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4, Tang 2" F| i} CRISPR/Cas9 % R I & T
TK.gE ™ gI K& &tk 0 th 3 K W W 5.
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Cas9 R4 DNA BUEE B 24T, 4R 5 fi ] [7] U5
YL 7% 8 e A A1 7 B AR B 1T b DT 52
SED AL G R, R R A A B R K TR R T
G A E 20 v, T B )R A S 0 BUEE DNA &
), 5k #h CRISPR/Cas9 H A K # 16 & R AKX
T T) I 2 R A A 3R A A I A, R 2 o 3
2 B B RICR L 4 R T T RS0 e A b T
75 4 BT AT A% L 38 2T A S B ROR

2011 4F, 4 0 P AE K 9 7E 3R I BT AT AR 2
G BE Bartha-K61 ¥k Oh E K 9 55 55 22 1 (0 3% 3t
BT N L EL AR B R A Oh A R I BACRE IR L BF
FEFE W BT OB (4 L BU 7 TSR 0 PR A R S AR
SRV, ALY AT T PRV 2SS
B oA il BIF SRR 10 DR AT R R B 3 DN Bk 2k 55 i
PETH .

1 #MRlEF*®

iR 58
pX335 ki, pBluescript 1I-SK (+) i ki | peD-
NA3.1(+) ki B Addgene 23 A ; FR 6 Pk Py )
i . pMD18-T #1& Wy 1 TaKaRa 4\ 7 ; FastDigest
Bpil #§ B Thermo scientific 2 @) ; T4 PNK g H
NEBEEED A R A 5 B B R & Ff1 DNA 42 B
R & E AR A Bk 3 BOL R & A bt &
K& EWHEAA R A IR DNA/RNA £ 5
TR & CRE 42 120 i DU A A= 9 I AR 2 ] 42
3t 5 Bg B AR %% 44 3R ] Lipofectamine 2000 Reagent
W B Invitrogen 28 &) s DNA i #E  B 7 £ 4% 3
A PIBHBAT FRZA F s PRV gB Al gD B sd BEHTAAR H ik
DUBHHT 28 W Ay A BR 2w BF & a0 il 4% 5 Alexa
Fluor 488 Fric 2T/ 1gG(H+ L) I { |5 38
s REVFEARA R A G4 1 (FBS) . DMEM
4 H Gibco 27 s PRV HB2017 #% th a7 BL B 2E 4
JBEA A B WIAIE 22 Hp oo 76 W0 A6 50 3 0 R v oy B
AT 5% 5 40 ML (PK-15) 8 52 L 40 i (ST 41 i) 1l
H 2 [ b M B AR 0 s 210 B Y O FF K 5 0 7
BIPEAF 5 0 T AL R 3
12 FEEFEARK

$EET 24 bl PK-15 40045 1% F T25 4k 5=
B, SRS ¥ EF DL 1 MOI (multiplicity of infec-
tion, MOD) J& e 7] £ 42 B T 240 B2, 7 48 2 i B 80 %%
o AR B 3 2% A B R 1 mL A A A 2 A
P50 S B (i P A7 40 i 24, UK R BCE 20 min, 5 {5

1.1

% 2 mL EP &, ZHMA 660 pL 9 5 mol/L
NaCl, B8R4 5 . BTk b 5 h 88 F 4 CokFd
K. 4°C 12 000 r/min B0 30 min, JH5Y 2335 1)
S W H B TR 2 mL EP 45 i, i A SRR Y
DNA fli $2 %, # % L F @i {5 EP 4 5 min, 4 C
12 000 r/min B> 10 min, & F ] DNA ##E %
R E A 3K, # 1.5 mL i EP %, /)5 10 15K
A T B 2 £ R BLR K & B, B RR A,
—20 CHFE 2 h Bad . 4 °C 12 000 r/min & L
10 min. ¢ L3 UURE A FE 9 75 % B JoK 2B
4°C 12 000 r/min &L 10 min k& 2., F L,
4 °C 12 000 r/min &> 1 min, BB AR, X T
JEIMA 15 pl 28 FKIE ML 4L, 4 C R A7
#H
1.3 CRISPR/Cas9 sgRNA J& i i ¥ 2

K95 75 3 R 4L 7 91 B A sgRNA FE 2635 11 R o
(http://crispr. mit. edu) , T & H PAM (NGG) 1)
sgRNA JF 51| , &£ ISR AN Y sgRNA B 5 b
F pX335 #AKNH , sgRNA JEFIFE 1 Fimn.

