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Abstract

Orf virus (ORFV, species Orf virus) belongs to the typical species of the Parapoxvirus genus of the family Poxviridae, which
infects sheep, goats, and humans with worldwide distribution. Although outbreaks of Orf have been reported sequentially
in several Chinese provinces, the epidemiology of Orf and genetic diversity of ORFYV strains still needs to be further char-
acterized. To further reveal the genomic organization of the ORFV-GZ18 and ORFV-CL18 isolates, the complete genome
sequences of two recently obtained ORFV isolates were sequenced using the next-generation sequencing technology and
analyzed, which had been deposited in the GenBank database under accession number MN648218 and MN648219, respec-
tively. The complete genomic sequence of ORFV-CL18 was 138,495 bp in length, including 131 potential open reading
frames (ORFs) flanked by inverted terminal repeats (ITRs) of 3481 bp at both ends, which has genomic structure typical
Parapoxviruses. The overall genomic organization of the fully sequenced genome of ORFV-GZ18 was consistent with ORFV-
CL18 genome, with a complete genome size of 138,446 nucleotides, containing 131 ORFs flanked by ITRs of 3469 bp.
Additionally, the overall G + C contents of ORFV-GZ18 and ORFV-CL18 genome sequences were about 63.9% and 63.8%,
respectively. The phylogenetic analysis showed that both ORFV-GZ18 and ORFV-CL18 were genetically closely related
to ORFV-SY17 derived from sheep. In summary, the complete genomic sequences of ORFV-GZ18 and ORFV-CL18 are
reported, with the hope it will be useful to investigate the host range, geographic distribution, and genetic evolution of the
virus in Southern West and Northern East China.
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Introduction

Orf virus (ORFV), a highly contagious zoonotic pathogen,
mainly infects sheep and goats, causing severe proliferative
skin lesions around the lips, nostrils, oral mucosa, tongue

Edited by Joachim Jakob Bugert. and muzzle [1-3]. Also, it can also infect other wild and
domestic ruminants and humans, especially farmers, vet-
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54 Kui Zhao lesions resolve spontaneously within 3—4 weeks [6]. How-
kuizhao@jlu.edu.cn ever, the morbidity and mortality rates of the disease are

higher especially in newly infected kids and lambs due to
secondary bacterial and fungal infections [3, 7], resulting in
huge economic losses in livestock farming.

ORFYV is a highly epitheliotrophic linear double-
stranded DNA virus with a genome of approximate 140
kilobase pairs, encoding 132 putative genes [8, 9]. The
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core region of ORFV genome (ORFs 009-111) is highly
conserved and plays critical roles in viral replication,
assembly, morphogenesis, and release. Variable genes
with potential virulence and immunomodulation functions
are mainly found in the terminal region at both ends of
each inverted terminal repeat (ITRs) [10—13]. Although a
growing number of representative clinical cases of ORFV
infection have been reported around the world [14—19],
currently available complete genome sequences deposited
in the NCBI database are still lacking. Additionally, little
is known about their genomic evolution and diversity.

In the present study, we sequenced full genomes of two
ORFYV isolates, which were, respectively, isolated from
infected goat herds in Guizhou Province and sheep flocks
in Jilin Province, China, in 2018. Among them, this is the
first complete genomic sequence of an ORFV geographic
isolate from Guizhou Province, Southern West China. The
sequence information obtained herein will provide a valu-
able resource in genetic research. It is hoped that these
data will facilitate future investigations of the molecular
characteristics of both ORFV-GZ18 and ORFV-CL18 and
will help determine the geographic origin of two ORFV
isolates and elucidate their phylogenetic relationship to
other ORFYV strains.

Materials and methods
Clinical cases and tissue sampling

In this study, the two natural outbreaks of Orf occurred
at two farms located in Guizhou Province, Southern West
China and Jilin Province, Northern East China, respec-
tively. Tissue samples from the affected animals from the
two outbreaks occurred in distinct geographic regions
within China were obtained by scraping the affected areas
(thick crust skins) showing gross pathological changes
consistent with Orf. Samples frozen at — 80 °C were sub-
jected to further virological investigations. Additional
tissue sections were preserved in 10% neutral-buffered
formalin for histopathologic examinations.

