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ABSTRACT

Aims: The goal of this study was to identify possible concurrent infection of torque teno
sus virus (TTSuV) and porcine circovirus type 2 (PCV2) in a clinical case with post-
weaning multisystemic wasting syndrome (PMWS) on certain farm of Shanghai, China.
Place and Duration of Study: Department of Swine Infectious Diseases, Shanghai
Veterinary Research Institute, Chinese Academy of Agricultural Sciences, between June
2009 and June 2010 & Institute of Animal Health, Guangdong Academy of Agricultural
Sciences, between September and November, 2013.
Methodology: Multiply-primed rolling-circle amplification (MPRCA), a useful molecular
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tool, was performed to amplify genome sequence of TTSuV and PCV2. For serum
sample of SH0822 from a clinical case with PMWS, the products of MPRCA were
digested using EcoR I, Xba I, Sma I, Sac I, respectively. Moreover, Clustal W program
(DNASTAR software) and MEGA 5.1 software (neighbour-joining method) was used to
analysis its nucleotide homology and genetic relationship.
Results: Restriction digestion analysis showed one TTSuV genome-size fragment was
presented in 1.2 % agarose gel, moreover, another PCV2 genome-size fragment was
also presented. Nucleotide sequencing and phylogenetic analysis results suggested that
its complete genome were 2823-nucleotide size and 1767-nucleotide size and they were
divided into species TTSuV1b and genotype PCV2b, respectively.
Conclusion: Concurrent infection of TTSuV and PCV2 in a clinical case with PMWS was
identified using MPRCA combining with restriction endonuclease digestion, which
indicated that MPRCA was an effective tool to attain simultaneous detection and genome
amplification of TTSuV and PCV2.

Keywords: Torque teno sus virus; porcine circovirus type 2; multiply-primed rolling-circle
amplification; complete genome; genetic relationship

1. INTRODUCTION

At the end of 20th century, torque teno virus (TTV) and porcine circovirus type 2 (PCV2)
were firstly discovered in the serum of a Japanese patient and North American and
European swine herds with wasting syndromes, respectively [1-3]. Since then, the two
viruses were also identified in many kinds of animals, such as pets, rodents and economic
animals [4-5]. Due to its circular genome, initially, both of them were divided into the same
family/genus (Circoviridae family/Circovirus genus) in the previous study [6]. But now, the
former belongs to Anelloviridae family, while the latter still belongs to Circoviridae family. For
anelloviruses in pigs, its nomenclature was proposed and updated as Iotatorquevirus genus
including the species of torque teno sus virus 1a and 1b (TTSuV1a and TTSuV1b) and
Kappatorquevirus genus including the species of torque teno sus virus k2a and k2b
(TTSuVk2a and TTSuVk2b) of Anelloviridae family [7]. Generally speaking, in aspect of
genome, TTSuV (varied from 2.7 kb to 2.9 kb) [8-14] has much more information (such as G-
C rich region and TATA box) than PCV2 (about 1.7 kb) [15-17].

Some DNA viruses, especially circoviruses, employ a rolling-circle mechanism for genome
replication [18]. According to this principle, rolling-circle amplification assay (RCA) was first
established in 1989 by using several DNA polymerases and different circular DNA templates
[19]. Due to high-fidelity, strong strand-displacing capability, high processivity and
proofreading activity, Phi29 DNA polymerase was chosen for RCA [20]. Unlike classic PCR,
the primers of multiply-primed rolling-circle amplification (MPRCA) are random hexamers,
which can amplify almost all of the circular DNAs in principle. Therefore, to some extent,
MPRCA also can be used in viral metagenomics, especially circular viruses [8,21].

Under animal experiment conditions, PCV2 and TTSuV have been considered as causal
pathogens of post-weaning multisystemic wasting syndrome (PMWS) and porcine dermatitis
and nephropathy syndrome (PDNS) [22-23]. Meanwhile, some epidemiological studies also
showed that PCV2 and TTSuV had higher prevalence in disease-affected swine herds than
in healthy swine herds clinically [17,24]. However, the results of latest studies suggested that
TTSuV was frequently detected in healthy pigs or non-PMWS-affected pigs [25-27].
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The goal of this study was to identify possible concurrent infection of TTSuV and PCV2 in a
clinical case with PMWS on certain farm of China.

