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¥ OBFSE B ORFV-PN ¥ ORFV011
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 Z: [BM) RS DS HRS ORFV-PN ¥k ORFVO11 3: R (02> T4 5 . SiBD 2R 110 4= 1) 24 T BE 2
S, A L OB NRA RIS S, [F3E) A ETEREH bR ORFV-PN ¥k ORFVO11 R 317 To e A1
Wy, BRAEYE BB ENTFERN LS. [HER] WP R ER, BN M ORFV-PN
ORFVOIT B Y/ 1 137 AL T AR AL, Fafth 378 MR LR . % 1T R T 5 M L R )3 5 AR Bl M Lh X | 7R, ORFV-
PN 5 9% i Bk R 55 75 Bk D1701 ¥k ORFVO11 R H 18 )5 50 AR LU 43 501 O 98.6% Fil 98.4%, & HL M2 )3 51 AR A1k 34
98.7%. SREWMRAH L, ORFV-PN ML 16 A FRAE R S b AR AE R . EH I R 454 1, ORFV-PN #HI
I R o-BBUBE 7 LG 0 R 34.13% (129/378) Fl 30.42% ( 115/378 ), B-%% ff1 i HL 43 9 M 6.08% ( 23/378) Fil 6.88%
(26/378), FoHLI i & L4 91K 37.30% ((141/378) H139.15% ( 148/378 ), P-Ir & i k43 Wl Ky 22.49% ( 85/378)
H123.54% (189/378) ., FHIH =445 I-, ORFV-PN WRITUIN (1) = 2k 25 44 55 58 1 bk 1) = 4 5509 7 oI 58 A JC R0 U 45 il 1
H—EmER, [4Eit)] WEE ISR ORFVOII SR IMBIAE S, M5k KRB E TAEZWEMR, F5H]
N 24 T B8R e 2 RS Y W
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Comparison of ORFV011 Genes of Orf virus Vaccine strain and ORFV-PN Strain
LIN Yu-sheng, JIANG Jin-xiu, ZHANG Jing-peng, YOU Wei, HU Qi-lin*

(Institute of Animal Husbandry and Veterinary, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013, China)
Abstract: [Objective] To provide theoretical basis for prevention and control of Orf in Fujian, the molecular characteristics
and biological functions of ORFV011 genes of the vaccine strain and ORFV-PN strain were compared. [Methods] ORFV0I1
genes from the two strains were cloned and sequenced for comparison and analysis using bioinformatics software.

