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Abstract Densoviruses are a group of arthropod-infect-
ing viruses with a small single-stranded linear DNA gen-
ome. These viruses constitute the subfamily Densovirinae
of the family Parvoviridae. While recombination in
between vertebrate-infecting parvoviruses has been inves-
tigated, to date, no systematic analysis of recombination
has been carried out for densoviruses. The aim of the
present work was to study possible recombination events in
the evolutionary history of densoviruses and to assess
possible effects of recombination on phylogenies inferred
using amino acid sequences of nonstructural (NS) and
capsid (viral protein, VP) proteins. For this purpose, the
complete or nearly complete genome nucleotide sequences
of 40 densoviruses from the GenBank database were used
to construct a phylogenetic cladogram. The viruses under
study clustered into five distinct groups corresponding to
the five currently accepted genera. Recombination within
each group was studied independently. The RDP4 software
revealed three statistically highly credible recombination
events, two of which involved viruses of the genus Am-
bidensovirus, and the other, viruses from the genus Ifer-
adensovirus. These recombination events led to
mismatches between phylogenetic trees constructed using
comparison of amino acid sequences of proteins encoded
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by genome regions of recombinant and non-recombinant
origin (regulatory NS1 and NS3 proteins and capsid VP
protein).

Introduction

The densoviruses (DVs) are a group of viruses that infect
invertebrates and constitute the subfamily Densovirinae of
the family Parvoviridae. In addition to the subfamily
Densovirinae, the family Parvoviridae contains another
subfamily, Parvovirinae, which includes viruses that infect
various vertebrate hosts, predominantly mammals. Par-
voviruses are considered to be among the smallest and
most simply organized animal viruses and to encapsidate
one of the smallest genomes.

Both DVs and vertebrate parvoviruses are characterized
by a non-enveloped capsid, 18-26 nm in size, which con-
tains a single-stranded linear DNA genome. DV genome
sizes vary from approximately 4.0 to 6.0 kb. The genome is
subdivided into two portions, containing open reading
frames (ORFs) encoding regulatory (NS) and capsid (VP)
proteins, respectively. DVs usually contain one or two
OREFs for capsid proteins in the right half of the genome.
DVs also have two regulatory proteins, NS1 and NS2, of
which NS2 is encoded completely within the ORF for NS1.
Ambisense DVs also have an ORF upstream of NS1 and
NS2, coding for NS3. The distinctive feature of the genome
is the presence of noncoding inverted terminal repeats
(140-550 bases in size), capable of self-annealing to form
hairpins; these terminal repeats are necessary for replica-
tion initiation and encapsidation [4, 50, 64].

Differences in their genome organization and nucleotide
composition show that DVs are an extremely diverse
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group, encompassing viruses that are pathogenic for
members of seven insect orders, namely Hemiptera,
Homoptera, Lepidoptera, Diptera, Orthoptera, Dictyoptera
and Odonata, and one order of crustaceans, the Decapoda.
DVs cause severe diseases in their hosts, which are usually
lethal, and are generally characterized by high host speci-
ficity. Some viruses, such as Galleria mellonella densovirus
(GmDV) and Casphalia extranea densovirus (CeDV), are
pathogenic only for members of the species from which
they were originally isolated, and the majority of other
DVs are able to infect a restricted number of other insects
from the same genus or from closely related genera. At the
same time, DVs that are pathogenic for members of the
order Diptera appear to infect members of a broad range of
mosquito species and replicate in different mosquito-
derived cell lines, with Culex pipens densovirus (CpDV)
being the only possible exception. Mythimna loreyi
densovirus (MIDV) and Junonia coenia densovirus (JcDV)
are also characterized by a comparatively broad host range
within the order Lepidoptera [2, 15, 25, 43, 54].

Genome replication and assembly of new DV particles
take place in the nuclei of infected cells. DVs are usually
polytropic but demonstrate different tissue tropism. For
example, DVs infecting some lepidopteran hosts (Bombyx
mori, Casphalia extranea) and the cockroach Periplaneta
fuliginosa are detected in the midgut epithelium; the DV
from the cockroach Blattella germanica replicates in the
digestive system and fat body [38], while DVs infecting
members of the genera Aedes (Diptera) and Penaeus (De-
capoda) and a number of Lepidopteran hosts (Galleria
mellonella, Pseudoplusia includens) can be found in vari-
ous tissues, but not in the midgut epithelium [5, 15, 16, 27,
58].

The taxonomy of parvoviruses is quite complicated,
which is particularly the case for the DVs. The major
obstacles encountered in classifying DVs are the above-
mentioned extreme diversity of DVs and the small number
of described representatives of this group, for a number of
which only partial genome sequences are available without
any further characterization. Taken together, these factors
make it difficult to choose the proper virus characteristics
that would serve as adequate classification criteria and
render it impossible to obtain a comprehensive idea of the
evolutionary history and the extant diversity of this virus
subfamily. For this reason, the classification of DVs is
continually revised, and modifications are regularly
introduced.

Until now, the taxonomy of the subfamily Densovirinae
was based primarily on morphological features such as
genome organization, the structure of the inverted terminal
repeats, and the number of open reading frames encoding
capsid or regulatory proteins. At the time of the 9 [CTV
report issued in 2011 [60], the subfamily included four
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genera: Densovirus, Iteravirus (both infecting lepidopter-
ans), Brevidensovirus (infecting mosquitoes), and Pefu-
densovirus (infecting cockroaches) and a number of yet
unassigned viruses infecting crustaceans, cockroaches,
mosquitoes, orthopterans and hemipterans.

Recently, new proposals to improve DV taxonomy were
put forward [13] and subsequently approved, including the
addition of new genera and new virus species and the
formulation of new criteria of classifying viruses into one
of the Densovirinae genera. These criteria are based pri-
marily on quantifiable parameters such as the percent
sequence similarity between certain viruses and their rel-
ative position on the corresponding phylogenetic tree. The
tree is proposed to be built using amino acid sequences of
the viral regulatory protein NS1, which is considered the
most conserved and believed to be the most reliable for
reconstructing phylogeny. Applying this new criterion, a
new classification was obtained which includes five genera:
Ambidensovirus (combines the two previous genera,
Densovirus and Pefudensovirus), Brevidensovirus (in-
cludes viruses infecting dipterans), Iteradensovirus (in-
cludes viruses infecting lepidopterans), Hepandensovirus
(includes the shrimp-infecting viruses with large-sized
genomes), and Penstyldensovirus (includes the shrimp-in-
fecting viruses with small genomes).

An interesting observation was made when the phylo-
genetic tree based on NS1 amino acid sequences was
compared with that based on the main capsid protein.
Although the trees were nearly identical overall, an obvious
discrepancy appeared in the relative positions of some of
the viruses on the trees based on divergent protein
sequences [60].

Modern systematics makes use of molecular phylogeny
to define the taxonomic structure of different taxa. This
approach appears to be quite reliable, quantitative and
direct, but at the same time, it should be kept in mind that
the inferred genetic distances between individual viruses
do not always represent the actual evolutionary history and
their relationships. This could be accounted for by two
main factors — directed selection pressure (i.e., positive
selection) and recombination. In the former case, two
viruses somewhat distant from each other on the whole,
and with differing origins may appear to be close on the
phylogenetic tree if their protein sequences have undergone
convergent evolution to adapt to similar conditions in their
respective hosts [7, 51, 55]. In the latter case (recombina-
tion), a problem may arise, for instance, if a particular virus
has acquired, as a result of a recombination event, a sig-
nificant part of its genome from one ancestral virus and
another part from the second ancestral virus. Then, two
phylogenies based on nucleotide or amino acid sequences
encoded by the two genome regions that originated from
different ancestral virus species will demonstrate two
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different evolutionary histories for the same virus, thus
introducing ambiguity in the analysis. In some cases, even
if only small genome regions have recombinant origins,
inconsistencies may appear in the phylogenies inferred
using different genome segments. Thus, in order to obtain
clear and correct data about the relationships between
certain viruses, it is important to understand the roles that
different evolutionary processes have played in shaping
virus genomes. However, both processes are generally not
taken into account when considering the phylogeny of
certain virus groups, and this is especially so in the case of
recombination, a process whose role in virus evolution
tends to be underestimated.

Nevertheless, it is becoming evident that recombina-
tion may play a unique role in the evolution of viruses
[28]. Recombination can generate variation by creating
new combinations of existing variants possessing features
distinct from both parental genotypes, making possible
the rapid emergence of new virus genome types, which
could result in speciation. Recombination also purges
unfavorable mutations and combines adaptive mutations
in one genome, as well as making possible the exchange
of genetic information between divergent viruses and
between the virus and its host. Recombination is a key
mechanism underlying the unmatched ability of viruses to
quickly adapt to changing conditions and to infect new
cell types and new host species, enabling rapid virus
evolution.

For certain virus groups, such as the single-stranded
DNA viruses and the positive-sense single-stranded RNA
viruses, including retroviruses — for example HIV [24] and
FIV [3] — it has been shown that recombination is one of
the main evolutionary processes leading to their diversity
[11, 12, 22, 23, 30, 33, 34, 36, 57, 63]. Recombination
events have also been shown to be significant in the
emergence of new viruses in other virus groups, including
circular double-stranded DNA viruses (e.g., caulimoviruses
[10] and plant pararetroviruses [49]) and linear double-
stranded DNA viruses, including adenoviruses and her-
pesviruses [46, 56, 67].

Previously, the role of recombination in genome evo-
lution was studied for a number of vertebrate-infecting
parvoviruses, such as bocaviruses [20], Aleutian mink
disease parvoviruses, and rodent parvoviruses [48], the
feline panleukopenia virus group [37, 42], and porcine
parvoviruses [32, 48], and it was demonstrated that
recombination events took place quite often in their evo-
lutionary history. At the same time, no systematic studies
of recombination were ever performed for DVs. Only
recently (during the preparation of this article), was
recombination reported as the possible mechanism of
genome formation of a DV, similar to the viruses of the

genus lteradensovirus [19]. It was shown that this novel
DV may be a product of the intragenous recombination
between Danaus plexippus plexippus densovirus (DpplDV)
and Dendrolimus punctatus densovirus (DpDV).

Therefore, our goal was to determine whether recom-
bination events could be detected in the genomes of viruses
from the subfamily Densovirinae and to examine their
possible effect on the inferred phylogeny of this group. In
the present paper, we show that by eliminating saturated
and nonhomologous positions and using improved align-
ment methods, it is possible to define the taxonomy of
DVs, at least up to the genus level, based on DNA
sequence comparisons. A thorough recombination analysis
revealed three independent interspecies recombination
events in this virus group. These recombinations led to
exchange between viruses of extended DNA fragments
corresponding to ORFs of regulatory (NS) or capsid (VP)
proteins. Clustering of the analyzed DVs on the cladograms
reconstructed using NS and VP protein sequences revealed
a correlation with the described recombination events and
unequivocally demonstrated the influence of recombination
on the phylogenies inferred based on sequences derived
from different parts of the genome.

Materials and methods
Dataset

For the analysis of recombination in the subfamily
Densovirinae, 40 DVs with complete or nearly complete
genome sequences were initially taken. The corresponding
genome sequences and, when necessary, amino acid
sequences for the regulatory (NS1 and NS3) and capsid
(VP) proteins were obtained from GenBank. The corre-
sponding accession numbers are as follows: AalDV2
(X74945), AalDV3 (AY310877), AalDV1 (AY095351),
HeDV (AY605055), AgDV (EU233812), AaeDV1
(M37899), AaeDV2 (FJ360744), CppDV (EF579756),
PmoHDV1 (DQO002873), PmoHDV3 (EU588991),
PmoHDV2 (EU247528), PmoHDV4 (FJ410797), PmeDV
(DQ458781), FchDV (JN082231), PchDV (AY008257),
PmoPDV1 (GQ411199), PstDV2 (GQ475529), PstDV1

(AF273215),  PmoPDV2  (AYI124937), BmDV
(AY033435), CeDV (AF375296), DpDV (AY665654),
HaDV2 (HQ613271), PpDV  (JX110122), SfDV

(JX020762), DppIDV (KF963252), MIDV (AY461507),
CpDV (FJ810126), DsDV (AF036333), GmDV (L32896),
JcDV (S47266), HaDV1 (JQ894784), PiDV (JX645046),
PfDV  (AF192260), BgDV2 (JQ320376), BgDVI
(AY189948), PcDV (AY032882), AdDV (HQ827781),
AdMADV (KF275669), MpDV (AY148187).
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Phylogenetic analysis

DNA- and protein-based phylogenetic trees were con-
structed using probabilistic methods: maximum likelihood
(ML) and Bayesian [17, 21]. ML was implemented in the
software package MEGA v.6.0 [53]. Bayesian analysis was
performed using MrBayes version 3.2.2 software [47] for
DNA sequence analysis and BEAST v.1.8.2 [14] for the
analysis of protein sequences.

