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Abstract

ORF virus (ORFV), the etiological agent of contagious pustular dermatitis in small ruminants, be-
longs to members of the genus Parapoxvirus of the Poxviridae. The genome of the ORFV is dsDNA
of 139,962 bp which has about 89% coding region, 63% GC content and codes 130 proteins. There
are four unique genes within the genome revealed by homology search of them two posses’ strong
regulatory region and transmembrane helices. One of the ORF-039 contains signal peptide indi-
cating the possibilities to be secretory protein coding gene. Comparative genomic analysis reveals
significant differences in Bovine Papular Stomatitis Virus (BPSV) strain BV-AR02 and ORFV strain
0V-SA00, and these may account for differences in host range. Interspecies sequence variability is
observed in all functional classes of genes but is the highest in putative virulence/host range genes.
Notably, ORFV contains genes which are homologous of Vaccinia virus. Phylogenetic analysis
reveals that although divergent, ORFV virus is distinct from other known mammalian cowpox vi-
rus. An improved understanding of Parapoxvirus (PPV) biology will permit the engineering of
novel vaccine viruses and expression vectors with enhanced efficacy and greater versatility. The
novel vaccine will have a significant role in the economy of a country through the control of dis-
ease in an economically important and small ruminant caused by ORFV.
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1. Introduction

Genome annotation is the analysis of genome sequence of a particular species which includes all the possible
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analysis of DNA sequence that can be done by computational means. Raw DNA sequence produced by the ge-
nome-sequencing projects is taken for the analysis. Analysis and interpretation is carried out which is necessary
to extract its biological significance and organize the information into the context of our understanding of bio-
logical processes. By genome annotation, an individual gene and its protein (or RNA) product can be predicted
by in depth analysis of several gene features, such as ORFs length, % (G + C) content, promoter, polyA tail,
homology, etc. The focal point of each such record is the validity of a ORF as a potential functional gene.
Moreover, analysis may also include a brief description of the evidence for the assigned or proposed function.
Several genome annotation tools are freely available for further analysis of genome sequence. Users can use
several individual tools for each task or can use some integrated tools that do many task simultaneously.
GLIMMER [ 1], GeneMark [2], ORF finder [3] and FrameD [4] are well-used tools for predicting Open Reading
Frame (ORF). BLAST is the most used homology tool for homology prediction but there are many other options
are available, such as MPsrch, PSI-BLAST and WU-BLAST [5]. Artemis, Apollo, JBROWSE, etc. are used
for Genome browsers for curation and further annotation [6]. There are also many Genome annotation pipelines
available, such as PASA and MAKER, in which several analysis tools are integrated [6]. Users are required to
select the tools or pipeline according to their needs that serve best for their purpose

Contagious pustular dermatitis; ORF is a common epitheliotropic viral disease of sheep, goats and wild rumi-
nants and is characterized by the formation of papules, nodules, or vesicles caused by the ORF virus [7]. Hu-
mans always posses a high risk due to zoonotic characteristics of this disease and often humans can contract this
disorder through direct contact with infected animals by the fomites that carry the ORF virus [8]. Puru-
lent-appearing papule is the major symbol causes locally and generally no systemic symptoms is obseved [3].
Normally it infects the finger, hand, arm, face and even the penis [6]-[9]. ORF virus (ORFV) is an oval and
enveloped virus containing dsDNA genome within the genus Parapoxvirus, family Poxviridae [6]. The genus also
includes pseudocowpox virus (PCPV) and bovine papular stomatitis virus (BPSV) in cattle and parapoxvirus
(PPV) of red deer in New Zealand [10].

Mechanisms involved in ORFV virulence are not well studied [10]. Several putative virulence genes have
been identified, such as the vascular endothelial growth factor homologue, an interleukin (IL-10) homologue, a
double-stranded RNA-binding protein, a factor inhibiting the cytokines granulocyte-macrophage colony-stimu-
lating factor and IL-2 [11]-[16]. The whole genome of ORF virus strain OV-IA82 has been sequenced by the
Plum Island Animal Disease Center, USA in 2004 [17]. The genome has high 63% GC content with 89% coding
region which codes 130 proteins and length is 139,962 bp [17]. The complete genomic sequence available for
OV-IAS82 enables to deduce the different complex area including other molecular aspects of pathogenesis of this
virus in details [18]. In this study, we tried to identify unique genes in ORFV genome and characterize them by
Insilco process.