Histopathology

Clinical diagnosis was further confirmed by histopatho-
logic examinations. Briefly, formalin-fixed tissues were
processed routinely, and paraffin-embedded sections of
scab samples were cut to 4 pm. After staining with hema-
toxylin and eosin (H&E), the sections were observed and
analyzed under a light microscope.
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Virus isolation, PCR detection, and electron
microscopy observation

The scab samples with typical gross pathological changes
were triturated in 0.01 M PBS. The homogenized samples
of the scab specimens were clarified by centrifugation at
3000 r/min for 20 min at 4 °C. The supernatant fluids were
collected and inoculated into a confluent monolayer of
primary ovine fetal turbinate cells (OFTu). Subsequently,
virus inoculum was removed followed by 2-h incubation
at 37 °C to allow virus to adsorb and cells were washed
three times with medium and incubated in a CO, incuba-
tor supplying 5% CO,. The normal cells for controls were
maintained in a similar manner. The cells were observed
daily for any cytopathic effects (CPE). Obvious CPE
was observed after five serial passages. The supernatant
from CPE-positive cell cultures were submitted for viral
identification with negative staining electron microscopy
(nsEM) and DNA extraction using the innuPREP virus
DNA kit (Analytik Jena, Germany) according to the man-
ufacturer’s instructions. The PCR assay was performed
by amplifying ORFV ORF011 and ORF120 genes. The
sequences of the primers used in the study are as follows:
ORFO011-Fw: 5'-ATGTGGCCGTTCTCCTCCATC-3',
ORFO011-Rv: 5" TTAATTTATTGGCTTGCAGAAC-3" and
ORF020-Fw: 5'-ATGGCTTGCGAGTGCGCGTCTC-3’,
ORFO020-Rv: 5'-TTAGAAGCTGATGCCGCAGTTG-3'".
The PCR products were visualized on 1% agarose electro-
phoretic gels and DNA sequencing (Comate Bioscience
Co, China).

Genome characterization

Five micrograms of viral genomic DNA extracted from
CPE-positive cell culture supernatant were used to gen-
erate next-generation sequencing libraries using Hiseq
2000 cBot flowcell cluster generation. The full-length
genome sequences of ORFV-GZ18 and ORFV-CL18 iso-
lates were determined through next-generation sequenc-
ing (NGS) technology using Illumina Hiseq 2000 plat-
form (Beijing, China). The raw data were checked using
FastQC v0.10.1 (http://www.bioinformatics.babraham.ac.
uk/projects/fastqc/) as described previously [20] to remove
the low-quality regions. Sequences were assembled and
analyzed using BioEdit software package (http://www.
mbio.ncsu.edu/BioEdit/bioedit.html). Sequence gaps of
each ORFV were identified by linking information from
forward and reverse reads and were closed by primer
walking, PCR sequencing, and insert subcloning. The
complete genome sequences of ORFV-GZ18 and ORFV-
CL18 isolates obtained via NGS technique have been
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deposited in GenBank (the accession number MN648218
and MN648219) and subjected to sequence analyses,
respectively. Putative open reading frames (ORFs) of both
ORFV-GZ18 and ORFV-CL18 were identified using ORF
finder (https://www.ncbi.nlm.nih.gov/orffinder/) and bio-
informatics analysis. The predicted ORFs were numbered
and named according to ORFV standard strain (OV-IAS82).
Furthermore, the percent of amino acid identity (% ID) of
each ORF was determined by alignment analysis between
the two isolates and other ORFV strains using Clustal
Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) [21].

Phylogenetic analyses based on the individual
genes and complete genome sequences of ORFV
isolates

To determine the potential genetic diversity of ORFV-
GZ18 and ORFV-CL18 isolates, multiple sequence align-
ments were performed using the MAFFT version 7 [22]. In
addition, phylogenetic trees based on the individual genes
including ORFO11 and ORF020 were constructed using
maximum likelihood employing GTR +1+ G model and
1000 ultrafast bootstrap replicates, implemented by 1Q-
TREE2 [23].

