24 h 7E 24 fLARCHE
M8 2. 5x10° A/ ALEFI LR A0, B T38.5 C | 5%
COEFMI R R F%, Hl#% CEF M2, #2#/ Trans 1T-
X2™ Dynamic Delivery System i3l Ut B, % Trans
IT=-X2 FIAWETE BT LR ) 26 PR AT 9 pX459-gRNA Tk
X gR-F3/gR-R2" SR A 5, HLHE Y CEF Hz,
BT B PE I, 24 h J5 B 1000 PFU/AL,
3000 PFU/fL, 5 000 PFU/FLFT 7 000 PFU/HL 4% Fh
HN302 i RE, %5 48 h J5 P B AR 116 T 20 i
2, WCH b — 2Pk 8/ A0 37, 4 000 t/min 5.0
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ML/ 85 5L DNA, R 1 S17R 95 195%F meq—F/meq-—
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30s, 60 °C 30 s, 72 °C 2 min, 30 NG, 72 C4E
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meq—F TGCTGGAATGTTAAGAATAAATTCCGCAC
meq-R  TCAGGGTCTCCCGTCACCTGGAAACCACCA el
yg-gB-F TCTAGGGCATGGCACACGAC
yg-gB-R GAATACGGAAACACAGAGCGG 2
yg-OVO-F AAGCAAGAGAAATGGGCTGAT
yg-OVO-R AGGAGGGGAAGACATCCAGTA 1
yg—~RLORF4-F TGCTTGTTTTGGGTAATTGGTC
ye~RLORF4-R  TACTGGAACACAAGACTATGAGGAC 2

yg—RLORF5a-F AATACCTCATCGCAGAGACGC

yg—RLORF5a-R CTCGTTCCGTTCGCTCTTTC
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SIBEE 30 min, FIREA PR SE S, #EE
PBST il Vi 3 i, d5cJi — 20 58 U W8 Jin PBST
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Kl meq . gB. pp38. RLORF4 Fl RLORF5a HYAHX 3
KK
1.7 fREAMETEELNE

¥ HN302 5 HN302Ameq % 8 500 PFU/#L 5
R CEF ¥UZ, 1F 24~120 h BF (] Ny &E]BR 24 h i
LEANM, A I TR/ 20 i/ 41 20 3k TR 4 DNA 42 B
EPEHUS DNA, DLJBOR b ot 26 0 A S I A T
RT-qPCR P41 | fr il MDV -1 5 785 56 D 45 Sk 5|
ek 1, B RAmA e 3 M EE, RS
WIS ¢B 5 ovo FEFE VUEUIY LUAE, XF R E 7 40
Jiir MDV B N (85 DUBGHHE T &, il RS M B
HFEMh 2
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AE R BIPEXT B, R SR T CEF [0 40 i B,
B2 4R 3 44 B o I8 B AP HN302
HN302Ameq J 22 B A LR (2 000 PFU/ X)), I
B % HWEE, eI XS (I R RN . IR & A=l

BTSN, ARG R 74 d ST, FTAAEIE R
BIAb LAZ SR FEIEIEA TR, KA P . RGOE . EFAEAN
Ji 8 PeogeE iz AR B, R R SR AR T 22 AR BE B IR 7
R RS ESITR SR O T W Y 1 N AN v
PR IR AL, BT LMD I REEIR | K
BET R 56 45 o A7 T35 X Sk & SR 1Y), B 28k
MD il FTA 99 SO T X L 0 ) 3 4% oA T X )
R BRI 1Y), ¥4 R IE 20 MD g & AR 0
MD fifEd & A= = MD Bivga i B4 S 8x 100%
1.9 FEMERRBIEENE

1.8 ik MDV ARG 14 d J5, R 1R
YCRE LR B PEXT B2 25 BEALBE L 5 HAG PR R,
R 14 d F1 21 d XSFRE 5 A0 L2 AR AE, 435
PR R AE AR | PG LR, AR e %, OF
RIS IR, R R = R HH A
RFEX100%
1.10 ZEit=aH

i GraphPad PrismVersion 8.0 ( GraphPad Soft-
ware, Inc., 3% [E) Fl SPSS 21.0 ( IBM SPSS
Statistics, FE[E) GG AL, RIS 517 %
BEL RO R ZH 100 X 0 1A R S e B AR, B LA
OB bR UE T %%/j?, 21 8] Hb %58 5% A Log rank ¥
KRGS EEER, P<0.05 F£xBA54 %

