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The genomic sequence of a new icosahedral DNA virus infecting Myzus persicae has been

determined. Analysis of 5499 nt of the viral genome revealed five open reading frames (ORFs)

evenly distributed in the 59 half of both DNA strands. Three ORFs (ORF1–3) share the same strand,

while two other ORFs (ORF4 and ORF5) are detected in the complementary sequence. The overall

genomic organization is similar to that of species from the genusDensovirus. ORFs 1–3 most likely

encode the non-structural proteins, since their putative products contain conserved replication

motifs, NTP-binding domains and helicase domains similar to those found in the NS-1 protein of

parvoviruses. The deduced amino acid sequences from ORFs 4 and 5 show sequence similarities

with the structural proteins of the members of the genus Densovirus. These data indicate that this

virus is a new species of the genus Densovirus in the family Parvoviridae. The virus was tentatively

named Myzus persicae densovirus.

INTRODUCTION

Several virus agents that infect arthropods have been
identified. So far, all the viruses known to infect aphid
species are small isometric RNA viruses (Parrish & Briggs,
1966; D’Arcy et al., 1981; Williamson et al., 1988). Recently,
we have isolated from the aphidMyzus persicae a DNA virus
that shares the properties of the subfamilyDensovirinae. The
icosahedral virus particles were 20 nm in diameter and
contained a single-stranded DNA genome of approximately
5?7 kb (unpublished results).

Among arthropod hosts, representatives of at least five
orders from the class Insecta (Lepidoptera, Diptera,
Orthoptera, Odonata and Hemiptera) and one order from
the class Crustacea (Shike et al., 2000) are known to be
infected by densoviruses (DNVs) (Tijssen & Bergoin, 1995;
Thao et al., 2001). DNVs (family Parvoviridae) are small
non-enveloped viruses of 18–26 nm in diameter containing
a single-stranded DNA genome of 4–6 kb (van Regenmortel
et al., 2000). Viruses that belong to this family have generally
two to four capsid proteins: VP1 (80–96 kDa), VP2
(64–85 kDa), VP3 (60–75 kDa) and VP4 (49–52 kDa)

(van Regenmortel et al., 2000). Common symptoms
resulting from a densovirus infection include hypertrophy
of infected nuclei, progressive paralysis and death of the
insect host (Chao et al., 1985; Kawase, 1985).

The overall genome organization of DNVs reveals striking
differences both among themselves and with the genome
organization of vertebrate parvoviruses (Bando et al., 1987;
Dumas et al., 1992; Afanasiev et al., 1991). Based on the
characteristics of the genome structure, DNVs are sub-
divided into three genera: Densovirus, Iteravirus and
Brevidensovirus. In vertebrate parvoviruses and in DNVs
of the genera Iteravirus and Brevidensovirus, the coding
sequences of all viral proteins are located on one strand of
the viral genome, which is by convention the viral (minus)
strand (Berns, 1990). Two sets of open reading frames
(ORFs) can be recognized, one encoding the non-structural
proteins and the other encoding the capsid proteins. These
coding regions are flanked by non-coding sequences of
variable length forming terminal palindromic structures
(Rhode & Iversen, 1990) that can form either a Y-shaped
terminal structure (Astell, 1990), a T-shaped structure
(Boublik et al., 1994) or a simple hairpin structure (Bando
et al., 1990). These structures are implicated in the initiation
of transcription (Astell, 1990) and also contain packaging
signals (McLaughlin et al., 1988) that mediate concomitant

The nucleotide sequence reported in this study appears in the EMBL,
GenBank and DDBJ nucleotide sequence databases under accession
number AY148187.
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generation of single-stranded progeny DNA and encapsida-
tion of viral DNA (Muller & Siegl, 1983).

DNVs belonging to the genus Densovirus have a unique
genome organization characterized by its ambisense
structure (Berns et al., 1995). Most of these viruses contain
three ORFs encoding the non-structural proteins (NS-1,
NS-2 and NS-3) on one strand, while a single ORF encodes
the structural proteins on the complementary strand
(Dumas et al., 1992; Gross & Tal, 2000). Two mRNA
promoters are located in the 59 inverted terminal repeat
(ITR) of each strand and are responsible for the transcrip-
tion of coding sequences (Berns et al., 1995). Periplaneta
fuliginosa densovirus (PfDNV) (Hu et al., 1994), a member
of the genus Densovirus, has a different coding strategy.
PfDNV capsid proteins are encoded by three ORFs
(Yamagishi et al., 1999), which are connected in frame by
alternative splicing strategies, in a manner similar to
vertebrate parvoviruses (Berns, 1990). Moreover, an addi-
tional internal promoter, which could lead to the
transcription of NS-1 and NS-2, has been detected
(Yamagishi et al., 1999).