[ Results] The sequencing results indicated that both genes composed of 1 137 nucleotides coding 378 amino acids. The
nucleotide sequence similarity of ORFV011 of the ORFV-PN strain was 98.6% with that of the vaccine strain, while 98.4%
with that of the lentogen strain D1701. The amino acid sequence similarity of ORFV011 of the ORFV-PN strain with either the
vaccine strain or the D1701 strain was the same at 98.7%. There were 16 nucleotide mutations and 5 amino acid variations in
the gene of the ORFV-PN strain as compared to that of the vaccine strain. On the secondary structure, the encoded protein
by ORFV011 gene of the ORFV-PN strain and the vaccine strain had 34.13% (or 129/378) and 30.42% (or 115/378) alpha
helixes, respectively; 6.08% (or 23/378) and 6.88% (or 26/378) beta turns, respectively; 37.3% (or 141/378) and 39.15% (or
148/378) random coils, respectively; and, 22.49% (or 85/378) and 23.54% (or 89/378) extended strands, respectively. The
predicted three-dimensional structure of ORFV011 of the ORFV-PN strain showed differences on the alpha helixes and random
coils as compared with that of the vaccine strain. [ Conclusion] It appeared that ORFV0I1 of the ORFV-PN strain deviated
from that of the vaccine strain in sequence as well as secondary and three-dimensional structures. Thus, special attention must
be placed in monitoring and controlling the Orf.
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[AF52 7 XY E 095 (Orf virus, ORFV)
S AR S PR R IR BE L R DR AR PR R
AR A B X 9. ORFVO1T % 4% () B2L & &
HEENGREIFEEA, EMEEE (Orf) Bk
R EZ AR S A BT S 1 A R T R
FIHL 74> B Ak ORFVOIT S 14y 485 . i &
AP DIRE, PR F LRIz W . WATIR
S A RORE i B AR R B AR G . R AW gt
Jre X A RS LR B 5 R 0 — Rh 2 f v A H 3
SRABYYIR , 1200 I R RAE 4%~100%, SET-F 1%~
59% AU ORFYOIT FEH 4 K 1137 bp, 4t
42 kDa A2 A7 A 1, AR ORILAAR 7 A 5 2 I B AR
1 ORFVOIT JE R A T 5 PR 2 v 30 25 2 1 5F IX
B, PRSEPERCHE, BRI FZSE N EE ST PCR 2 Wy ik
KT AT A4 . Wang 27 ARHE ORFY011 3 H
#4571 SYBR Greenl SEHZOE R PCR KA jridi; Wang
SV LR ORFVOIT 56 PR 22 BU8 F LB T 40 85 bk
HEAT S 58 Mgt A 28 S 03 Bt o A4Sk ORFY011 £ A
P ERHENE RS, RENCE LR —E®
JE 9745 5, 4 Nagarajan 25 B 9% % 3061 B 43 55 Bk 114
ORFVO11 B 5 Otsiig g . DA Jaim s f4 Btk
148 955 1 14 [R] VR ME 20551 K 98.14% . 96.29% F11 83.59%.
K 2 S S XV IR A TR R 40 B R
ORFVOI1 FEH () A At 45 SR o, 4 bk B8
Pk ORFVOI11 H A 5 92 1 vk 19 6] 95 PE AR 96.8%~
98.1%, WiRFIIERFOCLHH—CREMER.
CARDFEIA ST CA DTN G COE R 85 1
BRFIHL 7 23 B9 Mk FIL BE R AT T e e i, sk
Xof T2 T R FLHL 43 B AR 9 ORFVO11 RN HLE 5%
Il UL SER €18 PP A F D BN Bup
F 15 995 55 9% B A% A1 ORFV-PN ¥k ORFV011 K& A 3
o e T, Xt E N AMARTE 53 B bk [E] ORFVO11 FE A
BAT IR 7 50 . FLHE S 09 S R 1R 5 59 R 4 i A 1 I 45
FHEAT LL I AT
1 #HHS57%
1.1 #HmXkiE

Ao A N B DL AR 2 T A9 2 TR R o0 i 4 2R
FHAE AU AN 3 B %€ 5, fin44 o ORFV-PN #k
1.2 RIEHR

55 B A F AR 28 E AR A R
7], DHS5a &% 25 A1 DNA/RNA $2 B 7 & W [ Jb 5t
X EEWEARARAF, FoR /& 4 BOL R &

e Tl e 3 300 6 0 1 8 P SR e AR ) AR A B
R S 44 N VT Bam HI A1 Sal T W [ NEB /A 7] ; DNA
Marker DL2000, DL 5000 Rl [ TaKaRa A H]; pMC
100-M ik A R ERBHEDEAR A RAF; 1-
5" Hi-Fi DNA polymerase i ELiiI4 [l MCLAB A
1.3 SRt &R

i3 T 2% GenBank /A A B ORFVO11 5& K ¥ 31
( GenBank % %5 . DQI184476 ), H| [ Oligo7.0 %
PR&E A2 2% SCHk [12] B3 1 X188 ORFVO1T F:H 4
K Re 510, #8519 W 0 B s D) A7 A5, 5
Wy i AE N AR R A R A R A L. EES I
ORFVO11F: 5- CGGGATCCATGTGGCCGTTCTCCTC
CA-3; NS ¥ ORFVO1IR: 5-GCGTCGACTTAATT
TATTGGCTTGCAGAACT- 3", RIZF5343514 Bam
HI 1 Sal T NI .
1.4 fZHEHS ORFV-PN #% & DNA BRI BUFE
PCR ¥/ 1%