Additionally, the comparative analysis of the full-length
genomes of ORFV-GZ18 isolate, ORFV-CL18 isolate,
two previously isolated ORFVs including ORFV-SY17
and ORFV-NA17 strains [20], and one non-Chinese ref-
erence strain (OV-IA82 standard strain) in the GenBank
database was performed using MAFFT version 7 and 1Q-
TREE2 [11]. Phylogenetic trees were constructed based
on the complete genomic sequences of ORFV-GZ18 and
ORFV-CL18 and other 18 ORFV isolates available in Gen-
Bank database [24-28].

Results
Typical gross pathological changes

In one of the outbreaks that occurred in Guizhou Province,
all the 28 breed of lambs in the flock purchased from a local
market developed masses covered by thick crusts after about
20 days (Fig. 1A). One of the affected lambs died due to
secondary infection. In the other outbreak in Jilin Province,
the affected animals appeared typical nodular lesions in the
mucocutaneous interface, including the lips, nostrils, and
eyelids, which varied in size from approximately 5—12 mm
(Fig. 1B).

Microscopic examination

Microscopic examination of skin lesions showed that thick-
ening spinous cell layer (Fig. 2A), swelling, vacuolation,
ballooning degeneration, karyorrhexis and characteristic
eosinophilic cytoplasmic inclusion bodies in spinous cells of
the stratum spinosum (Fig. 2B), hemorrhage around the hair
follicle (Fig. 2C), and follicular necrosis (Fig. 2D). A large
amount of hemosiderin particles appeared in the red pulp
of spleen (Fig. 2E). In addition, large number of lympho-
cyte aggregation was observed around the sheathed artery
(Fig. 2F). No obvious lesions were observed in other organs.

Virus isolation and identification

Two viruses were isolated on OFTu cells from the crust
skins showing gross pathological changes consistent with
Orf. Obvious CPE was observed at the second-day post-
inoculation after five blind passages, which was charac-
terized by the diffused degeneration of a monolayer with

Fig. 1 Representative clinical cases of Orf virus infection. A Sheep showing multiple nodular lesions on the lips, oral commissures, and nostrils.
B Photograph of affected animals with severe, proliferative lesions in the skin of lips and muzzle
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Fig.2 Microscopic examina-
tion of skin lesions. Skin biopsy
showing spinous layer thicken-
ing (A), swelling, vacuolation,
ballooning degeneration and
karyorrhexis in spinous cells of
the stratum spinosum (B), hem-
orrhage around the hair follicle
(C), and follicular necrosis (D).
A large amount of hemosiderin
particles appeared in the red
pulp of spleen (E), and large
number of lymphocyte aggrega-
tion was observed around the
sheathed artery (F)

rounded cells fluctuating in the culture medium (Fig. 3B, E).
Furthermore, nsEM of CPE-positive cell culture supernatant
revealed the presence of characteristic ovoid-shaped viral
particles (Fig. 3C, F), which are related to the Poxviridae
family. Finally, the two isolates were identified by PCR and
then confirmed by sequencing of the generated amplicons.
ORFO11 (B2L) is a major envelope protein gene, which
is highly conserved in different PPVs including ORFV,
BPSV, PCPV, and parapoxvirus of red deer in New Zea-
land (PVNZ) and usually serves as a common and precise
marker for the genome stability of PPVs. Thus, the ORFO11
(B2L) gene from ORFV-GZ18 and ORFV-CL18 was suc-
cessfully amplified by PCR which produced an amplicons
of approximately 1137 bp in size which were confirmed
by automated DNA sequencing. To further understand the
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evolutionary relationship among ORFYV isolates and with
other members of poxviruses, ORF020, an ORFV-encoded
early interferon resistance protein (OVIFNR) has important
role for viral replication, which is located in the left termi-
nal variable region of PPVs genome and chosen for ampli-
fied and produced an amplicons of approximately 552 bp in
size which were confirmed by automated DNA sequencing
(Fig. 4A, B).

