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Abstract

Orf virus (ORFV), a typical member of the Parapoxvirus genus within the family Poxviridae, which is the causative agent of
Orf, a common epitheliotropic viral disease of sheep, goats, wild ruminants, and humans. In the present study, we sequenced
the complete genomic sequences of two ORFV strains (ORFV-SY 17, isolated from sheep, and ORFV-NA17, isolated from
goat) and conducted the comparative analysis of multiple ORFVs. The complete genomic sequence of ORFV-SY17 was
at length of 140,413 bp, including 131 potential open reading frames (ORFs) flanked by inverted terminal repeats (ITRs)
of 4267 bp at both ends. The ORFV-NA17 strain displayed the similar genome structure with ORFV-SY17. The whole
genomic sequence of ORFV-NA17 strain was 139,287 bp in length and contained 132 ORFs flanked by ITRs of 3974 bp.
The overall G+C contents of ORFV-SY 17 and ORFV-NA17 genome sequences were about 63.8% and 63.7%, respectively.
The ITR sequences analysis showed that ORFV-SY 17 and ORFV-NA17 contained the terminal BamHI sites and conserved
telomere resolution sequences at both ends of their genome. In addition, comparative analysis of ORFs among ORFV-SY17,
ORFV-NA17, and other ORFV strains revealed several sequence variations caused by insertions or deletions, especially
in ORFs 005 and 116, which were very likely associated with host species. Phylogenetic analysis based on the complete
genome sequences revealed that ORFV-SY 17 was genetically closely related to NA1/11 and HN3/12 strains derived from
sheep, while ORFV-NA17 was closely related to YX strain derived from goat. The multiple alignment of deduced amino
acid sequences further revealed the genetic relationship between host species and genetic variations of ORFV strains. Taken
together, the availability of genomic sequences of ORFV-SY 17 and ORFV-NA17 strains from Jilin Province will aid in our
understanding of the genetic diversity and evolution of ORFV strains in this region and can assist in distinguishing between
ORFV strains that originate in sheep and goats.
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Introduction

Edited by Joachim Jakob Bugert. Orf, also known as contagious ecthyma, contagious pustular
dermatitis, scabby mouth or sore mouth, is a non-systemic,
highly contagious, and eruptive skin disease in sheep, goats,
and various other wild and domestic ruminants [1, 2]. Orf
virus (ORFV), the causative agent of Orf, belongs to the
Jiawei Zhong and Jiyu Guan contributed equally to this article. prototype member of the genus Parapoxvirus of the family
Poxviridae. Clinically, it mainly causes extensive and pro-
liferative lesions on the skin of the lips, tongues, nostrils,
breasts, and oral mucosa [2, 3]. Humans can be affected by
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making them reluctant to suck and graze, resulting in rapid
emaciation [6].

The genome of the ORFV is linear double-stranded DNA
of about 139 kb with 64% G+C content, which contains
132 putative genes including 89 highly conserved genes and
some variable genes [7, 8]. Thus far, only several complete
or nearly complete genomic sequences of ORFV strains have
been publicly reported in the Genbank database. In China,
the available whole genomic sequences include four strains
originated in goats (GO, YX, NP, and SJ1 strains) from the
Fujian province in Southern China [2], a NA1/11 strain orig-
inated in sheep from the Jilin province in Northeast China
[9] and a HN3/12 strain originated in sheep from the Henan
province in the central region of China [10]. However, the
entire genomic sequence of ORFV from goats in Jilin prov-
ince is not currently available.

In the present study, two ORFV strains (named ORFV-
SY17 and ORFV-NA17) were successfully isolated from
the sheep and goats suspected of Orf infections from Jilin
province of China, respectively. Then, we sequenced and
obtained the complete genomic sequences of ORFV-SY17
and ORFV-NA17 strains. In addition, the data related to
genome structure and phylogenetic relation were discussed
to further examine genomic variations between the two
ORFVs and other PPVs, which would enable us to under-
stand the diversity of ORFYV isolates epidemic in this region
or even in the world.

Materials and methods
Tissue samples

In September and October 2016, the two natural outbreaks
of ORFYV infections occurred in a sheep herd with 145
small-Tailed Han sheep in Songyuan and a goat herd with
106 cashmere goats in Nongan of Jilin Province, north-
east of China. The morbidity rates of the outbreaks were
14.5% (21 out of 145) and 8.5% (9 out of 106), respec-
tively. These infected lambs, aged 1 to 4 months, presented
with typical clinical features of Orf, including papules,
pustules, and scabs on their lips. A total of two clinical lip
scabs samples were, respectively, collected from a sheep
and a goat suspected to have ORFV infections, and stored
in —80 °C.

Virus isolation and electron microscopy

The collected scab tissue samples with significant path-
ological changes were triturated in 0.01 M PBS. The
homogenized samples were centrifuged at 3000 r/min
for 20 min at 4 °C [11]. Then, 100 pl of the clarified

supernatants was passed through 0.45 pm filters and inoc-
ulated into a confluent monolayer of primary ovine fetal
turbinate cells (OFTu). The inoculated cells were placed
in a CO, incubator 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 three blind passages. The
CPE-positive cell cultures were negatively stained with 2%
phosphor-tungstic acid followed by electron microscopy
(EM).

DNA sequencing and assembly

Virions were cultured and purified by sucrose gradient ultra-
centrifugation as described previously [12]. Viral DNA was
extracted using the innuPREP virus DNA kit (Analytik Jena,
Germany) according to the manufacturer’s instructions. The
genomes of ORFV-SY17 and ORFV-NA17 strains were
sequenced using an Illumina Hiseq2000 (Beijing, China).
Raw data were filtered using FastQC v0.10.1 (http://www.
bioinformatics.babraham.ac.uk/projects/fastqc/) to remove
artificial sequences such as sequencing primers, connectors,
and the sequences containing an ambiguous base N. After
removing the low-quality regions, contigs were assembled
and scaffolds were constructed using clean data with SOAP
denovo v2.04 (http://soap.genomics.org.cn/soapdenovo
.html). The sequences data were further analyzed using
BioEdit software package v7.0.0 (http://www.mbio.ncsu.
edu/bioedit/bioedit) to identify gaps between scaffolds. Gaps
were closed by primer walking and verified by sequenc-
ing of PCR products. The complete genome sequences of
ORFV-SY17 and ORFV-NA17 have been submitted to Gen-
Bank with accession numbers MG712417 and MG674916,
respectively.

