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Abstract; To investigate the genetic variation of JL1 strain of Porcine pseudorabies virus from Jilin province in
China. TK, ¢gl, gD, gE and gB genes of JL1 strain were cloned , sequenced and analyzed with domestic and
foreign strains from Genbank.The results showed that the nucleotide homology of TK, gD, gl, gE and gB genes of
JL1 strain with reference strains were 99.6% ~ 100% ,96.4% ~99.9% ,98.8% ~99.9% ,98.1% ~99.9% ,98.4% ~
99.9% , respectively. Amino acid homology were 99.4% ~ 100% ,94.3% ~99.7% , 97.3% ~99.8%, 95.7% ~
99.5% , 97% ~99.7% , respectively. Amino acid sequence alignment results showed, there were two insertion of

amino acids at position 48(D) and 496(D) in gE of JL1 strain, which was consistent with that of the epidemic
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variant strains. At the same time, there are different numbers of amino acid insertion and deletion in gD, gl and

gB gene, respectively. Phylogenetic analysis showed that PRV JL1 strain was closely related to the epidemic

strains isolated from China in recent years, and it was far from the classical strains from foreign—country. In this

study, genetic variation analysis of important genes of PRV JL1 isolateds from Jilin province was conducted to

further understand the variation of PRV in order to provide a reference for the current prevention and control of

PRV and vaccines development.
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BN R G 5 ( Porcine Pseudorabies Virus,
PRV) J& 5 DhAE K g JE AR AT 5 L 2B A7 A 1
e By | BT I I R R B B AT 25
TS ™ L PRV A — 26 2B
EAZ 55 E ARG, Hrh gb Al gl 3602
PRV 3458 1R 575 8 1, (R B PR R4 5 77 1
THRE, gb K& PR3 P A Sy S 531 BB e SR g D82 1 4 22
MEEEAT oD M oB Wi Ak & i Br
TP A, [FI A2 PRV S B A s R 8
o AL A R R A 8 S 1 7 TK 3
PR (3 ) S PRV AR AR RN 20 85 1 3
XA AR RGP E R E AR

H 2012 4E LK, 14 £ Bartha—K61 R &
PERG G PR R DRI | R R TSR T 2 2 3t
DXz A8 4 TEFRE 248 Oy W55 D AE R 9 v
PR 1) R R RT3 2R W T a3 B
R —LEHE PR A2 AT HA —E R ER
A5 I TR R RE AT BE BRI L

PN T IME LA, 25 R AR 1 T B I & T R
o N TR FE b X5 B PRV JLL BRAY i3
178 S L, % H 32 SR PR R A 7 e A I e R st A% AR
SeorAT, LI 4 I 5 AR PRV BT B v 1) AU 1
FUR AR I T )y A A PR it 2%

1 MRi5HE

1.1 ##

1.1.1 s&&F5&A PRV JL1 ATEERR, L5 = 14
17 RIGFFE IM109 325401, pMD18-T Vector,
Ex Taq DNA 2 & [, PrimeSTAR HS DNA Polymer-
ase , Marker DL2000, 250 bp DNA Ladder ¥J g H
TaKaRa /A% ; DNA Virus Kit 14 1 OMGEA /2 7 ; 5
JB& ISRl 6 B ook B & E Oxygen 22 H]

1.1.2 5l4ikit 54w &M GenBank %5 N
BK001744 1) PRV TK .gD gl .gE F1 gB &3 H ¥
FIBET 5 XREET 1Y (R 1) 978 B BoRsh
S5 963 11011203 1734 1 2742 bp, 514135
R SE A TR A BN 5

*1 SlMF3

Tab 1 The sequences of primers
519 FH1(5-3") F B & /bp
Primer Sequence(5°-3") Size/bp
TK-F 5" -ATGCGCATCCTCCGGATCTAC- 3~
TK-R 5-TCACACCCCCATCTCCGACG-3~ %0
gl-F 5 =ATGATGATGGTGGCGCGC-3"
gl-R 5" =TTATTGTTCCTCTGCGATGGTGG-3" Hot
eD-F 5 =ATGCTGCTCGCAGCGCTATTG-3"
gD-R 5-CTACGGACCGGGCTGCGCT-3" 1209
gE-F 5-=ATGCGGCCCTTTCTGCTGCG-3"
gE-R 5" -TTAAGCGGGGCGGGCATTCA-3- 1734
gB-F 5-CTACAGGGCGTCGGGGTCCTCGCTCTC-37 74

gB-R 5-ATGCCCGCTGGTGGCGGTCTTTGG-3"
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1.2 Fi&k

