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Abstract

Introduction: Orfvirus envelope gene (B2L) encodes a highly immunogenic protein that exhibits lipase activity. Since Orfvirus strains change
genetically, it is essential to have adequate information on geospatial genetic diversity of global B2L to design an appropriate contagious ecthyma

vaccine.

Materials and Methods: For this purpose, we have investigated twenty-four Iranian orf virus B2L genes that were recovered from tow
outbreaks of contagious ecthyma in sheep and goats from four provinces of Iran and compared with related available global sequences in GenBank.

Results: The nucleotide sequence analysis of Iranian B2L showed the occurrence of 71 SNPs. In total, 17 amino acid substitutions were detected
with 2 unique mutations, resulting in 9 haplo types that 6 of them were not reported in any other geographic regions. Tests for departure from
neutral evolution showed purifying selection. Phylogenetic analysis of the BZL gene suggests that the Iranian isolates were closely related to Turkey,

India, China, Taiwan, Finland and Brazil isolates.

Conclusion: The present analysis has shown that genetic diversity in the global orf virus exhibits low-level diversity, purifying selection and
geographic variation. These results are of practical significance for the strategic development and deployment of control measures in particular for

development of an appropriate contagious ecthyma vaccine.
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Introduction

Contagious ecthyma (Orf, contagious pustular dermatitis,
infectious labial dermatitis, scabby mouth, sore mouth) is a
viral disease that is caused by the epitheliotropic Orf virus and it
primarily causes disease in goats, sheep, and other ruminants
globally [1-3]. The disease is also transmissible to humans
(zoonotic) due to direct or indirect contact to people working with

animals [4] and infections are manifested by painful lesions in
hand and can spread to other organs [5]. The disease in sheep and
goats are characterized by inflammatory, proliferative and scabby
lesions in the lips, oral and nasal mucosa and muzzle. The lesions
are painful and depending on the location of the lesions, animals
may be unwilling to nurse, eat or walk [6]. Although, vaccination
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with attenuated Orf virus is the most common method to prevent
and control the disease [7,8] there are recent reports revealing
that the vaccination with the live attenuated virus cannot provide
effective protection [9] suggesting that the Orf virus strains might
have been changed genetically [10-12]. The virus is a member of
Parapox virus genus which belongs to the Poxviridae family. It has a
linear double-stranded DNA genome (134-139kb in size) [13]. The
central region of the genome encodes proteins involved in the virus
structure and assembly, while in the terminal regions of the genome
there are genes associated with virulence, pathogenesis, host range
[14,15]. The envelope gene (B2L) of the virus encodes a highly
immunogenic major envelope protein of molecular weight about
42kDa and exhibits lipase activity [16]. This gene has been widely
used for molecular characterization and phylogenetic analysis of
isolates of Orf virus [8,17,18].

In recent years, outbreaks of Orfvirus have occurred worldwide
[12]. Although outbreaks of Orfvirus have occurred in Iran and have
been confirmed, there is no reportavailable of the detailed sequence
and phylogenetic analysis of the B2L gene of Orf virus in Iran in
comparison with other isolates from other regions of the world.
Having this data may resolve the determinants of gene flow and
patterns of genetic diversity in global endemic regions. Therefore,
in the current investigation, the main objective was to investigate
the sequence diversity and population genetic of the B2L gene
among natural Orf virus isolates. On the other hand, we extracted
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worldwide B2L sequence data available in the GenBank, and along
with Iranian B2L sequence data, the global genetic diversity of this
gene was evaluated. The obtained results would add more data
on available global information regarding B2L genetic diversity
and would also allow comparing the Orf virus population from
this part of the world with those found in distinct and contrasting
epidemiological settings to identify polymorphisms. The results
of this study may be helpful for developing an appropriate live
attenuated contagious ecthyma vaccine.

Material and Methods
Sampling of Orf Virus from Sheep and Goats

In the current investigation, 24 mouth scab samples were
collected from two outbreaks of Orf virus which occurred in sheep
and goats of Northwest (Taleqan in Alborz province; Mehdi Abad
in Qazvin province; Firuzkuh in Tehran province) and Southeast
(Qaleh Ganj, Kerman province) Iran during 2018-2019 (Figure 1,
& Table 1). The outbreaks were characterized by the presence of
cutaneouslesions on lips with no mortality. Sampling was performed
using sterile forceps individually for each animal and the samples
were immediately immersed into sterile PBS supplemented with
1% antibiotics (Penicillin 1000 IU-Streptomycin 10mg; Sigma,
Germany). The samples were chilled on ice during the transport
to the laboratory of Vira Vaccine Co. and were stored at -20°C for

subsequent use.

