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Abstract Porcine circovirus type 2 (PCV2), the essential

causative agent of postweaning multisystemic wasting syn-

drome (PMWS), can be divided into distinct genotypes.

Thirty-two PCV2 isolates obtained made from pigs in

Shandong Province between 2005 and 2013. Complete

genome sequences were obtained in three replicates for each

virus isolate, and the sequences were submitted to the NCBI

database. The ORF1-encoded amino acid sequences had

98.4 %–100 % identity among the 32 isolates, and there

were no significant differences among the three potential

glycosylation positions: aa 23–25 (NPS), aa 256–258 (NQT)

and aa 286–288 (NAT). The amino acid sequences of ORF2

had 88 %–100 % identity among the 32 isolates and the

potential glycosylation position in the cap protein, aa

143–145 (NYS), had no variation. Phylogenetic analysis

revealed that the PCV2b/1C genetic lineage was prevalent in

swine populations in Shandong Province. It also suggested

that selection pressure has made the PCV2 isolates more

genetically distant from current vaccine strains.

Porcine circovirus (PCV) is the smallest animal virus

known and can be divided into two groups: the non-path-

ogenic PCV1 group and the PCV2 group, whose members

are recognized as the causative agents of postweaning

multisystemic wasting syndrome (PMWS) [1]. PCV2

belongs to the genus Circovirus, family Circoviridae.

Circoviruses have two major open reading frames (ORF1

and ORF2). ORF1 encodes two replication-associated

proteins (Rep and Rep’) [6], and ORF2 encodes a major

structural capsid protein (Cap) [2].

Studies of genomic sequences show that PCV2 can be

further divided into distinct subtypes, also known as

genotypes. A PCV2 genotype definition and nomenclature

have been proposed, with three genotypes identified to

date, including ‘a’ (PCV2a) and ‘b’ (PCV2b) with eight

clusters (1A to 1C and 2A to 2E), which are the two main

phylogenetic groups, and a third genotype, ‘c’ (PCV2c),

which thus far has only been found in Denmark [3–5].

In this study, we analyzed the molecular diversity of and

possible recombination events in PCV2 isolates obtained in

Shandong Province between 2005 and 2013.

Thirty-two PCV2 isolates were obtained from clinical

samples (lymph nodes, spleen, liver, lung and tonsil) col-

lected from different geographical regions in Shandong

Province during 2005–2013 (Fig. 2). Primer P1 (50-GAA
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CCGCGGGCTGGCTGA ACTTTTGAAAGT-30) and pri-

mer P2 (50-GCACCGCGGAAATTTCTGACAAACGTT

ACA-30) were used to amplify the whole 1.7-kb genome as

described by Fenaux et al. [6]. The whole genomes were

sequenced three times each and submitted to the NCBI

database. Sequences of PCV2 Shandong isolates were

compared with other representative PCV2 genotype

sequences in GenBank using MEGA V6.0 software.

The amino acid sequences of ORF1 showed 98.4 %–

100 % identity among the 32 isolates (Fig. 1). There were

no significant differences in the three potential glycosyla-

tion positions, aa 23–25 (NPS), aa 256–258 (NQT), aa

286–288 (NAT). The amino acid sequences of ORF2 had

88 %–100 % identity among the 32 isolates, and the

potential glycosylation position of the cap protein, aa

143–145 (NYS), had no variation.

The results of phylogenetic analysis showed that the

isolates could be divided into two groups, PCV2a and

PCV2b. The majority of Shandong strains belonged to

PCV2b/1C, but three strains (HM142897, KF027495, and

HM142900) belonged to PCV2a. The same conclusion was

reached based on the signature motif in ORF2 (amino acids

86–89), which was TNKI in PCV2a, and SNPR or L in

PCV2b) [7] (Fig. 2). The PCV2b genetic lineage was found

to be prevalent in swine populations in Shandong Province.

The Rep protein, which is associated with virus repli-

cation, has a nonvariable amino acid sequence, and the Cap

protein, which is associated with pathogenicity, has a

variable sequence. In this study, based on amino acid

sequence alignment of 32 isolates obtained by our group

from Shandong Province, we found that there was only one

major variable region in Rep, at amino acid position 6.