1.2.1 w4 W4 DNA 423 % PCR ¥ 3 %K
OMGEA 2\ F]f% Viral DNA Kit 1560 5 #£ 8 DNA | f:
DI PRV BLPHZH DNA S REAR X S 06 28 {77
) JL1 TR TK (gl gD . gE F1 gB & K 43 5347
PCR ¥4 S WK % 4 . Ex Taq Mi§ 0.25 pL,GC buffer]
12.5 pL,dNTP 4 pl,DNA #it 2 L, b FE5 14
% 0.5 pL,DEPC 7K#h 2 T 25 pL, PrimeSTAR HS
DNA Polymerase 25 pL, GC buffer 12.5 pL , dNTP
2 uL,DNA #AR 1 pL, B, FHE5I#4 0.5 pL,
DEPC /KAMEF 25 pL, TK. gD gl FEK ) PCR %
IR 195 °C TS HE 5 min, 94 °C 781 45 5,59 CiB
K 1 min, 72 °CZE{# 1 min, 35 PMEIH; 72 °C ZEff
10 min, gE.gB &P PCR KW AEIT .98 CAEPE 10 s,
60 CiB Kk 5,72 CHEMH 1 min 40 s/2 min 40 s,30
MBI, RS, 3 ~5 uwl PCR ¥ 14779

KN T4 PCR =43k A T A9 0N w47
1.2.2 Bey AR LA H DNA SR RISGR )
aaifb i B w R B, JF 5 pMDI8-T FefE ik T
16 C T, K H % A KMo AT 5 sz 285 40 g
IMIOO H Ik i TR AN HEH R (RWRERN
100 wL/mL) i) LB F# [,37 CHFF 12~ 16 h,
SR BRI SS , BREBUR TR T 6 mL H &N E
T (LR H 100 pL/mL) (9 LB WARRE F
37 °C 200 r/min HRHHFEFF 12~16 h, 2 PCR %€ 1E
B BEE ok A T AR A TN

1.2.3  #A#ZFF 44 FIH DNASTAR MegAlign
BAE¥ PRV JL1 38k 5 GenBank %3 17 v HAT 4L
TN SE R (3R 2) PO AT R S TR
[IRPE AT LA T 22 17 30 EE X643 BT, T30 Mega6.0
A )RR IE A EE isAL AR

28 1% B N Bl B I v UK 48 E R LA B R %
x2 F5I5H A PRV 8% Hik
Tab 2 PRV reference strains for sequence analysis
BERR 2 dlkes Fe i B AEN 25 W SR
strain Accession number Country Year Compared gene
Bartha JF797217.1 Hungary 1961 TK gD .gB
Becker JF797219.1 USA 1970 TK gl gD .¢E .¢B
Kaplan JF797218.1 Hungary 1971 TK gl gD .gF B
NIA3 KU900059.1 Spain 1959 TK .gl gD .gE .gB
BI/YT KC981239.1 China 2013 TK gl gD .gE .gB
TJ KJ789182.1 China 2012 TK gl gD gF B
JS-2012 KP257591.1 China 2012 TK gl .gD .gF .gB
HB1201 KU057086.1 China 2012 TK gl gD .gE .gB
HeN1 KP098534.1 China 2012 TK gl gD ¢E .¢B
Ea KU315430.1 China 1998 TK gl gD .gF B
Fa KM189913.1 China 2001 TK .gl gD .gF .gB
sc KT809429.1 China 1987 TK .gl gD .gF .gB
Kolchis KT983811.1 Greece 2010 TK gl gD . gE .¢B
DUL34gfp JQ809329.1 Germany 2012 TK gl .gD .gF .gB
HNB KM189914.3 China 2012 TK gl gD ¢E .¢B
DL1408 KU360259.1 China 2014 TK gl gD .gF B
HLJ8 KT824771.1 China 2013 TK gl .gD .gF .gB
LY KP259824.1 China 2014 TK
LY KP259827.1 China 2014 gl
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B2 5 HIE M Z 5
strain Accession number Country Year Compared gene
LY KP259831.1 China 2014 gD
LY KP259830.1 China 2014 gk
LY KP710980.1 China 2014 2B
YY KP259815.1 China 2014 TK
YY KP259819.1 China 2014 gl
YY KP259814.1 China 2014 gD
YY KP259821.1 China 2014 gk
YY KP710982.1 China 2014 2B
GA KP259832.1 China 2013 TK
GA KP259835.1 China 2013 gl
GA KP259837.1 China 2013 gk
GA KP710979.1 China 2013 2B
HN-DZ KT948043.1 China 2014 gk 2B
GD-YF KT936473.1 China 2015 o B
GD-JM KT936470.1 China 2015 gk .gB
JL1 MG733282 China 2015 TK
JL1 MG733281 China 2015 gl
JL1 MG733279 China 2015 gD
JL1 MG733280 China 2015 gk
JL1 MG733278 China 2015 B
2 ERE5SH