Table 1: Epidemiological information on Iranian orf virus isolates analyzed in the present study.

Virus Isolate Date of Collection Area Host Species Age (month) Accession Number
IRTN1 2018 Taleqan Sheep 3 MN422309
IRTN2 2018 Taleqan Sheep MN422310
IRTN3 2018 Taleqan Sheep 3 MN422311
IRTN4 2018 Taleqan Goat 1 MN422312
IRTN5 2018 Taleqan Goat 2 MN422313
IRTN6 2018 Taleqan Goat 2 MN422314
IRTN7 2018 Taleqan Goat 1 MN422315
IRQN8 2019 Mehdi Abad Sheep 2 MN422316
IRFH9 2019 Firuzkuh Sheep 3 MN422317
IRFH10 2019 Firuzkuh Sheep 4 MN422318
IRFH11 2019 Firuzkuh Sheep 4 MN422319
IRFH12 2019 Firuzkuh Sheep 4 MN422320
IRFH13 2019 Firuzkuh Sheep 5 MN422321
IRFH14 2019 Firuzkuh Goat 1 MN422322
IRFH15 2019 Firuzkuh Goat 1 MN422323
IRFH16 2019 Firuzkuh Goat 1 MN422324
IRFH17 2019 Firuzkuh Goat 1 MN422325
IRFH18 2019 Firuzkuh Goat 2 MN422326
IRFH19 2019 Firuzkuh Goat 2 MN422327
IRFH20 2019 Firuzkuh Sheep 3 MN422328
IRGG21 2019 Qaleh Ganj Goat 2 MN422329
IRGG22 2019 Qaleh Ganj Goat 2 MN422330

American Journal of Biomedical Science & Research 236

Z



Am ] Biomed Sci & Res Copy@ Saeed Nazeri
IRGG23 2019 Qaleh Ganj Goat 2 MN422331
IRGG24 2019 Qaleh Ganj Goat 2 MN422332

a) Qazvin province (Mehdi Abad),

b) Alborz province (Talegan),
c) Tehran province (Firuzkuh),
d) Kerman province (Qaleh Ganj).

Figure 1: Geographic locations of the orf virus infection in sheep and goats. Map of Iran showing the geographical sites where the 24 mouth
scab samples have been collected during orf suspected outbreaks from clinically sick sheep and goats in:

Virus Isolation

The collected mouth scab samples were washed three times
with sterile PBS, cutinto small pieces, ground, and suspended (1:10)
in sterile PBS supplemented with antibiotics. The suspension was
centrifuged at 5000 rpm for 10min and the supernatant was used to
infect primary lamb testis (LT) cells. 200uL of the supernatant was
inoculated onto a confluent layer of LT cells grown in a 25cm? tissue
culture flask containing 10ml Dulbecco’s Modified Eagle Medium
(DMEM, Sig ma-Aldrich) supplemented with 10% fetal bovine
serum (Gibco). The inoculated cultures were incubated in 37°C
and 5% CO, for 120h. The flasks observed daily for the presence of
cytopathic effects (CPE). Samples were considered negative when

no CPE was observed following three blind passages.

Viral DNA Extraction

The pathological tissue homogenates (10% w/v in PBS) were
centrifuged at 10,000g for 10min at +4°C. The supernatants were
used in order to viral DNA isolation. Virus genomic DNA was
extracted using the commercially available DNA extraction kit
(Roche Diagnostics GmbH, Mannheim, Germany) according to the
manufacturer’s instruction. The purified DNA was dissolved in TE
buffer and stored at -20°C until further testing.

