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Whole-Genome Sequences of Novel Porcine Circovirus Type 2 Viruses
Detected in Swine from Mexico and the United States

Karen M. Harmon, Phillip C. Gauger, Jiangiang Zhang, Pablo E. Pifieyro, Derek D. Dunn, Amy J. Chriswell

Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, lowa State University, Ames, lowa, USA

A unique porcine circovirus type 2 capsid protein (ORF2) sequence was detected in swine samples submitted to the Iowa State
University Veterinary Diagnostic Laboratory. The complete genome sequences of four viruses, one from Mexico and three from
the United States, were determined to further characterize this novel PCV2 genotype.

Received 22 September 2015 Accepted 30 October 2015 Published 17 December 2015

Citation Harmon KM, Gauger PC, Zhang J, Pifieyro PE, Dunn DD, Chriswell AJ. 2015. Whole-genome sequences of novel porcine circovirus type 2 viruses detected in swine
from Mexico and the United States. Genome Announc 3(6):¢01315-15. doi:10.1128/genomeA.01315-15.

Copyright © 2015 Harmon et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 3.0 Unported license.

Address correspondence to Karen M. Harmon, kharmon@iastate.edu.

orcine circovirus type 2 (PCV2) is a small, nonenveloped,

single-stranded DNA virus belonging to the family Circoviri-
dae and genus Circovirus (1). Porcine circovirus type 2 is the cause
of several syndromes in swine known en masse as porcine
circovirus-associated disease (PCVAD) or porcine multisystemic
wasting syndrome (2—4). Currently, four global PCV2 genotypes
have been described in swine based on the ORF2 capsid protein
sequence and designated PCV2a, PCV2b, PCV2c, and PCV2d
(formerly mutant PCV2b) (5).

Over the course of approximately 1 year, four different cases
submitted to the Iowa State University Veterinary Diagnostic Lab-
oratory (ISU VDL) were tested for PCV2 by PCR and demon-
strated atypical nucleotide and amino acid sequences of the ORF2
(Cap) protein. Specimen types were serum from a sow (Mexico),
serum from placental umbilical cord (USA, state unknown), and
two lungs (North Carolina and Indiana). By use of traditional
Sanger sequencing, the full genome of PCV2 was determined in
each submission. SeqManPro and Megalign (Clustal W) modules
from DNAStar program were used for assembly of contigs and
sequence comparisons.

The full-length genomic sequences of PCV2/MEX/41238/2014,
PCV2/USA/34701/2015, PCV2/USA/43520/2015, and PCV2/
USA/45358/2015 are 1,777 nucleotides (nt) in length, in contrast
to 1,767 nt for typical PCV2, and have 99.35%-99.7% nt identity
with each other. At the whole-genome level, the four sequences
described here have similar genomic organization to previously
described PCV?2 isolates. BLAST searches using these four PCV2
whole-genome sequences resulted in numerous hits of 93% or
lower nucleotide homology with other PCV2 whole-genome se-
quences.

The ORF1 (encoding a putative replication initiator protein)
sequence from each of the four PCV2 is 945 nt, consistent with the
size of the ORF1 of other PCV2 sequences. BLAST searches with
these ORF1 sequences resulted in numerous hits with up to 99%
nt identity to other PCV2 ORF1 sequences.

The four PCV2 ORF?2 sequences, encoding a putative Cap pro-
tein, are 717 ntin contrast to 702 nt for reported PCV2a or PCV2b,
or 705 nt for reported PCV2c or PCV2d. Compared to PCV2a or
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PCV2b, all four sequences reported here contain a 15-nt insertion
close to the 3’ end of ORF2, resulting in the insertion of five amino
acids, Pro-Leu—Pro-Tyr-Met or Pro-Leu—Ser—Tyr—Met. Com-
pared to PCV2c or PCV2d, these unique sequences have 12 addi-
tional nt, encoding Pro—Leu—Pro(Ser)-Tyr. The closest ORF2 se-
quence available in GenBank (accession number JN382183) using
the putative Cap sequences of each of these PCV2 demonstrated
96% coverage and only 88% nt identity.

The four unique sequences were compared to reference PCV2
genomes representing the four current phylogenetic clusters
based on the global distribution of PCV2 genotypes (6). Sequence
analysis of the whole genome and ORF2 demonstrated that these
four sequences form their own separate genetic clade. The ORF2
sequences were closest to PCV2c and PCV2d (84% to 85.8% nt
identity). At the amino acid (aa) level, they were closest to PCV2c
(86.0% to 87.2% identity).

The association of these unique PCV2 sequences with clinical
PCVAD remains unknown. Further analysis and porcine bioas-
says are required to determine the clinical significance of this
novel PCV2 genotype.

Nucleotide sequence accession numbers. The complete ge-
nome sequences of PCV2/MEX/41238/2014, PCV2/USA/34701/
2015, PCV2/USA/43520/2015, and PCV2/USA/45358/2015 have
been deposited in GenBank under the accession numbers
KT795287, KT795288, KT795289, and KT795290, respectively.
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