The DNA sequences of the 40 analyzed DVs were
aligned using MAFFT v.7 software [26] (http://mafft.cbrc.
jp/alignment/server/). The E-INS-i algorithm (optimal for
sequences with multiple conserved domains and long gaps)
was used. At the next step, the Gblocks version 0.91 (http://
www.phylogeny.fr/one_task.cgi?task_type=gblocks) soft-
ware program [9] was used to eliminate poorly aligned and
highly divergent regions; the default parameters were used,
with smaller final blocks, gap positions within the final
blocks, and less-strict flanking positions allowed.

MEGA v.6.0 was used to identify the best-fit model of
sequence evolution for the trees estimated using ML. The
evolutionary history of the analyzed DVs was inferred
using the ML method based on the general time-reversible
with the gamma distribution shape parameter (GTR+G)
model [40]. Branch support was assessed using the boot-
strap method [18] (1,000 replicates).

To analyze the genome nucleotide sequences of 40
DVs by the Bayesian method, two replicate tests of 1.3
million generations each for each dataset were performed,
sampling every 500 generations. The hierarchical likeli-
hood ratio test (hLRT) implemented in MrModeltest
version 2.3 [41] was used to find the best-fitting
GTR+I+G model. Trees from the first 325,000 genera-
tions were discarded as burn-in. The Bayesian tree was
estimated from the majority-rule consensus of the post-
burn-in trees.

Protein amino acid sequences were aligned using
MAFFT v.7 software. The following algorithms were used:
E-INS-i for the fragments of NS1 proteins and G-INS-i
(optimal for sequences with global homology) for the
fragments of VP proteins and NS3 proteins. For NS and VP
proteins, we used partial sequences corresponding to the
domains that are well conserved among members of the
genera Ambidensovirus and [Iteradensovirus to obtain
adequate multiple alignment and reliable phylogenies
based on them. To search for evolutionarily conserved
fragments of the analyzed proteins, we used the PRO-
MALS3D software [44], which is available at http://pro
data.swmed.edu/promals3d/promals3d.php. PROMALS3D
constructs alignments of multiple protein amino acid
sequences using information obtained from sequence
database searches, secondary structure predictions, the
available protein homologs with known 3D structures and
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user-defined constraints. The final alignments are provided
in the corresponding supplementary materials.

The evolutionary history was inferred based on the Le
Gascuel model [31] with the gamma distribution shape
parameter (LG+G) for the fragments of NSI and the
Whelan and Goldman model (WAG) [62] for fragments of
NS3 and VP proteins. Branch support was assessed using
the bootstrap method (1,000 replicates) for ML analysis. In
addition to the ML method, the evolutionary history of the
analyzed viruses revealed by comparison of virus protein
sequences was estimated in a Bayesian statistical frame-
work using a Markov Chain Monte Carlo (MCMC)
approach implemented in BEAST v.1.8.2. MCMC analyses
were run for 5 million generations. The consensus trees
were generated by TreeAnnotator v.1.8.2, a part of the
BEAST software. Statistical support for the tree nodes was
assessed based on the posterior probability value.

Recombination analysis

Recombination events were investigated only in groups of
viruses with >60% similarity in their nucleotide sequences.
DNA sequences were aligned using MAFFT v.7 (E-INS-i
algorithm) software and further trimmed with Gblocks
v.0.91 (using default parameters, allowing smaller final
blocks and disallowing gap positions within blocks). Pair-
wise distances were computed using MEGA v.6.0. All
viruses in each defined group whose degree of similarity
exceeded 60% were subdivided into subgroups of four
according to formal combinatorics principles. All possible
combinations of the four viruses in each group were
examined. New alignments were constructed for each
subgroup of four viruses, and recombination was analyzed
within these subgroups. Recombination analysis was car-
ried out with different algorithms implemented in the
Recombination Detection Program v.4.43 (RDP4) [35],
namely RDP, GENECONYV, Chimaera, MaxChi, BootS-
can, 3Seq and SiScan, with their default settings.

Analysis of selection

In those groups of viruses where putative recombination
events were revealed, tests for possible selective pressures
(positive selection or purifying selection) were performed.
Nucleotide sequences corresponding to the fragments of
NS1, NS3 and VP proteins that were used to retrieve
protein-based phylogenies for the regions with recombinant
and non-recombinant origin were tested by Z-test of
Selection and Fisher’s Exact Test of Selection (both tests
were implemented in MEGA v.6) [39, 40, 66]. The cor-
responding sequences were aligned using MAFFT v.7 (E-
INS-i algorithm was used for the fragments of NS1 and
G-INS-I - for the fragments of NS3 and VP).
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Results and discussion

To date, about 50 different DVs have been reported to
infect invertebrates belonging to a number of insect and
crustacean families. The majority of them have had their
genomes completely or nearly completely sequenced and
thoroughly characterized, but some still lack full genome
sequences. For a comprehensive and systematic analysis of
putative recombination events in the subfamily Denso-
virinae, we selected all DVs with well-annotated genome
sequences, there being 40 of them in total. The full list of
viruses taken into the analysis and their GenBank reference
numbers can be found in the corresponding section of
Materials and methods.

Without a doubt, the DVs described so far represent only
a small fraction of all the invertebrate-infecting par-
voviruses that exist in nature, especially taking into account
the exceptional diversity of their natural hosts. However,
even the DVs that have already been described show great
heterogeneity in their genome organization, size and
expression strategies [1, 15, 45, 52, 59, 61, 65], which is
paralleled by significant divergence in their genomic
nucleotide sequences, the mean sequence similarity
between them averaging 40 %. According to numerous
recommendations on performing recombination studies,
including the user’s manual for the RDP4 recombination
detection software utilized in this study, in order to obtain
information about recombination events in a group of
genomes with reasonable significance and accuracy, the
genome similarity in the group should be at least 60 %,
optimally ranging from 70 % to 95 % [35]. If sequences
under study are more divergent, there is a high probability
that the inferred recombination events may be artifacts
caused predominantly by the poor quality of alignments that
are usually obtained when using distantly related sequences.
Therefore, to ensure that we could reliably detect recom-
bination events in a diverse group of DVs, our strategy was
to cluster them so that viruses in each individual subgroup
shared the recommended level of genome similarity, and we
investigated recombination in each subgroup separately.

Towards this end, a cladogram was constructed, based
on the complete genome nucleotide sequences of the DVs
in the analysis, by the maximum-likelihood and Bayesian
methods. The sequences were aligned and further pro-
cessed in GBlocks to eliminate nonhomologous and poorly
aligned regions in order to obtain a refined alignment fit for
further phylogenetic analysis. The resultant cladogram, a
consensus of trees generated by the two methods, is pre-
sented in Fig. 1, and the corresponding alignment used to
retrieve it is given in Supplementary Fig. 1.

On the cladogram, the DVs under study clustered with
the highest reliability into two large clades, one

encompassing viruses infecting decapods and mosquitoes
and the other containing viruses infecting other insect
orders, mainly lepidopterans. Each of the two clades sub-
divided into two large subclades, one of them containing
two more sub-subclades. It should be noted here that each
branch of the cladogram was well supported statistically.

The overall topology of the obtained cladogram was in
good conformity with the topologies of the phylogenetic
tree obtained on the basis of amino acid sequences of the
main nonstructural NS1 protein used to define the current
DV taxonomy. The subclade structure of the cladogram
strictly matched the newly proposed classification, each of
the five subclades corresponding to one of the DV genera.
The uppermost subclade contained viruses in the genus
Ambidensovirus that share the common feature of a large-
sized ambisense genome and infect hosts in the orders
Lepidoptera, Diptera, Dictyoptera and several others. The
second subclade from the same clade encompassed viruses
from the genus Iteradensovirus, which infect exclusively
lepidopterans and possess smaller-sized monosense gen-
omes. The upper subclade of the second clade contained
viruses infectious for penaeid shrimps of the genera Pe-
naeus and Fenneropenaeus with large 6.0-6.3-kb genomes
comprising the genus Hepandensovirus. The second sub-
clade of this clade subdivided into two sub-subclades, one
of them corresponding to the genus Penstyldensovirus,
encompassing viruses specific for Penaeus or Litopenaeus
stylirostris shrimp, and the other to the genus Brevi-
densovirus, encompassing mosquito-infecting DVs. Both
genera include viruses with 4.0-kb genomes, the smallest
among the known DVs, characterized by the specific fea-
ture of having unique terminal sequences instead of
inverted repeats. These five DV groups were included in
our subsequent analysis of recombination.

When studying the phylogenetic relationships between
DVs on the basis of their full genome nucleotide sequen-
ces, we did not set our task to infer their precise positions
within the clades, as it appears impossible to do so given an
approximately 600-bp GBlocks-trimmed alignment. The
full-genome nucleotide sequences appear to be too diver-
gent to allow a reliable determination of evolutionary
relationships. However, it is quite appropriate to utilize
these sequences in studies of the macroevolution of this
group of viruses as judged by the overall topology obtained
above.

Prior to starting the search for potential recombination
events, we calculated pairwise genetic distances between
the viruses in each of the five groups included in the
analysis in order to make sure that they conform to the
recommended 60-95 % nucleotide sequence similarity.
The results depicting the corresponding distances in each
group are summarized in Supplementary Fig. 2. Among the
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14 DVs in the genus Ambidensovirus, only seven, namely,
GmDV, MIDV, Pseudoplusia includens densovirus (PiDV),
JcDV, Diatraea saccharalis densovirus (DsDV), Helicov-
erpa armigera densovirus 1 (HaDV1) and CpDV, demon-
strated genome similarity in the 60-93% range
(Supplementary Fig. 2A), allowing the recombination
study. Other virus genomes appeared to be rather distantly
related to each other and to these seven more closely
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related viruses, with the exception of two Blattela ger-
manica DVs, BgDV1 and BgDV2. The similarity between
these two viruses was 63.5 %. However, these two viruses
had low similarity to all other DVs, and as they could not
be examined separately, they were excluded from the
recombination study. In the case of the genus Iteradenso-
virus, Helicoverpa armigera densovirus 2 (HaDV?2) showed
a rather low level of similarity (about 50 %) to all other
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viruses in this group and thus was excluded as well. The
similarity between the other six virus genomes ranged from
85.5 % to 62.3 % (Supplementary Fig. 2B). In the other
three groups, consisting of members of the genera
Hepandensovirus, Penstyldensovirus, and Brevidensovirus,
the viruses were more closely related to each other than in
the first two groups, with the maximal similarity found
within the genus Penstyldensovirus (about 95 %). The
average similarity level in all three groups was >80 %
(Supplementary Fig. 2C-E), so all viruses from these
groups, namely seven hepandensoviruses, four pen-
styldensoviruses, and eight brevidensoviruses, were inclu-
ded in the subsequent recombination study.

The genetic distances we calculated were based on the
complete genome sequence alignments processed with
GBlocks, so hypervariable nucleotide positions were not
considered. Hence, genetic distances between the viruses
included in our analysis may be slightly inflated. Never-
theless, because we wanted to include in our study the
largest number of viruses possible, and the distances
retrieved using the unprocessed alignment did not show
significant differences, we considered it acceptable to base
our study on the results of GBlocks.