Amplification and Sequencing of B2L Gene

For molecular analysis of B2L gene, PCR amplification

was performed using a forward outer primer (B2LF: 5'-
GACCTTCCGCGCTTTAATTT-3") and a reverse primer (B2LR: 5'-
CCCGCCTGCTAAAAGACT-3") [19]. PCR amplification was performed
in a final volume of 25l reaction containing 125 uM each of dNTPs,
2 mM MgCl,, 0.2nM each of primers, 0.5 U Pfu DNA polymerase
(Invitrogen, Carlsbad, CA, USA), and 1 pl DNA as template isolated
from the tissue homogenates. The cycling condition for the
amplification of the fragment was 95°C for 4 min followed by 30
cycles of 95°C for 30s annealing at 57°C for 45s, extension at 72°C
for 45s, and final extension at 72°C for 7min. For each PCR run, a
negative control consisting of 5uL of water instead of the template
DNA was included. PCR fragment was analyzed by electrophoresis
on 1% agarose gels (Invitrogen, Carlsbad, CA, USA).

Inthe presentstudy,all 24 samples were subjected to sequencing
analysis. The amplified products of B2L genes were purified using
Qiagen DNA purification kit (Qiagen, Germany) according to the
manufacturer’s instructions. Direct sequencing of the full-length
of B2L was performed in both directions using B2LF and B2LR
primers by the dideoxy chain termination procedure (Chemistry
V3.1, Applied Biosystems) and the 3730XL DNA analyzer (Applied
Biosystems) by Bioneer Sequencing Service (Korea). The obtained
sequences were confirmed by Blast server https://blast.ncbi.nlm.
nih.gov/Blast.cgi. All the sequences were analyzed and edited
manually using BioEdit software version 7.2.5.
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Sequence Analysis

The full-length B2L gene sequences of the Iranian Orf virus
isolates were translated into amino acid sequences by Gene Runner
software version 5. Then, the nucleotide and translated amino acid
sequences were aligned with the corresponding NZ2 sequence
(U06671) as a reference strain using the CLUSTALW method
https://www.genome.jp/tools-bin/clustalw to determine the
single nucleotide polymorphisms (SNPs). Moreover, the haplotypes
were classified based on DNA and amino acid sequences of the
examined samples in comparison with the NZ2 isolate. In addition,
BLAST searches https://blast.ncbi.nlm.nih.gov/Blast.cgi were
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performed to compare these B2L haplotypes with other available
sequences in the GenBank database. In this study, the nucleotide
sequence data of B2L gene is available in GenBank databases under
the accession numbers MN422309 to MN422332. DNA sequences
from the Iranian B2L gene (Table 1) and DNA sequences from
global B2L gene that previously deposited in the GenBank (Table
2) were prepared in FASTA format using CLUSTAL X version 2.0 and
then analyzed in DnaSP version 5.10.01. The haplotype diversity
(Hd), number of haplotypes (H), nucleotide diversity (n) and the
minimum number of recombination events (Rm) were calculated

using the DnaSP software.

Table 2: Information about orf virus isolates (n = 197) used for sequence and population genetic analysis.

Country of Origin (n)

GenBank Accession No.

Host Species

Turkey (8)

MF997466- MF997468;
KC491189-KC491193

Sheep; Goat; Homo sapiens

India (61)

DQ263303-DQ263306;
KU128530-KU128540;
KU597728-KU597730;
MH790947-MH790956;
MH998254-MH998257;
MF462343-MF462355;
KT935588-KT935590;
JQ040300; GU139356;
MH756169-MH756172;
KU672688-KU672689
KX129982;
KT191487;
HM466933;
KX377974;
JN846834;

Sheep; Goat; Black Buck

Korea (6)

]X968988-]X968992;
GQ328006

Goat

China (77)

KU199823-KU199832;
JQ904786-JQ904799;
JN565694-JN565696;
KJ139994-K]139994;

KU884328-KU884329;

HQ694772-HQ694773;

KU976385-KU976393;

KM675390-KM675392;

MF489105-MF489114
AY424969-AY424971

KF772211;
KJ139956;
MH516005;
KF666560;
KC485343;
KF666565;
KC569750;
GU903501;
FJ808074;
GU320351
KU194469;
KP994595;
HQ202153
KU851936;
JQ619903;
KX951407
KX029228;
KF703747;
MF770651;
MF172954;
KP339951;

Sheep; Goat; Vaccine strain; Homo sapiens
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DQ904351;

Taiwan (3) EU327506; Goat
EU935106

Ethiopia (18) KT438513-KT438530 Sheep; Goat
Nigeria (8) MG757228-MG757235 -
Zambia (1) LC208799 Goat
JN613809-JN613810

Brazil (6) JN088051-JN088051; Sheep; Goat
]Q349520;

Russia (1) KY652170 Sheep

Finland (8) JF773696-]F773703 Sheep; Reindeer

Note: The host species has not specified in the GenBank.