FIFH 44 7 DNA/RNA $2 G 2543 42
£ Vi BR FI ORFV-PN Bk DNA, RAE T—20°C WK4G . 9%
itk 1 ORFV-PN # PCR JZ W 1A 2 1)y 40 uL: 1-5"
Hi-Fi DNA polymerase 20 pL, #AR 6 pL, . Fii#5]
) (10 pmol'L™') 4 2 uL, ddH,O 10 pL. J i F2
J¥: 95°C . 3min; 95°C. 15s, 55°C. 15s, 72°C. 15s,
30 MEH; 72°C. 5 min,
1.5 FEE#KF0 ORFV-PN #k ORFV011 B F 5 k&M FF

A B e v ik 25 TR A R BRI e [ g 5
TR I, B ) 5 pMC100-M 24K 4T
R, ERER YL DHSa Bz S b, iR
i LB VA, H4 08 A0 J5 0 F- O 37°C 35 5248 rh 85
IR 24 h ), PRBCAASRIE AT E TR, R PR
IR G PR B R A Tk, B4 T PCR AL U] 564 .
Ve 500 VI T B %) OB 3% R A M 1 A B AR A PR
AT .
1.6 JEHE ¥R F1 ORFV-PN ¥k ORFV011 £ B #% H BR #1
[EBFIILLR

JE T PR A ORFV-PN #R I J3> 45 S 1 A= W17 B2
B HEAT LU, LG R A A R R A B R K T
AR B s TR BRI P 45 S 5 GenBank | 2 2y
M E NS R (£ 1) B ORFV011 3 751
HEAT EEXT 2 HT
1.7 FZE¥KH ORFV-PN #k ORFVO011 & H R— R
M5 INEERILLE 4

HBERE I HR A ORFV-PN #k ORFVO11 X 5 [l
Je B AR R 7 4 B MU R R ) 43 ) A AR 2
¥4 ProtParam. NCBI-Conserved Domain Architecture
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#3545

#* 1 ORFV&E&HHK
Table 1 ORFYV reference strains

#FFkVirus B35 GenBank 4 & Hhlsolation site i} [7] Time
NZ2 DQ184476 376 >~ New Zealand 2005
OV-SA00 AY386364 FHEUSA 2003
OV-IA82 AY386363 FHEUSA 2003
D1701 HM133903 8 F Germany 2010
NAI-11 KF234407 1 [H ]~ % Guangdong, China 2013
Shanxi HQ202153 #F [H 111 P Shanxi, China 2010
Jilin KJ808074 ot [ % #Jilin, China 2011
Guizhou KP994595 o' [ 5% 1 Guizhou, China 2010
Xinjiang2 KF666565 1 [E ¥7 4 Xinjiang, China 2012
FJ-NP KC568369 rf1 [ 4% & Fujian, China 2013
FI-GT KC568394 rf1 [ 4% & Fujian, China 2009
China vaccine  JQ904789 rf [ H 7 Gansu, China 2012

Retrieval Tool, TMHMM 2.0, Signal IP 5.0 F1 NetNGlyc
1.0 Server H1, X W0 & 19 &k R 4l AR B Ak M
TRAF A . B IR IX | A5 5 IR SObE Bk AL sk AT
I3t
1.8 JZE# A ORFV-PN #k ORFV011 & H R R L
M5 ThEEELE 53 1

F| FH Lasergene %% {F #11 SOPMA 7E & H4 % 2 1
FEFI ORFV-PN £k ORFVO11 & AU 6K M . Bk
PURIEE . o-MRHE . B AR . O G M A p-Hr Sy
o7 LA HEA TR LA T o
1.9 FZEFKFI ORFV-PN #f ORFVO11 EHR =KL
53 H

43 58 % Wi Bk 5 ORFV-PN #k [ ORFVO11 %
WS AR FE ) F1EZE Swiss-Model 7528 2 dE 47
1 3D SR, 150 25 5z 1] Swiss-PDB-Viewer
AT AT 5387