"
| A

Genome assembly

After demultiplexing and quality trimming, sequence
fragments were assembled and the obtained contigs anno-
tated using BLASTn and BLASTx against non-redundant
protein database (GenBank). The complete genomic



Virus Genes (2022) 58:403-413

407

Fig.3 Infected OFTu cells and electron microscopic examinations
of the Orf virus. A Mock-infected cells; B obvious cytopathic effects
(CPE) was observed at OFTu cells under microscope when inoculated
with the supernatant fluid prepared from the skin lesion of infected
animals in Jilin Province; C electron microphotograph of showing
the characteristic morphology of an Orf virion from OFTu cell cul-

A M 1 2 3 4

2000bp

1000bp
750bp

500bp
250bp

Fig.4 PCR amplification of ORF 011 and ORF020 of ORFV-CL18
and ORFV-GZ18 isolates. A Lane M: DL 2000 Marker; Lane 1 and
2: ORFO11 gene (1137 bp in size) was amplified from genomic DNA
isolated from ORFV-CL18; Lane 3 and 4: ORF020 gene (552 bp in
size) was amplified from genomic DNA isolated from ORFV-CLIS;

sequences of ORFV-GZ18 and ORFV-CL18 were deter-
mined to be 138,446 bp (GenBank accession number
MN648218) and 138,495 bp (GenBank accession number
MN648219) in length, respectively. Both ORFV-GZ18
and ORFV-CL18 have typical genomic organization and
structural characteristic of Poxviruses, which contain
131 OREFs, respectively, flanked by ITRs of 3469 bp and
3481 bp at both ends (Fig. 5; Table 1). Additionally, the
overall G + C contents of ORFV-GZ18 and ORFV-CL18
genome sequences were about 63.9% and 63.8%, respec-
tively (Table 1).

tures inoculated with the skin lesion of lips (bar=100 nm); D mock-
infected cells; E obvious CPE was observed at OFTu cells under
microscope when inoculated with the supernatant fluid prepared from
the scabs of infected animals in Guizhou Province; F electron micro-
graph of the orf virus particle showing typical oval-shaped morphol-
ogy (bar=100 nm)
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B Lane M: DL 2000 Marker; Lane 5 and 6: ORFO11 gene (1137 bp in
size) was amplified from genomic DNA isolated from ORFV-GZ18;
Lane 7 and 8: ORF020 gene (552 bp in size) was amplified from
genomic DNA isolated from ORFV-GZ18

Sequence alignments of ORFs and ITRs

The amino acid identifies of each ORF among ORFV-
GZ18, ORFV-CL18, and other fully sequenced representa-
tive ORFV strains were compared and listed in Tables 2
and 3 [11, 25, 26]. Comparative analyses of the complete
sequences of ORFV-GZ18 and ORFV-CL18 revealed that
the two isolates exhibit remarkably limited genomic variabil-
ity and share higher amino acid identity in equivalent ORFs
especially in the central regions of the complete genomic
sequence. ORFs 002, 005, 058, 103, 116, 118, 119, and 132
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Fig.5 Genome map of the 2 new isolates (ORFV-CL18 and ORFV-
GZ18) and other reference ORFV isolates. The predicated ORFs
are indicated by colored (green, black, red, and yellow) arrows. The

were found to have a lower % ID (below 60%), which mainly
located at both ends of ORFV genome usually termed as
terminal variable region. Additionally, sequence alignment
showed that ORFV-GZ18 and ORFV-CL18, respectively,
shared nucleotide identify 84-97% and 86-96% with other
isolates at the ITRs. The ITR of the two ORFV strains share
highly 95.31% identity between each other, including the
BamH I site (GGATCC) and the relatively conserved tel-
omere resolution sequences (ATTTTTT-N(8)-TAAAT),
which indicated that ORFV-GZ18 and ORFV-CL18, respec-
tively, isolated from two different areas of China probably
have a more recent last common ancestor than the last com-
mon ancestor they share with the other. In addition, this
genetic structure might correspond to geographic structure
or host specificity.