To estimste the effect of natural selection on the generation of
diversity in B2L within Iranian Orf virus isolates, the number of
synonymous (dS) and nonsynonymous (dN) substitutions per site
were performed using DnaSP version 5.10.01 based on the method
of Nei and Gojobori’s (1986) [20] with the Jukes and Cantor (JC)
correction (1969) [21]. Differences between dN and dS rates (dN-
dS) were evaluated by the Z-test using MEGA 6.0 software [22]. AP
value less than 0.05 was considered statistically significant. To test
the neutral theory of evolution based on intraspecific comparisons
were done by Tajima’s et al. [23,24] D* and F* tests [24] using the
DnaSP software. Tajima’s et al. [25] D test determines the departure
from neutrality by comparing the estimations of nucleotide
divsersity (0) derived from the average pair wise diversity () and the
total number of polymorphic sites (S) [25]. The Fu et al. [24] tests
were also used to identify the departure from neutral patterns of
nucleotide substitutions as deviations between the estimates of 0
derived from the number of phylogenies compared to either the total
number of mutations (D*) or the average pairwise diversity (F*)
[24]. A positive value of Tajima’s et al. [24,25] D tests corresponds
to positive natural selection, whereas a negative value signifies an
excess of low-frequency polymorphisms relative to expectation,
indicating population size expansion and/or negative/purifying
selection. To examine whether deviation from neutrality occurs
at certain residues of B2L, a sliding window analysis of Tajima’s D
[25] across the coding sequences was done using a window size of
250bp and a step size of 10bp [26].

Population Genetic Analysis

The genetic difference among the isolates of different endemic
regions was measured by the fixation index (Fst) and calculated
from the average number of pairwise DNA sequence diversity
interspecific and intraspecific populations using DnaSP software.

Fst analysis was performed based on B2L sequences published in
GenBank (nt: 1-1137), including Turkey (n=8), India (n=61), Korea
(n=6), China (n=77), Taiwan (n=3), Ethiopia (n=18), Nigeria (n = 8)
Brazil (n=6) and Finland (n=8). The Fst measures the proportion
of overall allele diversity attributable to differences within
populations, and its interpretation at each locus was based on four
categories defined earlier as no differentiation (0), low genetic
differentiation (0-0.05), moderate differentiation (0.05-0.15) and
high differentiation (0.15-0.25) [27]. P<0.05 was considered as
significant difference. Finally, phylogenetic analysis was generated
using the neighbor-joining method with Kimura 2-parameter
distance [28] in MEGA 6.0 software. The sequences generated in
this Study (24 sequences) as well as Turkey (8 sequences), India
(61 sequences), Korea (6 sequences), China (77 sequences), Taiwan
(3 sequences), Ethiopia (18 sequences), Nigeria (8 sequences)
Brazil (6 sequences), Finland (8 sequences), Russia (1 sequence)
and Zambia (1 sequence), were analyzed along with reference
sequences (BPSV; the bovine papular stomatitis virus and PCPV;

pseudocowpox virus) retrieved from GenBank.

Results
Identification of OrfVirus

To confirm the Orf virus identity, total DNA was extracted
from the mouth scab samples and screened by PCR amplification.
A PCR product of 1,210 bp (open reading frame of 1,137 bp) was
visualized on 1% agarose gel (Figure 2) from all samples. This
result confirmed the presence of infectious Orfvirus in all attended
herds. Moreover, after inoculation of LT cells with the supernatants
from the clinical samples, characteristic poxvirus-induced CPE
(with rounded cell detaching from monolayer) developed after 2-4
days in culture for either the first or second blind passage (Figure
3A). In the negative control no CPE was observed (Figure 3B).
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Figure 2: PCR amplification of B2L gene of sheep orf virus isolate IRTN1 and goat orf virus isolate IRTN4. The complete coding regions of
IRTN1 isolate (lane 2) and IRTN4 isolate (lane 3) amplified from viral genomic DNA. Lane 4: negative control. Lane 1 (left): 100 bp-DNA ladder

!Wf&;

g"’l ..ﬂ ra'l’“, ‘

Figure 3: Light microphotographs of LT cell cultures and orf virus.

