
  
2012, 86(12):7018. DOI: 10.1128/JVI.00791-12. J. Virol. 

Henriquez-Rivera and W. Ian Lipkin
Amit Kapoor, Edward J. Dubovi, Jose Angel
 
Canine Circovirus
Complete Genome Sequence of the First

http://jvi.asm.org/content/86/12/7018
Updated information and services can be found at: 

These include:

REFERENCES
http://jvi.asm.org/content/86/12/7018#ref-list-1
This article cites 10 articles, 4 of which can be accessed free at:

CONTENT ALERTS
 more»articles cite this article), 

Receive: RSS Feeds, eTOCs, free email alerts (when new

http://journals.asm.org/site/misc/reprints.xhtmlInformation about commercial reprint orders: 
http://journals.asm.org/site/subscriptions/To subscribe to to another ASM Journal go to: 

 on M
ay 29, 2012 by C

O
LU

M
B

IA
 U

N
IV

E
R

S
IT

Y
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/cgi/alerts
http://jvi.asm.org/


Complete Genome Sequence of the First Canine Circovirus
Amit Kapoor,a Edward J. Dubovi,b Jose Angel Henriquez-Rivera,a and W. Ian Lipkina

Center for Infection and Immunity, Columbia University, New York, New York, USA,a and Animal Health Diagnostic Center, College of Veterinary Medicine at Cornell,
Ithaca, New York, USAb

We found a highly divergent circovirus in serum samples from several dogs. Phylogenetic analysis indicates that canine circovi-
rus genotype 1 (CaCV-1) represents the first circovirus reported in dogs and is genetically most closely related to the only known
mammalian circovirus, porcine circovirus. Here we report the complete genome sequence of the CaCV-1 strain NY214, which
will help toward understanding the evolutionary and pathogenic characteristics of mammalian circoviruses.

Circoviruses are genetically diverse nonenveloped viruses with a
small monomeric single-strand circular DNA genome and be-

long to the family Circoviridae, which comprises two genera, Circovi-
rus and Gyrovirus (3). The genus Circovirus includes six recognized
species that infect mammals and birds, namely, porcine circovirus 1
(8), porcine circovirus 2 (5), canary circovirus (9), goose circovirus
(10), pigeon circovirus (10), and beak and feather disease virus (6).
Several new circoviruses have been recently identified in animal feces
and environmental samples; however the natural hosts of most of
these viruses remain unidentified (2, 4, 7). Canine circovirus geno-
type 1 (CaCV-1) was found in serum samples from several dogs (6 of
205 animals tested) and thus represents the first nonporcine circo-
virus confirmed to infect mammals.

The complete genome of CaCV-1 (strain NY214) comprises 2,063
nucleotides (nt) as a covalently closed circular DNA with a GC con-
tent of 51.7%. All PCR products were sequenced using classical dide-
oxy Sanger sequencing (4� genome coverage) and assembled using
Sequencher 4.7 (Gene Codes Corp.). TG and GG were the most
abundant dinucleotides, with an observed/expected frequency ratio
of �1.34. The genome contains two putative open reading frames
(ORFs), on complementary strands in opposite orientation, that en-
code the viral replicase (303 amino acids [aa]) and capsid protein
(270 aa). Similar to other animal circoviruses, CaCV has two inter-
genic noncoding regions that are 135 and 203 nt long. The noncoding
region between the two major ORFs contains a thermodynamically
stable stem-loop for initiation of rolling-circle replication and a char-
acteristic 9-nt sequence, TAGTATTAC (1). In CaCV-1, the palin-
drome sequence at the origin of replication site is comprised of 12
nucleotide pairs (stem) and an open loop of 10 nt (CATAGTAT
TA). Similar to other animal circoviruses, the amino terminus of
putative CaCV capsid protein contains a 30-aa-long arginine (R)-
rich stretch. The capsid and replicase proteins of CaCV-1 share
�25% and �50% identities, respectively, with the known animal
circoviruses. According to the criteria employed by the Interna-
tional Committee on Taxonomy of Viruses (ICTV) (www.ictvdb
.org), circoviruses of the same species should share �75% and
�70% nucleotide identity in their complete genome and capsid
protein sequences, respectively. Based on these criteria, we tenta-
tively propose that CaCV-1 be classified as a prototype of new
species in the genus Circovirus of the family Circoviridae.

Our intent in submitting this report is to enable others in the
virology community to investigate the epdidemiology, evolution-
ary biology, and pathobiology of mammalian circovirus infection.
Moreover, the availability of CaCV-1 genome sequence will allow
development of molecular reagents that can be used to identify
more novel circoviruses that infect other mammalian species. We

note that the 203-nt-long intergenic noncoding region of CaCV-1
has 91% nucleotide identity over 150 nt of sequence with pine
marten torque teno virus (11), providing the first direct evidence
of an evolutionary relationship between two distinct virus families
that includes genetically diverse viruses with single-stranded DNA
(ssDNA) circular genomes, Circoviridae and Anelloviridae.

Nucleotide sequence accession number. The GenBank acces-
sion number of the CaCV-1 strain NY214 complete genome se-
quence is JQ821392.
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