2. Materials and Methods

There are certain kinds of genome annotation tools available for analysis the whole genome, some of which Ar-
temis and Artemis comparison Tools (ACT) has been used extensively for Open Reading Frame (ORF) visuali-
zation, editing, determine GC plot as well as retrieve desired nucleotide length within the genome for further
analysis [19]. The GLIMMER has been chosen for predicting the genes or ORF in the genome of ORFV based
up on its accuracy and flexibility of changing stop and start codons according to the requirement [20] [21]. Po-
tential protein coding ORFs were identified by the following criteria: ORF size larger than 60 amino acid (aa),
presence of potential transcriptional start and stop sites, a high GLIMMER score and homology to other known
Parapoxvirus or cellular ORFs [21]. To find the similarity and homology, sequences of the GLIMMER pedicted
protein, coding ORF were compared with the protein databases such as SwissProt, Trembl, UniProt, etc. In this
study, among the tools which are available to find the similarity compared to protein databases, the Blast module
Blastall, which supports all five Blast programs (blastp, blastn, blastx, tblastn and tblastx) has been chosen for
finding the unique genes. Promoter, poly A signal and CpG island were analyzed for each unique genes in order
to determine their potentiality as genes. For promoter prediction upstream ~350 bases were subjected within
Neural Network Promoter Prediction Tool developed by University of Berkly, USA with a cut off value 0.8 [22].
PolyA signals were determined by polyADQ which is a poly (A) signal search engine developed by Cold Spring
Harbor Laboratory, USA [22] [23]. The software CpGIE was downloaded via the website: [24]. The following
cutoff values were used to determine the CpG island in a given genomic sequence: >200 nt, G + C content 50%,
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and an observed: expected CpG ratio 0.6 [25] [26]. To determine the Trans Membrane (TM) domain and peptide
signal of the unique genes TMHMM and SignalP 3.0 software was used respectively [27]. The Artemis and Ar-
temis Comparison Tool (ACT), written by Kim Rutherford, Sanger Institute, UK [19] were used for genome
analysis and the pair wise comparisons between OV- [A82, VACV and BPSV genomes. For phylogenetics
analysis various B2L genes of ORFV were selected on the basis of host specificity such as human, sheep and
goats [28] [29]. In order to determine distant relationship BPSV and psedocowpox B2L gene also selected. All
the genes sequences were downloaded from gene bank and stored for phylogenetic tree construction as listed in
Table 1. The nucleotide sequences of diverse ORf viruses and others were aligned using the Bioedit program
and Mega 5 software [22]. One thousand bootstrap replicates were subjected to nucleotide sequence distance
and neighbor-joining methods, and the consensus phylogenetic tree was drawn.

3. Results

In this study we tried to identify unique genes in ORFV on the basis of the availability of complete genome se-
quence of OV-IA82 by Insilco process in order to determine the novel vaccine strain. Recent advances in bioin-
formatics enable us to further analysis of the ORFV genome and the results are given below.

3.1. Coding Potential and Functional Analysis

GLIMMER predicted 130 potential open reading frames which supported previous studies. Like other poxvi-
ruses, ORFV genomes contain a large central coding region (ORF 12) bounded by two identical inverted ter-
minal repeat (ITR) regions, (ORF 26 and 48). Homology search by blast revealed four ORFs 039, 116, 124 and
125 as unique genes as no similarity has been found with others rather than with ORFV. Only one ORF (039),
previously described for ORFV strains NZ2 and NZ7, is completely located within the ITRs of the genome.

3.2. Regulatory Regions of the Unique Genes

Among the four unique genes, all posses promoter above cut off value 0.9 in the nearer upstream region which is

Table 1. List of genes for phylogenetic analysis with origin and gene bank accession number.

Description Country of Origin ~ Species of Origin ~ Region of Gene Accession Number
ORF/2009-B2L Korea Goat B2L GQ328006
Taiping (Human infected) Taiwan Goat B2L EU327506
ORF-sh USA Sheep B2L AY424970

NZ-2-1 New Zealand Sheep B2L U06671

India 67/04 India Sheep B2L DQ263305
India 79/04 India Sheep B2L DQ263306
ORF-ca 1 USA Goat B2L AY278208
ORF-mu USA Musk ox B2L AY424969
ORF-val USA Goat B2L AY278209
ORF-ta USA Takin B2L AY424971
India 59/05 India Goat B2L DQ263304
Nantou Taiwan Goat B2L DQY904351
Hoping Taiwan Goat B2L EU935106
PCPV-TQ NA Cow B2L AY424972
BPSV-RS NA Calf B2L AY424973




A. K. M. Firoj Mahmud et al.

an indication of their translation probabilities. On the contrary, ORF 124 and 125 lack polyA signal as well as
CpG island. Besides ORF 039 and 116 have strong promoter as well as CpG island 51 and 52 bp long respec-
tively. ORF 039 has polyA signal in their 6 bp downstream region but ORF 116 lacks polyA signal.

