
BRIEF REPORT

Determination and analysis of complete coding sequence regions
of new discovered human bocavirus types 2 and 3

Thaweesak Chieochansin • Peter Simmonds •

Yong Poovorawan

Received: 21 February 2010 / Accepted: 27 July 2010 / Published online: 5 August 2010

� Springer-Verlag 2010

Abstract In this study, two human bocaviruses (HBoV),

HBoV2 and HBoV3, that were detected previously in enteric

samples were characterized genetically. Nearly complete

genome sequences of three HBoV2 variants and one HBoV3

variant originating from Thailand and the UK were com-

pared to published HBoV sequences. HBoV2 showed

divergence from HBoV1 throughout the genome, while the

HBoV3 sequence grouped phylogenetically with HBoV1 in

the non-structural region and with HBoV2 sequences in the

structural gene, consistent with its proposed recombinant

origin. Compared to HBoV1 and HBoV3, HBoV2 shows

substantially greater intra-species diversity, consistent with a

longer period of human circulation.
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Infections of the respiratory tract by respiratory syncytial

virus (RSV), influenza virus, parainfluenzavirus (PIV) and

human rhinovirus (HRV) are a major cause of morbidity

and mortality worldwide, especially in children. Despite

recent advances in molecular-based diagnostics for respi-

ratory virus detection, a proportion of apparently viral

respiratory illness remains undiagnosable, consistent with

the circulation of additional viral respiratory pathogens. In

the past few years, a variety of molecular-based virus dis-

covery methods have been successfully applied to identify

new respiratory pathogens. These include human meta-

pneumovirus (hMPV) [1], human coronavirus (HCoV)-

NL63 [2], HCoV-HKU1 [3] and human bocavirus (HBoV)

[4]. These methods have also revealed the presence of other

viruses in the respiratory tract, such as WU [5] and KI

polyomavirus [6], which are not associated with respiratory

disease [7].

For HBoV, the evidence of a significant aetiological role

in respiratory disease is more convincing [4, 8, 9]. HBoV

was originally detected in respiratory samples by applica-

tion of a random PCR/cloning technique with pooled

respiratory samples, followed by bioinformatic analysis of

sequences of the resulting clones [4]. The genome of the

virus was most similar to those of bovine parvovirus and

canine minute virus, both members of the genus Bocavirus,

family Parvoviridae, to which HBoV has now been added.

The genome contains open reading frames (ORFs) encoding

the nonstructural protein (NS1) and at least two capsid

proteins (VP1 and VP2). Moreover, as found in the animal

bocaviruses, HBoV contains a third middle ORF encoding a

second non-structural protein of unknown function (NP1)

[4]. Following its discovery, the global prevalence of HBoV

had been reported to range from 1.5 to 19% [4, 10–21]. Not

only can HBoV be detected in respiratory samples, but it

can also be detected in stool samples at frequencies ranging

from 0.8 to 9.1% [22–29].

More recently, application of virus discovery methods

directly to faecal samples revealed the presence of two new

types of HBoV. A highly divergent variant of HBoV,

described as HBoV type 2, was identified from stool

samples by using random PCR, cloning, library sequencing

and bioinformatics analysis [30]. HBoV2 showed amino
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acid similarities of 78, 67 and 80% in the NS1, NP1 and

VP1/VP2 genes, respectively, to the prototype HBoV,

described as HBoV1 in the remainder of the paper [30].

Following this, a third genetically divergent variant of

HBoV described as HBoV3 was identified from stool

samples from Australian children [31]. This virus showed

amino acid similarities to HBoV1 of 87.3, 86.8, 76.7 and

75.4% for NS1, NP1, VP1 and VP2, respectively. In pre-

vious studies, detection frequencies of between 0.6 and

17.2% were reported for HBoV2 in faecal samples [30–35],

2.7% for HBoV3 in faecal samples [31], and 2.3 to 4.3%

for HBoV2 in respiratory samples [36, 37]. In the current

study, we have determined the complete genome sequences

of members of both species of HBoV to further investigate

their diversity and phylogenetic relationships across the

genome.

A total of 6,500 nasopharyngeal (NP) aspirates and

3,000 faecal samples from Edinburgh, UK, and Bangkok,

Thailand, were screened for HBoV2 [35]. HBoV2/HBoV3

variants were detected in 14 and 2 faecal samples from the

UK and Thailand, respectively, but not in any respiratory

samples [35].