1 BATEEARBSHEEEED sgRNA F 3

Table 1 sgRNA sequences for targeting virus-related genes

BIE7/ RN 1951 (5'-3")

Primer name Sequences(5'-3")
sg-TK-F CACCGCGCCTTGTACGCGCCGAAGA
sg-TK-R AAACTCTTCGGCGCGTACAAGGCGC
sg-gE/I-F1 CACCGGGGCAGGAACGTCCAGATCC
sg-gE/T-R1 AAACGGATCTGGACGTTCCTGCCCC
sg-gE/I-F2 CACCGTCGTGCCACGATCCGACGAC
sg-gE/T-R2 AAACGTCGTCGGATCGTGGCACGAC

14 R K pcDNA3.1-ATK F1 pSK-AglIAgE £
M

PL PRV HB2017 #RIEH A B AR Y 1 TK
gl/gE FE 43 17 51, 4R J5 ¥ H % 4% 3 pMDI18-T
AR I, BE S AR KRS YD % $5 3] pcDNA3. 1 (+) 3§
pBluescript Il -SK(+) # Ak I, H LA g 3% # i kL
pecDNA3.1-ATK Fl pSK-AglAgE, M, TK A4
IF) 5 1) [ 4 A 25 WL 2 40 (sv40) poly A JF 41 5
PRSI TR 2 iR,
15 BEHFRSHHE

PK-15 4L 4%F 6 fL 40 M Al . 4 i i & %
ik 80%6 ~90 Y0 I HEATRE YL . 4 2 pg [A] R e 7% T
Ri 2 g sgRNA F 3 N 2L (2 2 pg) A ] 150
pL Opti-MEM 2528 50, 5 e [ #F of 12 pl
LiP2000 DNA #% 4435 in A 2] 150 pL Opti-MEM
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Table 2 Primer sequences related to transfer

plasmid construction

518 4 Bk

Primer name

5145 (5'-3")

Sequences(5'-3")

CCCAAGCTTCGGCAGAGCACCACGGC-
CCGGGTG
CCCTCGAGCCAGCATGGCGTAGACGTT-
GCGCAG
CCGCTCGAGGTGCACGCGTGGGCGATG-
GACGCGC
CCCTCTAGACCTCCAGCGGCAGGAAG-
GAGCGCAG

TK-L-HindIl-F

TK-L-Xhol-R

TK-R-Xhol-F

TK-R-Xbal-F

Sva0 poly A= (T CGAGOGTTAAGATACATTGATGAG

L R ERIR AT L5 min L g aCRNR B RO A 3 5
PORAW, BRIRS, IR E 20 min, 76 1 H],
P o5 5 Y 110 40 M R &5 1L 35 19 DMEM 3% 2 IR,
A 1.7 mL A& Mg 0 DMEM, B 5 B e 52 4
Bys i g 6 FLAn AR b Y 12 h JE B4 AR
5% FBS ) DMEM, K 85 55 MR 4k 22 i F 37 °C 4
i 5% 5 46 B 5% 48~96 h,
16 EHKRSW PCRETE

FI 96 5 % R DNA/RNA $2 BUR 7 & $2 B &
2H 5 7 Y BE DR A, AR B O R R DR R 2K 0 L A
Primer 5.0 K F & 715197, 8 5 LA 5 419 75 19 L A