Besides calculating the genetic distances within each
group, we also assessed the genetic similarity between
virus genomes in genera that clustered together on the
cladogram. In particular, we studied the genetic distances
between the viruses in the Ambidensovirus and Iter-
adensovirus clades and the Brevidensovirus and Pen-
styldensovirus clades, as well as the distances between the
genomes of viruses constituting three clades — Brevi-
densovirus, Penstyldensovirus, and Brevidensovirus. As
expected, in all cases, these DV groups were too divergent
from each other to be jointly analyzed for recombination.

To study recombination within the selected DV genera,
we used two different approaches for grouping virus gen-
omes. The first was a generally used approach in which all
genome nucleotide sequences under study are aligned and
the resulting multiple alignment is then tested for all pos-
sible recombination signals. However, in our case, the DV
genomes were highly divergent even within each genus
group, compromising the alignment quality and generating
considerable false positive recombination signals; in turn,
this resulted in a large number of artefacts, recombination
events with undefined breakpoints and other anomalies.
Moreover, even for recombination events identified with
reasonable confidence, the p-values were unusually low,
and their statistical significance seemed to be
underestimated.

To manage the problem of poor alignment quality, we
employed a second approach, a slightly modified form of a
commonly exploited method of verifying the automatically
detected recombination events in RDP4. Here,

recombination is studied in small groups of four genomes,
consisting of two potential parents, one potential recom-
binant and an outlier. When only four genomes are aligned,
a decreasing number of subjects is bound to lead to
decreasing variation (better alignment due to chance), the
quality of the resulting alignment is improved, which
renders the subsequent search for recombination events
more accurate. For each set of genomes within each genus,
all possible combinations of four were defined, and the
search for recombination events in each combination was
performed by seven different methods implemented in the
RDP4 software. The retrieved results were examined
thoroughly and compared with each other, and the most
significant recombination events were noted. On the whole,
this approach was more sensitive and informative and gave
more reliable results with a high level of statistical support
than the first approach.

Nevertheless, the possible recombination events identi-
fied by both approaches for each group appeared to be the
same on the whole, adding further support to our analysis.
The statistical confidence parameter values were generally
higher when the recombination event was detected using
the second approach. For this reason, only the results
obtained using the second approach are presented here.

The search for recombination in the subfamily Denso-
virinae resulted in three potentially significant recombi-
nation events. Two of them were identified in the group
corresponding to the genus Ambidensovirus, and one in the
genus [teradensovirus.

The first event, which involved JcDV, PiDV and HaDV1
ambidensoviruses, was detected by all seven recombination
detection methods with an exceptionally high level of confi-
dence (p-value <1.233 x 10_3, Table 1). DsDV was taken as
the fourth genome, the outlier. The Bootscan plot depicting the
recombination event is shown in Fig. 2a. The region with the
recombinant origin is located in the left part of the alignment
and encompasses approximately 1.5 kb. The DV genome
grouping method recognized three other groups of four viruses,
which included JcDV, PiDV and HaDV 1, with one of the three
remaining viruses, MIDV, GmDV and CpDV serving as an
outlier. In all of these groups, the same recombination event as
that shown in Fig. 2a was detected with high statistical support
(data not presented).

The JcDV and PiDV genomes were clearly more similar
to each other in the recombinant region, while in other
genome regions, JcDV showed higher similarity to HaDV1
than to PiDV (Fig. 2a). The HaDV1 and PiDV genomes
showed exceptionally low similarity to each other. Based
on these results, we speculate that JcDV represents the
recombinant genome, while PiDV and HaDV1 represent
the descendants of the parental genome.

The second recombination event identified in the genus
Ambidensovirus involved MIDV, GmDV, and HaDV1 and
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Table 1 Recombination events detected in members of the subfamily Densovirinae

Recombination event No. 1

No. 2

No. 3

Ambidensovirus

JcDV (847266), PiDV
(TX645046), HaDV
(JQ894784)

Genus

Virus genomes involved

Ambidensovirus

MIDV (AY461507), GmDV
(L32896), HaDV1 (JQ894784)

Iteravirus

CeDV (AF375296), DpDV
(AY665654), DpplDV (KF96325)

Out-group DsDV (AF036333) PiDV (JX645046) BmDV (AY033435)
P-values determined by seven different programs implemented in RDP4
RDP 8.553 x 107" 8.232 x 10714 6.659 x 10713
GENECONV 1.233 x 107% 4375 x 107° ND
BootScan 2.720 x 1071 4.176 x 10714 1.556 x 10718
MaxChi 3.897 x 10713 1.995 x 1071 3.968 x 10712
Chimaera 1.442 x 10713 6,936 x 10722 1.445 x 1078
SiScan 4.658 x 1072 6.261 x 107% 2,697 x 107%
3Seq 3.909 x 107" 5.948 x 107! ND
Probability (MC 6.800 E~2%2.720 E7" 1.487 E~31/5.948 E~3! 3.891 E~17/1.556 E7!6
uncorrected/MC
corrected)

ND, recombination was not detected by this program; MC, multiple comparisons

was also detected by all seven recombination detection
methods with a p-value of 4.375 x 1077 (Table 1). In this
case PiDV was taken as the outlier genome. The Bootscan
plot for this event is presented in Fig. 2b. It shows that the
region with the recombinant origin occupies the central
part of the alignment. As with the recombination event
described above, there also exist three other combinations
of four with these three viruses (MIDV, GmDV and
HaDV1), with different outliers (JcDV, CpDV, or DsDV),
and in all three groups, the same recombination event as
that shown in Fig. 2b was detected with high statistical
support (data not presented).

In Fig. 2b, it can be seen that the genomes of MIDV and
GmDYV have considerable similarity within the region that
was identified as having a recombinant origin, whereas the
genome of MIDV is more similar to the genome of HaDV 1
within the non-recombinant regions. This suggests that
MIDV may be a recombinant virus that originated from a
recombination event between the ancestors of GmDV and
HaDV1.

The viruses involved in recombination events in the
second group, corresponding to the genus Iteradensovirus,
were CeDV, DpplDV and DpDV. The recombination event
was detected by five out of the seven recombination
detection methods with a p-value <2.697 x 10~
(Table 1). Bombyx mori densovirus (BmDV) served as the
outlier genome. The segment with an apparent recombinant
origin is a ~600-bp region in the right part of the align-
ment, with CeDV most probably having obtained this
segment from the ancestor of DpDV as a minor parent. The
corresponding Bootscan plot is shown in Fig. 2c. The other
two combinations of four including these three viruses

@ Springer

(CeDV, DppIDV and DpDV) with different outliers, Sibine
fusca densovirus (SfDV) and Papilio polyxenes densovirus
(PpDV), also confirm this recombination event (data not
presented).

It is common practice to treat alignments that are
intended for use in recombination studies with GBlocks,
and several investigators have indicated that such treatment
may improve the results [8, 12]. All of the alignments used
in our recombination studies were processed with GBlocks,
and indeed, comparison with results obtained without
GBlocks showed that the deletion of gaps and hypervari-
able nucleotide positions augmented the sensitivity and the
accuracy of recombination detection and increased the
significance level of the recombination events.

Notably, all of the observed recombination events in
DVs led to the exchange of nucleotide sequences corre-
sponding to nearly the entire protein-coding ORF or a
significant part of the ORF. In the case of JcDV, the
recombinant region corresponded to the ORF encoding the
major nonstructural NS1 protein; for MIDV, the recombi-
nant region almost perfectly coincided with the ORF
encoding the small NS3 regulatory protein; and in the case
of the third event, the recombinant region occupied a large
part of the CeDV capsid protein ORF. It appears, therefore,
that such recombination events might affect the relative
positions of the recombinant viruses on the phylogenetic
tree and bring incongruence to phylogenies based on the
protein sequences encoded by ORFs with recombinant and
non-recombinant origins [10]. To confirm this supposition
for each of the three identified recombination events, we
compared the phylogenetic trees constructed on the basis of
two amino acid sequences: one corresponding to the
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protein encoded by the ORF that had undergone recombi-
national exchange, and the other to the protein encoded by
the ORF with non-recombinant origin. The resulting con-
sensus trees are presented in Fig. 3. The multiple amino
acid sequence alignments used for phylogenetic analysis
are given in Supplementary Figs. 3-5.

For the first recombination event, involving JcDV,
HaDV1 and PiDV, phylogenetic trees were constructed on

(a) 1.00/97———JcDV
1.00/93 PiDV

0.99/76 GmbDV
0.99/51 _: MIDV

DsDV
HaDV1
CpDV

0.99/83 SfDV

DppIDV
BmDV
PpDV
DpDV
HaDV2

® Y

0.99/95 GmDV
HaDV1
PiDV
DsDV
CpDV

0.99/61 SfDV
0.99/55 _: CeDV

DpDV
DppIDV
0.99/94 pm———— PpDV

1.00/99

1.00/100

0.99/81

1.00/100

0.99/83

0.99/100

0.99/100

0.84/-

0.99/76

© T
0.79/53 HaDV1

0.59/-

1.00/-

Fig. 3 Phylogenetic relationships of members of the subfamily
Densovirinae based on virus amino acid sequences. The consensus
MAFFT trees of members of the subfamily Densovirinae constructed
using maximum likelihood (ML) and Bayesian inference based on
amino acid sequences corresponding to the different virus proteins:
A — NSI1, B — capsid (VP), and C — NS3. The numbers above the
branches indicate bootstrap percentages and Bayesian posterior
probabilities (PP). The supporting value is shown in the order of
PP/ML. Missing or weakly supported nodes (<50 % or 0.5) are
denoted by “—”
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the basis of the NS1 regulatory protein in which the
recombinant region was detected and the VP capsid pro-
tein, corresponding to a non-recombinant ORF. As shown
in Fig. 3a, on the NS1 tree, the putative recombinant JcDV
clearly clusters with PiDV, from whose ancestor it might
have acquired the recombinant region of its genome,
encoding this protein. At the same time, on the non-re-
combinant VP tree (Fig. 3b), JcDV is more closely related
to HaDV1, in good agreement with what was demonstrated
by the recombination analysis. Thus, the recombination
event that took place in the evolutionary history of these
three viruses has a considerable effect on the relative
phylogenetic positions of these DVs.

For the third event, which was detected in the Iter-
adensovirus genus group, and in which CeDV, DpplDV
and DpDV were involved, the same NS1 and VP trees were
used, but this time with the VP amino acid sequence cor-
responding to the recombinant region and NSI corre-
sponding to the non-recombinant region. On a tree based
on the VP capsid protein amino acid sequence (Fig. 3b),
CeDV appeared to be more closely related to DpDV than to
DppIDV, as was expected, because about half of the ORF
encoding this protein is shared by CeDV and DpDV due to
the recombinational exchange. On the NS1 tree (Fig. 3a),
however, CeDV and DppIDV cluster together, as they do in
whole-genome analysis (Fig. 1), while DpDV is much
more distant from both of them. This recombination event
thus also causes inconsistencies in the relative positions of
iteradensoviruses on phylogenetic trees constructed using
different protein sequences.

For the second event in the genus Ambidensovirus
(MIDV, GmDYV and HaDV1), we constructed an additional
phylogenetic tree based on the small NS3 regulatory pro-
tein, which is encoded by an ORF within a region with a
recombinant origin. The VP protein corresponded to the
genome region with non-recombinant origin. In the case of
this recombination event, the nucleotide sequence con-
taining the NS3-coding region was apparently obtained by
the ancestor of MIDV from an ancestor of HaDV1. On the
NS3 tree (Fig. 3c), these two viruses cluster together with
exceptionally high bootstrap support. On the VP tree
(Fig. 3b), however, HaDV1 localizes separately from the
rest of the group, which includes JcDV, MIDV and GmDV,
which are apparently more closely related to each other
than to HaDV 1. It appears that in this case, similar to the
two recombination events discussed above, the recombi-
national exchange of a genome segment affects the
reconstructed phylogenies retrieved on the basis of two
different genome segments.

Another evolutionary process that shapes virus genomes
and can cause convergence of certain protein sequences,
but not others, is positive selection [6, 7, 29, 51, 55]. To
assess whether selection pressure on protein sequences can
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affect the phylogenetic tree topology, we tested for the
possible selection forces acting on the DV genomes in each
group where protein phylogenetic analysis was performed.

