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ABSTRACT A new human gammapapillomavirus (HPV_MTS2) genome was isolated
and fully cloned from a skin swab. The L1 open reading frame of HPV_MTS2 was
79% and 80% identical to those of its closest relatives, HPV type 149 (species
Gamma-7 of the genus Gammapapillomavirus) and HPV isolate Dysk2 (GenBank ac-
cession no. KX781281), respectively, thus qualifying it as a new HPV type.

Human papillomaviruses (HPVs) belonging to the genus Gammapapillomavirus
(gamma-HPVs) have traditionally been classified as cutaneotrophic (1). However, a

growing body of evidence suggests a much broader tissue tropism with gamma-HPVs
detected in mucocutaneous areas of the anogenital region, oral and nasal mucosa, and
various cutaneous and genital lesions (2–9). With the identification of new gamma-HPV
genomes, the genus Gammapapillomavirus has been growing rapidly in recent years
and is currently divided into 27 species. Here, we report the complete genome
sequence of a novel HPV type obtained from a skin swab of a healthy individual.

The complete genome of a new HPV type (HPV_MTS2; 7,319 bp) was obtained by
amplifying DNA from a human forearm skin swab using multiply-primed rolling circle
amplification (RCA) according to the manufacturer’s instructions (illustra TempliPhi 100
amplification kit, GE Healthcare, USA). The amplified product was digested with EcoRI
and cloned into the pUC19 vector for sequencing using a primer-walking strategy
(GATC-Biotech, Germany), which covered nucleotides 647 to 6489 (5,843 bp) of the viral
genome. To obtain the missing part of the viral genome, long-range PCR was per-
formed on the RCA product template using TaKaRa LA Taq DNA polymerase and
HPV_MTS2-specific primers (forward: 5= TCCGCTTCTGTTACAATATACCA 3=; reverse:
5= GTTTAGAAGCAGATATTCTTGC 3=). The amplicon was cloned in the pCR-XL-TOPO
vector using the TOPO-XL PCR cloning kit (Invitrogen, USA) and sequenced. The
sequence of the whole viral genome was confirmed by a strategy that implies the use
of a proofreading Pfu DNA polymerase (Agilent Technologies, USA).

An HPV genome is considered to be a novel type if it shares less than 90% sequence
similarity to the closest papillomavirus type in the L1 open reading frame (ORF) (1). The
L1 ORF of HPV_MTS2 demonstrated 79% nucleotide homology to its closest relative,
HPV type 149, belonging to species Gamma-7, and the newly identified HPV isolate
Dysk2 (GenBank accession no. KX781281). However, the overall nucleotide homology
between HPV_MTS2 and HPV isolate Dysk2 was 80%, and the homology between
HPV_MTS2 and HPV type 149 was 79%. Overall, the G�C content of HPV_MTS2 was
37.8%. The genome contains five early (E1, E2, E4, E6, and E7) and two late (L1 and L2)
ORFs, but no E5 ORF, a genomic organization typical of other gamma-HPVs. The long
control region between L1 and E6 is 512 bp long and contains the TATA box (TATAAA),
one polyadenylation site (AATAAA) for L1 and L2 transcripts, and four consensus
palindromic E2-binding sites (ACC-N6-GGT). Two conserved zinc-binding domains
[CxxC(x)29CxxC] separated by 36 amino acids were identified in E6 and one in E7 (10).
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The consensus motif for binding to the pRB and its related proteins was observed
in E7; however, serine was substituted for cysteine, thus forming the LxSxE motif (10).
Such a modified LxSxE motif is common among members of the genus Gammapapil-
lomavirus. In the carboxy terminus of E1 we identified a GPPNTGKS motif to be the
putative ATP-binding site. Moreover, the E1 protein contained a cyclin interaction RXL
motif required for viral replication (11).

To conclude, the genetic characterization of HPV_MTS2 expands the species com-
position of gamma-HPVs.

Accession number(s). The complete genome sequence of HPV_MTS2 is available in
GenBank under the accession number KY780961.

ACKNOWLEDGMENTS
This work was partially supported by the European Commission FP7 Marie Curie

Actions–People: Co-funding of Regional, National and International Programs (CO-
FUND); by the National Cancer Institute R01 (grant no. 1-R01-CA177586-01A1 to D.E.R.);
and by Foundation ARC (grant no. PJA 20151203192 to M.T.).