Xhol-F NI NN < N .\ N N NTR
St ol A- G MIRRHEAT PCR 514 . 4% 1 i ok 2% 300 FF I35 3 77 e
h GCTCGAGCCAGCATGGCGTAGA N . _

Xhol-R iﬁ('ﬁ%ﬂiy%l%f?ﬂﬂﬂi’%S@?ﬂ“o

axigrr  CCOCTCOAGCOTCOACGOCGTOA 47 s S R BB R LT
Lindil g CCCAAGCTTCCAGGGCCGTCAGCA- i ST 4ufE 40 F 96 FLANME A . 43K 3 4.,
gl-Hin - N VA P ok
CAAAGAGGTCC FRLH 10 AL, R K W 2 )5, b 1
E Hind [L-F CCCAAGCTTGGACGACGGGCTGTACGT- PR B
I CGGAATTCGGTCGGCGGCGCCCAG- A1 HEER 22 AR FEHE PRV HB2017 £ (MOI=0.01),
gEEoRIR  recACAGGT
/ 55 3 41 A DMEM fE X HR 41 (Mock) . £ 80 %6 1Y
K3 EHFRSLETEIY
Table 3 Recombinant virus identification primers
EIE/EX S FlHFH (5'-3D) R BN

. ol o
Primer name Sequences(5'-3")

Amplified fragment size

gE/gl ide-F GATAGACGGGACGCTGCTGTT

gE/gl ide-R TCGTTGTCGCTCTCGCTGTA
TK_ide-F GCTTCATCGTCGGGGACATCAG
TK_ide-R GCCACGAGCGCGTCCATC

BRI 663 bp; BFAz R 2 971 bp
The deletion type is 663 bp,the wild-type is 2 971 bp

{2 Y 583 bp; #F A= AU 433 bp
The deletion type is 583 bp, the wild-type is 433 bp

0 B AR B, 3 s SR AL PBS UER 3 S L TR
fifil 4 °C [# %2 30 min,2% BSA 37 ‘CE M 1 h, 2R )5 H
PBS ¥Ei% 3 . BJS 3 L4 5 A~ LA 100
pL gB BATEREHTAR (1 : 500 B, S A 5 A FLImA
100 pL gE B FEBEPIIR (12 500F B) .37 CIFH
1 h; PBS ¥ % 3 i J5, A 50 pL 2 $i K IgG
(1: 300F ) .37 ‘CHFH 45 min; PBS PE¥%k 3 5
BT PO BB U,
18 BARSHEEREMENE

& 4 ¥ PRV HB2017ATKAgE/gl ¥k 1
PK-15 4 g b2 E 0, 5 5.10,15,20,25
A 30 8% B . i FH 51 4 gE/gl_ide-F/R Al TK_
ide-F/R XJ ik 2% & X 19 38 43 77 91 i 47 PCR 473 ,
I ¥ PCR F= ¥k 2= iU RH A 9 28 7T

1.9 BEARS—TEKMELH

¥ PK-15 40 L 2 X 10° 4> /FLAEAC T 24 fL 40
JRLA H o 5 AT s B S R B LA 0.1 MOT ) J8& e 51
HEAE A AR, BT 2 h R 200 FBS Ry HE IR AR
QRZdE AR, AEEFNENER R 6 h Wt 1R KA
B R s T —80 CUKA VR Rl 3 R JE WAk . K
F it BF5C 56 A1 Reed-Muench ¥ 78 ST 40 i ) %€
IR L TCID, - 2l — 2 A K 4R .
110 ERRSREMIKE

PRI 21 H % i P E R 5 05 B 1 PE A1 5% (gB B ik
M gE BRI MBI 15 L BEML 4 3 . H4A 5
L, Hofho1 A M OfF M O R O R PRV
HB2017ATKAGE/ gl # (107" TCIDs, /3k) . % 1 4 Y
5% 0% & 3 F PRV HB2017 # (107" TCID;,/
) L85 3 A ERN 1 mL i DMEM 15 S xf I
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4, HERE WA 21 d, BRI o AR R U8R AT IE
SR R HE AR
111 BEARSXNFENEERP ARG

VR 21 H 8% 1 o A R0 s 75 B PR AT 8 20 Sk
(gB HUIRFN gE PUiR Y R ) L BEHLAT h 4 41, 4
5 k. bR B W IR, 2 A A 4 B L E PRV
HB2017ATKAGE/gl #k 1.0 X 10%° TCID,, /3k 5 8%,
1.0X 10" TCIDs, /3Ly . 55 2 A5 1 mL DMEM,
VR TOFg 6 HR A A SR X IR, e a o 28 KL fifi
F PRV HB2017 #XF 2 A% 38 21 F1 U0 35 X 1R 241 3t
i B IR, I FHF &N 1.0X10% TCID;, /3k , 55
XTHRZH T & 1 mL i DMEM, %5 5 W45 21 d, 4§
KWEE 2 P, M A 10 s AE AR .