The fragments of the ORFs corresponding to recombi-
nant and non-recombinant genome regions (NS1, VP and
NS3) were examined separately in each group of viruses
used in the recombination studies; the alignments of these
DNA fragments are shown in Supplementary Fig. 6. For
viruses in the genus Ambidensovirus, which included
JeDV, PiDV, MIDV, GmDV, DsDV, HaDV1 and CpDV,
NS1 appeared to be subjected to purifying selection in all
of the viruses, and no positive selection was detected for
any virus. In the case of the VP protein, all viruses except
for CpDV were subjected to purifying selection as well,
with no positive selection being shown for any of the seven
viruses under study. For viruses in the genus Iteradenso-
virus (SfDV, CeDV, DpplDV, BmDV, PpDV, DpDV,
HaDV?2), no positive selection was detected for NS1 and
VP, and both proteins in all seven viruses appeared to be
subjected to purifying selection. For the NS3 protein,
possible selection pressure was tested in only six viruses of
the genus Ambidensovirus, because in CpDV, the NS3
OREF is split into two parts and could not be analyzed
without compromising the resulting multiple alignment. In
this case, clear positive selection was demonstrated for
DsDV, but none for JcDV, HaDV1, MIDV, GmDV and
PiDV; however, all of the latter five viruses appeared to be
subjected to purifying selection. Notably, DsDV is not
involved in any detectable recombination event, and its
position on the protein-based phylogenetic trees (Fig. 3)
shows no bias regardless which genome region (NS or VP-
coding) was used for the analysis. Therefore, we may
conclude that in the genus Ambidensovirus, the tree
topology is unaffected by positive selection of protein
sequences and that the observed incongruence in the rela-
tive positions of viruses on the tree is solely caused by
recombination.

These results demonstrate that recombination events in
the evolutionary history of a group of viruses can shape the
phylogenies inferred on the basis of different genome
segments and sequences of the corresponding proteins.
Such recombination may affect virus systematics at the
sub-genus level. Therefore, recombination should always
be considered, and putative recombination events should be
tested in investigations of virus systematics. We also rec-
ommend that a set of features, including the joint topology
of several phylogenetic trees based on different proteins or
nucleotide sequences should be used to develop an accurate
taxonomy of the group.

DVs seem to have a rather complicated evolutionary
history, and the origins of these viruses remain obscure.
Studying recombination may provide some hints about the
evolution of at least some viruses in this subfamily. For

example, the recombination detected in the genus Ifer-
adensovirus suggests that at some time in the past, the
ancestral DpplDV virus might have acquired through
recombination a genome segment from DpDV’s ancestor,
and thereby a new virus, the common ancestor of CeDV and
the very closely related SfDV, might have emerged. This
idea is supported by the same recombination event in both
the CeDV and SfDV genomes, although the latter event had
lower statistical support (data not presented). At the same
time, it should be noted that the hosts of CeDV and SfDV are
from different continents (West Africa and South America,
respectively), but both occur in oil palm plantations. It is
interesting that according to Francois et al. [19], a newly-
described DV, tentatively named HormaDV, is also a pos-
sible product of recombination between the DpDV and
DppIDV ancestors, implying that it may represent the third
DV that might have emerged in the same way.

Considering the possible origins of the DVs in the genus
Ambidensovirus, our recombination studies suggest that
JeDV, GmDV and MIDV may all be the descendants of an
ancestral virus related to the present-day HaDV1. We may
also speculate that the present-day JcDV might have
emerged as a product of recombination between the
HaDV1-related common ancestor of JcDV, GmDV and
MIDYV and a PiDV ancestor, with this event leading to the
segregation between JcDV and the related GmDV and
MIDV viruses.

In addition to the three major recombination events
discussed in this paper, we also detected a number of other
putative recombinations in all of the groups we analyzed
(data not presented). However, statistical support for these
events was low, and some could not be confirmed by tree
reconstructions based separately on the recombinant and
non-recombinant regions. Therefore, we could not deter-
mine whether these represented genuine events or artefacts.
The presence of major, readily verified recombinations,
together with other putative recombination events support
our speculation that recombination might have played a
significant role in shaping the genomes of DVs and that
new recombination events will be described in this virus
group in the future, when new virus genomes are
sequenced and added to the group to fill in the existing gaps
in DV diversity.

The factors that might facilitate recombination in the
subfamily Densovirinae are still poorly understood.
Recombination across two virus genomes requires coin-
fection of a host cell. Although a number of DVs have the
ability to infect a range of other species other than their
known hosts, to our knowledge, coinfection of the same
host with two or more DVs has not been described.
However, we cannot know whether some DVs co-infected
the same organism at some time in their evolutionary
history.
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To conclude, we have, for the first time, performed a
systematic analysis of recombination in the subfamily
Densovirinae of the family Parvoviridae and have identi-
fied with a high degree of confidence three recombination
events in the genomes of viruses in the genera Am-
bidensovirus and Iteradensovirus. By comparing phyloge-
netic tree topologies based on amino acid sequences of
proteins encoded by genome regions with different origins,
we demonstrated clear and substantial effects of recombi-
nation events, suggesting that recombination always should
be taken into account in investigations of virus phylogeny.
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>HaDV2_(HQ613271)
ttcaa-tcaaagagaatttgtcgaattccataagagaattacttcacactccaattgcagatgggcgccctcagtgaatc
ccacgtcaggaatacactcatctattagagctcaagctatagtatcctccaaaaacaattaatgaattggtcttttaaat
caatagaaaaactgttggattttcaattgtcaaaca-aatttgtgacggatttatgggatgtaagaaaaatacattccaa
ataattagccctccttctgccggtaaaaactttttattagatgctatatttgcattctattggaacgttggtatgattag
gaactaacaagtatgaatcttttcctttaatggaagcggtagacaagagagttaatgttggaatgaaccaaactttgaac
cttcagctgaagataccatcaagatgatcttaggtggagatccgatcaaagctgcatacaaatatgaaagaacgcaacat
tgctagaacacctgtaattgtaatgtaataaaaatgtatttaaaattaac---gatgcgttcgaagactattattgggac
agagccgagtttctgcgtaaataccgtaaaaaggtcaatccattgatatggccttatctagatatttacaaagcagataa
agaagcaagtaaagaagcggaagaatcttgtcaacgctcagtacgtta

>DpDV_(AY665654)
tacgaaacatggatgctttaatacaatggtggaaaaacttcttacataccaagaatgtcgagcgaatgcattagcgcaga
acatattagaaacatcctgctctattagaactgaactattgaaatattttctttgcaaactatgcattatacttgtagat
taatagaaggtttactaaactaccaat------ gtgatatttatcaacgatttatgggatataaacaaaatacctttcaa
attataggtgagcctagtgctggtaaaaattattttatagacgctatattgtccttttatttgaatactggaattatatt
aaactaatagatttagtcaatttccacttatggaagctgttaatagacgtgtaaattatggaatgaacctaattttgaac
ctgcagctttagacaccataaaaatgttgttagctggtgatcctttaaaagtaaatgtaaaatatcaaaaaacaatattt
gcaaaaaactcctataattgtaatgaaacaaacctgtatttccaaacgat---ttagcttttcatgattatttttggaaa
cgagcgccatttttaaaagaatatcatgccaaattgcaccctatgatatggtcatacctagacatctacaaggcagacaa
aacagcacgagacgaaagagaaaaagcacctcaatgctcaatattcaa

>PpDV_(JX110122)
taccg-aaataaagcatttcgtgaagtggtttttaaccttattacacacaatgaatgcagatcgcaccgcttgacgagga
acacatccgcaacattatgttgtattagaactgaacatttcagatacttatgaaaataactatgaatatgactaagaatg
ctaccaaaaaattattggattaccaattaacaaatgagattcattactgatctatatgaaataaaacgaacacatttcag
attgtaagtcctccgagtgctggtaaaaactttttcatagaaactgttttagcattttattggaatactggtgttattca
aaattaatcggtatcacagttttcctcttatggaagctgtcaatagaagagtaaatattgggatgaaccaaactttgaac
ctgatgcaactgaaacgttgaaaaaattatttgctggcacagcattaaaagcatctgtcaagttccaaaaaggctaatgt
tcaaaaaactccagttataatcactgaatagagacaaatttacgtcaga------ agtatgggacgattacgaatggtat
cagtgtccaatgttaaaaaaatacacaaagcgtttacatccttttgtatggtgttatctagacatattcaaggcagacaa
aactgcgagagacgaaaatcaagaagctcctcaacgcacaatatgcaa

>BmDV_(AY033435)
tttag-aggccacagatttcgtgaaatggtttacaaaattacttcacataatgaatgcagatcgacccggtcgacacgga
acatatacgcaacattgtgttctattagaactgaacatttcaaatacttatgaaaataactatgaatatgactaaaaatg
ctatcagaaaactactcgacttccaaatgcataatgaggtttataacagacctatatgagataaaacaaacacattccaa
atagtaagtccacctagcgcaggaaaaaacttttttatagaaacagtacttgcattttattggaacactggggtcattca
aaattaaccgatacaacaatttcccgttaatggaagctgttaatagaagagtaaacattgggatgaaccaaactttgaac
cagatgctacagaaacgcttaaaaaattattcgctggaacagccctgaaggccacagttaaatttcagaaaagctaatgt
tcaaaaaacccctgttattattacagaactacgacaaattcactaaaga------ agtatgggacgattattattggtat
ccttgtcctaaattaaaagaatataataagcgattacatccatttgcgtgggtttatctggaagtttttcaagctgataa
acaggcccgtgacgaaaaccaagaagcaccacaacgcacaatatgcta

>SfDV_(IX020762)
cttcg-aaaccaaaattttcgtgaaatggtttttgggattacttcacacaatgaatgtagatcgacccggttgacacgga
acacattcgcaacatcatgttctattagaactgaacattccaaatattaatgaaaattacaatgaatatgactaaaaatg
ctatcaaaaagctcctagattttcaactaaataatgaaattcattacagatttatatgaaataaaacaaatacatttcaa
atagtaagtcctcctagtgctggtaaaaactttttcattgaaacagtactagctttttactggaatacaggagttattca
aaattaatcgctataataatttcccgttaatggaagctgtaaatagaagagtaaatattgggatgaacccaattttgaac
cggatgctgttgaaacactaaagaaattatttgctggaacggcacttaaagcaacagttaaatttcaaaaaagctaatgt
tcaaaaaacacctgtaattataacggaattatgataaatttacaaaaga------ agtatgggatgattattattggtat
ccttgtcctaaattaaaagaatataataaacgtttacatccttttgtatggtgttatctagatattttcaaagctgacaa
agaagcacgcgacgaaaatcaagaagctccacaatgctcaataggcaa

>CeDV_(AF375296)
cttag-aaaccaaaactttcgtaaaatggtttttgacattacttcacacaatgaatgcagatcgacccggttgacacgga
acacatacgcaacatcatgttctattagaactgaaccttccaaatacttatgaaaataacaatgaatatgactaaaaatg
ctaccaaaaaattattagactatcaaatgaacaatgaaattcattactgatctttatgaaataaaacaaacacttttcag
atagtcagtccacctagtgctggaaagaattttttcatagaaactgtattagcattttattggaacactggagtcataca
aaactaatcgctacaataatttcccattaatggaagctgtgaatagaagagtaaacattgggatgaaccaaactttgaac
cagatgcaacagaaacattaaagaaactatttgcaggtacagcactcaaggcaacagtcaaattccaaaaaagccaacgt
tcaaaaaacacctgtaataataacagaatcacgacaagttcacaaaaga------ agtatgggatgattattattggtat
caatgtcctaaattaaaacaatataataagcgtttacatccttttgtatggtgctatctagacattttcaaggctgataa
gcaggctcgcgacgataacgaagaagcgccacaatgcacaatattcaa