2. MATERIALS AND METHODS

In 2008, one serum sample (about 200 μl) from a clinical pig presenting PMWS, was
submitted to Department of Swine Infectious Diseases, Shanghai Veterinary Research
Institute, Chinese Academy of Agricultural Sciences from one farm of Shanghai city. The
sample was archived and stored at -80ºC until used. Viral nucleotides were extracted by
Virus Genome Extract DNA kit according to the manufacturer’s instructions (TIANGEN, Inc.,
Beijing, China). Subsequently, MPRCA was used to amplify complete genome of TTSuV and
PCV2 according to the description of previous studies [8]. MPRCA products were digested
with EcoR I, Xba I, Sma I and Sac I at 37ºC overnight, respectively. Digestion products were
separated by 1.2% agarose gel (GENE TECH, Inc., Shanghai, China) and visualized by UV
light exposure after ethidium bromide (EB) staining. The sizes of fragments corresponding to
those of TTSuV (2.7 kb-2.9 kb) and PCV2 (1.7 kb) were purified (BioDev kit, Beijing, China),
respectively. And then the objective amplicons were cloned into the plasmid vector PCR2.1
(Invitrogen Inc., Shanghai, China). Positive recombinant plasmids were sequenced using
primers M13+ (5’-CAGGAAACAGCTATGACC-3’) (for forward) and M13-
(5’-TGTAAAACGACGGCCAGT-3’) (for reverse) (Invitrogen, Inc., Shanghai, China).
Moreover, some additional walking primers (not available) were also designed based on
obtained sequences by Invitrogen Inc. for the sequencing of its complete genome. Obtained
sequences (GenBank accession nos. GU450330 and GU450331) and reference sequences
Table 1 were aligned by using the Clustal W program (DNASTAR software) to get its
nucleotide homology. To further understand genetic relationship based on its complete
genome, the phylogenetic tree was constructed by MEGA 5.1 software (neighbour-joining
method).

3. RESULTS AND DISCUSSION

Through MPRCA and enzyme digestion, there were some different nucleotide fragment-size
products presenting on 1.2% agarose gel. EcoRⅠand SacⅠ produced two bands (around
1700 bp and 2500-2700 bp). XbaⅠ yielded one strong band (about 1700 bp), meanwhile,
SmaⅠonly yielded one 2700 bp band. Nucleotide fragments corresponding to the genome-
size of Anellovirus (2500-2700 bp) and Circovirus (1700 bp) were purified, cloned and
sequenced, respectively. The clone of about 2500-2700 bp sequence, named as
PTTV1SH0822, was identified as TTSuV sequence (2535 bp, 2823 bp and 2775 bp
respectively). Further analysis based on restriction maps showed there were two restriction
sites for XbaⅠand SacⅠenzymes during full-length genome of PTTV1SH0822 (2823 bp),
so the fragments of 2535 bp and 2775 bp in length were not its complete genome.
PTTV1SH0822 had a maximum nucleotide similarity of about 92.1 % with PTTV1b-VA strain
(GenBank number: GU456384) and a minimum nucleotide similarity of about 70.4 % with
TTV1_1914 strain (GenBank number: GU570200) in the same Iotatorquevirus genus.
Meanwhile, the clone of about 1700 bp sequence, named as PCV2SH0822, was identified
as PCV2 sequence (1, 767 bp) with a maximum nucleotide similarity of about 98.6 % with
48285 strain (GenBank number: AF055394) and a minimum nucleotide similarity of about
95.1% with DK1987PMWSfree strain (GenBank number: EU148504). Moreover, the
phylogenetic tree also suggested that they were divided into species TTSuV1b and genotype
PCV2b, respectively Fig. 1.
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Table 1. Information of PCV2 and TTSuV full-length genomes used in this study

Type/species Isolate Source GenBank
No.

Genome
Length
(nt)

Reference

TTSuV1a Sd-TTV31 Japan AB076001 2878 [4]
TTSuV1a TTSuV1_1914 Spain GU570200 2913 [12]
TTSuV1a TTV1_G21 Spain GU570201 2910 [12]
TTSuV1a FJ/China/2009/TTV1/9 China JF937660 2872 [13]
TTSuV1a GD/China/2009/TTV1/17 China JF937662 2874 [13]
TTSuV1a PTTV1a-VA USA GU456383 2878 [11]
TTSuV1b 1p Brazil AY823990 2872 [8]
TTSuV1b swSTHY-TT27 Canada GQ120664 2875 [9]
TTSuV1b 471819 Germany GU188045 2863 [10]
TTSuV1b PTTV1b-VA USA GU456384 2875 [11]
TTSuV1b PTTV1SH0822 China GU450331 2823 This study
TTSuVk2a 2p Brazil AY823991 2735 [8]
TTSuVk2a 472142 Germany GU188046 2802 [10]
TTSuVk2a PTTV2b-VA USA GU456385 2750 [11]
TTSuVk2a PTTV2c-VA USA GU456386 2803 [11]
TTSuVk2a TTV2_G31 Spain GU570204 2744 [12]
TTSuVk2a TTV2_G43 Spain GU570206 2736 [12]
TTSuVk2a TTV2_G64 Spain GU570208 2745 [12]
TTSuVk2a TTV2_GE1 Spain GU570209 2742 [12]
TTSuVk2a FJ/China/2010/TTV2/2 China JF937656 2788 [14]
TTSuVk2a GD/China/2009/TTV1/9 China JF937659 2791 [14]
TTSuVk2b 38E05 New

