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Abstract: In November 2021 and January 2023, the blue sheep ( Pseudois nayaur) and Himalayan tahr ( Hemitragus jem-

lahicus) from a zoo in Jinan exhibited typical symptoms of Orf virus (ORFV) infection, including papules, scabs and diffi-

culty foraging on their lips. Lip scabs from two infected animals were collected and viral DNA was extracted, the ORFV F1L

and B2L genes were specifically amplified by PCR and sequenced respectively. Sequence alignment and phylogenetic

analysis showed that the gene similarity of F1L and B2L of the two strains was 98. 7% and 99. 2%, respectively. The phylo-

genetic tree indicated that the F1L gene was most closely related to the 2011 sheep derived strain JQ619904 in northeast
China, while the B2L gene belonged to the same branch with the strain JQ619903. The results showed that the ORFV

strains isolated from the blue sheep and Himalayan tahr in the zoo were most closely in genetic evolution to the early preva-

lent strains in northeast China. The research results provided a new experimental evidence for the molecular epidemiologi-

cal tracking and transmission path analysis of ORFV.
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(a) Papular lesions on the lips of a blue sheep (b) Crusting lesions on the lips of a Himalayan tahr
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Figure 1 Clinical manifestations of ORFV infection
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Table 1 PCR primer used for amplification of ORFV FIL and B2L geneswJ

FE S1¥F51(5'—3") RN bp
Primer name Primer sequence(5'—3") Product size

FIL F: CCCAAGCTTACCACCATGGATCCACCCGAAATCAC 1029
R: CGGAATTCTCACACAATGGCCGTGACCAG

BIL F: CCCAAGCTTACCACCATGTGGCCGTTCTCCTCC 1137
R: CGGAATTCTTAATTTATTGGCTTGCAGAAC

Clustal W B LT 2 P FI 6 . JEF HEXT 25 3 o)k Bootstrap 72 55 & il 1 000 X PAPEAL 454 3299 5 8%
FH 28451k (neighbor-joining) M i RGE K B R, i i EIRE.

R2 KHARFAAPESE ORFVERER

Table 2 Information of reference ORFV strains used in this study

FH GenBank %55 fHE IYEHLIX Iy By
Gene Accession No. Host Origin Year
00455255 44 Sheep +H I Turkey 2019
JX142183 K Unknown = H il Gansu, China 2010
KU199842 1112 Goat 1 [ i & Fujian, China 2015
JQ619904 452 Sheep 1 [E 4t Northeast China 2011
KY412870 1112£ Goat ENJE India 2006
AY040084 A1 Unknown FRA Taly 2001
KJ139993 12 Goat oF1 511 Hubei, China 2013
KJ139957 L2 Goat 1 [# B VG Shaanxi, China 2013
Fit FJ808075 452 Sheep o1 [ 7% Ak Jilin, China 2008
HQ221964 1117 Goat [ 11175 Shanxi, China 2009
KF666561 1117 Goat H [E B Xinjiang, China 2013
PP910470 452 Sheep " "4 Anhui, China 2022
PP734001 1112£ Goat "1 E 2 g Yunnan, China 2023
00686992 1112 Goat o}t [EYT. 74 Jiangxi, China 2022
0P279269 1L12F Goat L3k PG Malaysia 2020

KP057582 11 Goat A [ F 0 Guizhou, China 2010
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B GenBank %55 fHE Sy B HLIX Y By

Gene Accession No. Host Origin Year
MT875446 1117 Goat EUEE India 2020

MW492036 /N 4 545 Small ruminant +HH Turkey 2020

DQ263304 1117 Goat E[LJE India 2005

JN613809 4 °f- Sheep [ P4 Brazil 2005

AY424969 JE52F Muskox F[H USA 2003

FJ808074 412 Sheep P B MK Jilin, China 2008

KX951407 1112 Goat o} [ 22 Anhui, China 2016

KF703747 1112 Goat o1 [ 357 95 Xinjiang, China 2013

e KY652170 432 Sheep &2 T Russia 2015
EU327506 %1 Unknown 1 [ {374 Taiwan, China 2007

JN565696 LI Goat 1= H it Gansu, China 2011

KT935589 117 Goat EVE India 2014

KT438519 42 Sheep FLHE A Austria 2012

LC516489 113 Goat %41 [ Mongolia 2018

PP733998 1117 Goat "1 [# 7 Yunnan, China 2023

JQ619903 %2 Sheep 1 [E 4 L Northeast China 2011
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HL VRGN 35 o0 BE M L 5 100 B R/ MR (1 2) o
EPR TR AT 4% 9 INR21-5, S5 R LR TE R & N
INT23-1,