3.3. Transmembrane Domains and Signal Peptides of the Unique Genes

All four unique genes were further evaluated to determine the TM helics. ORF 039 contains TM helices in be-
tween 2 - 20 amino acid (aa) in their C-terminal region in which inside helices is in 21 - 51 aa. On the other hand,
ORF 116 contains TM helices in between 26 - 48 aa, in which 1 - 28 aa are inside the membrane and 49 - 52 aa
are outside the membrane (Figure 1).

Besides, only ORF 039 was found having peptide signal at 31 and 32 aa with a probability 0.82. For confir-
mation both the PAM Matrix (PM) algorithm and Hidden Markov Model (HMM) were used (Figure 2). Other
three ORFs lack signal peptides, by which we can assume that they are not secretory proteins.

3.4. Comparative Genomics

Three genomes of Orf virus (ORFV) strain OV-IA82, bovine papular stomatitis virus (BPSV) strain BV-AR02
and vacccinia virus (VACV) strain VACV-A4L were used for comparative genomics in order to find the unique

genes (Figure 3).
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Figure 1. Determination of TM helics. Here, (a) represents the output result of TMHMM for
ORF 039 and (b) represents the TMHMM result for ORF 116 in which transmembrane helices
are shown in bold red line and inside and outside membrane helices are shown in blue and

purple line, respectively.



A. K. M. Firoj Mahmud et al.

Signal P-NN prediction (gram-networks): Sequence
T T T 1 T T T T ICV score I -
1.0+ : -
08 .
0.6 -
g .'f';
3 04r i il i
le ||[ I". , ‘ ||
02+ M Al I | il
J (i 1 |
I I'i'l \ e ‘| ' |l‘____
e A D= = =l B et
0 0 b bt 8 88 ‘ ..... | 0 e ———— =
MIVVFVWLLALTA GLWMAWARMGPFL R SANA ADRHEP P AGP VRP TVR TP RP
1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55
Position
(a)
Signal P-HMM prediction (gram-models): Sequence
T T T T T T T T = T T
Cleavage prob.
1.0 I =
08 | \ .
0.6 ."’ I'll -
2 { ' ‘
3 \
» 04 ||' \ -
I'I‘ ‘\\
J \.\
02 / .
J 1
0.0 d .
MIVVFVWLLALTAGLWMAWARMGP FLR SAN AADRHEPP AGP VRP TVR TP RP
1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55
Position

(b)

Figure 2. Signal peptide determination of ORF 039 by SignalP 3.0. Here, (a) and (b) represent the SignalP
PAM matrix (PM) prediction and Hidden Markov Model (HMM) prediction, respectively.

3.5. Comparison of BPSV with ORFV
At the genomic level, BPSV and ORFV genomes share 67% to 75% nucleotide identity and contain 127 genes
with the same relative order and orientation. Among them 15 genes are unique to PPVs. BPSV and ORFV con-
tain 15 and 16 ORFs, respectively, that share no significant homology to known proteins while search for ho-
mology blast and are primarily located at the right end of the genome. Fourteen ORFs (001, 005, 012, 013, 024,
073, 113, 115, 116, 119, 120, 121, 124 and 125) was observed in both BPSV and ORFV. Besides, four ORFs
(039, 116, 124 and 125) are present only in ORFV with 29% to 64% amino acid identities and one (ORF 133) is
unique to BPSV. There are few ORFs which are distantly related with amino acid identity approximately up to
65%. Among thiese 30 distantly related ORF 10 are found as unique to 12 are unique to PPVs (ORFs 002, 005,
012, 013, 068, 113, 115, 116, 119, 120, 121 and 124). There are two ORFs 58, 57 that encode ankyrin repeat-
containing proteins (ARPs) are observed only 50% identical between BPSV and ORFV. However, BPSV con-
tains two (ORFs 003 and 004) additional ARPs in the left terminal genomic region which are not present in

()