Here, we report the molecular characterization of a new
virus infecting the green peach aphid M. persicae (order
Hemiptera). This icosahedral virus possesses a DNA genome
of±5?7 kb, of which 5499 nt have been sequenced. Analysis
of the sequence revealed the presence of five ORFs on the
viral genome. The non-structural proteins were mapped in
the 59 half of one strand, while the ORFs encoding the
structural proteins segregated in the 59 half of the
complementary strand. It is concluded from the genomic
organization and from phylogenetic analysis that this virus
is related to DNVs of the genusDensovirus and is most likely
a new member of this genus.

METHODS

Aphid culture and virus purification. Infected M. persicae
aphids were maintained on Brassica oleracea plants at 22 C̊ with a
photoperiod of 16 h per day. Aphids collected for virus purification
were stored at 280 ˚C. The virus was purified essentially as
described for Acyrthosiphon pisum virus (van den Heuvel et al.,
1997). A major difference with the established protocol consisted of
the buffer system used (0?1 M Tris/HCl, pH 7?4, instead of 0?1 M
sodium phosphate, pH 7) and the purified virus was collected from
a caesium chloride density gradient.

Nature of the nucleic acid. To isolate the genomic nucleic acid of
Myzus persicae densovirus (MpDNV), purified virus particles were
disrupted in 0?5 % SDS and extracted with phenol at 65 ˚C. The
nucleic acid was extracted three times with phenol/chloroform (1 : 1),
submitted to an ethanol precipitation and resuspended in water.
To determine the nature of the nucleic acid, the MpDNV genome
was subjected to endonuclease treatments (Sambrook et al., 1989). A
sample of 2 mg of the nucleic acid was incubated with 0?4 units of
RNase A (Boehringer) or with 10 units of DNase I (Boehringer) for
30 min or 1 h, respectively. The samples were subsequently analysed
on 1 % agarose gel containing 1 mg ethidium bromide ml21.

DNA isolation and cloning of the MpDNV genome. Genomic
DNA was extracted from the purified virus using the DNeasy kit

(Qiagen), according to the manufacturer’s instructions. The viral
DNA was digested with BamHI and the obtained fragments of
140 bp were subsequently ligated into a BamHI-digested pUC19
vector. The ligation mixture was used to transform competent
Escherichia coli cells. Identification and isolation of recombinant
clones was done following standard procedures (Sambrook et al.,
1989). Recombinant clones with an insert of 140 bp were isolated
and sequenced. The obtained sequences were used to design specific
primers for subsequent sequencing of the MpDNV genome.

PCR fragments corresponding to the MpDNV genome were
synthesized using specific primers.

Sequence determination. Nucleotide sequencing was performed
with an Applied Biosystems automated sequencer, model 373,
employing a sequencing kit with AmpliTaq DNA polymerase
(Applied Biosystems) and universal and MpDNV sequence-specific
primers.

The nucleotide sequence of the MpDNV genome was determined
by sequencing the purified viral DNA directly. To confirm the sequ-
ence results, 13 independently obtained and overlapping PCR
fragments spanning the MpDNV genome were sequenced on both
strands.

Computer analysis on nucleic acid and protein
sequences. Computational sequence analysis was done using the
computer package WISCONSIN, version 10.1 (GCG, Madison,
Wisconsin, USA) and the BLAST suite (Altschul et al., 1990).
Transcriptional control signals were assessed by NEURAL NETWORK

(PPNN) software (Ohler et al., 1999) and the splice site prediction
was done with the GENIE software package (Reese et al., 1997).

Multiple alignments were performed with CLUSTALX (Thompson et al.,
1994). Phylogenetic trees were constructed using the neighbour-
joining method (Saitou & Nei, 1987) and the program TREECON,
version 1.3b (Yves van de Peer, University of Antwerpen, Belgium). For
each tree, confidence levels were estimated using the bootstrap
resampling procedures (1000 trials). The sequences used in the
alignments are: Diatraea saccharalis densovirus (DsDNV), Junonia
coenia densovirus (JcDNV), PfDNV, Galleria mellonella densovirus
(GmDNV), Aedes aegypti densovirus (AaDNV), Aedes albopictus
densovirus (AlDNV), Bombyx mori densovirus (BmDNV-1),
Infectious hypodermal and haematopoietic necrosis virus (IHHNV),
Planococcus citri densovirus (PcDNV), Casphalia extranea densovirus
(CeDNV) and Mice minute virus (MMV).