b) Not infected LT cells; magnification: 100 x

a) Cytopathic effects of LT cells after orf virus infection; magnification: 100 x

Sequence analysis of Iranian and global B2L gene se-
quences

In the current study, the complete B2L gene (24 samples)
were amplified, sequenced and used for comparative analysis.
The nucleotide sequence analysis of Iranian B2L gene sequences
in comparison with the NZ2 sequence (the GenBank accession
number U06671) showed the occurrence of 71 SNPs (including 54
synonymous and 17 non-synonymous) (Table 3) and the results
of multiple alignments of B2L nucleotide (nt) and amino acid (aa)
sequences demonstrated that SNPs were randomly distributed
(Table 3). Based on the full-length comparison of amino acid
(aa: 1-378) alignment of all 24 Iranian isolates with the NZ2 B2L
amino acid sequence, 9 distinct haplotypes were detected (Table
3). Interestingly, haplotypes were differed between endemic areas
for example haplotypes IRB2L1 and IRB2L2 were exclusively

found in Alborz province, haplotype IRB2L3 in Qazvin province,

IRB2L4-IRB2L8 haplotypes in Tehran province and IRB2L9 in
Kerman province (Table 3). Moreover, using BLAST search in the
GenBank database, the comparison of the amino acid sequences
of the isolates in the present study with previously reported B2L
haplotypes showed that all of the haplotypes excluding IRB2L1,
IRB2L2 and IRB2L3 were new and not reported before. The results
showed a high degree of sequence identity at the amino acid level
(100%) between Orf virus isolates from Alborz province (IRTN1,
IRTN3, IRTN5, IRTN7 isolates) with an Indian isolate (GenBank
accession No. AMY16340), Orf virus isolates from Alborz province
(IRTN2, IRTN4, IRTN6) with a Turkish isolate (GenBank accession
No. AGG86677) and Orfvirus isolate from Qazvin province (IRQN8
isolate) with a Chinese isolate (GenBank accession No. ADF28645).
Based on the full sequence of B2L protein (aa:1-378) reported in
the GenBank (221 sequences previously reported), 186 amino
acid replacements have been already identified in global Orf virus
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isolates from different endemic regions, in which 2 of them (S32N,
W158C) were new and they have been detected in the present study
(Table 3). Unique point mutation S32N was observed in haplotypes
IRB2L6 and IRB2L7 (Tehran isolates) and W158C was observed in
haplotype IRB2L9 (Kerman isolates).

The haplotype and nucleotide diversity for the B2L gene within
the studied isolates were 0.924 + 0.026 and 0.01898+0.00158,
respectively. The isolates from Nigeria revealed the highest
haplotype and nucleotide diversity per site (1.000+0.063 and
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0.0353 +£0.00501, respectively) (Table 4). Moreover, the lowest
haplotype and nucleotide diversity per site were shown in isolates
from Taiwan (0.667 + 0.314) and Korea (0.00475 + 0.00106),
respectively (Table 4). Estimation of the parameter Rm in the
B2L locus reveals 27,25, 9,7,3 and 3 recombination sites in virus
populations from India, China, Iran, Nigeria, Turkey and Brazil,
respectively whereas Korea, Taiwan, Ethiopia and Finland isolates
had no potential recombination sites (Rm=0) (Table 4). These
results suggest that recombination could shape diversity at the B2L

locus.

(accession no. U06671).

Table 3: Single nucleotide polymorphisms and amino acid substitutions of B2L in Iranian orf virus isolates comparing to NZ2 as reference sequence

B2L Protein
z | el z|lz| < | & = & 2 > z o o2 a z < @
S 8@z 2sgz ¢ s &8/ 25 8 &8 ¢ =
w |l < |al|la|=m|g| I b = p a D o = a = 2
IRTN1, IRTN3,
IRB2L1 | V R N IRTN5, IRTN7
IRTN2, IRTN4,
IRB2L2 | V | . . . . A | R I T v N G R D IRTNG
IRB2L3 | V | . N . | R N . N IRQN8
2 IRFHY, IRFH10,
g IRB2L4 | . | . .| N % R D A IRFH11,
= IRFH12
2
IRFH13
] )
S IRB2L5 | . | . . . . . | R N IRFH 14
IRFH15,
IRB2L6 | . | N | T | . | N . . . T N G R D IRFH17
IRB2L7 | . | N | T | . . . . ) T v N G R D IRFH16
IRFH18,
IRB2L8 | . | . T | . ) ) ) ) T % N G R D IRFH19,
IRFH20
IRGG21,
IRGG22,
IRB2L9 | . | . T | . . ) . . T C N G R D IRGG23,
IRGG24

Note: SNPs and Polymorphic amino acids are demonstrated in comparison with published NZ2 isolate (U06671). S32N, W158C mutations (shown
with yellow shadow) were new and they have been not reported previously.