Analysis of ORF

The potential open reading frames (ORFs) of ORFV-SY 17
and ORFV-NA17 were predicted using the ORF finder
program in the website of the National Center for Bio-
technology Information (NCBI) (https://www.ncbi.nlm.
nih.gov/orffinder/) referring to other known Parapoxvi-
rus (PPV) genomes listed in Table 1 [9]. Using NCBI’s
BLAST program (https://blast.ncbi.nlm.nih.gov/Blast
.cgi), the predicted ORFs were numbered and named
according to ORFV standard strains. In addition, the
percent of amino acid sequence identity (%ID) of each
ORF was determined by alignment analysis between
the two isolated strains and other ORFVs strains using
Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clust
alo/) [13]. Then, the amino acid sequence of each ORF
was further analyzed using software DNAMAN v7.02 in
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Table 1 Sixteen fully sequenced PPVs used in this study

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

ORFV SY17 Sheep China MG712417 131 140413 4267 63.8 Present study

ORFV NA17 Goat China MG674916 132 139287 3974 63.7 Present study

ORFV NA1/11  Sheep China KF234407 132 137080 3020 63.6 [9]

ORFV HN3/12  Sheep China KY053526 132 136643 2794 63.7 [10]

ORFV GO Goat China KP010354 132 139866 3964 63.6 [2]

ORFV YX Goat China KP010353 132 138231 3446 63.8 [2]

ORFV NP Goat China KP010355 124 132111 2426 63.8 [2]

ORFV SI1 Goat China KP010356 129 139112 4153 63.6 [2]

ORFV NZ2 Sheep New Zealand DQ184476 132 137820 3389 64.3 [8]

ORFV 1A82 Sheep USA AY386263 130 137241 3092 64.3 [4]

ORFV SA00 Goat USA AY386264 130 139962 3936 63.4 [4]

ORFV D1701 Sheep Germany HM133903 288 134038 63.7 [22]

PCPV VR634  Human Finland GQ329670 134 145289 14909 65.0 [23]

PCPV F00.120R Reindeer  Finland GQ329669 131 133169 2064 64.1 [23]

BPSV TX09cl  Bostaurus USA KM875472 129 135072 1415 64.4 [24]

BPSV AR02 Goat USA AY386265 131 134431 1161 64.5 [4]

order to determine the mutations and deletions/insertions
located in the sequences of ORFV-SY 17 and ORFV-NA17
strains. To confirm the reality of the deletions/insertions
and mutations, PCR amplifications were performed using
primers designed on these regions and PCR products were
verified by sequencing.

Analysis of ITR

ORFV genomes contain a large central coding region
bounded by two identical inverted terminal repeat (ITR)
regions. The ITRs were located at both ends of the ORFV
genome, which were considered to have high variable [2,
14]. The ITRs of ORFV-SY17 and ORFV-NA17 were
analyzed and compared with other reference strains list in
Table 1 using DNAMAN v7.02. The BamHI site (GGATCC
) and the telomere resolution sequence (ATTTTTT-N(8)-
TAAAT) of ITRs of ORFV-SY17 and ORFV-NA17 were
further analyzed to determine the intact of the terminal hair-
pin loops.

Phylogenetic analysis

The complete genome sequences of ORFV-SY17 and
ORFV-NA17 were obtained after sequencing. Individual
nucleotide sequences and complete genome sequences (16
PPV strains in total, listed in Table 1) including terminal
repetition sequences were aligned by using ClustalW [15].
According to the alignment results, phylogenetic trees
based on the complete genome and individual gene were
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constructed with MEGA v5.05 software, using the neighbor-
joining method with 1000 bootstraps [16].

Results
Typical clinical features

The two natural outbreaks of ORFV infections investigated
in this study occurred in September and October 2016,
respectively. The first outbreak occurred in a sheep herd
with 145 small-Tailed Han sheep in Songyuan where the
infected lambs presented with pox lesions with a morbidity
rate of 14.5% (21/145). The typical multifocal to coalesc-
ing, ulcerated, multiple nodular, or proliferative lesions on
the lips or around the mouth were observed when examined
(Fig. 1a). The second outbreak of pox disease occurred in
a cashmere goat herd in Nongan with a morbidity rate of
about 8.5% (9/106). The infected goats presented with the
characteristic lesions of Orf on the skin of lips, muzzle, and
nostrils (Fig. 1b). In general, all infected animals recov-
ered about 28 days after the first clinical signs appeared.
In addition, no human infections were reported in the two
outbreak areas.

Virus identification by electron microscope
Isolation of Orf virus from scab tissue samples was

attempted by inoculating tissue suspension into the culture
of OFTu cells. After three blind passages, CPE was observed
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Fig. 1 Representative clinical
cases of Orf virus infection and
electron microscopic examina-
tions of the Orf virus. a Sheep
showing multiple nodular
lesions on the lips. b Photo-
graph of a cashmere goat with
severe, proliferative lesions in
the skin of lips and muzzle. ¢
Electron microphotograph of
showing the characteristic mor-
phology of an Orf virion from
OFTu cell cultures inoculated
with the skin lesion of lips col-
lected from a small-Tailed Han
sheep (bar=100 nm). d Elec-
tron microphotograph showing
the characteristic morphology
of an Orf virion from OFTu cell
cultures inoculated with the lip
scabs collected from a cashmere
goat (bar=100 nm)

in the OFTu cells (data not shown). Virus particles from the
supernatant of the CPE-positive cell cultures were subjected
for electron microscopy (EM). Typical parapoxvirus virions
with diameters of about 250 nm were observed, which were
clearly distinguished from orthopoxviruses (OPVs) because
of their characteristic spiral crisscross patterns (Fig. lc, d).
No other viruses were detected. The virus isolates originated
from sheep and goat were designated ORFV/Songyuan/2017
(ORFV-SY17) and ORFV/Nongan/2017 (ORFV-NA17),
respectively.

Genomic features of ORFV-SY17 and ORFV-NA17

After high-throughput sequencing of ORFV genomes using
the Illumina Hiseq2000, the genome sequence of SY17 was
assembled into contiguous sequences of 140,413 bp with
G+C content of 63.8%, while NA17 was 139,287 bp in
length, with 63.7% G+C content. The genomes of SY17
and NA17 were predicted to contain 131 and 132 potential
ORFs. As is common to other poxviruses, ORFV-SY 17 and
ORFV-NA17 genomes contained the relatively conserved
regions (ORFs 009-111) and non-conserved terminal regions

(ORFs 001-008 and 112-134) (See Supplemental Table 1,
Table 2) [9, 17]. The terminal regions of ORFV-SY17 and
ORFV-NA17 genomes contained ITRs at both ends. The
lengths of ITRs of SY17 and NA17 were 4267 bp and
3974 bp, respectively (Table 1). And the ITR of SY17 is the
longest when compared with the corresponding sequences
of other published ORFYV strains in NCBI.

Comparisons of predicted ORFs of ORFV-SY17
and ORFV-NA17 with other ORFVs

The ORFs of ORFV-SY17 and ORFV-NA17 were pre-
dicted by using ORF Finder and BLASTP comparisons
of the predicted amino acid sequence with the GenBank
database. The amino acid identities of each ORF among
SY17, NA17, and other fully sequenced ORFV strains were
compared and listed in Fig. 2 and Supplemental Table 1
and Table 2. Compared to other four isolates (NA17,
NA1/11, YX, and NZ2), ORFV-SY17 shared < 85% and
85-95% amino acid identities with 3—8 genes and 18-28
genes, respectively (Table 2). Among them, the amino
acid identities of all ORFs between SY17 and NA1/11
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Table 2 Gene numbers of below 85% and 85-95% amino acid identity of ORFV-SY17 compared with NA17, NA1/11, YX, and NZ2

ORFV-SY17 %ID (aa)
Above 95% 85%-95% Below 85%
Numbers ORFs Numbers ORFs Numbers ORFs
ORFV-NA17 101 009, 010, 011, 22 007, 008,012,013, 014, 016, 8 001, 005, 104, 115, 116,
015,017... 020, 024, 032, 061, 080, 120, 132, 134
088, 109, 112, 113, 119,
121, 122, 124, 129, 131
ORFV-NA1/11 113 007, 008, 009, 18 001, 005, 012, 014, 017,020, O
010, 011... 024, 103, 104, 109, 112,

ORFV-YX 95 009, 010,011, 017, 28
018...
ORFV-N22 110 007, 008, 009, 010, 18

011...