ORFV.
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Figure 3. Comparative genomics of ORFV with other two closely related viruses BPSV and VACV. The red and blue
bars indicate regions of similarity with red bars indicating corresponding regions that are oriented similarly and blue
bars indicating regions oriented in opposite directions. Comparison of whole genome by ACT. The top view shows the
subject sequence ORFV and the bottom view shows the query sequence: (a) Comparison of BPSV with ORFV; (b)

Comparison of VACV with ORFV.
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3.6. Comparison of VACV with ORFV

While compare with VACV genome with ORFV geneome, 13 ORFs (ORFs 061, 080, 088, 103, 109, 110, 112,
126, 128, 009, 016, 122 and 129) of ORFV show homology with VACV. Among these 13 homologue 10 genes
have known function. Interestingly, ORFV lack homologues to VACV D9R. VACV D9R gene contains a mutT
motif which is also present in VACV DI10R that encodes a viral transcription protein and DNA ligase encoding
gene VACV AS50R. That suggest some other gene of ORFV which are not yet functionally characterized might
have done the works for these genes. ORF 80 has homology with both VACV and BPSV. Besides, ORF 088,
109, 110 and 138 is orthologous with VACV.

3.7. Phylogenetic Analysis

In phylogenetic analysis based on the complete B2L gene, the ORF/09/Korea strain was closer to the Taiping
isolate from Taiwan. ORF-cal and NZ-2-1 are closely related despite of different origin. Other ORF virus of
sheep and Goat origin are less similar. Pseudocowpox and BPSV are distantly related with ORF virus (Figure 4).

4. Discussion

OREF virus shares specific genomic features with other poxviruses as VACV and BPSV, in terms of genome or-
ganization and gene content. Comparative genome sequences with other two closely related viruses VACV and
BPSV here provide a comparative view of Parapoxvirus (PPV) genomics and basic knowledge of viral functions
associated with virus replication and manipulation of cellular responses. Based on comparative genomic analysis,
the genomes of BPSV and ORFV differ significantly which may be responsible for differences in host range.
Modern genome analysis tools, such as Artemis Comparison Tools (ACT), promptus to understand the PPV bi-
ology which will permit the engineering of novel vaccine viruses and expression vectors with enhanced efficacy
and greater versatility [30]. Nevertheless, we have identified four unique genes with potential importance as vi-
rulence factors and thus they could be vaccine candidates in the future. These genes should not correspond to
horizontal gene transfer and their characteristic features may be consequences of the specific evolutionary cycle
that shapes the ORFV gene repertoires in the context of their parasitic lifestyles [31]. ORF 039 with signal pep-
tides and transmembrane domains may be directly toxic or confer association with the host. Therefore, further
focus can be placed on subset of this for functional analysis. The function, subcellular location, average of
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Figure 4. Phylogenetic analysis of different parapoxviruses. Phylogenetic tree is constructed based on viral
B2L gene. Bootstrap values (derived from 1000 replicate neighbor-joining (NJ) trees estimated under the ML
substitution model) are shown for key nodes > 50%.
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hydrophobicity and protein regions that share a significant degree of sequence similarity with known protein
family can be detected by using computational approach. Primarily 2D-PAGE might be used for membrane pro-
tein analysis for ORF 039 [32] [33]. Besides, Combination of nano liquid chromatography (NanoLC) and mass
spectrometry (MS) can be used to detect the transmembrane domian of ORF 039 [33]. ORF 039 can be used for
Insilco protein homology modeling. Identification of certain protein ligand of this protein may open a new door
for the development of antibody for ORFV and also for potential drug target. Insilco drug target analysis may be
carried out to find out the potentiality of the genes for further analysis.

Similar Insilco studies by the following different approach have been carried out to identify potential genes
for therapeutic targets [34] [35]. Unique genes or proteins that are involved in a certain pathway or having cer-
tain characteristics like outer membrane protein, presence of unique protein ligand family, etc. are always an
ideal candidate for drug target [35]-[37]. Insilco identification of target genes and prediction of drug candidate is
a well-established methodology in drug discovery. Screening out the target genes and their corresponding drug
by Insilco approach makes the drug discovery procedure more robust, quick and economically feasible [36].

The development of novel vaccine strain will control contagious pustular dermatitis in a small ruminant, po-
tential source of leather, meat and milk which have a significant role in the economy of a country [13]. There-
fore, control of such ORF related disease will have a significant role in economic development of a country.
This study will be very much useful for further study of the evolution of the ORFV that may provide an encou-
ragement for the development of new diagnostic tools and medicines.