Phylogenetic analysis

To determine the evolutionary relationship of the two
isolates to other known isolates worldwide, phylogenetic
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ORFs located in left terminal variable regions are present in green,
and the right terminal variable regions are presented in yellow. The
conserved regions are shown in black and red

analysis based on 20 PPVs entire genome sequences was
subsequently performed using IQ-TREE2 [11, 24-28]. The
results indicated that all the ORFV strains analyzed were
divided into 3 clusters, and the two newly identified iso-
lates (ORFV-GZ18 and ORFV-CL18) shared the closest
relationship with ORFV-SY 17, which previously was iso-
lated from Jilin Province of China (Fig. 6). Additionally,
phylogenetic trees based on the individual genes includ-
ing the full-length nucleotide sequence of ORF011 and
ORF020 genes were also constructed to further explore the
genetic relationship among these ORFV strains. As shown
in Fig. 7B, phylogenetic analysis based on ORF020 gene
also showed that ORFV-GZ18 and ORFV-CL18 also had
a close relationship to ORFV-SY17 isolate. Overall, these
results suggested that ORFV isolated in Jilin Province and
Guizhou Province might have the same origin.
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Table 1 Complete genomic sequence of the two newly identified isolates (ORFV-CL18 and ORFV-GZ18) and other fully sequenced representa-
tive ORFV strains

PPV species Isolate Host GenBank Country Predicted genes Genome size ITR size (bp) G+C (%) References
accession (bp)

ORFV CL18  Sheep MN648219 China 131 138,495 3481 63.8 In this study

ORFV GZ18  Sheep MN648218 China 131 138,446 3469 63.9 In this study

ORFV SY17  Sheep MG712417 China 131 140,413 4267 63.8 Zhong et al. [20]

ORFV D1701 Sheep HM133903 Germany 259 134,038 63.7 McGuire et al.
(28]

ORFV NA1/11 Sheep KF234407 China 132 137,080 3020 63.6 Liet al. [24]

ORFV HN3/12 Sheep KY053526 China 132 136,643 2794 63.7 Chen et al. [25]

ORFV NZ2 Sheep DQ184476 New Zealand 132 137,820 3389 64.3 Mercer et al.
[26]

ORFV 1A82 Sheep AY386263 USA 130 137,241 3092 64.3 Delhon et al.
[11]

ORFV NA17 Goat MG674916 China 132 139,287 3974 63.7 Zhong et al. [20]

ORFV GO Goat KP010354 China 132 139,866 3964 63.6 Chi et al. [27]

ORFV YX Goat  KP010353 China 132 138,231 3446 63.8 Chi et al. [27]

ORFV NP Goat  KP010355 China 124 132,111 2426 63.8 Chi et al. [27]

ORFV SJ1 Goat  KP010356 China 129 139,112 4153 63.6 Chi et al. [27]

ORFV SAO0  Goat AY386264 USA 130 139,962 3936 63.4 Delhon et al.

(11]

Table2 The amino acid identification of each ORF among ORFV-CL18 and other fully sequenced representative ORFV strains

CL18 %ID (aa) %ID (aa) %ID (aa) %ID (aa)
>95 80-95 60-79 <60
Numbers ORFs Numbers ORFs Numbers ORFs Numbers ORFs
GZ18 125 001, 005, 007... 6 012,013, 115,117,119, 120
SY17 128 001, 005, 007... 3 012,013, 024
NA17 104 009, 010,011 ... 22 001, 007, 008, 013, 014, 016, 2 104,115 4 002,005,116,132

020, 032, 039, 061, 080, 088,
103, 109, 112, 113, 119, 120,
121, 124, 131, 134

HN3/12 107 007, 008, 009... 23 001, 005, 012, 013, 014, 020, 2 002,119
024, 078, 080, 103, 104, 109,
112, 115, 116, 118, 120, 121,
124,127,131, 132, 134

NZ2 105 007, 008, 009... 24 001, 005, 012, 013, 014, 016, 1 102 2 002,103
024, 032, 039, 080, 088, 104,
107.5, 108, 112, 113, 115, 116,
118, 120, 121, 124, 131, 134