2.1 PRV TK.gl gD .gE #1 oB # [ #h PCR X &

DIEEUE PRV JLI & DNA AR, i F TK gl
gD gk Fl oB FEHBE S PES [ T PCR §738, 45
R 1 frs, TK 3K 25 963 bp gl FH 2y 1101
bp .gD F£ K 1203 bp .gE F: K 2] 1734 bp .gB F:[H
252742 bp 25K IS B Y 5k U S5 R — B0

Hs
v i

2.2 TK.gl.gD gE #n oB 3 F & F 5] 447

2.2.1

FURMESAT AT IR A LR [R5 LX)
SER R JLL R TK gl gD gE Al gB 2E[H 5 2012 4F
PUR B N 7 B AT BE AR A0 BJ/ YT JS-2012.TJ
HeN1 %5 PRV 78 53 bk B9 4% H 1R [R] 1y 99.7% ~
1009% ; HA LR [F IRl 99% ~ 100% , 5 E N4
FE R (U0 Ea, Fa H1 SC) A9 8% 15 MR ] 98 1
99.3% ~ 100% ; . 28 JE 2 [F] Y54 -y 98.9% ~ 100% .,

2000 bp

1000 bp)
750 bp
500 bp

250 bp

100 bp

M. Marker DL 2000;1-5.

M1. Marker DL 2000;1-5.
PrHr=4y; M2. 250 bp DNA Ladder

1000 bp
750 bp
500 bp

250 bp

JLI KR TK, gl gD, gE il gB 3£

TK,gl,gD,gE and gB gene PCR

amplification product of JL1 strain; M2. 250 bp DNA Ladder

1 JL1# TK,gl,gD,gE 71 gB EE PCR ¥£%&

Fig 1 PCR amplification of PRV TK,gl, gD, gE and
gB gene from JL1 strain
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EEI%%H%( 1 Bartha , Becker , Kaplan ) (4% 1112 7] gERFW PRV JL1 k5 E P IRAT AL SR AR iR
JEE K 96.4% ~99.7% ; FLGFEMR R VR N 94.3% ~ FR MR R, 5 E N RSk 2z, S E AN
99.7% (% 3-%7). 2 LR RR AR PR AR

&3 PRV JL1 % TK EERZERKESHRERT 5 EIREELE
Tab 3 The nucleotide and deduced amino acid sequence homology of TK gene of PRV JL1 strain

[ %
BERR
JL1 BJYT ~ HeNl JS-2012 TJ Fa Ea SC Bartha  Kaplan  Becker

JL1 100 100 100 100 100 99.8 99.7 99.7 99.7 99.6
BJYT-2013-China 100 100 100 100 100 100 99.4 99.4 99.7 99.4
HeN1-2012-China 100 100 100 100 100 100 99.4 99.4 99.7 99.4
JS-2012~China 100 100 100 100 100 100 99.4 99.4 99.7 99.4
TJ-2012-China 100 100 100 100 100 100 99.4 99.4 99.7 99.4
Fa=2001-China 100 100 100 100 100 100 99.4 99.4 99.7 99.4
Ea—1998-China 100 99.8 99.8 99.8 99.8 99.8 99.4 99.4 99.7 99.4
SC~-1987~China 99.4 99.7 99.7 99.7 99.7 99.7 99.5 100 99.7 100
Bartha—1961—Hungary 99.4 99.7 99.7 99.7 99.7 99.7 99.5 100 99.8 99.9
Kaplan—1959-Hungary 99.7 99.7 99.7 99.7 99.7 99.7 99.5 99.8 99.7 99.7