2 #RE5H

21 PRV EEH%kFES HB2017TATK %M E S
YE

¥ PRV HB2017 24 & TK [RIVRE 5555
JFki pcDNA3.1-ATK il sgRNA sg-TK 4% 3t 3|
PK-15 20 ffd o Bl J5 Al A PK-15 41 Bt 328 17§t B 20
fb. @it 3 R aifb )5, MK ETI Y TK ide
XPE AR BRI AT PCR %58 . PCR =14 1 % Bl IR B
RS HL VK T 45 5 R . HB2017 SEA FE kY 5 7 )
K /NH 433 bp, HB2017ATK £ #£ Fl pcDNA3. 1-
ATK Fki -3 7=y e /h—3%, g 583 bp (& 1A) , 3
MI3K45 T HB2017ATK #k.
3 4

M 1 2 1 2 3 4

M

bp | i bp

50004

3 000

2 000

1 50084

1 000 ]
7:

2 0008

AR B EANEE TK  gE /gl R iy %E 45 R A Fl B (¥

M K38 4129 DL2 000 Fl DL5 00031 4 4% B ki s 2 O 36 A 5 bk

HB2017;3 A EA R H ;4 FPIEX B, A and B are the identifica-

tion results of TK and gE/gI genes of recombinant viruses,respec-

tively ,and the M lanes of A and B are DL2 000 and DL5 000, respec-

tively.1 is transfer plasmid, 2 is the parent strain HB2017, 3 is the
recombinant virus,and 4 is the negative control.
Bl PCREEEHRS

Fig.1 Identification of recombinant viruses by PCR

2.2 PRV X F &k % % 5= HB2017ATKAQE/ ¥k #9445
BE5EE

¥ FE 4 H PRV HB2017ATK RS H 4 . & gE/
gl 7] 5 1) %% 7% kL pSK-AgE/gl #1 sgRNA sg-
gE/T-1 Fl sg-gE/1-2 2L e 31| PK-15 4l , B /=5
FIH PK-15 4 E 47 ph BE2li 4k, Zead 3 46 bl B 4l
o) A T4 E 51 W) gE/ gl _ide XI H 20 45 7 17
PCR %5E , PCR 7= ¥ 4 1 %0 355 W 86 e v VK I 285 2%
R HB2017 EARBERRY B =9 KA 2 971 bp,
HB2017ATKAGE/ gl ##kHl pSK-AgE/ gl ki 4
FE R /N—F, K 663 bp(El 1B),

B HB2017ATKAGE/ gl #l 2% A< 2 £k
HB2017 #:# ST 4, B J5 FIJH PRV gB Fl gE 1Y
BT YU HEAT M R S O . AR LI,
gB HL T ORE BU K F R, R E 4 W R
HB2017ATKAgE/ gl Fl 3% A B # HB2017 1Y 2 il
Py W B e (90, SR gE B sC BEPLIR I &
Jo s R SR EARTE R HB2017 A9 20 Jfg 7] W 8¢ 31 43
EOOE I 2) R E A 8D gE BN C A Rk
Ko LS REBW LG T TK (gE gl B 6k
A PRV A [H B 2% #% # PRV HB2017ATKAGE/
gl ¥k,

23 BAKRSEEREENE

T K PRV HB2017ATKAGE/ gl ¥k 4 138 1%
FeE Pk EAT T AN % S AL AR K X B AR TE PK-
15 40l b 3% 2 G 5% 30 AR, &b 5 fRiHE 1T PCR 971
FU R, 45 5 7% PRV HB2017ATKAGE/gl ¥k 7E
TK (3 Fl gE /g T (J 3B) H: [H i 2 38 43 Ak o Fa
JE L NBERE .