115, 116, 120, 121, 131,
132, 134

007, 008,012, 013, 014, 015, 8 001, 005, 109, 115, 116,

016, 020, 024, 032, 039, 120, 132, 134
061, 080, 088, 103, 107,
110, 111, 112, 113, 117,
119, 121, 122, 124, 128,
129, 131
001, 005, 012, 014, 024, 039, 3 102, 103, 104

078, 080, 107.5, 112, 113,
115, 116, 120, 131, 134

were above 85%. Meanwhile, ORFV-NA17 shared
with <85% and >95% amino acid identities with 5-12
genes and 97-123 genes, respectively. The NA17 and YX
shared >95% amino acid identity with 123 genes, however,
NA17 only shared >95% amino acid identity with 97-102
genes of other three ORFV isolates (Table 3). The results
suggested that there was a close relationship between SY17
and NA1/11 and between NA17 and YX. In our alignment
of ORFV genomes, ORFs 003, 004, 006, and 133 were
not used in SY17 and NA17, while ORF 002 was found
absent in SY17. Similarities to well-defined proteins in the
other ORFVs, the SY17 and NA17 genomes also included
two newly recognized genes (12.5 and 107.5) suggested by
Mercer et al. [8]. The coding potentials of the ORFV-SY 17
and ORFV-NA17 were predicted to contain 131 and 132
genes, respectively (Fig. 2, Supplemental Table 1, Table 2).

ITR analysis of ORFV-SY17 and ORFV-NA17

The characteristics of ITRs of ORFV-SY17 and ORFV-
NA17 were further analyzed by comparing the correspond-
ing regions of other published ORFV strains in NCBI. The
ITRs of SY17 and NA17 contained terminal BamHI sites
at both ends, which were similar with SJ1, GO, YX strains.
However, the NA1/11 and NP strains only contained the
BamHI site at the right end (Fig. 3a). In addition, the ITRs
of SY17 and NA17 contained conserved telomere resolu-
tion sequences at both ends, however, the NA1/11 and NP
strains only contained the telomere-related sequence at
the right end (Fig. 3a). The ITRs of SY17 and NA17 both
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contained conservative BamHI sites and telomere resolution
sequences at both ends of genomes, which suggested that
the genomic sequences of SY17 and NA17 were relatively
intact [2, 14].

Considering the difference caused by geographical dis-
tance factors, we performed comparison analysis for ITRs
of ORFVs originated from different regions. There are
several long deletion regions in the ITRs of ORFV-SY17
and ORFV-NA17, which are not present in other six ORFV
strains (GO, NA1/11, NP, SJ1, YX, and HN3/12). Although
the differences were observed in length of the ITRs of SY17
and NA17, the most of their ITR sequences were consist-
ent with other six ORFV strains (Fig. 3b). By comparing
the left-end ITR sequence with the inverted sequence of
the right-end ITR of SY17 strain, we found that its inverted
right-end ITR existed a deletion (CCTCCGCGGAGTCGG
AGTCCT) at the position of 1418 bp, while the left-end
ITR deleted a sequence (AGGACTCCGACTCCGCGG
AGG) at the position of 1975 bp. The deleted regions are,
respectively, located within the ITRs at both ends and are
complementary (data not shown).

Phylogenetic analysis

Phylogenetic analysis based on the complete genomic
sequences of 16 PPVs revealed that six ORFV strains origi-
nated in goats and six ORFV strains originated in sheep,
which formed two separate branches with 100% bootstrap
support. ORFV-SY17 isolated from sheep showed a close
relationship with NA1/11 and HN3/12, while ORFV-NA17
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Fig.2 The comparative map of ORFV-SY17 and ORFV-NA17. The
percent of amino acid sequence identity (%ID) of predicated ORFs
between SY17 and NA17 were indicated by colored (black, blue, and
yellow) arrows. Different colors of arrows indicate amino acid iden-

Amino Acid ID <85%
Bl Awino Acid D 85%-95%
Bl Awino Acid ID >95%

tity between SY17 and NA17. The %ID of identical ORFs (>95%)

were indicated in black arrows, 85-95% amino acid identities were

present in blue, and <85% amino acid identities were present in yel-
low
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Table 3 Gene numbers of below 85% and 85-95% amino acid identity of ORFV-NA17 compared with SY17, NA1/11, YX, and NZ2

ORFV-NA17  %ID (aa)
Above 95% 85%-95% Below 85%
Numbers ORFs Numbers ORFs Numbers ORFs
ORFV-SY17 101 009, 010, 011, 017... 22 007, 008, 012, 013, 014, 016, 8 001, 005, 104, 115, 116, 120,

020, 024, 032, 061, 080, 088,
109, 112, 113, 119, 121, 122,
124, 129, 131

007, 008, 013, 014, 016, 020,
024, 032, 039, 051, 061, 073,
078, 080, 088, 111, 112, 113,
119, 121, 122, 129, 131

110, 112, 113, 131

007, 008, 013, 014, 016, 020,
024, 032, 051, 061, 078, 080,
088, 107.5, 109, 112, 113,
114, 121, 122, 125, 129, 131

ORFV-NA1/11 98 009, 010, 011, 015, 017... 23

ORFV-YX 123
ORFV-N22 97

001, 007, 008, 010, ... 4
009, 010, 011, 015, 017... 23

11

12

132, 134

001, 002, 005, 012, 104, 109,
115, 116, 120, 132, 134

002, 005, 104, 109, 132

001, 002, 005, 012, 102, 103,
104, 115, 116, 120, 132,
134

isolated from goat was closer to YX than to other four strains
(SJ1, SA00, NP, GO). In addition, the analysis result also
showed that 12 ORFVs were more closely related to PCPV
than to BPSV (Fig. 4).

To investigate the genetic characteristics and phylogenetic
relationships, we further analyzed the phylogenetic trees of
each gene sequences of ORFVs. Phylogenetic analysis based
on individual gene sequences of 16 PPVs revealed that 19
ORFs (008, 009, 012, 022, 025, 028, 049, 061, 062, 064,
065, 081, 107, 111, 113, 114, 115, 123, and 129) could be
easily used for separating goat from sheep origins (Fig. 5,
Supplementary Figs. S1, S2). The analysis results indicated
that the genetic relationship of ORFV strains derived from
the same host species was closer.

Multiple alignment of ORFV-SY17 and ORFV-NA17

Alignment of ORFs among ORFV-SY17, ORFV-NA17,
and other ORFVs reference strains revealed several
sequence variations caused by insertions or deletions in
ORFs 001, 005, 115, 116, 120, 132, and 134, especially in
ORFs 005 and 116. ORFs 001, 005, 115, 116, 120, 132,
and 134 all located at both ends of ORFV genome, which
were confirmed to have a low %ID (Tables 2, 3). Multiple
alignment of the amino acid sequences of individual genes
005, 115, and 116 further revealed the unique amino acid
residues in the coding regions of ORFVs derived from
sheep or goats (Fig. 6). Only fewer unique amino acid resi-
dues were found in genes 001, 120, and 132, and no unique
amino acid residue was found in gene 134. As expected,
amino acid mutations were found in multiple alignments
of these genes.