Becker—1970-USA 99.4 99.6 99.6 99.6 99.6 99.6 99.6 99.9 100 99.7

BB BR A RN LU, 26T R N SRR IR IR AR (36 438 7 [R])

Fz 4 PRV JL1 tk gl EEANZEHBREESHSERF SRR LR
Tab 4 The nucleotide and deduced amino acid sequence homology of gl gene of PRV JL1 strain

i [ %
BEPR
JLI BJYT  HeNl JS-2012 TJ Ea Fa SC  Becker Kaplan  NIA3
JL1 99.7 99.9 99.8 99.7 99.5 99.6 99.6 96.4 96.4 96.5
BJYT-2013-China 99.5 99.8 99.9 99.8 99.6 99.7 99.7 96.3 96.3 96.4
HeN1-2012~-China 99.7 99.7 99.9 99.8 99.6 99.7 99.7 96.4 96.5 96.5
JS-2012-China 99.7 99.7 100 99.9 99.7 99.8 99.8 96.4 96.4 96.5
TJ-2012-China 99.5 99.5 99.7 99.7 99.6 99.7 99.7 96.5 96.4 96.5
Ea—1998~-China 99.5 99.5 99.7 99.7 99.5 99.9 99.9 96.5 96.5 96.5
Fa-2001-China 99.7 99.7 100 100 99.7 99.7 100 96.5 96.6 96.6
SC-1987-China 99.7 99.7 100 100 99.7 99.7 100 96.5 96.6 96.6
Becker—1970-USA 94.3 94.3 94.5 94.6 94.8 94.3 94.6 94.5 99 99
Kaplan—1959-Hungary 94.3 94.2 94.5 94.5 94.3 94.3 94.5 94.5 98.1 98.9

NIA3-1971-Spain 94.6 94.5 94.8 94.8 95.1 94.6 94.8 94.8 98.6 98.6
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%5 PRV JL1#k gD EEMZFREESHEERF T RIREELE
Tab 5 The nucleotide and deduced amino acid sequence homology of gD gene of PRV JL1 strain

e 54 %
bR
JL1 BJYT HB1201 HeN1 JS-2012  TJ Ea Fa SC  Bartha Becker Kaplan

JL1 99.9 999  99.9 999 999 993 995 995 988  99.2 99
BJYT-2013-China 99.8 100 100 100 100 99.4 996  99.6 989 993  99.1
HB1201-China 99.8 100 100 100 100 99.4  99.6  99.6 989 993  99.1
HeN1-2012-China 99.8 100 100 100 100 99.4  99.6  99.6 989 993  99.1
J$-2012~China 99.8 100 100 100 100 99.4 996  99.6 989 993  99.1
TJ-2012-China 99.8 100 100 100 100 99.4  99.6  99.6 989 993  99.1
Ea-1998-China 993 995 995 995 99.5  99.5 99.8 998 986  98.8  98.8
Fa-2001-China 99.5 998  99.8 998  99.8  99.8  99.5 100 98.7 99 98.8
SC-1987-China 995 998 998 998 998  99.8  99.5 100 98.7 99 98.8
Bartha—1961-Hungary 973 975 915 975 975 9715 97 973 973 989  99.8
Becker—1970-USA 98.8 99 99 99 99 99 985 988 988 975 99.1

Kaplan—1959-Hungary 97.8 98 98 98 98 98 975 978  97.8 995 98

& 6 PRV JL1tk gE EEMZEBREESHIERRFJIERELLER
Tab 6 The nucleotide and deduced amino acid sequence homology of gE gene of PRV JL1 strain