2 R

2.1 gRNA RHELEE meq BEEHIER PCR 47

h T AYEE MDV 28 S0k HN302 £ meq FeIA Bk %
PR, B meq FE AT S P S 0 1 X pX459 -
gRNA FikiZH & gR-F3/gR-R2 ¥ Yt CEF, SRJ5 15 Ff
JERYY HN302 i HE , 38 ) JBokE A e/ w SR g 1y =X
WA IER dE . MDV YL 48 h J5, UkSE CEF JfH %
1 517R BYRE ] meq J DX O 1) 45 S5 1k 5 1 0 % meq—F/
meq—R #F17 PCR ¥ 34, 5347 meq IR 4 48 O 80
gRNAs [ PCR 5141F00 8 S 7E MDV L DK 20 rh i AH X
PLSINE 1 iR, PCR P3G K Pk o0 A1 25 3R B
TEAT pX459-gRNA JFURL 5 Y -4 R HN302 %5 7 1Y
CEF ', BRTH 1 H—2420 1 121 bp K/NAYEFAE RIS
WA, R 3G — 252 196 bp K/N Ay 3 K g
/NG, MIAERFE YL gRNA UKL/ HN302 FH 24 e
S BAMEXS IR CEF h, BoRP™ 1 3k F 4 4 11 28 A8 7Y
N (E2),
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ottt pi = = S >= S E
-1

E: TR FRKARMELZFS, U FoR KX, IR FRKAMELZRFS, IRFREHNMEZFI], URREMEFX, TR FREAE
2R,

E1 MDV EFED meq EE AN gRNA S5 RE

2.2 meq EEE% MDV SN RLEE

W L3R PCR S50 S A L 1R 4 8 110 95 1/ 40 M 5% 75
PIiEAT A7 BR AR R . BB Rl . PR IEREPREE . PCR
WE DL NGESE 3 B TERE il ARG — meq K
PRI 1 MDV 38k, 744 0 HN302Ameq, i 5F 5o FE
S C10-1-1, @i PCR ¥ 34 IF TR L TR meg
FEDR G 5 AR /NG, I A AT O B A R
FIXFE, ESZE HN302Ameq B & A& M meq 3 K 9 i 2

M. DNA Z3Fi&; 1. HN302 EARTEEMR; 2~5. S 0IF7R IR 2 He i )

B (183)
o4 1000, 3000, 5000 A7 000 PFU/FL; 6. CEF FHMEXTHR, °
2 PCR % #7 pX459-gRNA RHIEE CEF B meq
ERRHEIR
PAM DSB DSB PAM
( _______

A }

GATACGGGATGTCAGGGCGACTGCTAGGTAS GGAGCCTATGAGTCAGATGCCA! GGTCCACTGCCCTCTGGGACT

170 180 150 ) 210 220 230 |1110 1120 1130 1140 1150 1160

HN302 GATACGGGATGICAGGGCGACTGCTAGGTAS GCTAGAAAGAGAGCCCAGCTGAAGCICIG |GGAGCCTATGAGICAGATGCCAGACHACCAAAGGTCCACTGCCCTCTIGGGACT
HN302 A meq GATACGGGATGTCAGGGCGACTGCTAGGTAS GCTA CQACCRAAGGTCCACTGCCCTCTGGGACT

1. PAM F/RATIE BTSSRI, DSB 2278 DNA XURE K 2407 o5,

B3 meq EEFFILLX (A) F1 HN302Ameq EFHEFFIEL (B)

B HN302Ameq § K F2 IF L E10 15 3k, IF Y meq FEN =9, 0] HN302Ameq 2 5E 1 B 4F
FIH PCR &EIEE 1~5, 10, 15 CFRpeE, 4R E  HREERERDE (K4),
ARG DNA A4 LAY 14 1Y 196 bp FUZEAE
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M. DNA 4345 1. HN302 SEAREM; 2. ARALLAYIR G 5L ik
JRRE; 3~9. Fn HN302Ameq AR AIEIC 1, 2, 3, 4. 5, 10 F1 15
Y 10. CEF [F1ER}IE