2.4 PRV HB2017ATKAQE/gl %k — 4 4 < #h 2k 24 %)
i3 X A #F PRV HB2017ATKAgE/ gl Fl
HOoEATE PRV HB2017 HEATA K M 2 A9 I 52 & B
PRV HB2017ATKAgGE/gl 7E 6 ~ 30 h 4% 7% %
WA T H g A #E PRV HB2017, BfiJ5 7E 36~48 h %
H I 200 B A8 O,
25 PRV HB2017ATKAQE/gl #k X {F L & ¥
R

PRV HB2017ATKAGE/ gl #: M7 14 )5 A1 55 K
FI AR T & ATBEE R BB SRR R R
FRAER 1 PRV HB2017 #2507 5 I 20 35 22 5
AT BT, RIS R gl (gE . TK EHEM
PRV HB2017ATKAgE/gl B 785 8059 . W1 72 %
R
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M 123456738

M 123456738

AR B EALR T TK (gE /gl B %EL A, A T B Y
M 7k i 43 5124 DL2000 1 DL5000;1 3 PRV HB2017;2~7 & 41
WA PK-15 £ {UE 5.10,15,20,25 Fl 30 L, 3k M 5 8
B Xt #8 . A and B are the identification results of TK and gE/gl
genes of recombinant viruses respectively,and the M lanes of A and
B are DL2000 and DL5000 respectively.1 is PRV HB2017, 2-7 are
the virus harvested after the recombinant virus passed to 5,10,15,
20,25 and 30 generations in PK-15,and 8 is the negative control.

B3 ZARSE PK-15 hpiEgREE

Fig.3 Genetic stability of recombinant viruses in PK-15

10 -@- HB2017ATKA gE/gl

-~ HB2017

5 -

= 8r

DEM

T2 o

£ =

R 7

=

i ok

= 2
0 1 1 1 1 1 1 L
6 12 18 24 30 36 42 48

JEYL IR [a)/h
Hours postinfection
B 4 PRV HB2017ATKAgQE/gl A
HB2017 7& PK-15 20 Al i Y A K i 2k
Fig.4 Growth curves of PRV HB2017ATKAgQE/gl
and HB2017 in PK-15 cells

HB2017 ATK AgE/gl

EHERERLETEARS
Identification of recombinant viruses by indirect immunofluorescence
x4 EHARSWFENZLEMERRER

Table 4 Safety test results of recombinant virus in piglets

FREL A , .
o L R ,
4151 (Z41°C) 47w . T
| . Neurological
Group Continuous Sneeze Death
. symptoms
high fever
HB2017ATKAgE/ gl 0/5 0/5 0/5 0/5
HB2017 5/5 5/5 2/5 5/5
Xt HE 2
TR 0/5 0/5 0/5 0/5

Control group

2.6 PRV HB2017ATKAQE/gl 3 {F3 M E RPN

oo A OfE R W 1 K M PRV
HB2017ATKAgE /gl J5 & 3 & i 5E K, 76 2 28
KR PRV HB2017 J& oK 30 & 9 5E fR 5 207 XF
MR 7R 28 28 K#EFh PRV HB2017 545 3 K
PR | e #AG AT M 1 B Bk 220K IR AE L S 56 7
KHIICT ;25 [ B AE 3 00 b ok 3R 30 H & o
Ko fF 8 & W S W E 5. & B PRV
HB2017ATKAGE/ gl X7 4& BAT R&F ORI GE ) .
3 it

2011 4E, 1R & 9 Bartha-K61 # D F£ K %% 55
BEREM BT A RN, #78 LL PRV
SR AT B ARG R B R R D L SRR
G 5 I T TR S 1 e 9 RN 5 AN [) R T 179 28 X
I AFAE 22 5 5 LUK 0 ] N I AT 5 AR Ol R A 1 Bk AT
DL A A 0 e e 3O . A BFSE R B9 2017 4R AE
WAL R 7 0 B A3 2Ry 42 S bk HB2017 Bk 5 E N
WATEEMR LR S 2011 48 2 J5 WY 47 8 bR AL T [R]
— AR 37 T 5 4045 Bartha-K61 #R7E P B BR 5
B PR AL T AN 7] 9 32E 6 43 32, DS S 5 Ak HB2017 Bk

i#
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Table 5 Test results of immune protection of piglets with recombinant virus
96 B R (TCID50) KA L