Some viruses had an Asn residue, and some had a Ser

residue. Six major variable regions were identified at

positions 8, 51–68, 121–134, 169, 185–191, 206–215,

some with the same change, suggesting that these isolates

may have had the same origin. The connection between

this mutation and virus pathogenicity needs further

research.

There are three commercial inactivated PCV2 vaccine

strains, SH, LG and DBN, that are used in China. Their

position in the phylogenetic tree was PCV2b/1C, PCV2a/

2b, PCV2b/1A, respectively. The majority of isolates from

2013 were in PCV2b/1C, which clusters, away from the

vaccine strains (Fig. 2). Therefore, a clinical trial is needed

Fig. 1 Comparison of the ORF1 amino acid sequences showing that there was 98.4 %–100 % identity among the 32 isolates

cFig. 2 Phylogenetic tree constructed by the neighbor-joining (NJ)

method for 32 full-length sequences of PCV2 using MEGA6.0

software. The accession numbers of the 32 Shandong viruses are

underlined
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 shandong_2010_HM142896.1

 shandong_2010_HM161710.1

 shandong_2013_KJ511876

 shandong_2013_KJ511875

 shandong_2012_KF027496.1

 shandong_2013_KJ511872

 shandong_2013_KJ511873

 shandong_2013_KJ511870

 shandong_2010_HM142895.1

 shandong_2010_HM027579.1

 shandong_2010_HM142894.1

 shandong_2010_HM161711.1

 shandong_2010_HM142899.1

 shandong_2010_HM027580.1

 shandong_2012_KF027494.1

 Hunan_2005_1C_AY943819

 shandong_2013_KJ511871

 shandong_2012_KF027493.1

 shandong_2012_KF027492.1

 shandong_2012_KF027497.1

 Hubei_2001_1C_AY035820

 Netherlands_2002_1C_AY484410

 Tianjin_2002_1C_AY181946

 SD_2002_1C_AY181947

 HaiNan_2004_1C_AY556476

 shanghai_SH_2004_AY686763.1

 Germany_2004_1C__AY713470

 Shandong_2006_EU366324

 Shandong_2007_EU366326

 DBN-SX07_2007_HM641752.1

 shandong_2006_DQ478947.1

 Austria_2003_1A_AY424405

 Guangzhou_2005_1A__DQ017036

 Netherlands_2003_1A_AY484413

 France_2003_1A_AY322000

 Guangdong_2002_1A_AY181945

 Guangdong_2004_1B__AY682992

 Netherlands_2003_1B_AY484407

 Shandong_2006_EU366325

 Beijing_2004_1B_AY847748

 Guangxi_2004_1B_AY556475

 shandong_2005_DQ346683.1

 Shandong_2006_EU366323

 shandong_2010_HM142898.1

 shandong_2012_KF027491.1

 shandong_2013_KJ511874

 shandong_2013_KJ511877

 Japan_2001_2A_AB072302

 shandong_2010_HM142897.1

 shandong_2012_KF027495.1

 shandong_2010_HM142900.1

 Taiwan_2001_2B_AF364094

 Taiwan_2002_2B__AY146991

 LG_2008_HM038034.1

 Taiwan_2003_2B_AY180397

 Hungary_2003_2C_AY256455

 Hungary_2003_2C_AY256459

 Spain_2000_2C_AF201308

 Spain_2000_2C_AF201309

 Austria_2003_2D___NC005148

 Heilongjiang_2003_2D_AY288135

 France_2004_2D_AY322004

 Hungary_2003_2D__AY256458

 USA_2002_2D_AF264043

 Japan_2001_2E_AB072303

 USA_2004_2E_AY699793

 Korea_2002_2E_AF544024

 Nanjing_2005_2E_DQ104423

 USA_2002_2E_AY094619

0.005
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to test the efficacy of this vaccine against the PMWS strain

that is now prevalent in Shandong Province.

In conclusion, 32 PCV2 isolates were obtained from

pigs in Shandong Province. Phylogenetic analysis revealed

that the PCV2b/1C genetic lineage was prevalent in swine

populations in Shandong Province. It is suggested that

selection pressure has made the PCV2 isolates more

genetically distant from current vaccine strains.
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