RESULTS

Virus purification and genome analysis

The initial virus purification was adapted from a protocol
described previously by van den Heuvel et al. (1997). Using
this protocol we were able to obtain approximately 8–10 mg
of virus g21 of aphids. Viral nucleic acid was extracted from
the purified virus isolate and submitted to endonuclease
treatments. This revealed that the viral genome was sensitive
to DNase but not to RNase (data not shown). Moreover, the
nucleic acidmigrated as a single band on a 1 % agarose gel in
electrophoresis (Fig. 1). Therefore, it was concluded that
MpDNV possesses a DNA genome of approximately 5?7 kb
in size.
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Nucleotide sequence

The nucleotide sequence of the MpDNV genome was
obtained from direct sequencing by primer walking on the
purified viral DNA and confirmed by sequencing 13
overlapping PCR fragments. No sequence heterogeneity
was detected in the virus isolate. The viral sequence obtained
was 5499 nt. The non-coding region of the 39 extremity of
the viral (minus) strand sequenced so far did not exceed
130 nt. In contrast, the obtained sequence of the non-coding
region at the 59 extremity of this strand was 201 nt long.
Considering the size of the viral DNA estimated from
agarose gel electrophoresis (Fig. 1), these extremities may be
slightly longer.

ORFs

As shown in Fig. 2, computer-assisted analysis of the
MpDNV genome revealed the presence of five potential
coding domains. Both strands of the MpDNV genome have
the capacity to encode peptides, like all species of the genus
Densovirus characterized so far. Three ORFs (ORFs 1–3) are
located on the 59 part of one strand, while two additional
ORFs (ORFs 4 and 5) span the 59 half of the complementary
strand (Fig. 2).

By convention, the ambisense genome of MpDNV is
presented in such a way that the ORFs encoding the non-
structural proteins are located to the left, analogous to the
representation of the genomic organization of vertebrate
parvoviruses (van Regenmortel et al., 2000).

ORFs 1–3

ORFs 1–3 are located on the 59 half on the same strand
of the MpDNV genome. A computer search for putative

transcription regulatory sequences detected one puta-
tive promoter (P1) at position 2–65 of the obtained
sequence, in the 59 ITR. P1 contains a putative TATA
box (nt 57) and an appropriately positioned upstream
GC-rich region (nt 2), which may act as an activator
sequence (Bensimhon et al., 1983) (Table 1). However,
no conserved CATG boxes, known as an initiator and
characteristic of invertebrate transcription (Cherbas &
Cherbas, 1993), have been identified. As no likely promoter
was detected on this strand using the PPNN program, it
is suggested that P1 is responsible for the transcription
of ORFs 1–3.

The small ORF1 starts at nt 208 and stops at nt 528. The first
ATG codon is located at position 238 and translation of this
ORF leads to a peptide of 97 aa, which corresponds to a
molecular mass of 10?3 kDa. ORFs 2 and 3 overlap on
different reading frames to ORF1. ORF2 starts at nt 395 with
an ATG codon and terminates with a TAA codon at nt 1142.
Two additional ATG codons at positions 443 and 467 may
possibly act as start codons. The third in-frame ATG codon
(nt 467) matches 6 of the 7 nt of the consensus sequence
(ACCAUGG) for initiation of eukaryotic protein translation
(Kozak, 1986), possibly initiating translation of ORF2.
Assuming that this ATG codon is functional, the translation
of ORF2 leads to a protein composed of 225 aa, with a
molecular mass of 28 kDa. ORF3 overlaps ORF2, starts at
position 525 and stops with a TAA codon at nt 2667. The
first in-frame ATG codon is present at position 573 and is
the putative start codon of this ORF. Translation of ORF3
leads to a protein of 698 aa, corresponding to a molecular
mass of 81 kDa.

Several polyadenylation sites can be identified on this
strand but only the AATAAA site at position 2642 is
surrounded by a CAYTG sequence (CATTG, nt 2715) and a
downstream GT-rich sequence (TTGATTTTT, nt 2682)
necessary for transcription termination (Birnstiel et al.,
1985). Consequently, this region appears to be the most
likely polyadenylation site for the RNA transcription of
ORFs 1–3.