2 RS54

2.1 FZEPRI ORFV-PN ¥k ORFV011 EFE R & K&
= A Bk W g

43 ) LA 2 BUAY 2 Bk AT ORFV-PN B 1) DNA
B EFT PCR Y74, 76 BERE AR R G0 T nl DL v i
F1 ORFV-PN #R7E 1000 bp 22454 W i i B, 5 iy
FBR/NH 0 (1) o BRBER B Uk 457 IE Y
BRI Jie Iml it ) s R AT VDR el [l ) 5
PMC100-M # AR TiERE, S =5 /L 2 DHSa
REZ MR, A6 LB M, LB EMUBCA 37°C 8
FRAE TSR 24 h 5 PRICRAS TR AT R R, R R

A B O R A R BTk, R B B A Bam HI AN
Sal 1 FEATXEFY), BEVIE1F2IMAS B, —42h
2300 bp, 5 pMC100-M K/NFHEE, F5—AH B2k
1100bp, H5HMAEBR/N—5 (El2),

M 1 2 3

2000 bp

1 000 bp
750 bp

500 bp

250 bp

1 00 bp

VE: M: 2000 DNA Ladder; 1: J% 74 ¥k DNA; 2: ORFV-PN #k
DNA; 3: FIPEx R
Note: M:2000 DNA Ladder; 1: DNA of vaccine strain; 2:DNA of
ORFV-PN strain; 3: negative control.
1 ORFVO011 £ # PCR ¥ 1
Fig. 1 PCR amplification of ORFV011 genes

5000 bp
3000 bp

2000 bp
1 500 bp

1 000 bp «—
750 bp
500 bp

250 bp
100 bp

##: M: 5000 DNA Ladder; 1: ¥ Witk 41/f Ki; 2: ORFV-
PN 5 20 ik«

Note: M: 5000 DNA Ladder; 1:the recombination plasmid of vaccine
strain; 2: the recombination plasmid of ORFV-PN strain.

2 ORFVO011 EHFR NI EEER
Fig.2 Identification of ORFV011 recombination plasmid by
restriction endonuclease digestion

2.2 JZE PR ORFV-PN ¥k ORFV011 £ E F 5 E
S

14 9 T Bk Fl ORFV-PN #% ORFV011 3 X FH 4 i
HL 6 AT AR M A W H R A RS /) BEAT I,
45 ) Fl DNAStar I MEGAT7.0 #2347 L &8 43 #r o
WP 45 5 @R . PEH Bk A ORFV-PN ¥k ORFV0I1 %
¥4 1137 bp, 4wl 379 4~ aa. HF IR I LR [F]
TEPELE XTS5 . bR 5 ORFV-PN RRIWAZ 17 IR T
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GRS 98.6%; 5 FE W HEAH L, ORFV-PN #f Ik
A 16 I ERR 2S5, 735k 32 fifii ke C RAZN G,
42 (iARFE C 28480 T, 201 (gt G 245 A, 238 i
B G 2278 A, 301 fFilAE G 27450 A, 315 (i
HGRAN A, 367 itk A RN C, 369 ik
A ARN C, 375 ffidk A 45K G, 636 (i A %
R G, 660 MitMEE G 545K A, 822 Bl G EAE
H A, 840 fiHEIE G AR A, 897 fiEIE C KA N
T, 1044 fi%3E G RAE N A, 1119 A% C KA N
T; % T B Al ORFV-PN #k & & & ¥ 41 [a] U5 1
98.7%, SEEHMRAIEL, ORFV-PN RkILA 5 kb aIEMR
Z5, Rl 1 &R GRAEN A, 80 fi & K

PR IZR7AE RV, 100 (i Z MR 15848 V, 123 [z 5
g LA N T, 126 (24 FEfg A 527480 T, PEHAR
ORFV-PN tk ORFV011 3R ()% AT TR ¥ 5 M I R v
H1 5 [ N A B RR AR RLPE 23 51 R 96.9%~ 99.4% Fi
97.8%~99.1%, H:r ORFV-PN #k 55584k D1701 4%
IR RN FE IR 7 A AU 53 30 98.4% 1 98.7%, W]
DUAS ) i X5 B 6k ORFVOIIFER A —E 2257, Wil
MEGA?7.0 #4) g 5t & kAL R 3, A58 ) ORFV-
PN k& ORFV011 3 [F % 3 i 5 37 it 2 bk KF666565
LI 74 5 bk HQ202153 [A] Ik fe . [ B 5 B¢ ) B Bk
KP994595 B 45r , AbfE [ —iEfb oy b, S Hi bk
g5 EEMR D1701 MHFEEGE (K3).