[F) 54 %
R
JL1 BJYT  HeNl JS-2012 TJ  XiangA  SC Ea Fa  Becker Kaplan NIA3
JL1 99.9 999  99.8 998 998 997 997  99.7 983 981  98.1
BJYT-2013-China 99.5 997 999 999 999 998  99.8  99.8  98.1 98 98
HeN1-2012-China 99 99.3 99.8 997  99.8 995 995 995 98.2 98 98
J$-2012~China 99.1 99.7  99.7 99.8 999  99.7 997  99.7 98 97.9 979
TJ-2012-China 993 998  99.1 99.5 99.9 997 997 997 982 98 98
XiangA—-2012~-China 993 998 995  99.8  99.7 997 997 997  98.1 97.9 979
SC-1987-China 99 995 988  99.1 993  99.3 100 100 98.1 98 98
Ea-1998-China 99 99.5 988  99.1 993  99.3 100 100 98.1 98 98
Fa—2001-China 99 995 988  99.1 993  99.3 100 100 98.1 98 98
Becker—1970-USA 958 962 962 959  96.4 9 9 9 9 993 99.7
Kaplan—1959—Hungary 96 9.4  96.4 96 965 962 962 962  96.2 99 99.1
NIA3-1971-Spain 95.7 9 96 957 962 959 959 959 959 995 988

&7 PRV JL1k gB EENZEBREESHEERRFJIERELER
Tab 7 The nucleotide and deduced amino acid sequence homology of gB gene of PRV JL1 strain

[FIRE %

=
A JL1 BJYT HeNl HBI1201JS-2012 TJ Ea Fa SC  Bartha Becker Kaplan NIA3
JL1 99.9 99.9 99.9 99.9 99.9 99.6 99.7 99.7 98.4 98.6 98.7 98.6
BJYT-2013-China 99.7 100 100 100 100 99.7 998 99.8 984 985 98.6 985
HeN1-2012-China 99.7 100 100 100 100 99.7 99.8 99.8 98.4 98.5 98.6  98.5

HB1201-China 99.7 100 100 100 100 99.7 99.8 99.8 98.4  98.5 98.6  98.5
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i IRl %

JL1 BJYT HeNl1 HBI201]JS-2012 TJ Ea Fa SC  Bartha Becker Kaplan NIA3
JS-2012~China 99.7 100 100 100 100 99.7 99.8 99.8 98.4 98.5 98.6 98.5
TJ-2012—-China 99.7 100 100 100 100 99.7 99.8 99.8 98.4  98.5 98.6  98.5
Ea—-1998-China 98.9 99.2 992 992 99.2 99.2 99.9 999 982 983 98.4  98.3
Fa-2001-China 99.1 99.5 99.5 99.5 99.5 99.5 99.8 100 98.3 98.4 98.5 98.4
SC~-1987-China 99.1 99.5 99.5 99.5 99.5 99.5 99.8 100 98.3 98.4 98.5 98.4
Bartha—1961—Hungary 97 96.9 96.9 96.9 969 969 964 96.6 96.6 99.1 99.5  99.1
Becker—1970-USA 97.6 97.5 97.5 97.5 97.5 97.5 96.9 97.2 97.2 98.6 99.2 99.9
Kaplan—1959-Hungary 97.5 97.4 97.4 97.4 97.4 97.4 96.8 97 97 99.3 99 99.2

NIA3-1971-Spain 97.5 97.4 974 974 974 974  96.8 97 97 98.5 99.7 98.9

222 Zpalkstoa bt Gl R JLL AR TK ol
gD oE Tl oB BRI AT 2R £ )7 91 LU X 43 #r , 45
RER, 5EINZE MR Kaplan L3, TK FE KA
| MEILFR & 2248 | 55 Bartha-K61 A HLA 2 &
FER R A 5 E NI AR R B AT AR JS—2012 Fk
MR R IR Kk A 5278, TK B AT, 5
[E4MEE#k Kaplan Il Bartha FL%E, gD FE K AESS 278
PEAT 279 P4 A PIAS IR , RIS 2002 (R) M2
M2 (P), BT A 8 SR &R, 5 E N AT
PR JS—2012 35 R A AH [F] 09 220 5 1R 4 AR ER R
S5EAMNE MFERE Kaplan AL, ol FERIFESS 172 {76k
Je—ANHEARR(H) 55 238 [t A— N HERR(G),
gl FEPR P b % A= 1 e 2k R A5 T AT Bk
JS—-2012 FERRAH A, I AMA K B 19 A2 EEIR A A o
A% S E NS MEE R Kaplan AL, oF SEPI7ESS
48 fiffi A— N REEM (D) 5 496 fiffi A—4K
AR (D) , ok FEPIXPIAL F 4 A5 FE T A T ik
JS—2012 BREA AH [ 2 LR A 1% A0 B R A AR
- 55 [ A HE (Y A T R AR S SRR A — B, A A
A 16 NREEEM KA 5878, 5 [E S FE#k Bartha,
Kaplan#f [t , gB JERIZESS 75 ~ 77 fidk R 3 A4~ 24 2
W2, B2z & W2 (S) , AR (P) MIH &R (G) , TE5
94 il A— A HEBR(G) , oB JEH X W 4b & 4 1Y
e R4 A5 E ETIA TR 1S-2012 BERRAH A, 7
ANFE 119 ~ 122 fiiffi A 4 NEIEFR (AAVR) , ¢B &