Zealand
JQ406844 2901 [7]

TTSuVk2b 38E19 New
Zealand

JQ406845 2899 [7]

TTSuVk2b 38E23 New
Zealand

JQ406846 2899 [7]

PCV2a 1010-Stoon Canada AF055392 1768 [2]
PCV2a GX0841a China GQ359003 1768 [17]
PCV2b 48285 France AF055394 1767 [2]
PCV2b GX0841b China GQ359004 1767 [17]
PCV2b PCV2SH0822 China GU450330 1767 This study
PCV2c DK1987PMWSfree Denmark EU148504 1767 [15]
PCV2d TJ China AY181946 1767 [16]
PCV2d BJ0901b China GU001710 1767 [17]
PCV2e GX0601 China EF524532 1768 [16]
PCV2e BJ0901a China GU001709 1768 [17]
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Fig. 1. Phylogenetic analysis of TTSuV and PCV2 strains based on its complete
genome using the neighbor-joining method with MEGA 5.1 software. The reliability of
the different phylogenetic groupings was evaluated by using the bootstrap test (1000
bootstrap replications). Note: PTTV1SH0822 clone (GenBank Number: GU450331) and

PCV2SH0822 clone (GenBank Number: GU450330) were labelled by “■” and “●”,
respectively

RCA and its modified version, a useful molecular tool, was used to detect known viruses and
discover new unknown viruses [7,8,28]. Moreover, it was also utilized to amplify complete
genome of some circular viruses and made infectious clone of some virus easy, such as
PCV2 [29]. However, using PCR method, complete genome of one circular virus (especially
those viruses with long genome) needed be segmentally amplified for several times, such as
TTSuV [11,13,14]. In this study, we used MPRCA to amplify genome of TTSuV and PCV2 in
the sample of SH0822. Genarally speaking, if the detailed infection genotypes or species of
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PCV2 and TTSuV were not considered, the detection results in this study were consistent
with the results of classic PCR previously described [17,30]. In addition, 30 PMWS samples
(tissue) and 30 clinical healthy samples were detected by MPRCA and PCR, the detection
results suggested that both of them had the same detection effects. However, MPRCA could
not effectively and intuitively identify the co-existence of multiple strains of PCV2 or TTSuV
on agarose gel. In our previous study, using classic PCR, viral nucleotides (5’ non-coding
sequences) of PCV2b, TTSuV1a and TTSuVk2a were detected in the sample of SH0822 [17,
30]. Regretfully, in the present study, we only got complete genome of PCV2b and so-
named “TTSuV1b” without TTSuVk2a. The possible reasons for this were as follows: (1) 5’
non-coding genes were conserved for TTSuV1a and TTSuV1b, in fact, we found that there
was only one nucleotide difference in 5’ non-coding genes between TTV1-SH0822
(GenBank number: GQ358982) and PTTV1SH0822 (GenBank number: GU450331), so we
should classify them according to certain reference genes, such as their ORF1 genes [7],
otherwise the same gene would be divided into different species or genotypes according to
different phylogenetic analysis; (2) Maybe, the concentration of TTSuV1b sequences
digested by restriction enzyme was significantly higher than that of TTSuVk2a. When
plasmid vector PCR2.1 was used to clone the sequences of TTSuV1b and TTSuVk2a,
TTSuV1b sequences were easily inserted into vector PCR2.1. Therefore, the result was that
five clones were sequenced and identified as TTSuV1b, while the full-length sequences of
TTSuVk2a the strain were not obtained; (3) Initially, we assumed the possibility that PCR 2.1
vector being used for cloning was inefficient, and then plasmid vector pUC19 (Invitrogen Inc.)
was also used, regretfully, the sequences of TTSuVk2a strains were still not obtained.
Possibly, the TTSuVk2a strains lacked restriction sites of EcoR I, Xba I, Sma I and Sac I in
its genome; (4) Isolations of several TTSuV full-length clones from the same enzyme
digestion product should be a time-consuming process, it could take much time to obtain
different clones. Therefore, it should be necessary for us to design species-specific or
genotype-specific primers for amplifying the complete genomes of different circle DNA
viruses [28].

4. CONCLUSION

In summary, we identified concurrent infection of TTSuV and PCV2 in a clinical case with
PMWS using MPRCA combining with restriction endonuclease digestion, which indicated
that MPRCA was an effective tool to attain simultaneous detection and genome amplification
of TTSuV and PCV2. Meanwhile, complete genome of PTTV1SH0822 and PCV2SH0822
was cloned and analyzed, it was also helpful for us to understand genetic relationship of
TTSuV and PCV2.
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