Shanxi (HQ202153)

|_{ Xinjiang (KF666565)
ORFV-PN

L——— Guizhou (KP994595)

OV-SA00 (AY386264)

D1701 (HM133903)

China vaccine

FI-GT (KC568394)
FI-NP (KC568369)

OV-1A82 (AY386263)

NZ2 (DQ184476)

Jilin (KJ808074)

3 ¥O5HE ORFVOLI EEEE LK
Fig. 3 Phylogenetic tree of ORFV011 gene

2.3 JEE#KF ORFV-PN #k ORFVO11 EBR—RLE
. BN RMNRTERE SR

4 % 1 bk 1 ORFV-PN ¥k ORFVO11 55K #E 5 1)
GELTR T A 43 W) I A% % Expasy 75 28 5 HE 1T 4047
AT BT &5 R v F0, 28 T Bk Al ORFV-PN # ORFVO11
A AR X 43 B & 43 i O 41.67 Fil 41.69 kDa, 3
PB4 40 6.01; ORFV-PN Kk IG5 % 22 L 2 15 %
FISE K 6 505 P B AR AH L3928/ . R TMHMM
2.0 TELR AR A SignalP 5.0 7ELR PB4t R WoR, el
Pk Hl ORFV-PN ¥k ORFVO11 25 1 2 TG #5 il X Fl {5 5
BK . I NetNGlyc 1.0 Server 7£ £& 5 F X 28 18 Bk Fl
ORFV-PN #k ORFVO11 & H A TR AL s F0 , 2%
BRI 4 AT, WA KAk, 4 NCBI-
Conserved Domain Architecture Retrieval Tool 7£ 2% 43 #r
£ 1 ¥k A ORFV-PN & ORFVO11 £ [ [ £ 5T 1 25 4
B R B, P BRI ORFV-PN ¥k ORFVO11 % 1 14 &
A 2 AWENREG D 8 Z0% 10 P8 25 4 I LA R By 1)

SRR

2.4 FZEPEI ORFV-PN ¥k ORFI01] EE &R EN
RINgES

8 i Lasergene %X {4 ' Protean £2 /5 X & 1 & Al
ORFV-PN tk ORFV011 &[4 S5 HEA 75007, 45
(El4) BoR: WM ORFV-PN £ ORFVO11 8 H
BT 15 2 3 A 4E 60~ 120, 160~ 180, 200~ 220,
260~279 (i E R, BABIWERME, 173 ht
JRAT B e . e 2 I, BET BRI ORFV-PN #£
ORFVO11 & H g 45 M o8 E . B-4 B A1 JC AL )
Hh#i%, Horh ORFV-PN ¥ ol LU bk 22 14 4>,
B-% i1 . - S RN TG RN 5 it LU AR A D 3 A
7ANH 44, it Swiss-Model 7ELRBRAFHR AT bR S
ORFV-PN # ORFVO11 & [ 7 41| #E 47 = 4 45 14 1) i
W, MEBZE R LB, SHEMRERRE D ( Phospholipase
D) S5 AR B, 5 A B I 5 A ]
HE S (FiskFTHaAiE ) nTLUE Y, BEHTHEFN ORFV-
PN % ORFVO11 ZE [ =445 ~EMESR, 5
A TN A5 R B, B A I A TR0 2
FREERN o-M8E M B |
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1.7

wiitk
Vaccine strain

-1.7

Antigenic index-Jameson-wolf

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

1.7

ORFVPN %
ORFV-PN strain
-1.7

4 fGHERF ORFV-PN ¥ ORFVO11 & A HUR AL = F
Fig. 4 Predicted antigenic indices on ORFVO011 in vaccine and ORFV-PN strains