OV-IA82 92 008, 009, 010... 31 001, 005, 007, 012, 013, 014, 4 066,109,128,132 3 002,058,118
016, 020, 024, 029, 061, 066,
074, 078, 080, 083, 088, 103,
104, 108, 110, 111, 112, 113,
115, 116, 120, 121, 124, 131,
134
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Table 3 The amino acid identification of each ORF among ORFV-GZ18 and other fully sequenced representative ORFV strains

GZ18 %ID (aa) %ID (aa) %ID (aa) %ID (aa)
>95 80-95 60-79 <60
Numbers OFRs Numbers OFRs Numbers OFRs Numbers OFRs
CL18 125 001, 005, 007... 6 012,013, 115,117,119, 120
SY17 125 001, 005, 007... 6 012,024, 115,117, 119, 120
NA17 105 009, 010, 011... 20 007, 008, 013, 014, 016, 020, 3 001,104,134 4 002,005,116, 132
032, 039, 061, 080, 088, 103,
109, 112, 113, 115, 120, 121,
124, 131
HN3/12 104 007, 008, 009... 26 001,005,012,013,014,017,020,0 2 002,119
24,078,080,088,103,104,109,1
12,115,116,117,118,120,121,1
24,127,131,132,134
NZ2 103 007, 008, 009... 26 001,005,012,013,014,016,024,0 1 102 2 002,103
32,039,078,080,088,104,107.5,
108,112,113,115,116,118,119,
120,121,124,131,134
OV-1A82 89 008, 009, 010... 34 001, 005, 007, 012, 013, 014, 4 066,109,128, 132 3 002,058,118
016, 020, 024, 029, 033, 039,
046, 061, 078, 080, 083, 088,
103, 104, 108, 110, 111, 112,
113,115,116, 117, 119, 120,
121, 124, 131, 134
A B § g
ACL1S % H 5
———moezs ;
L sv7

NA111
OV-HN3/12
OV-A82
NZ2

D1701
NA17

GO
OV-SA00
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sJ1
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VR634
F00.120R
BV-TX09¢5

BV-AR02
BV-TX09¢1

.

Fig.6 Phylogenetic analyses based on the complete genomic
sequences of ORFV-GZ18 and ORFV-CL18 and other 19
ORFV isolates available in GenBank database. A The phyloge-
netic tree was constructed using maximum likelihood employ-
ing GTR +1+ G model and 1000 ultrafast bootstrap replicates, imple-
mented by IQ-TREE2 software. A CL18 isolated in this study;
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A B

AH1402

Fig. 7 Phylogenetic analysis based on the full length of ORFO11 (A)
and ORF020 (B). The phylogenetic trees based on the full length of
ORFO011 and ORF020 gene were constructed via the maximum like-
lihood method using IQ-TREE2 software, and 1000 bootstrap repli-

Discussion

Orf is a highly contagious zoonotic disease of small rumi-
nants and it is usually prevalent in the regions where live-
stock farming is practiced [29]. Also, it is an occupational
hazard for farmers, shepherds, slaughterhouse workers, and
veterinarians. The occurrence of Orf disease has led to huge
economic losses to goat and sheep livestock industry by
reducing the productivity and health-related losses [3, 30].
In recent years, various Orf virus strains of different origins
have been reported in many countries, which have become
of great concern to some extent because of border crossing
and its zoonotic potential [1-5]. In the present study, we suc-
cessfully isolated and identified two ORFV strains, respec-
tively, from infected goat and sheep from the two outbreaks
occurred in distinct geographic regions within China, which
were named ORFV-GZ18 and ORFV-CL18, respectively.
To more comprehensively understand the genetic diver-
sity and the evolution of ORFVs from different regions in
China, the complete genome sequences of the ORFV-GZ18
and ORFV-CL18 isolates from two naturally infected cases
were obtained using next-generation sequencing (NGS) tech-
nology. The full-length genomic sequences of ORFV-GZ18
(isolated from Guizhou Province, Southern West China)
and ORFV-CL18 (isolated from Jilin Province, Northern
East China) were determined to be 138,446 bp (GenBank
accession number MN648218) and 138,495 bp (GenBank
accession number MN648219), respectively. Comparative