Acknowledgements

The authors wish to thank Ministry of Education (17/10, M-15/2007/226 and HEQEP, CP-W1-3413), Bangla-
desh for partially funding this research work.

References
[1] Delcher, A.L., Harmon, D., Kasif, S., White, O. and Salzberg, S.L. (1999) Improved Microbial Gene Identification
with GLIMMER. Nucleic Acids Research, 27, 4636-4641. http://dx.doi.org/10.1093/nar/27.23.4636

[2] Besemer, J., Lomsadze, A. and Borodovsky, M. (2001) GeneMarkS: A Self-Training Method for Prediction of Gene
Starts in Microbial Genomes. Implications for Finding Sequence Motifs in Regulatory Regions. Nucleic Acids Research,
29, 2607-2618. http://dx.doi.org/10.1093/nar/29.12.2607

[3] Stothard, P. (2000) The Sequence Manipulation Suite: JavaScript Programs for Analyzing and Formatting Protein and
DNA Sequences. Biotechniques, 28, 1102-1104.

[4] Schiex, T., Gouzy, J., Moisan, A. and Oliveira, Y. (2003) Frame D: A Flexible Program for Quality Check and Gene
Prediction in Prokaryotic Genomes and Noisy Matured Eukaryotic Sequences. Nucleic Acids Research, 31, 3738-3741.
http://dx.doi.org/10.1093/nar/gkg610

[5] Neumann, R.S., Kumar, S. and Tabrizi, K.S. (2014) BLAST Output Visualization in the New Sequencing Era. Brief Bio-
informatics, 15, 484-503. http://dx.doi.org/10.1093/bib/bbt009

[6] Yandell, M. and Ence, D. (2012) A Beginner’s Guide to Eukaryotic Genome Annotation. Nature Reviews Genetics, 13,
329-342. http://dx.doi.org/10.1038/nrg3174

[71 Robinson, A.J. and Balassu, T.C. (1981) Contagious Pustular Dermatitis (Orf). Veterinary Bulletin, 51, 771-782.
[8] Haig, D.M. and Mercer, A.A. (1998) Ovine Diseases. Orf. Veterinary Research, 29, 311-326.

[9] Fleming, S.B., Blok, J., Fraser, K.M., Mercer, A.A. and Robinson, A.J. (1993) Conservation of Gene Structure and
Arrangement between Vaccinia Virus and Orf Virus. Virology, 195, 175-184. http://dx.doi.org/10.1006/viro.1993.1358

[10] Rziha, H.J., Henkel, M., Cottone, R., Meyer, M., Dehio, C. and Biittner, M. (1999) Parapoxviruses, Potential Alternative
Vectors for Directing the Immune Response in Permissive and Non-Permissive Hosts. Journal of Biotechnology, 73,
235-242. http://dx.doi.org/10.1016/S0168-1656(99)00141-8

[11] Chi, X., Zeng, X., Hao, W., Li, M., Li, W., Huang, X.H., et al. (2013) Heterogeneity among Orf Virus Isolates from
Goats in Fujian Province, Southern China. PLoS ONE, 8, 1-12. http://dx.doi.org/10.1371/journal.pone.0066958

[12] Kumar, N., Wadhwa, A., Chaubey, K.K., Singh, S.V., Gupta, S., Sharma, S., et al. (2014) Isolation and Phylogenetic
Analysis of an Orf Virus from Sheep in Makhdoom, India. Virus Genes, 48, 312-319.
http://dx.doi.org/10.1007/s11262-013-1025-9

[13] Robinson, A.J. and Lyttle, D.J. (1992) Parapoxviruses. Their Biology and Potential as Recombinant Vaccines. Recom-

binant Poxviruses, 28, 285-327.



http://dx.doi.org/10.1093/nar/27.23.4636
http://dx.doi.org/10.1093/nar/29.12.2607
http://dx.doi.org/10.1093/nar/gkg610
http://dx.doi.org/10.1093/bib/bbt009
http://dx.doi.org/10.1038/nrg3174
http://dx.doi.org/10.1006/viro.1993.1358
http://dx.doi.org/10.1016/S0168-1656(99)00141-8
http://dx.doi.org/10.1371/journal.pone.0066958
http://dx.doi.org/10.1007/s11262-013-1025-9

A. K. M. Firoj Mahmud et al.

[14]

[15]

[16]

[17]

(18]

[24]

[25]

[26]

Lyttle, D.J., Fraser, K.M., Fleming, S.B., Mercer, A.A. and Robinson, A.J. (1994) Homologs of Vascular Endothelial
Growth Factor Are Encoded by the Poxvirus Orf Virus. Journal of Virology, 68, 84-92.

