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Anelloviridae is a family of circular, single-stranded DNA viruses highly prevalent among humans. We report the genome se-
quence of two torque teno miniviruses found in human oral mucosa samples. Genome organization, phylogenetic analysis, and
pairwise comparisons reveal that they belong to novel species within the Betatorquevirus genus.
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Anelloviridae is a highly divergent family of viruses with circular
single-stranded DNA genomes. Three genera of anelloviruses

are able to infect humans: torque teno virus (TTV; Alphatorque-
virus), torque teno minivirus (TTMV; Betatorquevirus), and
torque teno minivirus (TTMDV; Gammatorquevirus), with ge-
nome sizes of 3.8 to 3.9 kb, 2.8 to 2.9 kb, and 3.2 kb, respectively
(1). Anellovirus genome is composed of a noncoding G�C-rich
region and three open reading frames (ORFs) encoding up to six
different proteins through alternative splicing (2). They are disease-
orphan viruses, showing high prevalence and mixed infections in hu-
mans (3). Total virus burden in blood increases upon immunosup-
pression (4), so that anellovirus load has been proposed as a
subrogated marker for immunocompetence status (5, 6). The oral
cavity might play an important role in anellovirus transmission since
these viruses have been frequently detected in respiratory tract fluids
(7, 8) and saliva (9). Indeed, anelloviruses can reach higher titers in
saliva than in serum (10), and the same genotype can be found in the
serum and saliva of the same person (9).

We have carried out a large metagenomic survey (Illumina;
MiSeq; 2�300 bp) of DNA viruses from the oral vestibule mucosa
of nine healthy adults and oral ulcers of seven individuals affected
by recurrent aphthous stomatitis. After assembling quality-
filtered (PrinSeq; minimum quality, �25 phred score) sequences
with CLC Genomic Workbench-6 (http://www.clcbio.com), we
found 17 contigs of �2 kbp that showed BLASTx similarities to
anelloviruses, including two circular genomes with best BLAST sim-
ilarities to viruses from the Betatorquevirus genus. The first one, ten-
tatively designated TTMV_ALH8, was assembled with coverage �35
from a healthy oral mucosa sample and spans 2,855 nucleotides
with 38.77% G�C content. The second one, TTMV_ALA22, was
attained with �18 coverage from an oral ulcer sample and spans
2,914 nucleotides with 38.37% G�C contents. These genome sizes
and % G�C contents are in the range of those reported for available
Betatorquevirus (1). Additionally, TTMV_ALH8 and TTMV_ALA22
exhibit typical TTMV genome organization characterized by a
region with high G�C content, a large ORF1 (656 and 674 amino
acids [aa], respectively), a small ORF2 (89 and 110 aa, respec-

tively), and a small ORF3 overlapping the 3= end of ORF1. The
lack of initial ATG in the ORF3 of TTMV-ALH8 has been reported
for other TTMVs (11). A comprehensive phylogenetic analysis
based on available ORF1 aa sequences (R; package ade4, unrooted
maximum likelihood tree) clustered TTMV-ALH8 together with
TTMV_LY1 (accession no. JX134044), TTMV_D11 (KF764701),
and TTMV_D50 (KF764702), while TTMV_ALA22 grouped with
TTMV_9 (AB038631) and TTMV_8 (AF291073).

The current criterion demarcating species within the Anelloviridae
family consist of at least 35% nucleotide divergence in pairwise com-
parisons of the ORF1 sequence (http://www.ictvonline.org/). Align-
ments obtained with Clustal-Omega (http://www.clustal.org) classi-
fied 15 out of the 17 ORF1 sequences found in contigs within
previously established species, 12 of them into the Alphatorquevirus
genus. On the contrary, nucleotide sequences of TTMV_ALH8 and
TTMV_ALA22 ORF1 share 59.11% and 60.68% identity to the clos-
est related anelloviruses (TTMV_LY1 and TTMV_9, respectively),
meeting the criteria to be proposed as novel species of the Betatorque-
virus genus.

Nucleotide sequence accession numbers. The complete ge-
nome sequences of torque teno minivirus ALH8 and torque
teno minivirus ALA22 have been deposited in GenBank under
accession numbers KM259874 and KM259873, respectively.
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