@ Springer

Discussion

Orf is a common epitheliotropic viral disease of sheep, goats,
and wild ruminants, which has a worldwide distribution and
is characterized by the formation of papules, nodules, or
vesicles [18]. In the present study, we successfully isolated
and identified two ORFV strains from infected sheep and
goats in Jilin province of China, which were named ORFV-
SY17 and ORFV-NA17, respectively. The complete genome
sequences of SY17 and NA17 were sequenced and analyzed.
The results will help to better understand the heterogeneity
of ORFVs circulating in China.

Genomic sequences of ORFV-SY17 (140,413 bp, Gen-
Bank accession number MG712417) and ORFV-NA17
(139,287 bp, GenBank accession number MG674916)
were obtained and analyzed by the comparative genomic
analysis. Compared with other reported ORFV reference
strains, the genome length of SY17 was the longest. As
is common to other previously reported ORFV strains,
SY17 and NA17 genomes both contained the large cen-
tral coding region which were bounded by two identical
inverted terminal repeat (ITR) regions on either end of
the ORFV genome [14, 19]. Additionally, there are differ-
ences in the length of ITR between different ORFVs. The
lengths of ITRs of ORFV-SY17 and ORFV-NA17 were
4267 bp and 3974 bp, respectively. Among them, the ITR
of ORFV-SY17 is the longest when compared with the
corresponding sequences of other published ORFV strains
in NCBI, which indicated that natural variations occurred
in this genomic region. Although the ITR region of ORFV
genome was considered to be highly variable [9, 19], the
relatively conserved telomere resolution sequences (ATT
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ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-SJ1-KP010356
ORFV-YX-KP010353
ORFV-NZ2-DQ184476
ORFV-IA82-AY386263
ORFV-SA00-AY386264
ORFV-HN3/12-KY053526

l

3'-ITR
ORFV-SY17-MG712417
ORFV-NA17-MG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-SJ1-KP010356
ORFV-YX-KP010353
ORFV-NZ2-DQ184476
ORFV-1A82-AY386263
ORFV-SA00-AY386264
ORFV-HN3/12-KY053526

A!

ORFV-SY17-MG712417
ORFV-NA17-MG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-S]1-KP010356
ORFV-YX-KP010353
ORFV-HN3/12-KY053526

ORFV-SY17-NGT12417
ORFV-NAL7-NG674916
ORFV-GO-KP010354
ORFV-NA1 /1 1-KF234407
ORFV-NP-KP010355
ORFV-SJ1-KP010356
ORFV-YX-KP010353
ORFV-HN3/12-KY053526

ORFY-SY17-NG712417
ORFV-NA17-NG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-S]J1-KP010356
ORKV-YX-KP010353
ORFV-HN3/12-KY053526

B ’
ORFV-SY17-MG712417
ORFV-NALT-MG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-SJ1-KP010356
ORFV-YX-EP010353
ORFV-HN3/12-KY053526

ORFV-SY17-MG712417
ORFV-NA17-NG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFV-NP-KP010355
ORFV-SJ1-KP010356
ORFV-YX-KP010353
ORFV-HN3/12-KY053526

ORFV-SY17-NG712417
ORFV-NA17-NG674916
ORFV-GO-KP010354
ORFV-NA1/11-KF234407
ORFY-NP-KP010355
ORFY-SJ1-KP010356
ORFV-YX-KP010353
ORFV-HN3/12-KY053526

620 1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730

R A A A A A A RN

6GAGCCEGCCGCCECCCCEGAGAAGCCGARGATCACTGTTCCEGCGAAGGCAGGACAGACH TTTTTTITCGGCCC \TAAATITAAAAAGAATCAACAGAAAATTATCATGAT
GGAGCCGGCAGCCGCCCCCGAGAAGCCCUGGATCOGCTGTTCCGGCCAAGGCAGGACAGACATTTTTTCCAGCCCAT AAATITAAAAAGAACAAGAAATTACATGTGAAAAA
GGGAGCCGGCAGCCGCCCCGTAGAAGCCCUGGATCG GCTGTTCCGGCGAAGGCAGGACAGAQ\TTTTT CAGCCCATAAATTAAAAAGAACAAGAAATTACATGTGAAAAA
............................... ' ....'.........CMGAMTTACATGTGAMAA

.......................................... L ..........AATTACATGTGAAAAA

GGAGCCGGCCGCCGCCCCCGAGAAGCCGUGGATC] GCTGTTCCGGCGMGGCAGGACAGA C&TTTTTTITCGGCCCQ[AM’[II’AMA GAACAAGAAATTACATGTGAAAAA
TTTTTTFCAGCCC

GGAGCCGGCAGCCGCCCCGGAGAAGCCCUGGATCOGCTGTTCCGGCCAAGGCAGGACAGA AAATITAAAAAGAACAAGAAATTACATGTGAAAAA

350 4360 4370 4380 4390 4400 4410 4420 4430 4440 4450 4460

R A A A A A R A R R RN

CCGGCCGCCOCCCCOEAGAMGCCEURGATCOCTETTCCO6CGAAGGCAGGACAGACH 'l'l'TTT'l]TCGGCCC AAATITAAAAAGAACAAGAAATTACATGTGAAAAAATTTG
CGGCAGCCGCCCCGGAGAAGCCCEGATCECTGTTCCGGCCAAGGCAGGACAGA CAGCCCATAAATITAAAAAGAATCAACAG. . . oo oo eeeeeneanns
CCGGCAGCCGCCCCGTAGAAGCCCULGATCOGCT! GTTCCGGCGMGGCAGGACAGAG\T[TT CCAGCCCATAAATTAAAAAGAATCAACAGAAAATTATCATGATGATAA
CCGGCCGCCGCCCCGGCCAAGCCCHEGATCHECTGTTCCGGCGAAGGCAGGACAGAQATTTTTTCCAGCCCAT, AAATTAAAAAGAATCAACAGAAAATTATCATGATGATAA

CGGCAGCCGCCCCGGAGAAGCCGOEGATC] GCTGTTCCGGCGMGGCAGGACAGA?TTTTT‘I]CCAGCCC TAAATITAAAAAGAATCAACAGAAAATTATCATGATGATAA
CCGGCCGCCGCCCCCCAGAAGCCCHCGATCHECTGTTCCGGCGAAGGCAGGACAGACATTTTTITCGGCCCATAAATITAAAA. GAATCAACAGAAAATTATCATGATGATAA
CGGCAGCCGCCCCGGAGAAGCCCEGATCARCTGTTCCGGCCAAGGCAGGACAGACATTTTTICCAGCCCATAAATITAAAAAGAATCAACAGAAAATTATCATGATGATAA
CCGGCCGCCGCCCCCGCCAAGCCCTRGATC]

730
A EEEEEERRRA AN

1740 1750 1760

1770

A A L R

1780 1790 1800 1810 1820 1830 1840

ATGATAAAAACTTIT. TTTCTTGTTCTTTITAATTTATGGGCCGA
ATGTGAAAAAATTTG. GTTGATTCTTTTTAATTTATGGGCTGG
ATGTGAAAAAATTTGA CTGTTGATTCTTTTTAATTTATGGGCTGG

