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ABSTRACT We report the complete genome sequences of Rusa timorensis papillomavirus 1 (RtimPV1) and Rusa timorensis papillomavirus 2 (RtimPV2), isolated from
hair follicles of asymptomatic skin from the same Timor deer specimen. RtimPV1 and
RtimPV2 are evolutionarily only distantly related. RtimPV1 lacks a canonical E2binding site, and RtimPV2 does not carry an E6 gene.

T

he genome of papillomaviruses (PVs) is a single double-stranded DNA (dsDNA)
circular molecule of approximately 8 kbp, carrying genes involved in cell replication,
viral replication, and viral encapsidation. Most PVs cause epithelial asymptomatic
infections in amniotes and probably also in bony ﬁshes, while some of them induce
proliferative benign lesions and different cancers (1, 2).
The Timor deer Rusa timorensis (de Blainvillee, 1822) is native to the island of Java
and is classiﬁed as “vulnerable” by the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species (http://www.iucnredlist.org) (3). A biopsy specimen from asymptomatic skin (isolate IZW 39/08) was collected from a female deer,
about 19 years old, living in captivity in a zoo in Berlin, Germany. The animal did not
present papilloma-like lesions and was euthanized because of a severe internal infection that was unrelated to any PV infection. Total DNA was extracted from hair bulbs
and PCR tested for the presence of PV DNA using broad-spectrum primers targeting
the E1 and L1 genes (4). Using this partial information, we designed tail-to-tail primers
to amplify the full-length genomes using long-range PCR, which were then Sanger
sequenced in both strands through primer walking and cloned. Phylogenetic relationships for the E1E2, L2L1, and E1E2L2L1 gene concatenates were inferred under a
maximum-likelihood framework (5).
We retrieved two complete PV genomes from the same skin sample of the R.
timorensis individual, here named Rusa timorensis papillomavirus 1 (RtimPV1) (isolate
IZW 39/08) and Rusa timorensis papillomavirus 2 (RtimPV2) (isolate IZW 39/08). Both viral
genomes display the standard features of PVs, with a long control region; the early
genes E7, E1, and E2; and the late genes L2 and L1. Remarkably, RtimPV2 does not carry
an E6 gene. This gene may have been lost independently in several PV lineages through
time (6, 7). The RtimPV1 L1 gene displays maximum nucleotide similarity values around
65% with very divergent PVs, while RtimPV2 L1 displays identity values around 65%
with divergent PVs in the 5= end, and only above 50% in the 3= end. Therefore, this
criterion alone does not sufﬁce for taxonomic assignment following the current rules
(8), which need to be revised (7, 9). Phylogenetic reconstruction conﬁdently places
RtimPV1 as a sister lineage to Capra hircus papillomavirus 1 (ChPV1), isolated from
healthy skin of a female goat (10), a Phipapillomavirus in the Beta ⫹ Xi PV supergroup
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(11). Neither ChPV1 nor RtimPV1 displays a canonical E2-binding site in the long control
region, thus suggesting alternative regulation of early gene expression. Phylogenetic
inference unambiguously places RtimPV2 basal to Epsilonpapillomavirus and Deltapapillomavirus, within the Delta ⫹ Zeta PV supergroup, which includes PVs isolated from
giraffes and camels, as well as from different bovid and deer species (11). The RaPV
genome isolated from Rusa alfredi (Sclater, 1870), with a host closely related to R.
timorensis, branches in a derived position within the Delta ⫹ Zeta PV supergroup (12)
and is only distantly related to RtimPV2.
Our results exemplify the diversity of PVs asymptomatically infecting similar cells
within a single host individual and highlight the genomic plasticity within Papillomaviridae.
Accession number(s). The complete genome sequences for RtimPV1 and for RtimPV2
are available in GenBank under the accession no. KP757765 and KT852571, respectively.
ACKNOWLEDGMENTS
B.M.-C. was the recipient of an IDIBELL PhD fellowship. This work was partly funded
by the former Spanish Ministry for Science and Innovation (CGL2010-16713). I.G.B. is
funded by the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation program (CODOVIREVOL, grant agreement 647916). The
funders had no role in study design, data collection and interpretation, or the decision
to submit the work for publication.

REFERENCES
1. Bravo IG, Félez-Sánchez M. 2015. Papillomaviruses: viral evolution, cancer and evolutionary medicine. Evol Med Public Health 2015:32–51.
https://doi.org/10.1093/emph/eov003.
2. Van Doorslaer K. 2013. Evolution of the Papillomaviridae. Virology 445:
11–20. https://doi.org/10.1016/j.virol.2013.05.012.
3. International Union for Conservation of Nature. 2015. Rusa timorensis, p
e.T41789A22156866. In Hedges S, Duckworth JW, Timmins R, Semiadi G,
Dryden G (ed), The IUCN Red List of Threatened Species. International
Union for Conservation of Nature, Gland, Switzerland.
4. Mengual-Chuliá B, García-Pérez R, Gottschling M, Nindl I, Bravo IG. 2012.
Novel animal papillomavirus sequences and accurate phylogenetic
placement. Mol Phylogenet Evol 65:883– 891. https://doi.org/10.1016/j
.ympev.2012.08.011.
5. Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics 30:1312–1313.
https://doi.org/10.1093/bioinformatics/btu033.
6. Van Doorslaer K, McBride AA. 2016. Molecular archeological evidence in
support of the repeated loss of a papillomavirus gene. Sci Rep 6:33028.
https://doi.org/10.1038/srep33028.
7. Bravo IG, de Sanjosé S, Gottschling M. 2010. The clinical importance of

Volume 6 Issue 24 e00505-18

8.

9.

10.

11.

12.

understanding the evolution of papillomaviruses. Trends Microbiol 18:
432– 438. https://doi.org/10.1016/j.tim.2010.07.008.
Bernard H-U, Burk RD, Chen Z, van Doorslaer K, zur Hausen H, de Villiers
E-M. 2010. Classiﬁcation of papillomaviruses (PVs) based on 189 PV types
and proposal of taxonomic amendments. Virology 401:70 –79. https://
doi.org/10.1016/j.virol.2010.02.002.
Bravo IG, de Sanjosé S, Gottschling M. 2011. Papillomaviruses and Darwinian
classiﬁcation: response to Van Doorslaer et al. Trends Microbiol 19:49–50.
https://doi.org/10.1016/j.tim.2010.11.008.
Van Doorslaer K, Rector A, Vos P, Van Ranst M. 2006. Genetic characterization of the Capra hircus papillomavirus: a novel close-to-root artiodactyl papillomavirus. Virus Res 118:164 –169. https://doi.org/10.1016/j
.virusres.2005.12.007.
Gottschling M, Göker M, Stamatakis A, Bininda-Emonds ORP, Nindl I,
Bravo IG. 2011. Quantifying the phylodynamic forces driving papillomavirus evolution. Mol Biol Evol 28:2101–2113. https://doi.org/10.1093/
molbev/msr030.
Fux R, Langenmayer MC, Jörgens D, Schubert C, Heckel J-O, Sutter G.
2016. Rusa alfredi papillomavirus 1—a novel Deltapapillomavirus inducing endemic papillomatosis in the endangered Visayan spotted deer. J
Gen Virol 97:128 –133. https://doi.org/10.1099/jgv.0.000340.

genomea.asm.org 2