Two samples from Thailand (CU47TH and CU54TH) and

two samples from the UK (CU1557UK and CU2139UK)

were selected, and their complete coding sequences were

analyzed. The semi-nested PCR used primers conserved

between HBoV1 and the prototype HBoV2 sequence,

NC_012042 (Table 1). The amplification mixture contained

4 ll of 59 GoTaq Buffer (Promega, WI), 0.3 mM dNTP

(Promaga, WI), 0.5 lM forward primer, 0.5 lM reverse

primer, 0.2 U/ll GoTaq DNA polymerase (Promaga, WI),

and 2 ll of DNA template in first-round PCR. One ll

from the first PCR product was used as a template in the

second-round PCR and added to nuclease-free water to a

final volume of 20 ll. PCR cycles of both rounds included

denaturation at 94�C for 3 min, followed by 35 cycles of

denaturation at 94�C for 18 s, 50�C for 21 s, and 72�C for

1.30 min. Amplification products from the second round of

PCR were sequenced directly in both the forward and reverse

direction using BigDye 3.0 (ABI, CA) and sequenced by

GenePool, University of Edinburgh. Sequences were aligned

and assembled using Simmonics v1.7 (http://www2.warwick.

ac.uk/fac/sci/bio/research/devans/bioinformatics/simmonics/)

and SeqManTM II software from DNASTAR, Inc. Complete

coding sequences of CU47TH, CU54TH, CU1557UK and

CU2139UK have been submitted to GenBank and have been

assigned the accession numbers GU048662-65. Sequences

were aligned with reference and other published sequences

of HBoV1-HBoV3 using ClustalX v1.8 [38]. Similarity/

divergence was determined using MegAlign software from

DNASTAR, Inc.

The three HBoV2 sequences obtained in this study

yielded nucleotide similarity values of 92.0–92.3% when

compared to the prototype HBoV2 sequence NC_012042,

and 94.7–95.2% when compared to the PK-2255 vari-

ant [30]. The HBoV3 sequence CU2139 showed 99.5%

similarity to the prototype NC_012564 sequences from

Australia [31].

Sliding window analysis and phylogenetic analysis were

used to determine sequence relationships across the gen-

ome. For sliding window analysis, a window size of 300

nucleotides, incrementing by 30 nucleotides (Fig. 2), was

used in the program Sequence Distance within Simmonic

2005 v1.7 sequence editor. For phylogenetic analysis, trees

were constructed by neighbor-joining (NJ), implemented in

MEGA 4.0 [39], using 1,000 bootstrap-replicated datasets

Table 1 Primers for

amplification of the complete

HBoV coding sequence

* Reference position from

GenBank database accession

number NC_00745

Primer name Direction Primer sequences (5–30) Position*

HBoV-1S Sense GCCGGCAGACATATTGGATTCCAA 1–24

HBoV_280AS For sequence only ACATAAGTRAAAGCAGGTTGAGAAAAA 308–282

HBoV_1306IAS Inner anti-sense RTGCATGCCVARSACYTGTTC 1362–1306

HBoV_1515OAS Outer anti-sense GTTTTRCCTGTTGARGCAGGVCCRTAA 1541–1515

HBoV_1098S Sense GGAACAWCTKCCTGAGGTAG 1101–1120

HBoV_2729IAS Inner anti-sense GARTGCCAGTARAACCCACACC 2750–2729

HBoV_2762OAS Outer anti-sense CATTAAAGATWSAATTAGTVCCATCTCTAG 2791–2762

HBoV_2621S Sense ACCAAGYGAYGAAGACGARGG 2621–2641

HBoV_3770IAS Inner anti-sense TTGTDARRYGCTGCCARTC 3788–3770

HBoV_3801OAS Outer anti-sense GCATTKYTYKAGGYYTRAAGC 3821–3801

HBoV_3685S Sense CSMARGWGGAAAATYMCAGCG 3685–3705

HBoV_4826IAS Inner anti-sense GTAKATGTTTAGRTATGAGTCTGCRTT 4852–4826

HBoV_4871OAS Outer anti-sense TCWACYTCCCAKACAATYTCRCA 4893–4871

HBoV_4726S Sense AMACACAATMATKGATCCWTTYGATG 4726–4751

HBoV_5188IAS Inner anti-sense CTAGGTTCGAGACGGYAACACC 5209–5188

HBoV_5221OAS Outer anti-sense CAGCTCCYCCCACAATGYACA 5241–5221
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to determine the robustness of the tree topology. Separate

trees were generated using nucleotide and inferred amino

acid sequences (Fig. 1).

Of the three HBoV types, complete genome sequences

of HBoV1 and HBoV3 from a wide range of geographical

locations showed consistently low levels of intra-type

variability (Table 2; [99.5% nucleotide sequence identity

in all three genes for HBoV3, 99.0–100.0% for HBoV1;

Fig. 2, blue and green plots). This contrasts with a mean

identity of only 94.1% between HBoV2 variants collected

over a geographical range similar to that of HBoV1 and

HBoV3. By phylogenetic analysis, CU47TH and CU54TH

from Thailand group most closely with PK2255

(FJ170279) from Pakistan, while CU1557UK from the UK

was most similar to the other UK strain UK648 (FJ170280)

(Fig. 1). Within-species variability was unevenly distrib-

uted across the genome. As described previously, vari-

ability within HBoV1 was greatest in VP1 [40] and lowest

in NS1 and NP1, while both structural a non-strucural

genes of the 5 HBoV3 sequences varied minimally

throughout. Further sequences from HBoV3 are required to

further substantiate this observation.