%2 JEEMFI ORFV-PN #£ ORFV011 & H R TN
Table 2 Predicted secondary structures of ORFV011 in vaccine and ORFV-PN strains

R L EERI T Secondary structure prediction

o-#27E Alpha helix

B-#ff Betaturn  JCHINIA5 i Radom coil ~ B-#778 Extended strand

ORFV-PN#k ORFV-PN strain

JET K Vaccine strain

34.13% (129/378)

30.42% (115/378)

6.08% (23/378) 37.3% (141/378) 22.49% (85/378)

6.88% (26/378) 39.15% (148/378) 23.54% (89/378)

&5 EE#k (A) #1 ORFV-PN # (B) ORFVO11 & [ &5iE = 4 L5+ 750
Fig. 5 Predicted 3D tertiary structures of ORFV011 in vaccine strain (A) and ORFV-PN strain (B)

3 itk

REW R WG Jm R AE A T B2 —.
IR N A0 6 2 3 1 0B Rl B R 5 A
Hio BRI, FR T3 DA 25 55 2 1 57 07 v 1 Rk
P, DL RS Al B e R AR R FEAR,
PER TGN R, EAER ML T O T2 L
5575 1R T REAE SR U AU Rk

PRI, ORFVOI1 SEH 4 f% % 42 kDa 1 8 1 H
ARG B R, AT UL AR = A i B B ik
F it A ORFVOIT FE R i PR 3844 kAL A% 3
Br, AR DR 5 0 F I AT 58 1 = % %
Gz — U X e 4 b 7 R RLE B Bk ORFVO11
LK 43 TR R B LS5 A I LU A BT, ATk e
BT MIS W AT 2% T A K i e P 1

MR, TR BT B S O R R AL

ARIF 5 38 A XoF T T A K O R AR TR A
P55 T 55 B Bk AR £ 45 ORFV-PN #k 2 HU DNA, FH
B S | Y 1 ORFYVOIT A3, 4 g =
Yk AT e i, il RN TR P, B BH A ek
FRRAEYEARA T T, R A Y5 B2 5 X
J¥ 5 AT IR I 51 AR 1 S5 4 04T LU 3R 40 AT o A% T
1% 77 51 A1 S 1R )7 5 AH L L3 7%, ORFV-PN 5
PEH MR AN 55 84k D1701 £k ORFVO11 &K% A7 1R T 5]
AL 43551 K 98.6% Fil 98.4%, S FEMR T 51 A AL 24
1 98.7%, SEEMMRAHL, ORFV-PN #kILA 16 4b#
WSS EERER, X4 RE5FE . El-
Tholoth, ZHANG %" " Hg g5 — %%, & A —
ook b, FEH Bk FI ORFV-PN ¥k ORFVO11 % 1
HANWEIACAL S, PSR R AR, W
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PSS RE, 20 ORFVOL1 HAE/M M E M FEK M
DX 3R B O A5 L IR [R], (EURE X 4 T AT
[, X5 2B S AL RAR A G, TR A5
I+, ORFV-PN #4FHE B bk A B A0 s 22 S /N, (R
e o-BRE . B A . JCHRI S i R - S A A
E—EM 2R, ORFV-PN ¥R AIRE B o-120E 5 4
A 34.13% 1 30.42%, B-5%FA i Eb 4351 R 6.08% Fl
6.88%, JCHLIAE M & L5 5ioh 37.3% F139.15%, B-
& b7 Lol Ry 22.49% F1 23.54%; 1 = HE5H
ORFV-PN FR LI Y — 4 4544 5 0 bR 1 — e S5 M 7
o METEATCHNG M B —E M ES, ZRE Er
Z 55 T EE R TIN A — 3L

AW 5T A8 I 22 AR W A5 JE 2 3 X S A 0 R
JE T BR F 4 # ORFV-PN ¥k ORFVO11 %& R J 4 15 1)
B TE S TR AE L R 1 4540 T g D T R AT A T
RN, MAERFEIERETECHA —-EMAES,
NGRS R B TAEA FA T TR AL, i
X2 T ) W4
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