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Abstract Porcine circovirus type 2 (PCV2) is the etio-

logical agent associated with several pig diseases that are

collectively referred to as porcine circovirus-associated

disease (PCVAD). Unfortunately, PCV2 has had a serious

economic impact on the swine industry. In this study, we

report the genome sequence of a novel PCV2 isolate

(JS2015) identified in pigs in Jiang Su, China. The com-

plete DNA sequence was 1766 nucleotides long with an

A?T content of 52.7 %. It lacked a guanine (G) at

nucleotide position 1045 compared to other reference

PCV2 strains with a sequence length of 1766 nucleotides.

Genetic characterization and phylogenetic analysis showed

that the isolate JS2015 was most closely related to mem-

bers of the PCV2d (AY181946) lineage. Our data provide

insight into the epidemiology of porcine circovirus and

may facilitate further study of the origin and evolution of

PCV2.

Introduction

Porcine circovirus (PCV) is a member of the genus Cir-

covirus of the family Circoviridae [1, 16, 17]. Based on

antigenic properties, pathogenicity, and nucleotide com-

position, PCV can be divided into two groups: non-

pathogenic viruses in the PCV1 group, and members of the

PCV2 group, which are widely recognized as the causative

agents of postweaning multisystemic wasting syndrome

(PMWS) [2, 3, 13]. PCV2, which causes PCVAD, has

become a global swine malady with a severe economic

impact on the swine industry worldwide.

PCV2 has a single-stranded circular DNA genome [4]

that contains three major open reading frames (ORF1, 2, 3):

ORF1 encodes the replication-associated proteins (Reps)

[6], ORF2 encodes the viral capsid proteins (Cap) [7, 14],

and ORF3 encodes an apoptotic protein [18]. The genome

size of PCV2 isolates with sequences in the GenBank

database is 1766, 1767, or 1768 nucleotides, and of the

three, strains with 1766 nucleotides are the least frequent.

So far, 15 strains with a sequence length of 1766 nucleotides

have been identified worldwide, the first of which was

reported by Dupont et al in Denmark in 2008 [9].

Three PCV2 genotypes (PCV2a, b, and c) were descri-

bed before 2010 [8], but more recently, four PCV2 geno-

types (PCV2a, b, c, and d) have been recognized based on

phylogenetic analysis [5, 12]. The first PCV2d sequence

was reported in 2010 by Guo et al. [19].

The main objective of this study was to survey the

presence of PCV2 strains in Jiang Su province, establish a

genetic database for PCV2 genome sequences from these

animals, and analyze the evolution of PCV2. This study

will contribute to controlling the spread of disease and

laying the foundation for the development of a new

vaccine.
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Provenance of the virus material

Total viral DNA was extracted from serum samples (col-

lected in 2014 and 2015 in Jiang Su, China) using a

QIAamp Viral DNAMint Kit (QIAGEN, Hilden, Germany)

according to the manufacturer’s instructions. PCR analysis

was used to amplify and sequence the full-length PCV2

genome. The sequences of the specific primers were as

follows: F1, 50-TCCGTGGATTGTTCTGTAGCA-30; R1,
50-GGAAGGGGGCCAGTTCGTCAC-30; F2, 50-ACTACT
CCTCCCGCCATAC-30; R2, 50-GGAGGAGTAGTTTAC
ATAGGGG-30 [5, 13, 15].

PCR amplifications were performed in 25 ll (total vol-
ume) containing 12.5 ll of 29 Taq Plus Master Mix, 0.5 ll
of each primer, 2 ll of DNA template and 9.5 ll of RNase-
free water. PCR reactions were carried out in a Master-

cycler (Eppendorf).

PCR products were analyzed by electrophoresis on

1.5 % agarose gels stained with ethidium bromide (EB),

and visualized using an ultraviolet camera. The products

were purified using a QIAquick PCR Purification Kit

(QIAGEN). The purified PCR product was cloned into

pMD-19T (TaKaRa) vector.