PRz Ak % A B4 A S 1R E 53 25 19 DUL34efp Bk
AHIFEAE A, LLIMNAH 20 DRI K578 1 oB
BEIR A7 B R AR B AR S5, AT g e SO vk
R, PL 2R T aE R R I, BR 2 A
FERRAE S JLL BRAAZ 5 5 JS-2012 BRAHIA],

223 iEfEutAes A G 2 iR, 8 JLLRR TK
gl gD gE Fll ¢B FEIEH 5 GeneBank I HAhZS%
BERRIEA TR AL EAL 43T, PRV ARTEAS ] [ 5 43 2
MIEERR AT 40k 2 A SER R BRSEBEpR IR T G T A,
T E N E T G I, TK SR s % kAl 25
W 2A fzn PRV JLL Btk 5 b EUR R AT BEpR AL
T (BT SC#%) , LIS LY \YY FIBJ/YT
BIATEER AL OC R BT, 15 [ A1 ER S FE AR 8%
RARMX I, ol i [N 35t 1% AL v 45 S an 1&] 2B
ffizs PRV JL1 #£5 [E N 2012 450 B HeN1 48 53
BERRAL T — N AHXT A 57 1 /o3 3, AR S R,
55 MK 9 B R A TR ) 19 0 52, 38t 4% O 22 A G 48
WG, gD FE PR AL E AR AR 25 SR o, BRO3E #E pkR
Becker 1 NIA3 #Efk X AL F— A7 (/53 35 v
] B Ak SR AR 7 28 AR AN R 43 A R B PRIAS
WA, A RIELFE PRV JLL BRFIE P 2012 45 LLS 4
B RHT AR SRR RR, B R AL 65 [ P R 2 L vk
Hi & 2C AT 0L JL1 30k 5 [T a4 7 742 S5 2 kst
e 56 R, T 5 BRSE BERRAL T[R4 43 32, 5t 4%
REMAEGE , oE S 5% LR 25 3 BoR | [H
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ANEERE Becker A1 NIA3 #E#k AL T —A~ /N3 325
] Bk ST AR 43 2 A AR AR R 4 A R B TR
AL PRV JL1 #R 5 E N 2012 4 DL 73 25 0058
RIS SRR IR T A WA I [ N R R g T
B WAL i1 1& 2D AT UL, PRV JL1 k& 5 E BT 55

A Y¥¥-2014China
&K
LY-2014-China
BYT-2013-China
GA-2013China
—Z| HLIg-2013-China
HB1201-2012-China
Heli1-2012-China
HNB-2012-China
J5-2012:China
TH2012-China
Fa2001-China

Pk BI/YT 1 TJ 28 5 35 st 1 O R, T 45 R
FEMRAL A [AI 9 4332, it AR G R ARG . oB B
WAL PSS R R 4 2E FTR PRV JL1 ¥k5
P 2012 4F UG 23 B A8 S g s A DG R A, T 5
RSEREARAL TR R 7332, 8045 G R ARG

DL1-408-2014-China

G

55 _|S{>198F—China
43| Bartha1961-Hungary

Kaplar-1250-Hungary
73 | DUL34gip-201 2Garmany

Becker-1070-USA

NIA3-1971-Spain

Ea-19%-China J

GI

Kolchis-2010-Greece

o LY-2014-China \
YY 2014 Chira

| BJYT-2013China
| HLJ3-2013China
| GA-2013-China
HB1201-2012-China
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Fig 2 Phylogenetic tree analysis forTK(A) ,gI(B),gD(C),gE(D),gB(E) genes of PRV JL1 strain
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