Table 4: DNA sequence polymorphism analysis for global B2L gene and tests for departure from neutrality.

Based on SNP Polymorphism

Neutrality Tests
COE‘SW H Hd +SD T£SD Rm ds dN dN-dS D (Tj) D*(F&L) | F*(F&L)
0.924+ | 0.01898 + .
Iran (24) 11 0,026 0.00158 9 0.05789 0.00739 -0.0505 0.35025 1.197 1.0923
0.964+ | 0.01825% N
Turkey (8) 7 0.077 0.00352 3 0.05159 0.00825 | -0.04334 -0.8616 -0.92601 | -1.01659
. 0.993+ | 0.01994 + _ .| ] . | .
India (61) 53 0.005 0.00155 27 0.04053 0.01348 0.02705 1.84588 | -3.72067 3.57307
0.933+ | 0.00475 *
Korea (6) 5 0122 0.00106 0 0.00615 0.00434 | -0.00181 | -0.73248 | -0.82482 | -0.87372
. 0.995+ | 0.01755¢ i « | . w | .
China (77) 69 0.004 0.00109 25 0.04337 0.00956 0.03381 1.68301 | -3.32616 3.18000
) 0.667 + | 0.01466 + .
Taiwan (3) 2 0314 0.00691 0 0.0491 0.0043 -0.0448 - - -
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Ethiopia 0.797 0.01294 = %
(18) 6 0,066 0.00273 0 0.03712 0.00578 -0.03134 0.7238 1.55698 1.52524
N 1.000 = 0.03534 + "
Nigeria (8) 8 0.063 0.00501 7 0.04634 0.03324 -0.0131 -1.48267 -1.48516 -1.65829
. 0.933 0.01665 + "
Brazil (6) 5 0122 0.00249 3 0.03396 0.01151 -0.02245 0.51534 0.49634 0.54801
. 0.750 0.00650 "
Finland (8) 4 0.139 0.00100 0 0.02149 0.00184 -0.01965 1.87984 1.29822 1.5922

D (Tj) = tajimas’ D value;

Note: H = Haplotype; Hd = Haploype diversity; SD= Standard Deviation; 1 = nucleotide diversity; Rm = minimum number of recombination events;
dS = the number of synonymous substitutions per synonymous sites; dN = the number of non-synonymous substitutions per non-synonymous sites;

D* (F&L) = Fu and Li’s D*; F* (F&L) = Fu and Li's F*; *P < 0.05 was considered significant.

- Four or more sequences are needed to compute the Tajima’s D, Fu and Li’s tests.

Tests for Departure from Neutral Evolution

Tests for departure from neutral evolution analysis of patterns
of nucleotide substitutions in the B2L sequences of isolates in
this study reveals that dS significantly exceeds that dN in all
virus populations (Z test, P<0.05) except Taiwan (Z test, P>0.05)
(Table 4). Meanwhile, statistics based on Tajima’s D [25] did not
show evidences of departure from neutral expectation (Table 4).
However, sliding window analysis of Tajima’s D [25] across the
coding sequences revealed significant negative at certain residues
in the B2L gene in Orfvirus populations from India, China, Finland
and Nigeria, suggesting purifying selection in the B2L gene (data
not shown). Moreover, statistics based on Fu et al. [24] D* and F*
did not show evidences of departure from neutral expectation
except India (-3.72067 and -3.57307, respectively; P<0.05) and
China (-3.32616 and -3.18000, respectively; P<0.05), suggesting
purifying selection (Table 4).