1200 bp

1 000 bp
700 bp

500 bp
300 bp

100 bp

M. DL1200 DNA Marker; 1. JNR21-5 FILFE ;2. JNT23-1 FIL
HEIN 3. INR21-5 B2LJHEIN 54, JNT23-1 B2LJEIN ;5. BITEXSIE
M. DL1200 DNA Marker; 1. JNR21-5 FIL gene; 2. JNT23-1
FIL gene; 3. JNR21-5 B2L gene; 4. JNT23-1 B2L gene; 5. Negative
control.
B2 FILFB2LEREPCRYBER
Figure 2 Result of PCR amplification products of FIL and B2L genes
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F1 X HFH: AF . BRI MIIE T FILA B2L ZE R 8L 34k 3B 75
[ %
Percent identity
2 3 4 5 6 7 8 9 10| 1 12| 13| 14|15 ] 16 | 17 | 18
1 987 | 954 | 948 | 959 | 985 | 97.0 | 96.5 | 958 | 959 | 953 | 959 | 956 | 968 | 955 | 957 [ 942 | 963 | 1 | INR21-5
2 |09 946 | 960 | 987 | 970 | 965 | 959 [ 959 | 954 | 959 | 957 | 969 | 95.4 | 958 | 94.1 | 963 | 2 | INT23-1
3 | 46 96.7 | 96.7 | 96.5 | 97.6 | 97.1 | 96.0 | 99.0 | 96.1 | 96.5 | 97.6 | 96.2 | 96.5 | 96.0 | 96.8 | 3 | OQ455255
4 |51 48 : 966 | 96.1 | 972 | 963 | 955 | 973 | 955 | 957 | 983 | 957 | 958 | 944 | 96.1 | 4 | JX142183
5 (44| 41| 35 971 | 973 | 984 | 98.0 | 97.3 | 98.1 | 98.0 | 96.7 | 979 | 98.1 | 97.7 | 985 | 5 [ KU199842
6 | 15| 1.1 | 33| 36 989 | 972|969 | 97.3 | 969 | 97.1 | 98.1 | 96.9 | 97.1 [ 96.1 | 97.5 | 6 | JQ619904
7 (31| 28| 35| 41| 33 980 | 970 | 965 | 97.1 | 965 | 969 | 97.0 | 965 | 97.0 | 959 | 971 | 7 | KY412870
8 8 | 27| 24 | 23| 27|29 14 . 974 | 969 | 979 | 969 | 97.0 | 983 | 970 | 97.1 [ 950 | 97.6 | 8 | AY040084
E §D 9 [ 44| 41 | 36| 43 |19 | 29| 32 989 | 973 | 989 | 99.6 | 97.0 | 98.7 | 993 | 974 [ 983 | 9 | KJ139993
iy § 10 | 44| 43 | 45| 50 | 19 [ 31 | 36 | 34 96.4 | 100.0] 99.1 | 96.1 | 98.3 | 98.6 | 97.6 | 978 | 10 | KJ139957
= a 11 (43| 40 | 09 | 27 [ 31| 28 |30 |20 |32 | 40 97.1 | 979 | 968 | 972 | 954 | 96.8 | 11 | FJ808075
12 (44| 43 | 45| 50 | 19 | 31|36 | 34 |07 | 00| 40 96.1 | 983 | 98.6 | 97.6 | 97.8 | 12 | HQ221964
13 (49| 46 | 43 | 49 | 21 |33 |35 |37 |04 | 083908 982 | 99.1 | 98.1 | 979 | 13 | KF666561
14 |37 34 | 21| 15|35 | 22|34 | 14|38 | 42| 20| 42 | 43 962 | 957 | 96.5 | 14 | PP910470
15 (47| 44 | 44 | 50 | 24 | 31|37 |37 |13 |12 |40 | 12] 17 ] 02 PP734001
16 46| 44 | 41 | 47 [ 19 | 31 |33 |35 |06 | 12|37 | 12|08 41 00Q686992
17 [37] 35| 34| 46 | 22| 29|31 |33 |13]|20]34]20]18] 42 OP279269
18 | 40| 37 | 39| 43 | 14 | 26 |30 |29 | 17| 21|36 ]| 21]|21]36 KP057582
1 2 3 4 5 6 7 8 9 10| 1 12 | 13 14
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Figure 3 Alignment of F1L gene nucleotide sequences homology among the ORFV isolates and the reference strains
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Figure 4 Phylogenetic tree of ORFV based on the FIL gene sequence
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/Yo

Percent identity

0 2 3 4 5 6 7 8 o [ 10 |11 [ 12| 13| 14|15 16| 17| 18
1 980|977 | 981|983 976|967 |975(979|975| 1 | MT875446
2 979|979 (979|983 | 974 | 965|973 984|972 | 2 | MW492036
3 98.0 | 98.1 | 98.4 | 981 970|960 | 968|983 |97 | 3 | DQ263304
4 978 (977 | 97.7 | 983 | 97.4 [ 96.7 | 97.5 | 98.1 | 974 | 4 | JN613809
5 982|973 973|976 | 969 | 962 | 970 | 973 [ 968 | 5 | AY424969
6 972|971 (971|984 973|964 |972 (974|971 6 |FJ808074
7 976|984 (977976 | 968|961 |99 |93 |97 7 |KX951407
§ § 8 9771977 [ 977|989 | 978 | 968 | 97.7 | 979 | 975 | 8 | KF703747
HG| 9 3. : 96.6 9 [ KY652170
D5 S0 21 |21 |21 221020 24]23 EU327506
Gl 1|23 ]21]20]23]|28]30]16]23 IN565696
12 20|21 ]16|23]|28]30]23]23 KT935589
13171720 17]24]16]24]12 KT438519
14 | 24 | 26|31 |26]|32]27]33]22 LC516489
15 (33 ]35]40|33]|38]36]39]31 INR21-5
16 | 34 [ 36 |41 |34 [39[37]40]32 JNT23-1
17 21|17 |17 |20]28]26][07]21 PP733998
18 | 27 [ 29 |35 | 29|34 |32]35]27 JQ619903
1 2 3 4 5 6 7 8
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Figure 5 Alignment of B2L gene nucleotide sequences homology among ORFV isolates and the reference strains
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Figure 6 Phylogenetic tree of ORFV based on the B2L gene sequence
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