Savory, L.J., Stacker, S.A., Fleming, S.B., Niven, B.E and Mercer, A.A. (2000) Viral Vascular Endothelial Growth
Factor Plays a Critical Role in Orf Virus Infection. Journal of Virology, 74, 699-706.
http://dx.doi.org/10.1128/JV1.74.22.10699-10706.2000

Fleming, S.B., McCaughan, C.A., Andrews, A.E., Nash, A.D. and Mercer, A.A. (1997) A Homolog of Interleukin-10
Is Encoded by the Poxvirus Orf Virus. Journal of Virology, 71, 4857-4861.

Mclnnes, C.J., Wood, A.R. and Mercer, A.A. (1998) Orf Virus Encodes a Homolog of the Vaccinia Virus Interferon-
Resistance Gene E3L. Virus Genes, 17, 107-115. http://dx.doi.org/10.1023/A:1026431704679

Delhon, G., Tulman, E.R., Afonso, C.L., Lu, Z., de la Concha-Bermejillo, A., Lehmkuhl, H.D., et al. (2004) Genomes
of the Parapoxviruses Orf Virus and Bovine Papular Stomatitis Virus. Journal of Virology, 78, 168-177.
http://dx.doi.org/10.1128/JVI.78.1.168-177.2004

Rutherford, K., Parkhill, J., Crook, J., Horsnell, T., Rice, P., Rajandream, M.A. and Barrell, B. (2000) Artemis,
Sequence Visualization and Annotation. Bioinformatics, 16, 944-945.
http://dx.doi.org/10.1093/bioinformatics/16.10.944

DeGrado, W.F., Gratkowski, H. and Lear, J.D. (2003) How Do Helix-Helix Interactions Help Determine the Folds of

Membrane Proteins? Perspectives from the Study of Homo-Oligomeric Helical Bundles. Protein Science, 12, 647-665.
http://dx.doi.org/10.1110/ps.0236503

Delcher, A.L., Harmon, D., Kasif, S., White, O. and Salzberg, S.L. (1998) Improved Microbial Gene Identification
with GLIMMER. Nucleic Acids Research, 27, 36-41.

Durbin, R., Eddy, S.R., Krogh, A. and Mitchison, G.J. (1998) Biological Sequence Analysis, Probabilistic Models of
Proteins and Nucleic Acids. Cambridge University Press, Cambridge.

Gershenzon, N.I. and Ioshikhes, I.P. (2006) Synergy of Human Pol II Core Promoter Elements Revealed by Statistical
Sequence Analysis. Bioinformatics, 21, 295-300.

Fatemi, M., Pao, M.M., Jeong, S., Gal-Yam, E.N., Egger, G., Weisenberger, D.J. and Jones, P.A. (2005) Footprinting
of Mammalian Promoters, Use of a CpG DNA Methyltransferase Revealing Nucleosome Positions at a Single Molecule
Level. Nucleic Acids Research, 33, 176-188. http://dx.doi.org/10.1093/nar/gni180

Guigd, R., Knudsen, S., Drake, N. and Smith, T. (1992) Prediction of Gene Structure. Journal of Molecular Biology,
226, 141-157. http://dx.doi.org/10.1016/0022-2836(92)90130-C

Himmelreich, R., Hilbert, H., Plagens, H., Pirkl, E., Li, B.C. and Herrmann, R. (1996) Complete Sequence Analysis of
the Genome of the Bacterium Mycoplasma Pneumoniae. Nucleic Acids Research, 24, 4420-4449.
http://dx.doi.org/10.1093/nar/24.22.4420

Nakai, K., Kanehisa, M. and Doolittle, R.F. (1991) Signal Peptide and Cytokine Receptor, Function and Regulation.
Proteins Structure Function Genetics, 11, 95-110. http://dx.doi.org/10.1002/prot.340110203

Zhang, K., Liu, Y., Kong, H., Shang, Y. and Liu, X. (2014) Comparison and Phylogenetic Analysis Based on the B,L
Gene of Orf Virus from Goats and Sheep in China during 2009-2011. Archives of Virology, 159, 1475-1479.
http://dx.doi.org/10.1007/s00705-013-1946-6