Genetic Differentiation Between Global Orf Virus and
Phylogenetic Tree Construction

We observed population differentiation between isolates from

Alborz, Tehran and Kerman provinces in which the FST values

revealed significantly high differentiation (Fst >0.15, P<0.0001),
implyingthatthey did notsharea common origin. Moreover, Orfvirus
populations from different populations having full length sequences
(1-1137) in GenBank were significantly different from one another,
indicating strong differentiation and reproductive isolation among
populations excluding Brazilian with Iranian Orfvirus isolates (Fst
= 0.0904, P < 0.0001 (Table 5) and Indian with Turkish Orf virus
isolates (Fst = 0.1155; P<0.0001 (Table 5) that showed moderate
differentiation. The phylogenetic tree constructed based on the full
length of B2L gene revealed that all Iranian Orfvirus isolates were
clustered with Indian, Turkish, Korean, Chines, Taiwanese, Brazilian
and Finnish isolates (Figure 4). Interestingly, the only Russian B2L
sequence was clustered in the closely related branches with several
Chinese, a Nigerian and a Brazilian isolates. Moreover, the Zambian
B2L sequence was clustered in the closely related branches with
several Korean, Iranian and a Taiwanese isolates. Most of Ethiopian
and Nigerian Orf virus isolates seemed to be isolated and located
in separate branches. The tree also revealed that several available
B2L sequences from Turkey and china were clustered with Indian
isolates. However, there was no clear lineage for each population
because several isolates from different endemic areas were shared

or placed in the closely related branches (Figure 4).

Table 5: Pairwise FST estimates for B2L protein.
Country Iran Turkey India Korea China Taiwan Ethiopia Nigeria Brazil Finland
Iran
Turkey 0.1517*
India 0.1752* 0.1140*
Korea 0.4000* 0.5929* 0.5602*
China 0.2027* 0.2399* 0.2096* 0.5723*
Taiwan 0.1698* 0.2971* 0.2689* 0.4566* -0.0292
Ethiopia 0.2413* 0.2355* 0.2291* 0.6305* 0.3422* 0.3795*
Nigeria 0.1935* 0.2701* 0.2378* 0.3569* 0.2699* 0.2457* 0.2404*
Brazil 0.0904* 0.2157* 0.2446* 0.3410* 0.2925%* 0.2285* 0.2910* 0.2322*
Finland 0.3545* 0.4456* 0.4907* 0.7359* 0.5237* 0.5375* 0.5698* 0.4064* 0.3313*
Note: Fst values are shown in the lower left quadrant and p values are shown in the upper right quadrant. Fst, a measure of genetic differentiation
between populations (range from 0 to +1).
*How Fst values with p <0.0001
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Figure 4: Phylogenetic tree based on nucleotide sequences of the B2L gene. A neighbor-joining tree was constructed by the MEGA 6 program
based on Iranian B2L (n= 24) and the other sequences from endemic regions including; Turkey (n = 8), India (n = 61), Korea (n = 6), China (n
= 77), Taiwan (n = 3), Ethiopia (n = 18), Nigeria (n = 8), Brazil (n = 6), Finland (n = 8), Zambia (n = 1) and Russia (n = 1). The bovine papular
stomatitis virus (BPSV) and pseudocowpox virus (PCPV) applies as reference strains. The distance matrix was prepared using the Kimura
2-parameter evolutionary model. Alignment substitutions were considered for analysis, while gaps were excluded. The bootstrap values on the
branches have been shown by the number of times in 1000 replications and bootstrap values above 70% are shown. The scale bar represents
a genetic distance. Dots with different colors represent isolates and their geographic origins as listed on the lower left.

Discussion

Orf virus infection of sheep and goats is universally neglected
globally because of the low morbidity rates. Although the disease
is relatively benign, the outbreaks generate economic losses
associated with a growth delay and deterioration of the animal’s
body condition. In Iran, contagious ecthyma disease is endemic,
and it has been reported in both sheep and goats. However, despite
the increased frequency of the disease outbreaks, there hasn’t
been any attempt to further inquire the disease. Sequence analysis
of B2L has been used to address the genetic diversity and genetic
relationships among Orf virus isolates to identify parapox virus
species involved in clinical cases or outbreaks [29,30]. Moreover,
in developing an efficient live attenuated contagious ecthyma
vaccine, global information on circulating virus is necessary. In this
regards, the current study describes for the first time, the genetic
characterization of Orf virus isolates involved in two outbreaks in

sheep and goats in Iran.