The deduced amino acid sequences of ORFs 1–3 were
compared with entries in protein sequence databases. In the
putative ORF2 product, a highly conserved consensus
sequence of a metal-binding domain of DNA-binding
proteins [HXH(X)2H] was detected at residues 163–168
(Fig. 3a). The putative product of ORF3 revealed simila-
rities with the non-structural protein NS-1 of PfDNV,
DsDNV, JcDNV and PcDNV (37, 38, 38 and 33 % identity
in a cluster of 200 aa, respectively). Indeed, the C-terminal
region of the putative ORF3 product (aa 334–432) contains
motifs characteristic of the NTP-binding and helicase
domains of the NS-1 polypeptide shared by all parvoviruses
(Afanasiev et al., 1991; Iversen & Rhode, 1990) (Fig. 3b).
However, no significant similarity was detected between the
ORF1 product and the proteins of other parvoviruses
reported so far.

Fig. 1. (a) Agarose gel electrophoresis (1%) of extracted
MpDNV DNA (lane 2) showing a single band. Lane 1, mole-
cular mass markers. (b) MpDNV structural proteins on a 10%
SDS–polyacrylamide gel stained with Coomassie brilliant blue
(lane 4) and protein markers (lane 3, relative molecular mass
Mr).
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ORFs 4 and 5

ORFs 4 and 5 cluster in the 2?3 kb of the 59 half of the
complementary strand. Two potential promoters P2 and P3
were detected using the PPNN program. The putative P2
promoter, located in the 39 ITR (nt 5410–5350) harbours a
TATA box at position 5360 and an activator region (nt 5408)
(Table 1). P2 is likely to be responsible for the transcription
of ORF4. Another promoter P3 (nt 4895–4835) with a
TATA box at nt 4887 and an activator region at nt 4881,
located upstream the ORF5, may initiate the transcription of
this ORF (Table 1).

ORF4 starts at position 5352 and terminates with a TAA stop
codon at nt 4758. The ATG codon at nt 5337 is likely to be
the translation initiation point and leads to a protein of
20?8 kDa. ORF5 is located in another reading frame and
overlaps with ORF4. ORF5 starts at nt 4883 and spans to the
TGA stop codon at nt 2999. Assuming that the first in-frame
ATG codon (nt 4856) of ORF5 is functional, this ORF has a
coding capacity of 68?3 kDa.

Three potential polyadenylation signals were identified on
this strand at positions 5250, 3455 and 2694. However, only
the polyadenylation signal at nt 2694 fulfils the criteria
proposed by Birnstiel et al. (1985) for eukaryotic transcrip-
tion terminators, as it is flanked by a CAYTG sequence
(CAATG, nt 2719) and a downstream GT-rich sequence
(GTTTTTT, nt 2598).

The deduced amino acid sequences of ORFs 4 and 5 were
compared with entries in protein sequence databases.
The putative MpDNV ORF5 product showed sequence

similarities with the VP4 capsid protein of PcDNV (28 %),
PfDNV (27 %), JcDNV (23 %), GmDNV (25 %) and
DsDNV (25 %).

A stretch of 48 aa of the MpDNV ORF4 product (aa 30–78)
exhibits 35 % identity with the JcDNV VP1 structural
polypeptide but not with the other DNVs. This region is part
of the ‘PGY’ conserved region of the VP1 capsid protein of
most vertebrate parvoviruses. The results from these BLAST

searches indicate that ORFs 4 and 5 of the MpDNV genome
encode the five capsid proteins of 92, 85, 68, 64 and 57 kDa
of MpDNV detected on polyacrylamide gels (Fig. 1). The
92 kDa protein could only be detected occasionally, sug-
gesting that this protein is present in low amounts.

Potential splicing sites

Using the GENIE software package (Reese et al., 1997), several
potential splicing sites were detected in the ORFs encoding
the structural proteins but none in the ORFs encoding the
non-structural proteins of MpDNV. Two putative 59 donor
sites, D1 (score 0?93) at nt 5207 and D2 (score 0?99) at nt
4863, and two putative acceptor sites, A1 (score 0?77) at nt
4835 and A2 (score 0?93) at nt 4718, were detected on the
strand shared by ORFs 4 and 5. In the event of splicing, the
predicted sizes of the generated capsid proteins are shown in
Table 2.