L Virus infection (TCID50) Morbidity

2H )

.\ Lo E (=417 - ZE0E IR

Group HB2017ATK HB2017 *C'ji,(/ YO e N?EF Ifwt | EET

AgE/gl (1 d) 28 d ontmuons Sneeze CUTOTOBIEA Death
high fever symptoms
P14 X
Gt E . . 106 108 0/5 0/5 0/5 0/5
Immunization Group 1
PE 2 4
s 4E . . 107 108 0/5 0/5 0/5 0/5
Immunization Group 2
T 7 % iR 4
BRI 0 108 5/5 4/5 2/5 5/5
Inoculated virus control group
Z5 X HE 4
= HA A 0 0 0/5 0/5 0/5 0/5
Normal group
ﬁ%z’g%*}kﬂrﬁu%ﬁbﬁfjﬁ%ﬁ{ﬁgﬁ%%**ﬂﬁ%ﬂﬂm [3] HUR M,ZHOU Q.,SONG W B,et al. Novel pseudorabies vi-

FHT N PR AE R A5 04 7 22 5 Ak

TK Ml gE 3K 2 PRV (9 F %G S HK, TK
N P OEAN A T E (G )
R PRI 5l 2R 3% 5 P ) B Bk B A g E BRI 5 PRV
[Pl 22 W8 PR PRV T 240 Ja 1) (9 7 HIOHE OG . g E 3 A
BB 2508/ PRV 7 = S48 i1 52 S8 22 90 T )
&Yy oI fE PRV R AR T, BEAS AL i#F 96 B 7E #h &2
G py 5, X R R R 2 s A AR R
AR

AW 5T LA 25 Hi AT B9 O A R e BE S S B PR
HB2017 ¥k K35 A R ] CRISPR/Cas9 A 5 1 [H]
IR ARX BRI B JJ 5L TK (gE Ml gl #E4T
mRR, oA PR Hb o T OB K 89 W bR PRV
HB2017ATKAgE/gl #%. ZJ& » % HAR #1717 %)
W58, ok PRV HB2017ATKAgE/ el ¥k i 41 fg
HamE M 4 5 R AMARL B B A s RE et
o AR RE ST A A R 5 3% DR i R R ) ) K
PRAE R Jos 52 B9 BOF A 2 £HE 0 R R M 2k B Bk T8
PR 1 #2542 3t 2 %
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Constructing pseudorabies viruses with TK . gE ,and gI gene deletions
based on CRISPR/Cas9-mediated homologous recombination techniques

ZHANG Huawei,ZHOU Mingguang, HOU Zhenzhen,
ZHU Xianjing, HAO Genxi,]JIN Jianyun, XU Gaoyuan

Wuhan Kegian Biology .Ltd. R & D Center ,Wuhan 430200,China

Abstract In this study, CRISPR/cas9-mediated homologous recombination technology was used to
genetically edit the pseudorabies virus (PRV) HB2017 strain isolated from a pig farm in Hubei Prov-
ince,and a PRV with deletion of TK ,gE and gl genes was constructed. Afterwards,the gene-deleted
PRV strain was obtained by techniques such as plaque purification. Subsequently, characteristics of the
attenuated PRV were preliminarily studied by PCR, gene sequencing,indirect immunofluorescence assay,
growth curve determination,vaccine safety and efficacy tests. The results showed that the TK ,gE and
gl genes of the PRV HB2017 strain had been deleted,and the growth curves of the attenuated PRV
strain PRV HB2017ATKAgE/gl and the parent strain PRV HB2017 strain in PK-15 cells were not sig-
nificantly different and had high virus titer. After the PRV HB2017ATKAgE/gl strain was transmitted
to the 30th generation,the deletion sequences of the TK and gE /gl genes were stable and could not be
recovered. The PRV HB2017ATKAgE/gl strain is safe for piglets. Vaccinating piglets with 10*° TCID;,
or 10" TCID;, of the PRV HB2017ATKAgE/gl strain could protect them from the attack of 10*° TCIDs,
of the PRV virulent strains.
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