>DpplIDV_(KF963252)
ctccg-aaaccaaaactttcgtgaaatggtttttggcattacttcacacaatgaatgcagatcgacccggttgacactga
acacatacgcaacatcatgttctattagaactgaacattccaaatacttatgaaaataacaatgaatatgactaaaaatg



ctaccaaaaaattactagacttccaaatgcataatgaagtttattacagacctttatgaaataaaacaaatacattccaa
atagttagtcctcctagtgctggtaagaacttttttatagaaacagtacttgccttttactggaatacaggagtcataca
aaactaatcggtataacaactttcctttaatggaagctgtaaataggagagtgaatactgggatgaaccaaacttcgaac
cagatgccacagaaacactaaagaagctatttgcgggcacagcacttaaagctacagtcaagttccaaaaaagccaacgt
tcagaagacacctgttataattacggaattatgacaagttcactaaaga------ agtgtgggatgattattattggtac
ccttgtcctaaacttaaacaatataataagcgtttacatccttttgtttggtgttatctcgacattttcaaagctgataa
gcaggctcgcgacgaaaacgaagaagcccctcaatgctcaatatgcac

>PfDV_(AF192260)
ctcaaggaaaacagcgtttcttccgatggtgagatattgtcgtccatatggcagectgtagattagctcaatcgecatcaga
tcagtgggacgatatcatcctctattggatatcaattcttgatgctaaaagtgaggaaatgtgttattggacttaatact
ttattcacaagctattagcatatcagtttgatgatgacatttttaaatacattttataatgtaagtgtaatacaatatgt
gtatggtctcctccaagtgcaggaaagaacttcttttttgatgtgtatctacattatctaatgaactatggacaattagg
tataaaataagactaataatttcagtttacaagaagcaacatctaaacgtgtgctttgtggaatgaaccaaactatgagg
atgcatatacagacactttgaaaatgttaacaggtggtgatgctctatgtgtaagagtaaaacaaaaaaaattgtcatgt
atataagacaccacttattgtacttaaataatatgattggattcatgcatgaactagcatttgtagattatagatggaaa
caagctccattcctagctgagtataataagaaacctaatccgcttgtagcttttgaaatacaagtaacatcaaaatatga
tctggtatcagtaaaatatctatgaattctttaataaatcatattcca

>DsDV_(AF036333)
ttgcaatcaagaaaactttcaatacatggcagaggaatttcatccacatcggagttgcagatctgggagtttaaacgaac
cgactggtatgatgtcttcatctattaacgatgaacatgtgaagattttggtaaagatttaaatgctatgtctttacaat
ttattataaaactattaaaatatcaatgtaatgatgaaattcttaactaaccttgttaatgtaagttaaatgcttttcta
attatatctcctccaagtggtggtaaaaatttcttttttgatatgatttttggattgttattatcatatggtcaattggg
acaagaatagacataacttatttgcttttcaagaagctccaaataaacgtgtactatatggaatgaacctaattatgaaa
gttccttaactgatactataaaaatgatgtttggaggagatccttatactgttagagttaaaaatcgtatatgcacatgt
aaagcgtactcctgttattatacttaaataatactgtaccttttatgtatgaacttgcttttagtgattataaatggaat
gctgcgecattcttaaaggattatgaattgaaaccacatccaatgacattttttcttttagcaataacatctacataacc
catagaatctgtccaaaattatgaaattttgtaataagtcaaatacca

>GmDV_(L32896)
ttgcaatcaagaaaactttcaatatatggcagaagaatttcatccacatcgcagttgcagatctgggaattcaaacgaac
agactggtacgatgtcttcatctattaacgatgaacatgcgatgactttggtaaagatctcaatgctatgtctttatgat
ttattataaagttgcttaaatatcaatgtaatgatgaaatttctcactaatttggtcaatgtaagttaaatgctttcctt
gtaatgtctcctccgagtgctggtaaaaatttcttttttgatatgatttttggattattattatcttatggacaacttgg
acaagaatagacataacttatttgcttttcaagaagctccgaataaacgtgtactttatggaatgaaccaaactatgaaa
gttctttaactgatacaattaaaatgatgtttggaggagacccatatactgttagagttaagaatcgtatatgcacatgt
aaaacgcactccagttattatacttaaataacactgtaccttttatgtatgaaacagcttttgctgattataaatggaat
gctgcgccattcctaaaggaatacgaattgaaaccacatccaatgacattttttcttttggacattacatctatatatcc
catagaatctgtccaaaattacgaaattttgaaataaatcaaattcca

>MIDV_(AY461507)
ttgcaatcaagaaaactttcaacatatggcagaagaatttcatccacatcgcagttgcagatctgggaattcaagcgaac
agactggtacgatgtcttcatctattaacgatgaacatgtgatgactttggtaaggatcttaatgctatgtctttatgat
ttattgtaaaattacttaaatatcaatgtaatgatgaaatttcttactaacttggtcaatgtaagttaaatgcttttctt
gtaatgtctcctccaagcgctggtaaaaattttttctttgatatgatttttggcttactattatcttatggacaacttgg
tcaagaatagacataacttgtttgcttttcaagaagctcctaataaacgtgtattatatggaatgaacctaattatgaga
gttcactaactgatacaattaaaatgatgtttggaggagacccatatactgttagagttaagaatcgtatatgcacatgt
aaaacgcactccagttattatactaaaataatacagtaccttttatgtatgaaactgcttttgctgattataaatggaat
gctgcgecattcctaaaggattatgaattgaaaccacatccaatgacatttttecttttagacattacatcaatatatcce
catagaatctgtccaaaattacgaaattttgaaataagtcaaattcca

>JcDV_(S47266)
ttgcaatcaagaaaactttcaatatatggcagaagaacttcatccacatcgcagttgcagatctgggaattcaagcgaac
agactggtacgatgtcttcatctattaacgatgaacatgcgatgactttggtaaggatttaaatgctatgtctttataat
ttattataaaattacttaaatttcaatgtaatgatgaagtttcttactaatttggtcaatgtaagttaaatgettttett
attatatctcctccaagtgctggtaaaaatttcttttttgatatgatctttggattattactatcttatggtcagttagg
tcaagaatagacataacttgtttgcatttcaagaagcacctaataaacgtgtattatatggaatgaacctaactatgaga
gttctttaactgatacaattaaaatgatgtttggaggagatccttatactgttagagttaaaaatcgtatatgcacatgt
aaaacgcactccagttataatacttaaataatactgtaccttttatgtatgaaactgcttttagtgattacaagtggaat
gctgcgeccattcttaaaggattatgaattgaaaccacatccaatgacatttttecttttagacataacatcaatataacc
catagaatcagtccaaaattgcgaaattttgaaataaatcaaattcca

>HaDV1_(JQ894784)

ttgcaatcaagaaaactttcaacatatggcagaagaatttcatccacatcgcagttgcaggtctgggagttcaaacgaac
agactggtatgatgtcttcatctattaacgatgaacatgtgaagattttggtaaagatttaaatgatatgtctatataat
ttattataaaattacttacttttcaatgtaatgatgaaatttttgacaaacttggtgaatgtaaacttaatacttttgtt
gtctattctcctcctactgctggtaaaaatttcttttttgatatgatatttggattttgtttatcatatggacaattagg
acaagaataaacaaaatttatttgcttttcaagaagcacctaataaaagagttttgtatggaatgaacctaattacgaat
caagtttaactgatactgtaaagatgatgttaggaggagatccatatactgttagagttaagaatagaggatcaacatgt



aaaacgaactcctgtaattgtattaaaataatattgtacctttcatgtatgagatagcttttaacgagtataaatggaat
gtagcaccattcctaaaggattatgaattgaaaccacatccaatgacatttttccttttagccatgacatcaatataacc
catagagtctgtccaaaattacgaaattttgaaataaattaaattcca

>PiDV_(JX645046)
ttgcaatcaagaaaactttcaatatatggcagaagaacttcatccacatcggagttgcagatctgggaatttaagcgaac
agactggtacgatgtcttcatctattaacgatgaacatgcgatgacttcggtaaggatttgaatgctatgtctttataac
ttactacaaaattactaaaatatcaatgtaatgatgaaatttcttactaacttggttaatgtaaattaaatgcttttctt
attttgtctcctccaagtgctggtaaaaatttcttttttgatatgatttttggattgttattatcttatggacagttagg
tcaagaatagacataacttgtttgcttttcaagaagcacctaataaacgtgtgttatgtggaatgaacctaattatgaaa
gttcgttaacagacacaattaaaatgatgtttggaggagacccttacactgttagagttaagaatcgtatatgcacatgt
aaaacgcactccagttattatactaaaacaatactgtaccttttatgtatgaaactgcttttagtgattataaatgggat
gctgcgeccattcctgaaggattatgaattgaaaccacatccaatgacatttttccttttagcaactacatcgatatatcc
catagaatctgtccaaagttacgaagttttgcaacaaatcgaattcca

>CpDV_(FJ810126)
ttgctatggagaagcttacgaagatttggcaaaagaaattcatccacgaggacattgccgatctggaaattcaccaccac
ggactggtatgatgtcttccagtattaacggtaagcttttgtagattttggtaaagatgttaatcaaatgactttatgag
at--—--—-——- actttttaaaatttcaatttgaggataaaatttttagtagatttaattgatgtaaacaaaatgcttttgca
gtaatttcgccacctagttcaggcaaaaattttttctttgacatgattatggcaatttgtttaaactatggacaattagg
acaagaacagacataatttgtttgcatttcaagaagctcccaataaaagattattatttggaatgaaccaaactatgaaa
gcgcaatgacagatacaataaaaatgatgatgggcggagatccatatactgtaagagtaaaatatcaaggatacacatgt
aaccagaactcccgtcttaatacttaaataattatgtttcatttcttcaagaatctgcgtttaaagattataaatggaga
gaagcaccatttcttaaagatgttcatgtaaaaccttatcctatggctttctttgatatagcaattacttcccaataage
tcttgtgtctgtccattatcattgaattatatatcagattaaattcct

>BgDV1_(AY189948)
ttcaagtgaagtcacttctagttcggtggaccaaaaattcaatccacgcaggacgtgcagatcgaaacgttcacacgacg
agactgggaaaatatcacaaagtattgaaattacactatagatactagggctagtgtaatcaatacttgggattgttgct
ttataataaagttacttacctttcaaatgggtgaaaaaattttgtaggaatcttgtagacacaaacgtaattgctttgta
gtttgtagtccacctagtgctgggaaaaactttttctttgatggtgttaaggattattatttgaattcaggacagatgaa
caatcaataaatataatcaatttgcatatcaggattgccataatagaaggattatttatggaatgaacctaattatgaac
caagggaaatggagaacttaaaaatgctgtttgctggtgataatttgtctgccaatgtaaaatgtaagccaggcaaatgt
aaaacgaacacctgttattgtgttgaaattcactgccaaatttttgtcaacaaacagcatttaatgattatcattggact
caggctacatttttgaaggactacaataaaaagccgagaccagatgcttgtgttgatgtacattctactgtccaatacat
ttgacagtctaaccagaaagtgctatcttagtaatctattaaattcca

>BgDV2_(JQ320376)
tgcaagtgttacagctaatagggcgttggagcaagaattccatccacacagggcgtgcagatcgaaacgttcaagcgaag
cgattgggaaaatatcacaaagtattgaaattacactatagattgccatgctgctattattaatacttggaaatgttaag
ttatgaggaaactgcttgattatcaatgtgggttagcagtttgtaacggatttgattaatgtaagtgtaattgctttcta
attgttagccctccaagtgctggcaagaactttctatgcgatgctattaaagattactatattaatgttggacaaatgca
gaaccaataaatataataccttcgcgtatcaggattgtcacaatagacgacttctttttggaatgaaccaaactacgaac
ctagggaaacggagaatttgaagatgttatttggaggggataacttgtctgctaatgttaagtgtaaaccaagctaatgt
aaagcgtactccagtaatatgtatgaaatgttgtacccagatttgctaatcatgaagcatttgctgactattattggaat
gctgctcctttcttaaaagaggtaataaaaaagccacgtcctgattctgtaatgaatttacaatcaacttcgaagtagec
ttgtgcgtctagccagcattgggaagtcctgtattctgttatattcca

