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We report here the complete genome sequence of the first papillomavirus detected in a New World primate, howler monkey,
Alouatta guariba clamitans papillomavirus 1 (AgPV1), from the Atlantic Forest in São Paulo State, Brazil.
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The Papillomaviridae family is composed of 49 genera and 316
virus species distributed in human and other animal hosts (1,

2). With an icosahedral capsid and a conserved circular double-
stranded DNA, papillomaviruses have genomes ranging from
6,953 bp in Chelonia mydas papillomavirus type 1 (CmPV1) to
8,607 bp in Canis familiaris oral papillomavirus type 1 (CPV1).
These viruses contain eight open reading frames (ORF), with the
exception of some species that lack the E5 ORF (1). Primate papillo-
mavirus has been described so far in Old World primates (3–7), but
until then, there was one report of papillomavirus identification and
lesion described in a howler monkey without complete genome de-
scription (8) and one incomplete genome description in squirrel
monkey (Z. Chen, C. E. Wood, and R. D. Burk, unpublished data).
For this reason, this is the first description of papillomavirus detec-
tion in New World primates with complete genome annotation.

We describe here the complete sequencing of the new papillo-
mavirus species that naturally infected a howler monkey, a New
World native primate. Howler monkeys (Alouatta guariba clami-
tans) are distributed from the southeastern Brazilian Atlantic For-
est to northeastern Argentina (9) and the species was identified in
our study according to morphological features.

Genomic DNA was obtained from a frozen sample of oral mu-
cosa that was previously suggestive to this infection (8) using or-
ganic solvent extraction, and precipitation was made with ethanol.
The DNA mass used for sequencing was 1 �g in the Ion Torrent
platform (Life Technologies). The sequencing procedures gener-
ated 281,859 reads that were compared to a public data bank of
annotated sequences containing 316 papillomavirus complete ge-
nomes using the BLAST program (10). Of the total reads analyzed,
1,049 reads presented similarity to reads in these genomes and
were separated, assembled, and ordered by a de novo strategy.

The scaffold generated was about 7.04 kb and was used as ref-
erence mapping in the final genome assembly. This cycle of assem-

bly was repeated until the genome was completely assembled. The
annotation was performed using the 316 papillomavirus genomes
as references, and the functional annotation was done manually.

Our final result was the assembly of a genome that differs from
the closest species, Saimiri sciureus (accession no. JF304765), by
30%. The genome is 7,722 bp in length and is arranged in a double
strand, with 7 fully identified genes and a G�C content of 59.2%.
The new genome identified had a coverage of about 340�, form-
ing a circular unitig containing the complete genome. These ob-
servations correspond with a typical papillomavirus genome and,
to our knowledge, this is the first description of a papillomavirus
detected in oral mucosa of a New World primate and can be used
as a reference for further studies of papillomavirus evolution.

Nucleotide sequence accession number. This whole-genome
shotgun project has been deposited in GenBank under the acces-
sion no. KP861980. The version described in this paper is the first
version.

REFERENCES
1. International Committee on Taxonomy of Viruses. 2015. Virus

Taxonomy: 2015 Release EC 47, London, UK, July 2015. http://www
.ictvonline.org/virustaxonomy.asp.

2. Van Doorslaer K, Tan Q, Xirasagar S, Bandaru S, Gopalan V, Moham-
oud Y, Huyen Y, McBride AA. 2013. The Papillomavirus episteme: a
central resource for papillomavirus sequence data and analysis. Nucleic
Acids Res 41:D571–D578. http://dx.doi.org/10.1093/nar/gks984.

3. Bergin IL, Bell JD, Chen Z, Zochowski MK, Chai D, Schmidt K, Culmer
DL, Aronoff DM, Patton DL, Mwenda JM, Wood CE, Burk RD. 2013.
Novel genital alphapapillomaviruses in baboons (Papio hamadryas
Anubis) with cervical dysplasia. Vet Pathol 50:200 –208. http://dx.doi.org/
10.1177/0300985812439725.

4. Joh J, Hopper K, Van Doorslaer K, Sundberg JP, Jenson AB, Ghim S-J.
2009. Macaca fascicularis papillomavirus type 1: a non-human primate
betapapillomavirus causing rapidly progressive hand and foot papilloma-
tosis. J Gen Virol 90:987–994. http://dx.doi.org/10.1099/vir.0.006544-0.

5. Chen Z, van Doorslaer K, DeSalle R, Wood CE, Kaplan JR, Wagner JD,

crossmark

Genome AnnouncementsJuly/August 2016 Volume 4 Issue 4 e00725-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00725-16&domain=pdf&date_stamp=2016-8-18
http://genomea.asm.org


Burk RD. 2009. Genomic diversity and interspecies host infection of �12
Macaca fascicularis papillomaviruses (MfPVs). Virology 393:304 –310.
http://dx.doi.org/10.1016/j.virol.2009.07.012.

6. Ostrow RS, LaBresh KV, Faras AJ. 1991. Characterization of the complete
RhPV 1 genomic sequence and an integration locus from a metastatic tumor.
Virology 181:424–429. http://dx.doi.org/10.1016/0042-6822(91)90519-H.

7. Rector A, Van Ranst M. 2013. Animal papillomaviruses. Virology 445:
213–223. http://dx.doi.org/10.1016/j.virol.2013.05.007.

8. Sá LR, DiLoreto C, Leite MC, Wakamatsu A, Santos RT, Catão-Dias JL.

2000. Oral focal epithelial hyperplasia in a howler monkey (Alouatta
fusca). Vet Pathol 37:492– 496.

9. Mendes SL, Rylands AB, Kierulff MCM, de Oliveira MM. 2008. Alouatta
guariba. The IUCN Red List of Threatened Species 2008: T39916A10284881.
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T39916A10284881.en

10. Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ. 1997. Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs Nucleic Acids Res 25:3389 –3402.
http://dx.doi.org/10.1093/nar/25.17.3389.

Silvestre et al.

Genome Announcements2 genomea.asm.org July/August 2016 Volume 4 Issue 4 e00725-16

http://genomea.asm.org

	First New World Primate Papillomavirus Identification in the Atlantic Forest, Brazil: Alouatta guariba papillomavirus 1
	Nucleotide sequence accession number. 

	REFERENCES