ATGTGAAAAAATTTGAGGTTGATTTATTGACGAAACGTTCAACTAAATACAATCCTAAAAGTTTTTATCATCATGATAATTTTCTGTTGATTCTTTTTAATTTATGGGCTGG
ATGTGAAAAAATTTGAGGTTGATTTATTGACGAAACGTTCAACTAAATACAATCCTAAAAGTTTTTATCATCATGATAATTTTCTGTTGATTCTTTTTAATTTATGGGCTGG
ATGTGAAAAAATTTGAGGTTGATTTATTGACGAAACGTTCAACTAAATACAATCCTAAAAGTTTTTATCATCATGATAATTTTCTGTTGATTCTTTT. AATTTATGGGCCGA
ATGTGAAAAAATTTGAGGTTGATTTATTGACGAAACGTTCAACTAAATACAATCCTAAAAGTTTTTATCATCATGATAATTTTCTGTTGATTCTTTITAATTTATGGGCTGG

840 1850 1860 1870 1880 1890 1900 1910 1920 1930

GAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCTCCGGGGCGGCGGCCGGCTCCCGCGGCCGCTGAGCCGCGCTGCCGCGAGAACGCGGACCAGGA
GGAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCTCCGGGGCGGCTGCCGGCTCCCGCGGCGGCTGAGCCGCGCTGCCGCGAGAGCGCGGACCAGGA
GGAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCTACGGGGCGGCTCCCGGCTCCCGCEGCCGCTGAGCCEGCGCTGCCGCGAGAGCGCGGACCAGGA
GGAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCCCCGGGECEGECEECCCGCTCCCECEECEGCTGAGCCECCCTCCCCGCCAGAACGCGGACCAGGA
GGAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCTCCGGGECEECTCCCGECTCCCCCEGCEECTCACCCECCCTCCCCCCAGAGCGCGGACCAGGA
GAAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGCGCTTCTCCGGGGCEECEECCEECTCCCCCECCGECTCAGCCCCCCTCCCCCEAGAGCCCCGACCAGGA
GGAAAAAATGTCTGTCCTGCCTTCGCCGGAACAGCGGATCCGCGGCTTCTCCCGGGCCCCTCCCCCCTCCCCCCCCGCCTCACCCCCCCTCCCGCCAGAGCGCCGACCAGGA

1940 1950

1970 1980 1990

2000

2010

2020 2040 2050

AR R N

AGCTCCTGCCGGAGGAGTTACAGCGGAGGCTGGAACTGCTGAATGCCCTTCAGGACGGGCGTCCGCAGAAACGCH CTCCGCGGAGGCGE
AGCTCCTGCCCCAAGAGTTGCAGCGGAGGCTAGAACTGCTGAAGACTTTCGAGAACGAGCGTCCGCAGGAACGCG GCGGAGGAGH ACTCCGCGGAGGCGG
AGCTCCTGCGGGAGGAGTTGCAGCGGAGGCTAGAACTGCTGAAGACTTTCGAGAACGAGCGTCCGCAGGAACGCGGCTCCGCGGAGGAGGACTCCGACTCCGCGGAGGCGE

AGCTCCTGCGGGAGGAGTTGCAGCGGAGGCTGGAACTGCTGAAGACTTTCGAGGACGGGCGTCCGCGGGAACGCGGCTCCGCGGAGGAGGACTCCGACTCCGCGGAGGCGG
AGCTCCTGCGGGAGGAGTTGCAGCGGAGGCTAGAACTGCTGAAGACTTTCGAGAACGAGCGTCCGCGGGAACGCGGCTCCGCGGAGGAGGACTCCGACTCCGCGGAGGCGE
« .. TCCTGCGGGAGGAGCTACGGCAGAGGCTGGAACTGCTGAATGCTTTCGAGGACCGGCCTCCCGCGGGAACCCCGACTCCGCGGAGGAGGACTCCGACTCCGCGGAGGCGE

3190 3200 3210 3220

3230 3240 3250 3260 3270 3280

R R A N A

e e e eeesssaaaaanad TCCGCGAAGAGC. TTTACGAAAAGTGTTCGAGG. AGGTCTCTTGTCC. . ... T
- - TCCGCGAAGAGCTTTACGAAAAGTTTTCGAGAGGAGAGTGAC. . CTCCGAAAAGCGTTTAC. GAAAGTTTTCGAGGGAGGTCTCTTGTC. . - - .
TCCGCGAAGAGCTCTACGAAAAGTTTTCGAGAGGAGAGTGAC. . CTCCGAAAAGCGTTTAC. GAAAGTTTTCGAGGGAGGTCTCTTGTC. . . . . .
CCTCCCAAAGATTTTGCGGAACGTTTTGGAGAGGAGCACTTGGCCTCCGAAAAGATTTTAC. AAMGT'ITGGAGGGAGGACTGGCCCCAGAGGCT
TCCGCGAAGAGCTTTACGAAAAGTTTCCGAGAGGAG. GTGAC. . CTCCGGAAAGTGTTTACGAAMAGTTTTCGAGGGAGGTCTCTTGTC. . ... . T
. . TCCGCGAAGAGCTTTACGAAAAGTTTTCGAGAGGAAGACCGCTCCTCCGAAAAGCGTTTACTARAAGTTTTCGAGGGAGGTCTCTTGTCC. - - - - T
. . TCCGCGAAGAGCTTTACGAAAAGTTTTCGAGAGGAGAGTGAC. . CTCCGAAAAGCGTTTAC. GAAAGTTTTCGAGGGAGGTCTCTTGTC. . - . . . T
CCTCCCAAAGATTTTGCGGAACGTTTTGGAGAGGAGCACTTGGCCTCCGAAMAGATTTTAC. . AMMAGTTTGGAGGGAGGACTGGCCCCAGAGGCT

3290 3300

- . AMAGTTTTGGAGAG. . .

FWI] 3180
sy

3310 3320

3330

3340 3350 3360 3370

3380 3390

- AGGAAG. CTGCTCCTCCGAAAAGTGTTTACGAAAGTTTTCGG. . GGAGGTC. . CTGCCTCC. . . AGTCTTTACAAAAGTTTTCGA
AACGTTTTGGAGAG. . . . AGGAAGACTGCTCCTCCGAAAAGCGTTTACGAAAAGTTTTCG. . GGAGGTCGACTGACTTCTAAAGTCCTTACAAAAGTTTTCGA
« ... AACGTTTTGGAGAG. . . . AGGAAGACTGCTCCTCCGAAAAGCGTTTACGAAAAGTTTTCG. . GGAGGTCGACTGACTTCTAAAGTCTTTACAAAAGTTTTCGA
CTCCGCGAMAAAGTTTTACAAGGTCTTGGAGAGGTCGACACCCTCCAGAGGTTCCGCGAAAGTGTTTGCEAAGAGTCCGAGAGGGCGC. - . . ACTGCCGCGAAAAATTTCGC

LTCCT. . . . AACGTTTTGGAGAG. . . . AGGAAGACTGCTCC. . CGAAAAGCGTTTACGAAAAGTTTTCG. . . GGAGGCGACTGACTTCTAAAGTCTTTACAAAAGTTTTCGA
LTCCT. . - . AACGTTTTGGAGAG. - . . AGGAAGACCGCTCCTCCGAAAAGCGTTTACTAAMAGTTTTCGAGGGAGGTCGACTGACTTCTAAMGTTTTTACAAAAGTTTTCGA
L TCCT. . . . AACGTTTTGGAGAG. . . . AGGAAGACTGCTCCTCCGAAAAGCGTTTACGAAAAGTTTTCG. . GGAGGTCGACTGACTTCTAAAGTCTTTACGAAAGTTTTCGA
CTCCGCGAAAAAGTTTTACAAGGTCTTGGAGAGGTCGACACCCTCCAGAGGTTCCGCGAAAGTGTTTGCGAAGAGTCCGAGAGGGCGC. . . . ACTGCCGCGAAAAATTTCGC
3390 3400 3410 3420 3430 3440 3450 3460 3470 3480 3490 3500