4 PCR 74 HN302Ameq E R HEMNERBEM

2.3 meq ERABRKF R HN302Ameq HIERRIES
Rt —2 U meq FER BRI RS &5

SRR DBE gB

HN302

HN302 A meq

e FCAe B B R A 3R3E T e R TFA e @il 1ok
ATERE HN302 F1 45 48 5k HN302Ameq /&Y CEF HL
JZH MDV -1 R 2P Meq Fil gB HU3RIA, 45000
7%, 5 HN302 #HIE, HN302Ameq /&Y: CEF {5
BRSO CYL AR PR BEVEBE, TR DL2T (2
PR R BE (K 5), BLEH HN302Ameq H' Meq
EHTERE, PR NmEFR AT
meq FEH BRI . FIH RT-qPCR K 585046 B 3 H 36
RIS R R, HN302Ameq HFBR T meq FE AR K H
Tk z ok, HAbGAR FE KN gB . pp38. RLORF4 Fi
RLORF5a ¥JIEH 363k, H HAH X 31k & 78 2 48 35 1k
HEAGHRZ BT R EER (P>0.05) (Kl6), it
HH meq F PR 14 S i 2 I AN M 3 6 2, 1 5 35 PR )
Rik,

Bl 5 HN302Ameq Bt CEF §1 gB 1 Meq & B R IEH IFA 247 (LEBHIR =50 pm)

1.5+
T
1.0
os-I
0.0-
gB

Bl 6 RT-qPCR %4 MDV Bt CEF o mEEE
FiEKFE

mm HN302

: HN302 A meq
|
I ]
T

meq pp38 RLORF4 RLORF5a
#H

F P FIXTFAEAK P

. * RN P<0.05,

2.4 meq EFEERK T HN302 4 5ME 5 AE 11 B9S2 00

HAYHT meq FEP B %) MDV K41 52 1 68 1 2 75
2R RN, T RT-qPCR K 1 3 A 30k 15 2
TR CEF 1 MDV -1 gB SEPR R 5L ovo HOFE
DFOF AT B Hr, 45 R EoR, FFEARE R HN302
F1 9 55 7 A& HN302Ameq 11414 S 38 5 #h £ A H AH L)
(E7), HAEYL S R — ) 5 2 DEEfRZ a1 gB
BN N B2 R AR (P>0.05) .
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Fsek FH10M <77 -

—e— HN302
-o - HN302 A meq

T T T T T
24 48 72 96 120

JRGLME ] /h

E7 HN302Ameq ERE K F K7 CEF Ay 5HE 2k

2.5 meq EEHLIT HN302 5% 8800

TERR BRI YL JG 74 d PN, HN302 B YRS i R B 1
T BAERTELH, 1 HN302Ameq 2H X g 3 A 4K & Ay
TH MR M 2555 F HN302 41 H 5 B M X B4 3 A — 3
PR L T 22 5% (P>0.05), W3k 2, 7E)%
Yl 14 d 121 d, HN302 JEL 20 il 4 T 38 Korn ik
BREG BT FAPEXT B4, 1 HN302Ameq /&G4 5
FAPEXT R ZH A — 3, 00T HN302 Bragd; 7e/4
BEFEECT, HN302Ameq 2% 44 241 5 BA M X6 B 2H 22 (6] T
WS, 1M HN302 R YL 4 03 T P iR
(P<0.05), VLIS,

% 2 HN302 71 HN302Ameq B8 fy k= g/ H
S J ]/ d
215
14 (n=5) 21 (n=5) 28 (n=5) 35 (n=5) 42 (n=5) 49 (n=5) 56 (n=5) 74 (n=10)
MIPEXTHE  125.49+15.54 183.40+22.38 240.09+14.94 302.77£25.17 433.95+21.11 495.60+41.63 649.85+65.06 882.10+130. 28
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