Sanger sequencing was performed on an automated

sequencer (ABI 3730 DNA Analyzer), and sequence anal-

ysis and alignment analysis were performed using DNA-

MAN software and the online BLAST program (http://

www.ncbi.nlm.nih.gov/Blast.cgi). To avoid artifacts pro-

duced by amplification, the entire procedure from PCR to

sequencing was repeated twice. The sequence from this

study was compared to the available reference PCV2

sequences in GenBank that had a sequence length of 1766.

MEGA version 5.0 was used to analyze nucleotide and

amino acid sequence similarity and diversity and to assess

phylogenetic relationships by the neighbor-joining (NJ)

method. The obtained sequence was submitted to GenBank.

Sequence analysis

The JS2015 sequence determined in this study was 1766

nucleotides in length and had an AT content of 52.7 %.

Multiple sequence alignment analysis showed that this new

sequence lacked a guanine (G) at nucleotide position 1045

compared to the other 15 PCV2 strains with a genome

length of 1766 nt. Homology-and-distance matrices

showed that these 16 nucleotide sequences varied between

94.7 % (GenBank: HQ831519) and 99.8 % (GenBank:

HM038030), whereas the predicted amino acid (aa)

sequence identity values for the full genomes were 86.7 %-

98.9 %.

A phylogenetic tree was constructed that included the

JS2015 sequence from this study and four prototype PCV2

strains from the GenBank database representing each of the

PCV2 genotypes (accession numbers: AF055392,

AF055394, EU148503, AY181947) (Fig. 1). In the phy-

logenetic tree, JS2015 grouped with isolates of the PCV2d

genotype, supported by high confidence values.

The genome of the JS2015 strain showed 95.3 %,

96.2 %, 94.3 %, and 98.1 % sequence identity to PCV2a,

PCV2b, PCV2c, and PCV2d, respectively. JS2015 ORF1

(942 nt, encoding a protein of 313 aa) was 97.9 %, 97.1 %,

97.6 %, and 98.7 % identical, while JS2015 ORF2

(705 bp, encoding a protein of 234 aa) was 90.8 %,

94.7 %, 89.3 %, and 97.0 % identical to the corresponding

ORF of PCV2a, PCV2b, PCV2c, and PCV2d, respectively.

The predicted aa sequence of the protein encoded by ORF1

was 99.7 %, 99.5 %, 99.4 %, 99.6 % identical, and that of

ORF2 was 97.6 %, 98.4 %, 96.8 %, 99.0 % identical, to

those of PCV2a, b, c, and d, respectively. Further com-

parison of JS2015 ORF2 to the PCV2d reference strain

showed that JS2015 lacked a G at position 1044, resulting

in a shift of the stop codon compared to other PCV2d

isolates, which normally encode a 233-aa protein (Fig. 2).

In conclusion, genetic analysis of the nucleotide and

deduced aa sequences of the JS2015 strain demonstrated

that this newly identified strain was similar to other PCV2d

strains previously reported in China. The complete geno-

mic sequence of JS2015 was deposited in the GenBank

database under accession no. KT220420. JS2015 has dis-

tinct genetic characteristics. However, several reports have

demonstrated that infection with PCV2b/rBDH

(HM038017), whose ORF2 encodes a 234-aa protein,

results in more-severe clinical signs and lesions compared

to infections with the main prevailing genotypes PCV2a

and PCV2b [10, 11]. It is currently unknown whether this

observation also extends to the JS2015 strain identified

Fig. 1 Phylogenetic analysis of JS2015 compared with reference

PCV2a, PCV2b, PCV2c, and PCV2d strains. An unrooted neighbor-

joining (NJ) tree was constructed from aligned nucleotide sequences

of the JS2015 strain and reference strains available in GenBank. The

JS2015 strain identified in this study is indicated in bold inside a box
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here. Therefore, further studies are needed to investigate

the virulence of JS2015 mutant.
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Fig. 2 Characteristic

nucleotide (nt) and deduced aa

sequences of ORF2 of a PCV2d

reference strain (GenBank:

AY181946) and isolate JS2015.

The JS2015 ORF2 lacks a

guanine (G) at nucleotide

position 1045, with the next A

advanced to the position

occupied by G in the PCV2d

reference strain. This change

leads to a shift of the stop codon

from GUA to UAA at the end of

ORF 2, resulting in one

additional amino acid
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