GGGAGACTACGGCCTC
GGAAGACACGGCCTC
G AGGAAG. CACGGCCTC
GCGG ACGAGTTG.\GCGGTCG ACCGACCI' CCGAACAGTTCACAAAGTTTTTACGGAGAGTTAAAGAGCAGGCCGACCCGACAGTTTAGTTTTACAAAAGGACTAACCTGTCAC
GAGGG. AAGACCGACC. TCGTAAAGTTTTGAGAGAGGTCGCTACCCT. . . . CCGAGGTTCCGCGAAAAGGTTTTTACGAAG. . . . AGTTTT. CGAGAGGAAGACACGGCCTC
GAGGG. AAGACCGACC. CCGTAAAGTTCTGAGA. . GGTCGCTACCCT. . . . CCGAGGTTCCGCGAAAGG. TTTTTACGAAG. . . . AGTTTT. CGAGAGGAAG. CA. GGCCTC
GAGGG. AAGACCGGCC. TTGTGACGTTCTGAGAGAGGTCGCTACCCT. . . . CCGAGGTTCCGCGAAAAGGTTITTACGAAG. . . . AGTTTT. CGAGAGGAAG. CACGGCCTC
GCGGACGAGTTGAGCGGTCGACCGACCTCCGAACAGTTCACAAAGTTTTTACGGAGAGTTAAAGAGCAGGCCGACCCGACAGTTTAGTTTTACAAAAGGACTAACCTGTCAC

@ Springer



498

Virus Genes (2019) 55:490-501

«Fig.3 A Alignment of ITRs of eleven ORFV genomes. a Regions
corresponding to the left terminal sequences (5-ITRs) of eleven
ORFV isolates were aligned using DNAMAN v7.02. The regions
of the terminal BamHI site (GGATCC) and telomere resolution
sequences (ATTTTTT-N(8)-TAAAT) were indicated by black boxes
and black virtual frames, respectively. b Regions corresponding to
the right terminal sequences (3'-ITRs) of eleven ORFV isolates were
aligned using DNAMAN v7.02. The regions of the terminal BamHI
site (GGATCC) and telomere resolution sequences (ATTTTTT-N(8)-
TAAAT) were indicated by black boxes and black virtual frames,
respectively. B Alignment of ITRs of eight ORFV genomes. a’
Regions corresponding to the left terminal sequences (5'-ITRs) start-
ing at the position of 1730 bp of eight ORFV isolates were aligned
using DNAMAN v7.02. The deletion regions in the 5’-ITRs of SY17
and NA17 were indicated by black boxes. b’ Regions corresponding
to the left terminal sequences (5'-ITRs) starting at the position of
3170 bp. The deletion regions in the 5'-ITRs of SY17 and NA17 were
indicated by black boxes

TTTT-N(8)-TAAAT) and the BamHI sites (GGATCC)
were found at the both ends of ORFV-SY17 and ORFV-
NA17 genomes, which were consistent with that of the
vaccinia virus [20] and might be served as a characteristic
sequence of the ITRs of ORFV.

The coding potentials of the ORFV-SY17 and ORFV-
NA17 were predicted to contain 131 and 132 genes, respec-
tively. After the comparison of ORFs between ORFVs, the
results of amino acid identity showed that there was a close
relationship between SY17 and NA1/11 and between NA17
and YX, which might be associated with host species. Mul-
tiple alignments of amino acid sequences of ORFs among

different ORFVs revealed several amino acid residue varia-
tions caused by insertions or deletions, which indicated close
relationship of the virus evolution and its self-protection
mechanism. The phylogenetic tree was constructed based
on the complete genomic sequences to analyze the evolu-
tionary patterns of our two isolates ORFVs and other PPVs.
The results showed that the six goat ORFVs and six sheep
ORFVs formed distinctly separate branches. SY17 had close
relations to NA1/11 and HN3/12 than to the others, while
NA17 was more similar with YX. These results may imply
the close relations between SY17, NA17, and other ORFVs
in evolution, and also further confirmed the genetic differ-
ences between ORFV strains might be closely related to host
species. The observed genetic differences including genomic
deletions or insertions mainly located in the terminal regions
of the genomes, which have been confirmed to encode fac-
tors that determine host range, pathogenesis, and virulence
[7, 21]. Thus, we speculated that the distinct genetic differ-
ences in virus isolates from sheep compared to goats might
be associated with ORFV genome structural features.

In conclusion, the new genomic information of the two
ORFV strain originated from sheep and goat in North-
east China’s Jilin province were obtained. The availability
of ORFV-SY17 and ORFV-NA17 nucleotide sequences
will promote the development of future comparative
genomic studies. We expect that the usability of the two
full-length virus genome sequences will be helpful for
more comprehensive understanding of ORFV biology and
epidemiology.
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Fig.4 Phylogenetic analyses based on whole genome sequences
of PPVs. a The phylogenetic tree was constructed by the neighbor-
joining method using MEGA v5.05. The numbers above or below
the branch points indicate the bootstrap support calculated for 1000
replicates. Filled triangle SY17 isolated in this study; filled circle