REFERENCES
1. de Villiers EM. 2013. Cross-roads in the classification of papillomaviruses.

Virology 445:2–10. https://doi.org/10.1016/j.virol.2013.04.023.
2. Moscicki AB, Ma Y, Gheit T, McKay-Chopin S, Farhat S, Widdice LE,

Tommasino M. 2016. Prevalence and transmission of beta and gamma
human papillomavrius in heterosexual couples. Open Forum Infect Dis
4:ofw216. https://doi.org/10.1093/ofid/ofw216.

3. Bottalico D, Chen Z, Dunne A, Ostoloza J, McKinney S, Sun C, Schlecht
NF, Fatahzadeh M, Herrero R, Schiffman M, Burk RD. 2011. The oral cavity
contains abundant known and novel human papillomaviruses from the
Betapapillomavirus and Gammapapillomavirus genera. J Infect Dis 204:
787–792. https://doi.org/10.1093/infdis/jir383.

4. Ekström J, Bzhalava D, Svenback D, Forslund O, Dillner J. 2011. High
throughput sequencing reveals diversity of human papillomaviruses in
cutaneous lesions. Int J Cancer 129:2643–2650. https://doi.org/10.1002/
ijc.26204.

5. Foulongne V, Sauvage V, Hebert C, Dereure O, Cheval J, Gouilh MA,
Pariente K, Segondy M, Burguière A, Manuguerra JC, Caro V, Eloit M.
2012. Human skin microbiota: high diversity of DNA viruses identified on
the human skin by high throughput sequencing. PLoS One 7:e38499.
https://doi.org/10.1371/journal.pone.0038499.

6. Ma Y, Madupu R, Karaoz U, Nossa CW, Yang L, Yooseph S, Yachimski PS,
Brodie EL, Nelson KE, Pei Z. 2014. Human papillomavirus community in

healthy persons, defined by metagenomics analysis of human micro-
biome project shotgun sequencing data sets. J Virol 88:4786 – 4797.
https://doi.org/10.1128/JVI.00093-14.

7. Antonsson A, Erfurt C, Hazard K, Holmgren V, Simon M, Kataoka A,
Hossain S, Håkangård C, Hansson BG. 2003. Prevalence and type spec-
trum of human papillomaviruses in healthy skin samples collected in
three continents. J Gen Virol 84:1881–1886. https://doi.org/10.1099/vir
.0.18836-0.

8. Sichero L, Pierce Campbell CM, Ferreira S, Sobrinho JS, Luiza Baggio M,
Galan L, Silva RC, Lazcano-Ponce E, Giuliano AR, Villa LL. 2013. Broad HPV
distribution in the genital region of men from the HPV infection in men
(HIM) study. Virology 443:214 –217. https://doi.org/10.1016/j.virol.2013
.04.024.

9. Forslund O, Johansson H, Madsen KG, Kofoed K. 2013. The nasal mucosa
contains a large spectrum of human papillomavirus types from the
Betapapillomavirus and Gammapapillomavirus genera. J Infect Dis 208:
1335–1341. https://doi.org/10.1093/infdis/jit326.

10. Tommasino M. 2017. The biology of beta human papillomaviruses. Virus
Res 231:128 –138. https://doi.org/10.1016/j.virusres.2016.11.013.

11. Ding Q, Li L, Whyte P. 2013. Human papillomavirus 18 E1^E4 protein
interacts with cyclin A/CDK 2 through an RXL motif. Mol Cell Biochem
373:29 – 40. https://doi.org/10.1007/s11010-012-1472-y.

Dutta et al.

Volume 5 Issue 23 e00439-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/KY780961
https://doi.org/10.1016/j.virol.2013.04.023
https://doi.org/10.1093/ofid/ofw216
https://doi.org/10.1093/infdis/jir383
https://doi.org/10.1002/ijc.26204
https://doi.org/10.1002/ijc.26204
https://doi.org/10.1371/journal.pone.0038499
https://doi.org/10.1128/JVI.00093-14
https://doi.org/10.1099/vir.0.18836-0
https://doi.org/10.1099/vir.0.18836-0
https://doi.org/10.1016/j.virol.2013.04.024
https://doi.org/10.1016/j.virol.2013.04.024
https://doi.org/10.1093/infdis/jit326
https://doi.org/10.1016/j.virusres.2016.11.013
https://doi.org/10.1007/s11010-012-1472-y
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