Amann, R., Rohde, J., Wulle, U., Conlee, D., Raue, R., Martinon, O. and Rziha, H.J. (2013) A New Rabies Vaccine
Based on a Recombinant ORF Virus (Parapoxvirus) Expressing the Rabies Virus Glycoprotein. Journal of Virology, 87,
1618-1630. http://dx.doi.org/10.1128/JV1.02470-12

Zhao, K., He, W., Gao, W., Lu, H.J., Han, T., Li, J., et al. (2011) Orf Virus DNA Vaccines Expressing ORFV 011 and
ORFV 059 Chimeric Protein Enhances Immunogenicity. Journal of Virology, 8, 562.
http://dx.doi.org/10.1186/1743-422X-8-562

Ogatal, H. and Claverie, J.M. (2007) Unique Genes in Giant Viruses: Regular Substitution Pattern and Anomalously
Short Size. Genome Research, 17, 1353-1361. http://dx.doi.org/10.1101/gr.6358607

Renesto, P., Abergel, C., Decloquement, P., Moinier, D., Azza, S., Ogata, H., Fourque, P., Gorvel, J.P. and Claverie,
J.M. (2006) Mimivirus Giant Particles Incorporate a Large Fraction of Anonymous and Unique Gene Products. Journal
of Virology, 80, 11678-11685. http://dx.doi.org/10.1128/JVI.00940-06

Dung, N.T., Chi, D.H., Thao, L.T., Dung, T.K., Nhi, N.B. and Chi, P.V. (2013) Identification and Characterization of
Membrane Proteins from Mouse Brain Tissue. Journal of Proteomics Bioinformatics, 6, 142-147.

Chakraborty, S. (2014) In Silico Analysis Identifies Genes Common between Five Primarygastrointestinal Cancer Sites
with Potential Clinical Applications. Annals of Gastroenterology, 27, 231-236.

Dutta, A., Singh, S.K., Ghosh, P., Mukherjee, R., Mitter, S. and Bandyopadhyay, D. (2006) In Silico Identification of
Potential Therapeutic Targets in the Human Pathogen. /n Silico Biology, 6, 43-47.

()


http://dx.doi.org/10.1128/JVI.74.22.10699-10706.2000
http://dx.doi.org/10.1023/A:1026431704679
http://dx.doi.org/10.1128/JVI.78.1.168-177.2004
http://dx.doi.org/10.1093/bioinformatics/16.10.944
http://dx.doi.org/10.1110/ps.0236503
http://dx.doi.org/10.1093/nar/gni180
http://dx.doi.org/10.1016/0022-2836(92)90130-C
http://dx.doi.org/10.1093/nar/24.22.4420
http://dx.doi.org/10.1002/prot.340110203
http://dx.doi.org/10.1007/s00705-013-1946-6
http://dx.doi.org/10.1128/JVI.02470-12
http://dx.doi.org/10.1186/1743-422X-8-562
http://dx.doi.org/10.1101/gr.6358607
http://dx.doi.org/10.1128/JVI.00940-06

A. K. M. Firoj Mahmud et al.

[36] Wang, T.T., Mendoza, L.T., Laperriere, D., Libby, E., MacLeod, N.B., Nagai, Y., Bourdeau, V., Konstorum, A.,
Lallemant, B., Zhang, R., et al. (2005) Large-Scale in Silico and Microarray-Based Identification of Direct 1,25-
Dihydroxyvitamin D3 Target Genes. Molecular Endocrinology, 19, 2685-2695.
http://dx.doi.org/10.1210/me.2005-0106

[37] Das, S. and Chaudhuri, K. (2003) Identification of a Unique IAHP (IcmF Associated Homologous Proteins) Cluster in
Vibrio Cholerae and Other Proteobacteria through in Silico Analysis. In Silico Biology, 3, 287-300.



http://dx.doi.org/10.1210/me.2005-0106

A. K. M. Firoj Mahmud et al.

Supplementary

Table S1. Open reading frame predicted by GLIMMER.

