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Papillomaviruses with the features of epitheliotropic, nonenveloped, circular, and double-stranded DNA belong to the
family Papillomaviridae, which contributes to benign and malignant tumors in humans and animals. We report the whole-
genome sequence of canine papillomavirus type 11 found at a pigmented plaque located on the skin of a mixed-breed
bloodhound.
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Members of the Papillomaviridae family have a genome
composed of circular double-stranded DNA, with a

length of about 8,000 nucleotides (1). Papillomaviruses (PVs)
give rise to a wide spectrum of cutaneous, mucocutaneous, and
mucosal proliferations. So far, �100 types have been identified
in humans (1, 2).

Canine papillomavirus (CPV) infections generally occur on
the head, lips, and legs of young dogs (3–5). Different types of
CPVs have been found to be associated with distinct patholo-
gies, including exophytic warts (as in canine oral papillomato-
sis), endophytic warts, pigmented plaques, and, in some cases,
squamous cell carcinomas (3, 6). At present, 10 types of CPV
have been fully sequenced (5). The CPV infection model is one
of the best systems for studying both epidermal and mucosal
PV infections, and the analysis of canine oral papillomavirus
type 1 (CPV-1) was critical to understanding host immunity
against PV infection (7, 8) and to the human papillomavirus
vaccine (9, 10).

This report describes the complete viral genome of a novel
CPV type, designated CPV type 11 (CPV-11). Rolling-circle
amplification (RCA) was used to amplify episomal CPV DNA
(11). The amplified viral genome was cloned into the HindIII
site of the vector pUC19 and sequenced using primer walking-
enabled sequencing of the entire viral genome from both direc-
tions. Analysis of the viral sequence was performed using ABI
3730xl DNA-analyzing instruments (Applied Biosystems) for
capillary electrophoresis and fluorescent dye terminator detec-
tion. The Vector NTI Advance 10 software (Invitrogen, USA)
was used to assemble the sequence contigs containing high-
quality trace files.

The complete genome sequence revealed that CPV-11 is
7,828 bp. Similar to other PVs, CPV-11 has all of its open
reading frames (ORFs) on the same coding strand of its circular
double-stranded DNA genome. CPV-11 has seven ORFs that
encode five early (E) proteins: E1, E2, E4, E6, and E7. There are
two late (L) proteins, L1 and L2. The L1 gene is the most con-
served gene within the PV genome and has therefore been used
for the identification of new PV types. A new PV isolate is

recognized if the DNA sequence of the L1 ORF differs by �10%
from the closest known PV type (1). The L1 DNA of CPV-11 is
most closely related (75% homology) to that of the recently
discovered CPV-5. These data will facilitate future investiga-
tions of the evolutionary characteristics and molecular patho-
genesis of CPVs.

Nucleotide sequence accession number. The complete ge-
nome sequence of CPV-11 is available in GenBank under the ac-
cession no. JF800658.1.

ACKNOWLEDGMENTS

This project was supported by the National Center for Research Resources
and the Office of Research Infrastructure Programs of the NIH through
grant 1R01RR032315-01.

REFERENCES
1. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H.

2004. Classification of papillomaviruses. Virology 324:17–27. http://
dx.doi.org/10.1016/j.virol.2004.03.033.

2. zur Hausen H. 1996. Papillomavirus infections—a major cause of human
cancers. Biochim. Biophys. Acta 1288:F55–F78.

3. Yuan H, Ghim S, Newsome J, Apolinario T, Olcese V, Martin M, Delius
H, Felsburg P, Jenson B, Schlegel R. 2007. An epidermotropic canine
papillomavirus with malignant potential contains an E5 gene and estab-
lishes a unique genus. Virology 359:28 –36. http://dx.doi.org/10.1016/
j.virol.2006.08.029.