>PcDV_(AY032882)
ttcacgtccggaagattttaaaaccatggcagaaggatttggttcacgaagtacctgcaggtccacgaactcggagecect
cgactggatcaatatattgctatacttcaactccgcgtgcgatattcacgctttacatttaaacaaatattctccatgaa
ctatt----aattattgaagtttcaacttaaaggtgacatttttatctaatctacgtaattgaaaatgaatgcattgtgt
gttattggtccgccgaattctgggaaaaattattttttcgacgcaattatcgctttagcaaataatgtaggtcatatagg
tcgagaataaaacaaataattttgcattgcaagacgtagttaatcgacgtatagttttggtaatgaaattagtatggaag
aaggagcgaaagaagattttaaaaaattatgcgaaggaaccgcttttaacgttcgtgttaaatttaaagcattgtatatt
tactaagacgcctgttcttttaatcaaataatgaattagatatatgttgggatccgcactttaaagatattcgttggaat
actgcaccattattagccgctagtaataaaaaaccatatccattagctatgtatgatttacaaataacttcccaataaca
ttgagtatcagtaaaaaagttaaaaaaacggtagtaatgaatatgcct

>AdDV_(HQ827781)
ttaaagtcctgaagattatatcgcactggcagacaatgttcgtccacctggacaatgtagattaccgaactcgatgacac
cgactgggcaaatgttttcttatactacaggtgaactatttctttatatgtgcgtgacattaatgaaatgtctctactta
ca--—---—- aacttatcttatttcaatgtaatggtagaattactaatgaatattgtagcttgaaagttaatactgtatgt
ataattggtaatcataattgtggtaagaattatttttgggacgcagtttgctgtttgggtttaaatgtgggttttcttgg
tagagaataaaactaacaagtttgctttgcaagattgtgttcacaaacgaattgtattggtaatgaaatatctttggaag
atggagcaaaggaggatatgaagaaattatgtgaggggtgtccattcaatgttagcgtaaaacatcaatcatggaattgt
tgccaggacacctgtttgcttaattaaacaattgtatacctattgcatgtgatgctcattttgtagatttttattggagg
ccatgtagttatttggccaaatcaaggaagaagccgtatccaccggctgtttttgaattagcttcaacaataaagtaage
ttgagtgtcagtaaa---tcagtaaattctttaattgagcaaatacca



>AdMADV_(KF275669)
ttcaaggaagatgatatgccaacaaatgtcagtagtgttttgtccacattactgctgtaaacatgtggccttggaaacga
atactactacaatctcttgttctattgaagctacacctttgctactggtgtagaaggagctcatactttctttggaaaat
ttatcatataattattaatgtatcaatttgacgaaaaattttattcaccagttatattatgtaaaaaaaattgtattgaa
ttaattggacctccttctagttataagtctacttttttgcattgggtggcggaagecttttattgctgtgggaattattaa
tattgaacaaaacagcaccatttggttttgctcctgctgttaataaacgagtacttttattgatgattataatttcagtt
cagaatatcatgaaactttactgaatatattatcaggaacaacttgcaatgttaatgtaaaatacaaaacatggttatgt
aactcacacgcctgtattaatggcaaaattataagacatttactagtactcg---—--- gtttgaacatttttattggaag
gaatataaggtatta------ ttaaaaaagcatttatatccattagctgtatttgctttaactatacaaaatgtctgaaa
tttaacatacatacaaaagtttgaatttttgaaaacttagaaattcca

>MpDNV_(AY148187)
-tggagtgccgatacctttagcgaaatggcaaggtgcattcgtacaccgggcagctgtaggtcatccaactatcagaaag
agactggtcccgtatctttcaatactagaagcgaacgttacgtaattgggcggegactttacgcagatggtctcaataaa
taataatgaaattactcaactatcaatttggcgatgaaatttttaacaacactatataatgtaaattaaatagtatatgt
ataaaaagtcccccttcggcaggtaagaacttttttttcgatgccgttgcatcgtatttgetttcatatggtatgttegg
tacagaataaaaacaataatttttcgtgggcagacggagcgggtaaacgattagtttatggaacgaaccaaactatgaac
aataccatatagaaaaaataaaagaacttttggggggagatacaacaagaatacatgtaaaatatgcaaaacgttagtgt
gcaaagggtacccattattatattaaaataaccacttgaatattattagtcacccagcttttaacgattacgaatggatg
tcagctggcttcttgaaggactacgataaaaaactgcatccgcttatgttttatgaattagtttcgaaatcccatgtgea
ttctacatcagtaaaaaatatgcgaactgttataaaatttaaatacct

>FchDV_(JN082231)

ttcaga-------———————- aggaatggaaagatgtgttggtcctcatgagaattggagatgggaggacctaggactac
aga---agacatcaccttcgtcgattaaagatgaactaacagtgcatacatgagaactgtcaagagaggtacttggtata
ttatttcaaatcattgagaatatgaaagtagagtcaaaatggatacaagattttatggatataagattaactgtatgatg
ttatacggaaatagtaacagtggaaagacacagttgattgaggctttgacaggatt---ggtaaatacagccataatgac
aaatgggtgatggtggaacattccatttcagtaatataacagagatgggtacaatttaggaaatgagaccaaaattagga
ctcagacaattgaacaatggaagggattatgtggaggagagaatgtaacaatgcctatgaagtataaagaagactcatat
gttcaggaagcctgtatttttgactaatagagaatagaagtttcatgtataaagtagagttaggaaagtcccaataggat
ga-------- ttccaatcaagaagaacccagaactaacgcagtttgtattggccagcataggagtgagacagggccatat
gctaggacctgatcaagacagagaagctctagaatctcaaacaaatgc

>PchDV_(AY008257)

ttcaga---———————————- aggaatggaaagatgtgttggtcctcatgagaattggagatgggaggacctaggactac
aga---agacatcaccttcgtcgattaaagatgaactaacagtgcatacatgaggactgtcaagagaggtacttggtata
ttatttcaaatcattgagaatatgaaagtagagtcaaaatggatacaagattttatggatataaaattaactgtatgatg
ttatacggaaatagtaacagtggaaagacacagttgattgaggctttgacaggatt---ggtaaatacagccataatgac
aaatgggtgatggtggaacattccatttcagtaatataacagagatgagtacaatttaggaaatgagaccaaaattagga
ctcagacaattgaacagtggaagggattatgtggaggagagaatgtaacaatgcctatgaagtataaagaagactcatat
gttcaggaagcctgtatttttgactaatagagaatagaagtttcatgtataaagtagagttaggaaagtcctaataggat
ga———————- ttccaatcaagaagaacccagaactaacgcagtttgtattggccagcataggagtgagacagggccatat
gctaggacctgatcaagacagagaagctctagaatctcaaacaaatgc

>PmoHDV3_(EU588991)

atcaga-------———————- aggaatggaaagatgtgttggtcctcatgaaaattggagatgggaggacctgggactac
aga---agacatcgccttcatcgattacagatgaactaacagtgcatacatgaggactgttaagagaggcacctggtata
ttatctctaatcattcagaacatgaaggtagagtcaaagtggatacaggactttatggatataaagttaactgtatgatg
ttatatggtaacagtaacagtgggaagacacagttaattgaagctttgacaggact---agtaaatacagccataatgac
aaatgggtgacggtggaacattccacttcagtaacataacagagatgagtacgatttaggaaatgagactaagatcagaa
cgcagacaattgaacaatggaaaggattatgcggaggagagaatgtaacaatgcccatgaagtataaggaagacacatat
gttcaggaaacctgtatttctaactaatagaaaatagaagtttcatgtataaggtagagttgggaagttcctaacaggat
ga-------- ttccgatcaggaaaaatccagaactaacacagtttgtattggccagcataggagtgagacagggccatat
gttaggacctgatcaagacaaagaagcattagaatctcaaacacatga

>PmoHDV2_(EU247528)

ttcaga-------————-———- aggaatggaaagatgtgttggtcctcatgagaattggagatgggaagacctgggactac
aga---agacatcaccttcatcgattaaaaatgaactaacagtgcatatatgagaactgtcaaaagaggtacttggtaca
ttatttctaatcattcagaatatgaaggtagagtcaaagtggatacaagactttatggatataaagttaactgtatgatg
ttatatgggaacagtaacagtggaaagactcaattaattgaagctttgacaggatt---agtaaacacagccataatgac
aaatgggtgatggtggaacattccatttcagtaatataacagagatgagtacgatttagggaatgagactaagatcagga
ctcagacaattgaacagtggaagggactatgtggaggagagaatgtaacaatgcctatgaaatataaggaagacacatat
gttcaggaagcctgtgtttctgactaatagagaatagaagtttcatgtataaggtagaattgggaagtccctaacaggat
ga---—----- ttccaatcaggaagaacccagaactgacacagtttgtattggccagcataggagtgagacagggccatat
gctaggacctgatcaagaagaagaagcattagaatctgaaacatatga

>PmeDV_(DQ458781)
ttcaga--------———-———- aggaatggaaagatgtgttggtcctcatgaaaactggagatgggaagacctgggactac
aga---agacatcgccttcgtcgattaaagatgaactaacagtgcatatatgaagactatcaagagaggtacttggtaca



ttatttcaaattattgagaacatgagagtagagtcaaagtggatacaagatttcatggatataagattaactgtatgatg
ttgtacggtaatagtaacagtggaaagactcagttgattgacgctttgacaggatt---agtaaatacagcagttatgac
aaatgggtgatggtggaacattccatttcagtaacataacagagatgagtaccatttagggaatgagactaagattagaa
ctcagacaattgaacagtggaagggattatgtggaggagagaatgtaacaatgcctatgaagtataaggaagacacatat
gttcaggaagcctgtgtttttgaccaatagagaataggagtttcatgtataaagtagagttaggaagttcctaataagat
ga--—---—-—- ttccaataaagaagaacccagaactaacacagtttgtattggcaagcatagtagtgagacagggccatat
gctaggacctgatcaagacagagaagctttagaacttacaacatatga

>PmoHDV1 (DQ002873)

tcagga----—---———————- aggaatggaaagatgtgtcggtcctcatgaaaattggagatgggaggacctaggactac
aga---agacatcgccttcgtcgattgaaaatgaactaacagtgcatatatgaagactatcaagaggggtacctggtaca
ttatttcaaataatagagaacatgaaggtagagtcgaagtggatacaagattttatggatataagattaactgtatgatg
ttatatggcaatagtaacagtgggaaaacgcagctgattgaggctctaacgggcct---gataaacacagccataatgac
aaatgggtgatggtggaacattccactttagcaacataacagagatgagtacaatttaggaaatgaaactaagatcagga
ctcagacaattgagcaatggaagggattgtgtgggggagagaacataacaatgccaatgaagtacaaggaagacacacat
gttcaggaaacctgtatttttgaccaatagagaacagatgttttatgtataaggtagaattgggaagctcctaacaggat
ga-------- ttccgatcaagaagaatccagaactgactcagtttatattggcatgtataggaggaactcagggctacat
gttaggacccgaacaagacaaagaagctctagaatctcaaacacatga

>PmoHDV4_(FJ410797)

ttcaga----—--————-———- aggaatggaaagatgtgttggtcctcacgaaaactggagatggcaagacttgggactac
aga---agacatcaccttcgtcgattagacatgaactaacagtgcatacatgaggactgtcaagaggggtacttggtaca
taatttccaatcatagagaacatgagggtagagtcaaagtggatacaggactttatggatataagattaactgtatgatg
ttatacggtaatagtaacagcggaaagacacagttaattgaggctttaactggtct---agtaaacacagctgtaatgac
aaatgggtgatggtggaacattccacttcagtaacataacagagatgagtaccatttagggaacgagacaaagatcagaa
ctcagacaattgaacaatggaaaggattatgtggaggagagaatgtaacaatgcctatgaagtataaagaagacacatat
gttcaggaagcctgtgtttctgactaatagagaatagatgtttcatgtataaggttgaattaggaagctcctaacagaat
ga---—----- ttccgatcaggaagaacccagaactaactcagtttatactagcatgtataggaggaactcagggatatat
gtggggacctggagaagacaaagaagctttagaatctcaaacatatga