@ Springer

NA17 isolated in this study. b The circular phylogenetic tree was
constructed by the neighbor-joining method using MEGA v5.05. The
numbers above or below the branch points indicate the bootstrap sup-
port calculated for 1000 replicates. Filled triangle SY17 isolated in
this studys; filled circle NA17 isolated in this study
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A 0 10 20 30 40 50 60 70 80 90 100
Fovvanaoaaaa oo bovnvanaaabovvvavaaabavnaavaaaa v bavaavavraa v bovavavavaabovivaonanadl
ORFV-SY17-HG712417 PGQGQYHIYSHGGTSKGYASTPGGAVERPY. . . . .. 15GG. . LAGPLEKRUCYG. . GGSND. . . . .. GFLGGGKS. LSGGVNGGVNG. . . . GCGKI
& | ORFV-HN3/12-KY053526 WMPGAGQYHMYTQGGTYKGCASTPGGAVERPY. . . ... 1SGGG. LRGPLEKRUCYG. . GGS. .I. . . .. - - - GGSKS. LSGGVEGGVNG. . . . GLGKI
u| ORFV-NA1/11-KF234407 WPGAGQYHNYTQGGTYKGCASTPGGAVERPS.. . ... S6GG. LRGPLEKRUCYG. . GGS. | . ... .. GGSKS. LSGGVEGGVNG. . . . GLGKI
@ | ORFV-NZ2-DQ184476 PGEGQYHIYSHSGTSKGYASTPGGAVERPS. . . . . . 15666. INGPLEKRUCVG. . GGS. .. . - . . f. . . .GGSKS. LSGGVNGGVNG. . . . GLGKI
ORFV-IA82-AY386263 PGEGQYHIYSHSGTSKGYASTPGGAVERPS,. . . . . . GGG. INGPLEKRUCVG. . GGS. .. ....L. .. GGSKS. LSGGYNGGVNG. . . . GLGKI
ORFV-NA17-HG674916 SGDGQYRIYSHGGTFKGCASTPGGAVKRPS{PSSGG GGGGIWGPLUKRQCGG. SGGFR CRsswcLsccInccvnccvxccvuccvcchch
. | ORFV-TX-KP010353 PGEGQYHNY SHGGTFKGYASTPGCAVERPSSSSGGNSGGG. IRGPLTKRKCGGGSGGFWGGRSS. . . . AGGINSGVNGGVNGGVN. . . . SGCGKI
& | ORFV-GO-KP010354 PGEGQYHNY SHGGTFKGYASTPGCAVKRPISSSGGNSGGG. IRGPLTKRKCGGGSGGFRAGRSS. 1 - . AGGINSGYNGGVNGGVN. . . . SGCGKI
& | ORFV-NP-KP010355 SGDGQYRNYSHGGTFEGCASTPGGAVKRPIPSSGGNSGGGGINGPLUKKRCGGG SGGFRACRSSDNGL SGG INGG INSGVEAGVNNGI SGGHGKF
ORFV-SJ1-KP010356 PGAGQYHIYSHSGTSKGFADTPGGALKRPSY. . . . .. SGGG. IRGPSEKKNCYG. . GGS. Q. . . . .  GFHGGGKS. LSGGVNGGYNGGYNGGCGKT
ORFV-SA00-AY386264 PGEGQYHIYSHSGTSKGFASTPGGAVERPS. . . . . .IS6SG. INGPLEKRUCYG. . GGS. G. . . . .- GFRGGSKS. LSGGVNGGVNGGVNGGCGKI
0 10 20 30 40 50 60 70 80 90 100
B II.....‘...I.........I...‘.....I.........I.........1.........I.........I.....H..I.........I.........I
ORFV-SY17-MG712417 AOFLELLDSIFNRRHRNFRPEDNYRPSDAPPP. KSHTPRTPK. . . . . TPRTQCHGHPRRQI SSPIYGAHVDSLPRNRKRFRHQHSCPADYERCQLPDTIS
o | ORFV-HN3/12-KY053526 WAQFLELLDSIFNRHHRNFGPEDMYRPSDAPPP. KSHTPRTIPH. . . . . TPRTQCAGHPRRQNSSPIYGAYVDSLPRNRKRFQNQHSCPEDYERCQLSDTIS
W | ORFV-NA1/11-KF234407 AQFLEL SIFNRHHRNFRPEDMYRPSDAPPP. xsmpnnm TPRTQCH Y HPRRQNSSPIYGAYVDSLPRNRKRFQNQHSCPEDYERCQLSDTIS
Z | ORFV-NZ2-DQ184476 IELI'DSTFNRRHRNFGPEDNYRPSDAPPP. KSHTPRTPR, . . . . TPRTQCRGHPRRQSSSPIYGAYVDSLPRNRKRFQNQHSCPGDYERCQLSDTIS
ORFV-IA82-AY386263 IELUDSIFNRHHRNF GPEDNYRPSDAPPP. KSHTPR . TPRTQCPGHPRRQSSSPIYGAYVDSLPRNRKRFQNQHSCPGDYERCQLQDTIS
ORFV-D1701-HN133903 A LELUDSIFNRRHRNFRPEDNYRPSDATPPSQYRTPR PHQHTPRNQC RRHNSSPICGAYVDSLPRNRKRFWHQHSCPGDYEQCQLPNTIS
ORFV-NA17-NG674916 ACLIEWWDSIFNRHHRNFGPEDNYRPSDPTPPSKSHTPR . QHTPRNQCHERPRRHNSSPICGACVDSLPRNRERFQHRHSCPGDYEQCQLSETIS
v | ORFV-YX-KP010353 AOLIEWVDSIFNRHHRNFGPEDMYRPSDPTPPSKSHTPRTILH. . . QHTPRNQCHERPRRHNSSPICGACVDSLPRNRKRFQHRHSCPGDYEQCQLSETIS
o | ORFV-GO-KP010354 AGLIERYDSIFNRHHRNFGPEDNYRPSDPTPPSKSRTPRIILH. . . QHTPRNQCRERPRRHNSSPICGACVDSLPRNRKRFQHRHSCPGNYEQCQLSETIS
© | ORFV-SJ1-KP010356 AQLIEWVDSIFNRRHRNFGPEDNYRPSDPTPPSKSRTPRTPH. . . QHTPRNQCRERPRRHNSSPICGACVDSLPRNRKRFQHRHSCPGDYEQCRLSETIS
ORFV-SA00-AY386264 AGLIEWRVDSIFNRRHRNFGPEDNYRPSDPTPPSKSRTPRTPH. . . QHTPRNRCRERPRRHNSSPICGACVDSLPRNRKRFQHRHSCPGDYEQCQLSETIS
110 120 130 140 150 160 170 180 190 200
Fovonnnvaa oo oo b bavvvaanaabonavvavaaa oo bavaaorcaa oo bvvavnnnnaald
ORFV-SY17-NG712417 IS EATLLTVTHTSISSIS. . . SSSSSDSSSLGQCRLSHVSAASTST. . TFSSSE
o | ORFV-HN3/12-KY053526 |SLEATLLTVTVTSISSISSISSSSSSDSSSLGQCRLSHVSATSTSTSTTFSSSE
i | ORFV-NA1/11-KF234407 |SLEATLLTVTVTSISSISSISSSSSSDSSSLGQCRLSHVSATSTSTSTTFSSSE
& | ORFV-NZ2-DQ184476 SLDATLLTVTVTSISSIS. . . SSSSSDSISLGQCRLSHVSATSTSTSTTFSSSE
ORFV-IA82-AY386263  |SLEATLLTVTSTSISSIS. . .SSSSSDSSSLGQCRLSIVSATSTSTTFSYSS. .
ggg-ﬁi'{gl;g:}lgg?gif SLDATLLTVTLTSISSIS. . . SSSSSDSSSLGQCRLSHVSATSTST. . TLSSSE
= = SLEATLLTVTTTSIS. . . STYSSSSSDSISLGQCRLSHVSATSTST. . TFSSSE
= ggggg-ﬁggigggg SLEATLLTVTTTSISSISSIYSSSSSDSSSLRQCRLSHVSATSTST. . TFSSSE
o X SLEATLLTVTTTSISSISSIYSSSSSDSSSLRQCRLSHVSATSTST. . TFSSSE
© | ORFV-SJ1-KP010356 SLEATLLTVTTTSISSISSIYSSSSSDSISLGQCRLSHVSATSTST. . TFSSSE