'_: Shuhama-02
Nishat-01
L Nishat-02
hMbuts
Shuhama-01

L Goabal 0t
Goabal-02

[—C“'zsz

SPi13
l_E $V820110
SV269/11
OV-lA82
B029
HN3M2

NA1/11
D1701
— FJ-BF2015
L— FJ-YT2015
GO
AH1704
AH1604
X3
AH1505
AH1404
AH1402
AH-GY13
] Xinjiang2
YX
SP41
FJ-JA2015

FJ-LY2014
FJ-F22014

AH1701
AH1508
AH1610
AH1612
FJ-F22016
s

(111

LK

NA17
OV-SA00
Dachigam-01

cates were subjected to nucleotide sequence distance (cut-off value
of 50% from 1000 bootstrap replicates). Only bootstrap values>50%
are shown at each tree node. A : GZ18 isolated in this study; = CL18
isolated in this study

analysis of ORFV-GZ18 and ORFV-CL18 entire genomes
showed that both of them contained a large central coding
region bounded by two identical inverted terminal repeat
(ITR) regions of 3469 bp and 3481 bp at both ends [20,
31], which had typical genomic organization and structural
characteristic of the member of the genus Parapoxvirus.
In addition, sequence analyses also revealed that the two
new isolates exhibit remarkably limited genomic variability
and share higher amino acid identity in equivalent ORFs
especially in the central regions of the complete genomic
sequence. Due to its terminal location, the ITR regions usu-
ally were considered to be highly variable, which might play
an important role in virulence, viral replication, host range,
and regulation of gene transcription and expression [4, 31].
Of note, the ITRs of the two newly identified ORFV isolates
share highly 95.31% identity between each other, including
the BamH I site (GGATCC) and the relatively conserved
telomere resolution sequences (ATTTTTT-N(8)-TAAAT),
which were also consistent with those of ORFV-SY17 and
ORFV-NA17 strains [20] and might be considered as a
potential characteristic motif of ORFV ITRs.

To fully determine the evolutionary relationship of the
two isolates to other known isolates worldwide, phylogenetic
analysis based on 20 PPVs entire genome sequences was sub-
sequently performed using the maximum likelihood method
implemented in IQ-TREE2 [11, 24-28]. The results indicated
that all the ORFV strains analyzed were divided into 3 clus-
ters, and the two newly identified isolates (ORFV-GZ18 and
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ORFV-CL18) shared the closest relationship with ORFV-
SY17, which previously was isolated from Jilin Province of
China. Additionally, phylogenetic trees based on the nucleotide
sequences of the full-length nucleotide sequence of ORFO11
and ORFO020 genes were also constructed to further explore
the genetic relationship among these ORFV strains. Compared
to other ORFYV isolates, ORFV-GZ18 and ORFV-CL18 also
had a close relationship to ORFV-SY17 isolate, suggesting
they may derive from the same origin. Of note, ORFV-GZ18
(isolated from goat) shares a relatively closer relationship with
ORFV-CL18 (isolated from goat) comparing to some other
viral strains prevalent in various regions of the world, which
indicates ORFV's may be having host-specific adaptations to
allowing the viruses to be transmitted more effectively in either
sheep or goats. Thus, the results may provide new insight into
the origin and evolution of ORFV.

In conclusion, two newly identified ORFV isolates, respec-
tively, originated goat from Guizhou Province, Southern
West China and sheep from Jilin Province, North east China
were obtained. Meanwhile, this is the first complete genomic
sequence of an ORFV geographic isolate from Guizhou Prov-
ince. The availability of ORFV-GZ18 and ORFV-CL18 com-
plete genomic sequence information will provide a valuable
resource in genetic research. It is hoped that these data will
facilitate future investigations of the molecular characteristics
of both ORFV-GZ18 and ORFV-CL18, which also can be
served as the basis from which to determine the evolutionary
history of these two lineages.
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