4. Yuan H, Luff J, Zhou D, Wang J, Affolter V, Moore P, Schlegel R. 2012.
Complete genome sequence of canine papillomavirus type 9. J. Virol. 86:
5966. http://dx.doi.org/10.1128/JVI.00543-12.

5. Luff J, Moore P, Zhou D, Wang J, Usuda Y, Affolter V, Schlegel R, Yuan
H. 2012. Complete genome sequence of canine papillomavirus type 10. J.
Virol. 86:11407. http://dx.doi.org/10.1128/JVI.01982-12.

6. Lange CE, Favrot C. 2011. Canine papillomaviruses. Vet. Clin. North
Am. Small Anim. Pract. 41:1183–1195. http://dx.doi.org/10.1016/
j.cvsm.2011.08.003.

7. Ghim S, Newsome J, Bell J, Sundberg JP, Schlegel R, Jenson AB. 2000.
Spontaneously regressing oral papillomas induce systemic antibodies that
neutralize canine oral papillomavirus. Exp. Mol. Pathol. 68:147–151.
http://dx.doi.org/10.1006/exmp.1999.2298.

8. Jain S, Moore RA, Anderson DM, Gough GW, Stanley MA. 2006.
Cell-mediated immune responses to COPV early proteins. Virology 356:
23–34. http://dx.doi.org/10.1016/j.virol.2006.07.032.

Genome AnnouncementsMay/June 2014 Volume 2 Issue 3 e00529-14 genomea.asm.org 1

http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=JF800658.1
http://dx.doi.org/10.1016/j.virol.2004.03.033
http://dx.doi.org/10.1016/j.virol.2004.03.033
http://dx.doi.org/10.1016/j.virol.2006.08.029
http://dx.doi.org/10.1016/j.virol.2006.08.029
http://dx.doi.org/10.1128/JVI.00543-12
http://dx.doi.org/10.1128/JVI.01982-12
http://dx.doi.org/10.1016/j.cvsm.2011.08.003
http://dx.doi.org/10.1016/j.cvsm.2011.08.003
http://dx.doi.org/10.1006/exmp.1999.2298
http://dx.doi.org/10.1016/j.virol.2006.07.032
http://genomea.asm.org


9. Suzich JA, Ghim SJ, Palmer-Hill FJ, White WI, Tamura JK, Bell JA,
Newsome JA, Jenson AB, Schlegel R. 1995. Systemic immunization with
papillomavirus L1 protein completely prevents the development of viral
mucosal papillomas. Proc. Natl. Acad. Sci. U. S. A. 92:11553–11557.
http://dx.doi.org/10.1073/pnas.92.25.11553.

10. Yuan H, Estes PA, Chen Y, Newsome J, Olcese VA, Garcea RL, Schlegel
R. 2001. Immunization with a pentameric L1 fusion protein protects

against papillomavirus infection. J. Virol. 75:7848 –7853. http://
dx.doi.org/10.1128/JVI.75.17.7848-7853.2001.

11. Yuan H, Myers S, Wang J, Zhou D, Woo JA, Kallakury B, Ju A,
Bazylewicz M, Carter YM, Albanese C, Grant N, Shad A, Dritschilo A,
Liu X, Schlegel R. 2012. Use of reprogrammed cells to identify therapy for
respiratory papillomatosis. N. Engl. J. Med. 367:1220 –1227. http://
dx.doi.org/10.1056/NEJMoa1203055.

Zhou et al.

Genome Announcements2 genomea.asm.org May/June 2014 Volume 2 Issue 3 e00529-14

http://dx.doi.org/10.1073/pnas.92.25.11553
http://dx.doi.org/10.1128/JVI.75.17.7848-7853.2001
http://dx.doi.org/10.1128/JVI.75.17.7848-7853.2001
http://dx.doi.org/10.1056/NEJMoa1203055
http://dx.doi.org/10.1056/NEJMoa1203055
http://genomea.asm.org

	Complete Genome Sequence of Canine Papillomavirus Type 11
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENTS
	REFERENCES