ORFV-SA00-AY386264  |SLEATLLTVTTTSISSISSIYSSSSSDSISLGQCRLSHVSATSTST. . TFSSSE
c 0 10 20 30 40 50 60 70 80 90 100
IR A R A A A A A R A R
ORFV-SY17-NG712417 SSSSSETTPKP. . IPAPPUTQEEFNKEVEKREERKREKSRTVERESETVTVSSDGSEKTRI YERESERTTETEKNNSPSTSDNEQNTPVEKPEETKPAST!
8 ggg-ﬂfﬁf-ﬁ;gggggg SSSSSETTPKP. . IPAPPHTQEEFNKEVKKREERKREK SRTVERESETVTVSSDGSEIKKTYERESERRTETEKNNT STDD. NEQNTPVEKPEETKPASTI
i = =] SSSSSETTPKP. . IPAPPHTQEEFNKEVKKREERKREK SRTVERESETVTVSSDGSEIKKTYERESERRTETEKNNT STDD. NERQNTPVEKPEETKPAST)
Z | ORFV-NZ2-DQ184476 SSSSSETTPKPKPLPAPPHTQEEFNKEVKKRKEQKKEK SRTVERESETVTVSSDGSEIKKTYERESERT TETEKNNT STDD. NEQNTPVEKPEETKPAST)
ORFV-IA82-AY386263 SSSSSETTPKPKPLPAPPHTQEEFNKEVKKRKEQKKEK SRTVERESETVTVSSDGSEIKKTYERESERT TETEKNNT STDDDNEQNTPVEKPEETKPAST,
ORFV-D1701-HN133903  WSSSSSETTPKPKP1PAPPHTQEEFNREVEKWEEKKREKSRIVEREAETVTVSADGTERTRTYERESEKTTETEKNNYPSTNDNKQNT SVEKPEETKPAS
ORFV-NA17-NG674916 SSSSNETTPEP. . . PAPPUTQDEFNKEVEKRREQKKEKSRIVERESETVTVSGDGTEKTRTYERESEKTTETEKNNNPSTNDNEDK VTDNQPKE
| ORFV-YX-KP010353 SSSSNETTPK®. . .IPAPPNTQDEFNKEVEKREERKREK SRTVERESETVTVSGDGTEKTRTYERESEKTTETEKNNNP STNDNKDKVTDNQPKE
8 ggggg;ﬂﬁgé?gggs SSSSNETTPKP. . .IPSP. NTQEEFNKEVEKREERKREK SRTVERESETVTVSGDGTEKTRTYERESEKTTETEKNNNPSTNDNKIDK VTDNQPKE
-SJ1-] SSSSNETTPKP. . .IPAPPHTQDEFNKEVEKRREQKKEK SRTVERESETVTVSGDGTEKTRI YERESERTTEKETNNNPSTNDNRDKVTDNQPKE.
ORFV-SA00-AY386264 SSSSNEPTPKPK. .|PPAPHTQEEFNKEVEKRREQKKEK SRTVERESETVTVSADGTEKTRTYERESVKTTESEKNNNPSTNDNEDKVTDNQPKE. .
110 120 130 140 150 160 170 180 190 200
Fovovnonaa oo b boaovvanaa oo bovnvrvaaa oo bovvnoaabavvanonaa ool
ORFV-SY17-NG712417 PEGEKPAETPAPTTSPQPTTQPPAESSPGSQPTPAPEPTPAPEP. . APEPTPA. . . . . . AQPASVTQPAPTPEPSPAPET. TPASEPTPASEPTP. . . . .
a. | ORFV-HN3/12-KY053526 [TPEGEKPAETPAPTTDPQPTTQPPAESNSGSQPTPAPEPTPAPEPTPAPEPTPASEPTPATQPASVIQPAPTPEPSPAPEP. TPAPEPTPAPEPTP. . . . .
i | ORFV-NA1/11-KF234407 |JTPEGEKPAETPAPTTDPQPTTQPPAESNSGSQPTPAPEPTPAPEPTPAPEPTPASEPTPATQPASVTQPAPTPEPSPAPEP. TPAPEPTPAPEPTP. . . . .
& | ORFV-NZ2-DQ184476 PEGVKPAETPAPTTDPQPTTQPPAESNPGSQPAPASEPTPAPEP. . APEPT. ... .. ... QPASVTQPAPTPEPSPAPKP. TPASEPTPASEPTS. . . . .
ORFV-IA82-AY386263 PEGEKPAETPAPTTDPQPTTQPPAESGPGSQPTPVPEPTPAPEP. . APEPTPA. . .. . . TQPASVTQPAPTPEPSPAPET. TPASEPTPAPEPTP. . . . .
ORFV-D1701-HN133903 PEGEKPAETPAPTTDPQPTTQPPAESNSGSQPTPAPEPTPESEPTPASKPTP. ... ........ ATEPAAT. EPTSEPKP. SSVPEPTPASDPTP. .. ..
ORFV-NA17-MG674916 ! DDKKPEE. TKDSEKPTPTEKP. ADTSSGDNKKEGGEATLESQP. . TPAPT QPSNSEAPTQPPSS. TPSTQPPSS, ... ......
= | ORFV-TX-KP010353 | . DDKKPEE. TKDSEKPTPTEKP. ADTSSGDNKKEGEETTLKSQP. . TPAPT. . - - QPSNSEAPTQPPSSETPSTQPPSSE. . ;
o | ORFV-GO-KP010354 - DDKKPEE. TKDSEKPTPTEKP. ADTSSGDNKKEGGEATLESQP. . TPAPT. . . . QPSNSEAPTQPPSSETPSTQPPSSL
© | ORFV-5J1-KP010356 . DDKKLEEPPEDGEKPTPTEKP. ADTSSGDNKKEGEEATLESQP. . TPVPT QPSNSEAPTQPPSS. TPSTQPPSSETPPTQPPSS
ORFY-SA00-AY386264 - DDEKLEETPKDSEKPTPTEKP. ANTSSCDNKKEGEEATLES@P. . TPAPT QPSNSEAPTQPPSSETPPTQPPSSIPSTA. . . . .
210 220 230 240 250 260 270 280 290 300
IR A R R A N A N R A R A R R A
ORFV-SYL7T-NGT12417 | . . ... . ... ........... APEPTPSTKPTHQPTVETPPSATAPTTHAQPTNN. . STTETTTGTSTY
a. | ORFV-HNS/12-KY053526 |L.........ccueesusmmsmsmnsns APEPTPSTEPTHQPTVETPPSATAPTTBAQPTNN. . PTTETTTGTSTS
i | ORFV-NAL/11-KF234407 | . .. .. .. ... .......... APEPTPSTEPTRQPTVETPPSATAPTTRAQPTNN. . PTTETTTGTSTS
z ggg—ﬁgﬂ%g;g;& ............................ APEPTPSAEPTHQPTVETPPSAPAPTPRAQPPANSNPTTETTTGTST
-IA82-AY386263 | .. ... ............. APKPTPATEPTRQPTVETTPSAPAPTP QPPAN. NPTTETTTGTST
ORFV-D1701-HN133903 || . .. _ .. ... ... ..cc.ceecen... APELTPMEPT . VEAPP. ATAPTS QPATNSNPATETT. GAST
ORFV-NA17-NG674916 | .- . - - "7"""""""" " 7" nnasmpnJ ......... APST rm . . GTPAATTSETT
| OREV-YXRPO10363. M . oo s TPSTQPTH APSTHPTTNAN. . GTPAATTSETTA
o | ORFV-GO-KP010354 | ... .............. TPSTQPTH EPAPSTBPTTNAN. . GTPAATTSETTA
© | ORFV-5J1-KP010356 SETPSTQPPSTQPPSTQPPSTQPPSTQPPSSETPSTEPTR. EPAPSTRPTTNAN. . GTPAATTSETTA
ORFV-SA00-AY386264 | . .. .. .. .................. PPSSTPSTEPTH. . . . .. ... EPAPSTRPTTNAN. . GTPAATTSETTA

Fig. 6 Multiple alignments of deduced amino acid sequences. The unique amino acid residues were indicated by black virtual frames. a ORF
005. b ORF 115. ¢ ORF 116
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