ORF Strand Start End Gene Length
1 + <1 192 192
2 + 1202 1522 321
3 - 2359 2943 585
4 - 3002 3271 270
5 - 3393 3581 189
6 - 3713 3928 216
7 - 4012 4491 480
8 - 4534 6138 1605
9 + 6158 6304 147
10 + 7141 7590 450
11 + 7744 9357 1614
12 + 9755 10,156 402
13 + 10,199 10,810 612
14 - 10,818 11,087 270
15 - 11,173 11,289 117
16 - 11,351 11,932 582
17 - 12,181 13,608 1428
18 - 13,621 13,923 303
19 + 13,950 14,552 603
20 - 14,935 15918 984
21 - 16,463 17,434 972
22 + 17,569 18,045 477
23 + 18,064 18,540 477
24 + 18,811 19,338 528
25 + 19,305 20,030 726
26 - 19,997 20,701 705
27 - 20,798 21,610 813
28 - 21,757 22,551 795
29 - 22,590 22,739 150
30 + 22,730 23,482 753
31 - 23,605 25,140 1536
32 + 25,278 26,567 1290
33 - 27,075 28,196 1122
34 - 28,413 28,745 333
35 - 28,920 31,346 2427
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36 31,355 31,474 120
37 32,233 33,021 789
38 33,410 33,604 195
39 34,418 34,579 162
40 34,743 35,006 264
41 35,558 35,794 237
42 35,779 36,792 1014
43 36,789 36,959 171
44 37,001 38,458 1458
45 38,442 38,660 219
46 38,706 38,927 222
47 38,944 39,954 1011
48 39,988 40,581 594
49 41,436 41,957 522
50 41,941 42,501 561
51 43,031 43,384 354
52 43,519 45,162 1644
53 45,168 45,356 189
54 45,362 45,868 507
55 45,859 46,137 279
56 46,783 47,007 225
57 47,176 47,814 639
58 47,818 47,949 132
59 48,233 48,556 324
60 48,538 49,251 714
61 49,773 50,096 324
62 50,112 50,375 264
63 50,393 50,863 471
64 51,131 52,129 999
65 52,173 52,604 432
66 53,208 54,563 1356
67 54,846 56,948 2103
68 57,117 57,950 834
69 58,236 58,499 264
70 58,908 59,063 156
71 59,091 59,192 102
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72 59,189 61,795 2607
73 61,865 62,524 660
74 62,561 63,340 780
75 63,886 64,479 594
76 64,678 65,328 651

77 65,369 65,449 81

78 65,446 66,285 840
79 66,430 66,675 246
80 66,714 66,980 267
81 67,144 67,497 354
82 67,494 68,234 741

83 68,186 70,303 2118
84 70,285 70,617 333
85 70,961 71,335 375
86 71,419 73,173 1755
87 73,147 73,749 603
88 74,300 75,052 753
89 75,320 75,820 501

90 75,922 76,449 528
91 76,514 77,386 873
92 77,457 77,945 489
93 77,955 79,001 1047
94 78,978 79,379 402
95 79,466 80,149 684
96 80,407 81,369 963
97 81,448 81,885 438
98 82,006 82,302 297
99 82,688 83,254 567
100 83,884 85,164 1281
101 85,298 85,516 219
102 85,517 85,831 315
103 85,931 86,791 861

104 86,978 87,334 357
105 87,321 87,809 489
106 87,974 88,243 270
107 88,546 89,451 906
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108 89,523 91,271 1749
109 91,231 91,446 216
110 91,510 91,839 330
111 91,972 92,316 345
112 92,311 92,628 318
113 92,695 92,910 216
114 93,010 93,402 393
115 93,399 93,608 210
116 94,084 95,055 972
117 95,363 95,500 138
118 95,787 96,410 624
119 96,498 97,526 1029
120 97,882 98,391 510
121 98,490 98,975 486
122 98,985 99,596 612
123 99,547 100,518 972
124 100,620 100,745 126
125 100,756 104,103 3348
126 104,386 105,942 1557
127 105,980 107,548 1569
128 107,740 108,495 756
129 108,790 109,185 396
130 109,283 109,429 147
131 109,430 110,494 1065
132 110,615 110,998 384
133 111,635 111,910 276
134 112,311 113,171 861
135 113,383 113,643 261
136 113,722 113,880 159
137 113,971 115,053 1083
138 115,099 115,314 216
139 115,578 116,282 705
140 116,462 116,947 486
141 117,511 117,828 318
142 118,195 118,887 693
143 118,939 119,223 285
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144 119,220 119,606 387
145 120,087 120,728 642
146 121,035 121,802 768
147 121,856 123,634 1779
148 123,711 124,355 645
149 124,615 125,271 657
150 126,156 126,878 723
151 127,097 127,501 405
152 127,563 128,123 561
153 128,310 128,795 486
154 129,373 130,911 1539
155 131,656 133,017 1362
156 133,528 133,797 270
157 134,299 134,883 585
158 135,720 136,040 321
159 137,050 >137,241 192
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