>PstDV1_(AF273215)
ttggaatcagaaacctcccttggaagtgttggaaacagttggtacacaagaagactctccaccaa——---- taagaccag
acatagagctacaatcctcgcctatcggtattgaactatggacccgtaccagaggacaatataaagacaaacttaacata
ctacaacaaagtggataaaatacatgttagccaacaaaaatcttagcttggataatcatcgtaaaataaacactcttgta
ctccaaggaccaacaggaacaggaaaatctcttaccatcggtgcactactcggaaa---actgaacactggcctagtaac
aagaaggagactcaaacaccttccatctacaaaacctcatcggaaagtcctacgettcttcgaagaacccagaatcagtce
aaataacagtggacgacttcaaactccttttcgaaggatcagacttagaagtaaacataaaacaccaagacagaaattat
gggacgaataccaatcttcatatcaaaacaaggatatagactactgggtacctccagctgatggtaaacaagaacaaaaa
ccttccacctgacaagacaaataaaa———————-————————————————————————_ aggactcttccaagaatacga
aaaagaaatcgacgaatgtctacaagttcagcaacaccccatatggca

>PstDV2_(GQ475529)
ttggaatcagaaacctcccttggaagtgttggaaacagttggtacacaagaagactctccaccaa-—---- caagaccag
acatagagctacaatcctcgcctatcggtattgaactatggacccgtaccagaggacaatataaagacaaacctgacata
ctacaacaaagtggataaaatatatgttagccaacaaaaatcttagcttggataatcatcgtaagataaacacactcgta
ctccaaggaccaacaggaacaggaaaatctcttaccatcggtgcactattaggaaa---actgaacactggactagtaac
aagaaggagactcaaacaccttccatcttcaaaacctcatcggaaaatcctatgcatattcgaagaaccaagaattagtc
aaataacagtagatgatttcaaactactatttgaaggatcagacttagaagtgaacatcaaacaccaagacagaaataat
gggaaggatcccgatcttcatctcaaaataaagatatagactactgggtaccaccagcagatggcaagcaagaaccaaaa
cattccacctcaccagacaaatagaaa———————=———=—=—=—=—————— e aggattattcgaagaatacga
gaaagaaattgacgaatgtctacaagttcagcaacaccccatatggca

>PmoPDV2_(AY124937)
ttggaatcagaagactcccttggaagtgctagaaacagttggtacacaagaagactctccaccaa—----- taagaccag
acatagatctacaatcctcgcctatcggtattgaactatggacccgtactagaggacaatataaagacaaacctgacata
ctacaacaaaatggataaagtacatgttagccaacaaaaatcttggcttggatccttatagtaagataaacacactagtt
ctccaaggaccaacaggaacaggaaaatcgcttaccatcggtgcactactaggaaa---actaaatactggacttgtaac
aagaaggagattccaacaccttccatctccaaaacctcatcggaaaatcctatgcttattcgaagaaccaagaattagtc
aaataacagtagatgatttcaaactactatttgaaggatcagacttagaagtgaacatcaaacaccaagacagaaataat
gggaaggatccccatcttcatctcaaaataaagatatagattattgggtaccaccagcagatggcaagcaagaaccaaaa
cattccacctcaccagtcaaataaaa———-—-—-——————————————~————~—(——~———_ aggattattccaagaatacga
gaaagaaattgacgaatgtctacaagttcagcaacaccccatatggca

>PmoPDV1 (GQ411199)

ttggaatcagaaaactcccttggaagtgttggaaacagttggtacacaagaagactctccaccaa-—---- taagaccag
acatagagctacaatcctcgcctatcggtattgaactatggacccgcaccagaggacaatataaagacaaacctaactta
ctacaacaaagtggataaagtacatgttagccaacaaaaatcttagcttggataatcatcgtaaaataaacactcttgta
ctccaaggaccaacaggaacaggaaaatctcttaccatcggtgcactactaggaaa---actgaacacaggactagtaac
aagaaggagactccaacaccttccatctacaaaacctcatcggcaagtcctacgcttcttcgaagaacccagaatcagtc
aaataacagtagacgacttcaaactacttttcgaaggatcagacctagaagtaaacataaaacaccaagacagaaattat



gggacgaataccaatcttcatatcaaaacaaggacatagactactgggtaccaccagctgatggtaaacaagaacaaaaa
ccttccacctgacgagacaaataaaa———-————————————————————————————_ aggcctcttccaagaatacga
aaaagaaa-tagcgaatgtctacaagttcagcaacaccccatatggca

>AaeDV2_(FJ360744)
tcgaaatttgaaggccctcctaacagcccaagcgaaaattactacacaagaggactggagacaggaggaaacagtaccag
agtcagaaccagaatcaccaagttttggaaataaacagttgataaaagctaaaacgcttacggaaataatgcttaaacac
ttaagacaaaatggatcgaatacttattcaaagaaaaacttcttggcatggaatgaaattataaaataaatggaatggta
ctagaggggatcacaaatgcaggaaaatcactaatattggacaatttattagcaat---ggtaaaaccagaagaaatacc
acgagagagacaacagtggattccaccttgatcaagtaccaggagcaggatcaatctatttgaagaaccaatgatcacac
cagtaaacgtcggaacatggaaattattactagaaggaaaaaccataaaaacggatgtgaaaaataaagaaagagccgat
agaacgcacaccaacgtggatcactatccaattacaaataacattgatatgaatgagacgtcacaaattccaacacagag
aagacaaatatactataaatgcacaaattcaaaataaattgatcagtcgtcctccaactatggaccatgatggagaacaa
cgaggaacaaaacgaatacttggaagatacacaaaatgtcagattcca

>AgDV_(EU233812)
tcgaaatttgaaggccctcctaacagcccaagcgaaaattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacagttgataaaagcaaaaacgcttacggaaataatgcttaaacac
ttaagacaaaatggatagaatatctattcaaagaaaaacttcttggcatggaatgaaattataaaataaatggaatggta
ctagagggcatcacaaatgcaggaaaatcactaatattggataacttattggccat---ggtaaaaccagaagaaatacc
acgagcgagacaacagtggattccaccttgaccaagtaccaggagcaggatcgatctatttgaagaaccaatgatcacac
cagtaaacgtcggaacatggaaattattactagaaggaaaaaccataaaaacagatgtgaaaaataaagaaagagccgat
agaacgcacaccaacgtggatcacaatccaattacaaataacattgatatgaatgagacatcacaaattccaacacagag
acgacaaatatactataaatgcgcaaattcaaaataaattgatcagtcgtcctccaactatggaccatgatggagaacaa
cgaggaacaaaacgaatacttggaagatacacaaagcgtcagattcca

>CppDV_(EF579756)
tcgaaatttgaaggccctcctaacagcccaagcgaaaattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacagttgataaaagcaaaaacgcttacggaaataatgcttaaacac
ttaagacaaaatggatagaatatctattcaaagaaaaacttcttggcatggaatgaaattataaaataaatggaatggta
ctagagggcatcacaaatgcaggaaaatcactaatattggataacttattggccat---ggtaaaaccagaagaaatacc
acgagcgagacaacagtggattccaccttgaccaagtaccaggagcaggatcgatctatttgaagaaccaatgatcacac
cagtaaacgtcggaacatggaaattattactagaaggaaaaaccataaaaacagatgtgaaaaataaagaaagagccgat
agaacgcacaccaacgtggatcacaatccaattacaaataacattgatatgaatgagacatcacaaattccaacacagag
acgacaaatatactataaatgcgcaaattcaaaataaattgatcagtcgtcctccaactatggaccatgatggagaacaa
cgaggaacaaaacgaatacttggaagatacacaaagtgtcagattcca

>AaeDV1_(M37899)
tccaaatttgaaggccctcctaacagcccaagcgaaaattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacaattgataaaggcaaaaacacttacggaaataatgctaaaacac
ttaagacaaaatggatcgaatatttattcaaagaaaaacttcctggcatggaatgaaattataaaataaacggaatggta
ctagaagggatcacaaacgcaggaaaatcattaatattagacaacttattggccat---ggtaaaaccagaagaaatacc
acgagagagacaacagtggattccaccttgaccaagtaccaggagcaggatcaatctatttgaagaaccaatgataacac
cagtaaacgtcggaacatggaaattattactagaaggaaaaaccataaaaacggatgtaaaaaacaaagaaagaaccgat
agaacgaacaccaacgtggatcacaatccaataacaaataacattgatatgaatgagacatcacaaattccaacacagag
acgacaaatatactataaatgcgcaaatacaaaataaattaatcagtcgtcctccaactatggaccatgacggagaacaa
cgaggaacaaaacgaatacttggaagatatacaaaatggcagattcca

>AalDV1_(AY095351)
tccaaaattgaaggccctcctaacagcccaagcaaagattactacacaagagaactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacaagtgataaaagcaaaaacattaacggaaataatgcttaaacat
ttaggacaaaatggatagaatatctattcaaagaaaaacttcttagcatggaatgaaataataaaattaacggaatggta
ctagagggaataacaaacgcagggaaatcattaatattagacaatttactagcaat---ggttaaaccagaagaaatacc
gagagagagacaacagtggattccatctcgatcaagtaccaggagcaggatcaatctatttgaagaaccaatgataacac
cagtaaatgtcggaacatggaaactattattagaaggaaaaaccataaaaacggacgtaaaaaacaaagaaggaaccgat
agaacgaacaccaacatggatcacaatccaataacaaacaacatcgatatgaatgaaacatcacaaattacaacacagag
aagacaaatatactataaatacacaaattcaaaataaattaatcagtcgtcctccaactatggaccatgatggagaacaa
cgaggaacaaaacgaatatctagaagatatacaatatgaccgattcca

>AalDV2_(X74945)
tcgaaaattgaaagcattgctgacagcgcaagcgaagattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacaaataataaaatcaaaaacgttaactgaaataatggtcaaaaac
ttaagacaaaatggatcgaatatatgttcaaagaaaaactttttggcatggaatgaaatcataaaatcaacggcatggta
ctagaaggtataacaaacgcaggtaaatcgctaatattagacaacttattagcaat---ggttaaaccggaagaaatacc
aagagagagacaacagcggattccacttggatcaactaccaggagcaggatcagtatatttgaagaaccgatgattacac
cagtaaacgtaggaacatggaaattattattggaaggaaaaacaatcaaaacggacgtaaaaaacaaagaaggaacccat
agagagaacaccaacttggatcaccaaccaataacaaacaacgtgcatatgaacgaaacctcacaaattacaacacagag
aagacaaatatactataaatgcacaaattcaaaacaaactcatcagtcggccaccaggtatggaacacgatggaa——---
-gaggaacaaaaagaatatctagaagatacacagacaaacggattcca



>AalDV3_(AY310877)
tcgaaaattgaaagcattgctgacagcgcaagcaaagattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacaattaataaaatcaaaaacgttaactgaaatcatggtcaaaaac
ttaagacaaagtggatcgaatatatgttcaaagaaaaactttttggcatggaatgaaatcataaaataaacggcatggta
ctagaaggtataacaaacgcaggtaaatcgctaatattagacaacttattggcaat---ggttaagccagaagaaatacc
aagagagagacaacagcggattccacttggaccaactaccaggagcaggatcagtatatttgaagaaccgatgattacac
cagtaaacgtaggaacatggaaattattattggaaggaaagacaatcaaaacggacgtaaaaaacaaagaaggaacccat
agagagaacaccaacttggatcaccaaccaataacaaacaacgtggatatgaacgaaacctcacaaattacaacacagag
aagacaaatatactataaatgcacaaattcaaaacaaactcatcagtcgaccaccaggtatggaccacgatggaa-----
-gaggaacaaaaagaatatctagaagatacacagacaaacagattcca

>HeDV_(AY605055)
tcgaaaattgaaagcattgctgacagcgcaagcgaagattactacacaagaggactggagacaggaggaaacagcacaag
agtcagaaccagaatcaccaagttttggaaataaacaattaataaaatcaaaaacgttaactgaaatcatggtcaaaaat
ttaagacaaagtggatagaatatatgttcaaagaaaaactttttggcatggaatgaaatcataaaataaacggcatggta
ctagaaggtataacaaacgcaggtaaatcgctaatattagacaacttattggcaat---ggttaagccggaagaaatacce
aagagagagacaacagcggatttcacttggaccaactaccaggagcaggatcagtatatttgaagaaccgatgattacac
cagtaaacgtaggaacatggaaattattattggaaggaaagacaatcaaaacggacgtaaaaaacaaagaaggaacccat
agagagaacaccaacttggatcaccaaccaataacaaacaacgtggatatgaacgaaacctcacaaattacaacacagag
aagacaaatatactataaatgcacaaattcaaaacaaactcatcagtcgaccaccaggtatggaccacgatggaa——---
-gaggaacaaaaagaatatctagaagatacacagacaaacagattcca

Supplementary Figure 1.