Translated NS1 and NP1 sequences of HBoV2 and

HBoV3 from this study showed some amino acid differ-

ences when compared to the sequence of the prototype of

each species. Because the functions of the HBoV proteins

Fig. 1 Phylogenic analysis of human bocaviruses (HBoVs) using

complete coding sequences and each of the three open reading

frames. Bootstrap values C80% are shown at each branch. This

analysis incorporates currently published sequences of HBoV4

(NC_012279 and FJ973561) [42]
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have not been studied, the effect of these amino acid

substitutions is unknown. However, critical sites in the

VP1-encoded phospholipase A2 (PLA2), which hydrolyzes

phospholipids into free fatty acids and lysophospholipids

[41] and varies between HBoV types, have been identified

in pavoviruses and also studied in HBoV. All HBoV2 and

HBoV3 sequences show conservation of four critical sites

(P21, H41, D42 and E63) in the VP1 gene.

Sliding window analysis of members of the three species

of HBoV showed that NS1 and NP1 genes of HBoV3 were

more closely related to those of HBoV than to those of

HBoV2, whereas they were more similar to HBoV2 in the

VP1/VP2 gene (Fig. 2b). These findings matched those of

phylogenetic analysis, where the clustering of HBoV3

with HBoV1 in the non-structural gene was replaced by

clustering with HBoV2 sequences in the S region. These

findings are consistent with the previous hypothesis of a

recombination event in the evolutionary histoy of HBoV3

[31]. In their and our own analysis, the recombination

break point was located precisely at the beginning of the

VP1 gene [31], but we found no evidence for the second

proposed recombination breakpoint at the start of NP1.

In conclusion, combining the three complete HBoV2

and one HBoV3 coding sequences generated in the current

study with the other published sequences has revealed

marked differences in intra-type diversity and provides

further evidence for a recombinant origin of HBoV3.

Further work is required to develop effective screening and

type identification methods for the HBoV variants and to

compare their prevalences and potential disease associa-

tions. In particular, whether HBoV3 shows an exclusively

or predominantly enteric site of replication similar to

that of HBoV2 [35] is important to resolve, as is deter-

mining the genome regions responsible for these observed

Table 2 Nucleotide and amino

acid sequences comparison of

members of different HBoV

species

Comparison, gene Comparison no. Mean identity (range)

Nucleotide Amino acid

Within HBoV1

Nearly complete genome 15 99.5% (99.0–100.0%) ND

NS1 15 99.6% (99.5–100.0%) 99.9% (99.8–100.0%)

NP1 15 99.6% (99.1–100.0%) 99.6% (99.1–100.0%)

VP1/VP2 15 99.3% (98.5–100.0%) 99.6% (99.1–100.0%)

Within HBoV2

Nearly complete genome 13 94.1% (88.3–99.9%) ND

NS1 13 96.2% (92.5–99.9%) 96.9% (93.8–100.0%)

NP1 13 95.5% (91.1–100.0%) 94.1% (88.1–100.0%)

VP1/VP2 13 97.1% (94.1–100.0%) 98.2% (96.4–100.0%)

Within HBoV3

Nearly complete genome 5 99.6% (99.2–100.0%) ND

NS1 5 99.9% (99.8–100.0%) 100.0% (100.0–100.0%)

NP1 5 99.8% (99.6–100.0%) 99.3% (98.6–100.0%)

VP1/VP2 5 99.8% (99.5–100.0%) 99.7% (99.3–100.0%)

Between HBoV1 and HBoV2

Nearly complete genome 28 74.1% (71.9–76.2%) ND

NS1 28 74.2% (73.8–74.6%) 77.7% (77.2–78.1%)

NP1 28 75.4% (75.0–75.7%) 67.6% (66.7–68.5%)

VP1/VP2 28 78.1% (77.7–78.5%) 79.8% (79.2–80.3%)

Between HBoV1 and HBoV3

Complete coding sequences 20 79.9% (78.1–81.6%) ND

NS1 20 87.9% (86.9–88.9%) 91.15% (91.1–91.2%)

NP1 20 85.9% (85.6–86.1%) 82.9% (82.2–83.6%)

VP1/VP2 20 77.8% (76.9–78.7%) 80.0% (79.8–80.1%)

Between HBoV2 and HBoV3

Nearly complete genome 18 78.8% (76.9–80.6%) ND

NS1 18 74.3% (74.0–74.6%) 76.6% (76.2–77.0%)

NP1 18 75.7% (74.9–76.4%) 68.2% (67.6–68.5%)

VP1/VP2 18 87.9% (86.9–88.8%) 91.0% (90.8–91.2%)
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differences in tropism and, potentially, for their different

pathogenicities.
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