Relationship with other members of the
subfamily Densovirinae

Phylogenetic analysis was carried out to compare the non-
structural (Fig. 4a) and the structural proteins (Fig. 4b) of

Fig. 2. Schematic presentation of the genomic organization of MpDNV. Boxes indicate putative ORFs. The position of the
replication initiation motifs is indicated by a black box and the NTP-binding and helicase domains by a hatched box. In the
structural proteins the dark grey box represents the glycine-rich motif of VP4. The donor and acceptor sites are indicated by
black and grey arrows, respectively.

Table 1. Potential promoter sequences on the MpDNV genome

Nucleotide positions are shown as the position of the first nucleotide in the genome and the position of the last nucleotide in the genome.

Location Activator sequence TATA box Putative start codon

Plus-strand ORFs 1–3

P1 CCCCCCGG (2–15) TAATAA (57–62) TATAATGA (234–241)

Minus-strand ORFs 4 and 5

P2 GGTGGGGG (5408–5401) ATATTT (5360–5355) TAACATGT (5341–5334)

P3 GCGGCAGC (4881–4873) TATTTA (4887–4882) AAGTATGC (4860–4853)

168 Journal of General Virology 84

M. van Munster and others



the different members of the subfamily Densovirinae with
the deduced polyproteins sequences of MpDNV. The results
revealed that MpDNV clusters with the species of the genus
Densovirus, while members of the genera Brevidensovirus
and Iteravirus are more distantly related.

DISCUSSION

The DNA genome of a new virus isolated recently from M.
persicae was sequenced. A total of 5499 nt of the viral
genome, estimated to be 5?7 kb, was obtained. The 59 and 39
extremities contained ITRs, with the presence of short
palindromic sequences capable of forming hairpin-like
structures by base pairing (data not shown), a feature shared
by all parvoviruses (Astell, 1990). However, computer
analysis failed to generate structures typical for the
extremities of densoviruses (Bergoin & Tijssen, 1998).
This indicates that the terminal sequences we have obtained
so far are not complete. The overall genome organization,
the size of the coding sequences and similarities in amino
acid sequences with members of the genus Densovirus
support the classification of MpDNV in this genus, despite
some differences in the putative expression strategy. Two
ORFs code for the structural proteins of MpDNV instead of
one ORF, as is classically reported for DNVs.

Phylogenetic analysis comparing the non-structural pro-
teins of the different members of the subfamilyDensovirinae
with the deduced non-structural proteins of MpDNV
(Fig. 4a) showed that MpDNV was related most closely to

PfDNV, a DNV isolated from the smoky-brown cockroach
Periplaneta fuliginosa. However, comparison of the putative
structural proteins (Fig. 4b) showed that MpDNV capsid
proteins were related more to PcDNV. Interestingly, both
PfDNV and PcDNV have an unique genome organization
with more than one ORF encoding the structural proteins
(Guo et al., 2000; Thao et al., 2001). It has also been
demonstrated for PfDNV that its capsid proteins were
generated by alternative splicing and using differential
transcription termination in a manner similar to many
vertebrate parvoviruses (Cassinotti et al., 1988; Cotmore &
Tattersall, 1990). As the coding capacities of ORFs 4 and 5 of
MpDNV do not correspond to the final products detected
on gels, it is suggested that the MpDNV genome uses the
same strategy as PfDNV for translation of its capsid proteins.
The presence of several putative splicing sites in the region
encoding the capsid proteins of MpDNV appears to support
this hypothesis. Noteworthy is that all the identified splicing
events (Table 2) allow the connection of ORF4 with ORF5,
resulting in the generation of larger ORFs. The size of the
putative structural proteins generated by D1–A2 splicing
(67?5 kDa) and D2–A1 splicing (84?5 kDa) are in agree-
ment with the molecular mass of the proteins detected on
gels (85 and 68 kDa). However, the size of VP1 (92 kDa)
estimated by PAGE analysis cannot be explained by this
alternative splicing strategy only. One possible explanation
for the observed difference could be N-glycosylation of
the polypeptide, since appropriate potential sites (N : X : S
or N : X : T) (Marshall, 1972) are present on the putative
amino acid sequences of the structural proteins. Moreover,

Fig. 3. Alignment of the amino acid sequences of (a) replication initiation motifs I and II and (b) NTP-binding and helicase
domains A, B and C, corresponding to the highly conserved 119 aa of NS-1 of MpDNV and other densoviruses. Full names of
the viruses are given in Methods. Numbers at the left indicate the starting amino acid positions of the aligned sequences.
Residues conserved in at least six of the viruses are shown in reverse. GenBank accession numbers are shown in
parentheses.
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by analogy with PfDNV, which, in addition to alternative
splicing, uses alternative transcription termination for the
generation of the structural proteins (Yamagishi et al.,
1999), it cannot be excluded that the two other poly-
adenylation sites detected on the strand encoding the
structural proteins of MpDNV are functional.