In this study, several nucleotide changes were synonymous
whereas other resulted in change to an amino acid of a similar group

(such as leucine to valine) or different group (such as tryptophan to

cysteine) (Table 4). Whether these alterations result in differences
in protein function is unknown. Overall the Iranian B2L gene
sequences showed high similarity to previously sequenced foreign
B2L gene. However, some of them had specific mutations (Table
3) that differentiated them from previously sequenced isolates
[9,12,31,32]. The results showed a high difference of haplotype
and nucleotide diversity exists among Orf virus isolates globally
ranged from 0.667-1.000 and 0.00475-0.03534, respectively (Table
4) probably due to the different pattern of genetic variation and
evolutionary relationships. However, in consistent with the previous
report [33] a little variation observed within Orf virus isolates of
countries individually. Gene evolution and genetic diversity in the
B2L sequences could have been arisen from selective pressures
and recombination between viruses. In this regards, the relatively
higher levels of haplotype and nucleotide diversity of B2L from
Iran, India, China, Nigeria, Turkey and Brazil than that from Korea,
Taiwan, Ethiopia and Finland seems to be in line with recombination
in each population (Table 4) and it is likely that recombination
could further generate novel alleles. Furthermore, Tajima’s D
[25] sliding window analysis revealed significant negative values

at certain residues in the B2L gene in Orf virus populations from
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India, China, Finland and Nigeria, suggesting purifying selection at
certain residues in the B2L gene. Moreover, in consistent with the
only previous report [33] a significant difference between dN-dS
indicated that the B2L is globally under purifying selection (Table
4). The results suggest that these populations may be undergoing
a period of evolutionary expansion. Despite low level of sequence
diversity, genetic distances inferred from the B2L locus among Orf
virus populations could be deployed for analysis of population
structure. In the present work, genetic differentiation of Orf virus
population between Alborz, Tehran and Kerman Provinces was
significant. Moreover, none of the detected haplotypes in the
endemic regions of Iran were common. Therefore, diversity in the
B2L locus of Orfvirus in Iran seems to exhibit spatial variation.

Nevertheless, deeper molecular and serological analysis with
more genome information is necessary to confirm this hypothesis
and to better understand the circulation of the Orf virus isolates
between domestic animals. Moreover, it is striking that in the
regions where the isolates come from sheep and goats there were
several different haplotypes (IRB2L1, IRB2L2 for Taleqan and
IRB2L4-8 for Firuzkuh), while in the region where the isolates
come from goat only there was a single haplotype (IRB2L9 for
Qaleh Ganj). This finding is probably exhibits that in regions with
a mixed population of sheep and goats, there is a greater presence
of haplotypes. Interestingly, the worldwide genetic differentiation
among Orf virus populations at B2L locus were significantly high
(Table 5).

In this regards, gene flow between Orf virus populations
may not occur because geographic distance has precluded intra-
and intercontinental spread of virus. Although Orf virus can be
transferred between remote endemic areas through livestock
movement, thissituation could beinefficientdue torarityinnumbers
of such cases to contribute to genetic admixture of viruses. In the
current study, phylogenetic analysis showed that Iranian B2L genes
were more related to India, Turkey, Korea, China, Taiwan, Brazil and
Finland Orfvirus isolates (Figure 4) and the comparative sequence
analysis revealed that the Iranian Orf virus isolates displayed
more than 99% of identity at nucleotide level with the mentioned
isolates. These findings would suggest a potential introduction of
this Iranian Orfvirus isolate from those countries, possibly through
their economic activities in Iran. However, no concrete evidence
to support this hypothesis is available. Moreover, Phylogenetic
analysis has placed all Turkish isolates to several cluster and more
related to northwest Iranian isolates, albeit without significant
bootstrap support (Figure 4) suggesting possible trans-boundary
transmission of the virus between the two countries. However, it
seems that genetic diversity of the B2L locus displays more favor
towards geographic variation.

Conclusion

The present analysis has shown for the first time, a genetic

diversity and population genetic analysis of Orf virus utilizing the

Copy@ Saeed Nazeri

B2L gene in Iranian isolates and bring an insight into a knowledge
of Orf virus is circulating throughout the world. The global B2L
gene exhibits low level diversity, purifying selection and geographic
variation that could affect the distribution of existing virus isolates.
Negative selection and recombination have shaped diversity at the
B2L locus. These results are used for understanding the nature of
the Orfvirus population in Iran and also are of practical significance
for the strategic development and deployment of control measures
in particular for development of an appropriate contagious ecthyma

vaccine.
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