Two conserved regions in the capsid proteins of mammalian
and insect parvoviruses were detected in the ORFs encoding
the capsid proteins of MpDNV. The first conserved region
corresponds to the beginning of VP4, harbouring a glycine-
rich motif located in channels along the virion fivefold axes
in vertebrate parvoviruses (Tsao et al., 1991). These channels
serve to externalize the N-terminal end of the capsid
proteins in the virus particles (Tsao et al., 1991). By analogy,
as this glycine-rich motif is conserved in insect parvoviruses,
it has been suggested to have a similar function for DNVs
(Simpson et al., 1998). The function of the second region,
the so-called PGY motif, highly conserved (70–98 %
identity within a stretch of 39 aa in VP1) among vertebrate
parvoviruses and DNVs (Dumas et al., 1992), was elucidated
recently. Zadori et al. (2001) showed that this region was
part of the catalytic site of secretory phospholipase A2

(PLA2). The activity of PLA2 is critical for the efficient

transfer of the viral genome from late endosomes to the
nucleus to initiate replication and thus for parvovirus
infectivity (Zadori et al., 2001). This enzyme activity of the
capsid was also demonstrated for BmDNV-1 (Li et al., 2001)
and CeDNV (Fédière et al., 2002). Interestingly, this motif
appears to be less conserved in the MpDNV structural
proteins (30–36 % identity within a stretch of 39 aa with the
other DNVs).

The MpDNV ORF5 product showed the highest sequence
similarity with the putative structural proteins of PcDNV
(28 %). PcDNV was isolated recently from a mealybug
belonging to the order Hemiptera (Thao et al., 2001).
Moreover, the first 100 aa from ORF5 of MpDNV showed
sequence similarity with PcDNV but with none of the other
DNVs. Notably, the first 33 aa are highly conserved between
the structural proteins of these two viruses (70 % of
sequence similarity). The presence of this conserved region
in the capsid proteins of two parvoviruses infecting two
members of the order Hemiptera possibly suggests a role in
host range recognition.

Two main domains of the ORFs encoding the putative non-
structural proteins showed sequence similarities with the

Table 2. Location of the 59 donor and 39 acceptor splicing sites and putative polypeptides generated by spliced mRNAs tran-
scribed from potential P1 and P2 promoter sites on the MpDNV genome

59 Donor sites (site’s position in nt) 39 Acceptor sites (site’s position in nt) Size of putative proteins (kDa)

GGTCCAG/GTAATTT (5214–5201) TATTTAG/GTCCTCC (4841–4828) 72

GTTTTAG/GTGGCGT (4724–4711) 67?5

GTAGCCG/GTAAGTA (4869–4856) TATTTAG/GTCCTCC (4841–4828) 84?5

GTTTTAG/GTGGCGT (4724–4711) 80

Fig. 4. Phylogenetic analysis of MpDNV-encoded proteins. The predicted amino acid sequences of the (a) 119 aa region of
NS-1 shown in Fig. 3(b) and (b) VP4 of the insect parvoviruses were aligned and used to produce an unrooted tree. Branch
lengths are proportional to distances between sequences. MMV was used as an outgroup (accession no. NC001510).
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NS-1 protein of parvoviruses. The metal-binding motif
detected at nt 161–225 is part of the replication initiator
motifs common to all parvoviruses (Nuesch et al., 1995) and
is involved in initiation and termination of rolling-circle
replication (Ilyina & Koonin, 1992). Sequence similarities
were also found with the domains of the helicase super-
family III present in NS-1 of the vertebrate parvoviruses.
This protein is a multifunctional nuclear protein required
for parvovirus replication (Nuesch et al., 1992). Ding et al.
(2002) have shown recently that the NS-1 protein of JcDNV
possesses activities common to the superfamily of rolling-
circle replication initiator proteins similar to those of the
vertebrate parvoviruses.
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