DNA alignment of 40 densovirus species built in Mafft v.7 and treated by Gblocks v.0.91b.

The following parameters were used.

Mafft: E-INS-i with scoring matrix — 200PAM / k=2, gap opening penalty — 1.53 and offset
value — 0.0;

Gblocks: minimum number of sequences for a conserved position — 21, minimum number of
sequences for a flanking position — 35, maximum number of contiguous nonconserved positions

— 8, allow gap positions within the final blocks — yes, allow smaller final block — yes.



Estimates of Evolutionary Divergence between Sequences

The number of base differences per site between sequences are shown.

Standard error estimate(s) are shown above the diagonal (blue fonts).

The values of base differences per site less than 0.4 are highlighted in
yellow; species names used in the analysis of recombination highlighted in

green.

A. Ambidensovirus

Species
PfDV
DsDV

GmDV
MIDV
JcDV

HaDV1
PiDV
CpbV

BgDV2

BgDV1
PcDV
AdDV

AdMADV
MpDV

PfDV

0.451
0.448
0.450
0.449
0.454
0.452
0.493
0.519
0.509
0.512
0.502
0.553
0.530

DsDV
0.011

0.118
0.118
0.111
0.144
0.131
0.363
0.518
0.513
0.490
0.473
0.542
0.527

GmDV
0.010
0.007

0.071
0.087
0.127
0.123
0.375
0.514
0.505
0.489
0.473
0.546
0.519

The overall average is 0.438

MIDV
0.010
0.006
0.005

0.074
0.115
0.115
0.365
0.518
0.514
0.486
0.473
0.546
0.526

JcDV
0.011
0.006
0.006
0.006

0.102
0.099
0.376
0.518
0.511
0.481
0.468
0.542
0.522

HaDV1
0.010
0.007
0.006
0.006
0.006

0.146
0.372
0.525
0.499
0.489
0.476
0.536
0.530

PiDV
0.010
0.006
0.006
0.006
0.006
0.007

0.383
0.520
0.504
0.490
0.481
0.545
0.530

CpDV
0.010
0.010
0.011
0.010
0.011
0.011
0.010

0.547
0.537
0.519
0.507
0.563
0.551

BgDV2
0.011
0.010
0.010
0.011
0.011
0.011
0.011
0.011

0.365
0.549
0.552
0.580
0.568

BgDV1
0.011
0.011
0.010
0.010
0.011
0.010
0.011
0.010
0.010

0.546
0.542
0.563
0.568

PcDV
0.010
0.011
0.010
0.011
0.011
0.011
0.010
0.010
0.010
0.010

0.453
0.553
0.546

AdDV
0.011
0.011
0.011
0.011
0.011
0.012
0.011
0.011
0.010
0.011
0.010

0.562
0.548

AdMADV
0.010
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.011
0.010
0.011
0.010

0.582

MpDV
0.010
0.009
0.010
0.009
0.010
0.010
0.010
0.010
0.011
0.010
0.010
0.010
0.010



B. Iteradensovirus

Species HaDVv2 DpDV PpDV BmDV SfDV CeDV DppIDV
HaDV2 0.007 0.008 0.007 0.007 0.007 0.007
DpDV 0.510 0.007 0.007 0.007 0.008 0.006
PpDV 0.506 0.368 0.007 0.006 0.006 0.006
BmDV 0.499 0.377 0.245 0.006 0.006 0.006
SfhV 0.494 0.354 0.220 0.204 0.005 0.006
CeDV 0.499 0.354 0.217 0.198 0.137 0.006
DppIDV 0.503 0.371 0.232 0.203 0.157 0.145

The overall average is 0.323

C. Hepandensovirus

Species FchDV PchDV PmoHDV3 PmoHDV2 PmeDV PmoHDV1 PmoHDV4

FchDV 0.001 0.005 0.005 0.005 0.004 0.005

PchDV 0.011 0.005 0.005 0.004 0.004 0.005
PmoHDV3 0.132 0.131 0.004 0.005 0.006 0.005
PmoHDV2 0.136 0.134 0.110 0.004 0.005 0.005

PmeDV 0.145 0.145 0.160 0.152 0.005 0.005
PmoHDV1 0.171 0.170 0.172 0.170 0.178 0.004
PmoHDV4 @ 0.158 0.157 0.165 0.167 0.173 0.115

The overall average is 0.145



D. Penstyldensovirus

Species
PstDV1
PstDV2

PmoPDV2
PmoPDV1

PstDV1 PstDV2 PmoPDV2

0.048
0.079
0.046

0.004

0.063
0.057

0.005
0.004

0.083

The overall average is 0.063

E. Brevidensovirus

Species
AalDV3
HeDV
AalDV2
AalDV1
AaeDV1
AaeDV2
AgDV
CppDV

AalDV3

0.018
0.041
0.178
0.181
0.185
0.186
0.185

HeDV
0.002

0.036
0.173
0.179
0.183
0.185
0.183

AalDV2

0.003
0.003

0.173
0.183
0.187
0.186
0.185

The overall average is 0.127

PmoPDV1

0.004
0.004
0.005

AalDV1

0.007
0.007
0.007

0.097
0.111
0.110
0.110

AaeDV1
0.007
0.007
0.007
0.005

0.071
0.073
0.071

AaeDV2
0.007
0.007
0.007
0.006
0.004

0.039
0.039

AgDV
0.007
0.007
0.006
0.005
0.004
0.003

0.009

CppDV
0.007
0.006
0.006
0.005
0.004
0.003
0.001



DpDV/1-570
SfDV/1-559
CeDV/1-559
DppIDV/1-558
BmDV/1-558
PpDV/1-562
HaDV2/1-543
DsDV/1-478
JcDV/1-478
PiDV/1-478
GmDV/1-478
MIDV/1-478
HaDV1/1-478
CpDV/1-473

Conservation

Quality

Consensus

DpDV/1-570
SfDV/1-559
CeDV/1-559
DpplDV/1-558
BmDV/1-558
PpDV/1-562
HaDV2/1-543
DsDV/1-478
JcDV/1-478
PiDV/1-478
GmDV/1-478
MIDV/1-478
HaDV1/1-478
CpDV/1-473

Conservation

Quality

Consensus

DpDV/1-570
SfDV/1-559
CeDV/1-559
DpplDV/1-558
BmDV/1-558
PpDV/1-562
HaDV2/1-543
DsDV/1-478
JcDV/1-478
PiDV/1-478
GmDV/1-478
MIDV/1-478
HaDV1/1-478
CpDV/1-473

Conservation

Quality

Consensus

DpDV/1-570
SfDV/1-559
CeDV/1-559
DppIDV/1-558
BmDV/1-558
PpDV/1-562
HaDV2/1-543
DsDV/1-478
JcDV/1-478
PiDV/1-478
GmDV/1-478
MIDV/1-478
HaDV1/1-478
CpDV/1-473

Conservation

Quality

Consensus

DpDV/1-570
SfDV/1-559
CeDV/1-559
DpplDV/1-558
BmDV/1-558
PpDV/1-562
HaDV2/1-543
DsDV/1-478
JcDV/1-478
PiDV/1-478
GmDV/1-478
MIDV/1-478
HaDV1/1-478
CpDV/1-473

Conservation

Quality

Consensus

— = = e e = e e e e e e e

138
133
133
132
132
136
115
47
47
47
47
47
47
47

272
255
255
254
254
258
237
163
163
163
163
163
163
168

379
369
369
368
368
372
352
294
294
294
294
294
294
289

520
510
510
509
509
513
493
427
427
427
427
427
427
422
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MMMGGDPY TVRVKYQGDTHVTRTPVL ILTNNYVSFLQESAFKDR I KVYKWREAPFLKDVH
VKPYPMAFFD I LNKYN

Supplementary Figure 3.
Alignments of the fragments of NS1 proteins of 14 densovirus species built in Mafft v.7.
The following parameters were used: Iterative refinement method E-INS-i with BLOSUM62

scoring matrix, gap opening penalty — 1.53 and offset value — 0.0.
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>DsDV
IYEIPRPFTNFGKKLSTYTKSHKFMIFGLANNVIAE--TGT-TGNLHRLLTTCLAEIPWQ
KIPLYMNQSEFDLL---PPGSRIVECNVKVIFRSNRIAFETSSTATKQATLNQISNLQTA

VGLNKLGWG IDRSF-TAFQSDQPM----I1PTASAPPKYASVS-———————- GANGYRGMI
ADYYGADSNND IAFGNAGNYPH--—-- HQVGSFTFLONYYCMYIQ---—-——- TERGTGG
WPCLAEHFQQYDSKTVNNQCLLDVSYKPQMGMIKPPLNY--NI11GFPTNKGAISI--GEN
LTAMRSANVSGPEIATQ-—-——————- QVSETSNNRIHNFPATF--—-- FDIYADIEKSQ
RLNKGP--WGFEH--PQIQPSIHIGMQAVPALTTGALL---—=—=——- VNSSPLNSWTDS
MGYVDVIASCTVMESQPTHFPYATSANTNPG---————- NTVYRNNINVNSLTSA
>GmDV

VY I Il PRPFSNFGKKLSTYTKSHKFMIFGLANNV IGP--TGTGTTAVNRLLTTCLAEIPWQ
KLPLYMNQSEFDLL---PPGSRVVECNVKVIFRTNRIAFETSSTVTKQATLNQISNVQTA

IGLNKLGWG INRAF-TAFQSDQPM—--—-IPTATTAPKYEPVT-—-—————- GDTGYRGMI
ADYYGADSTNDTAFGNAGNYPH--——-— HQVSSFTFLOQNYYCMYQQ---———-- TNQGTGG
WPCLAEHLQQFDSKTVNNQCLIDVTYKPKMGL IKSPLNY--KI1I1GQPTVKGT ISV--GDN
LVNMRGAVVTNPPEATQ----—————- NVAESTHNLTRNFPADL----- FNTYSDIEKSQ
VLHKGP--WGHEN--PQIQPSVHIGIQAVPALTTGALL--—--————- INSSPLNSWTDS
MGY IDVMSSCTVMEAQPTHFPFSTEANTNPG-——-——-— NTIYRINLTPNSLTSA
>JchV

VYVIPRPFSNFGKKLSTYTKSHKFMIFGLANNVIGP--TGTGTTAVNRLITTCLAEIPWQ
KLPLYMNQSEFDLL---PPGSRVVECNVKVIFRTNRIAFETSSTATKQATLNQISNLQTA

VGLNKLGWG IDRSF-TAFQSDQPM—-—--I1PTATSAPKYEPIT--—=————- GTTGYRGMI
ADYYGADSTNDAAFGNAGNYPH----- HQVGSFTFIQNYYCMYQQ--—-———-- TNQGTGG
WPCLAEHLQQFDSKTVNNQCL IDVTYKPKMGL IKPPLNY--KI11GQPTAKGTISV--GDN
LVNMRGAVV INPPEATQ---——————- SVTESTHNLTRNFPANL---—- FN1YSDIEKSQ
I LHKGP--WGHEN--PQIQPSVHIGIQAVPALTTGALL-——-—————- VNSSPLNSWTDS
MGY IDVMSSCTVMESQPTHFPFSTDANTNPG---————- NTIYRINLTPNSLTSA
>MIDV

VYVIPRPFSNFGKKISTYTKSHKFMIFGLANNV IGP--AGTGTTAVNRLITTCLAEIPWQ
KLPLYMNQSEFDLL---PAGSRVVECNVKVIFRSNRIAFETSSTATKQATLNQISNLQTA

VGLNKLGWG IDRSF-TAFQSDQPM----1PTATAAPKYEPVT --—=———-- GNTGYRGMV
ADYYGADSTNDAAFGNAGNYPH-=—-- HQVGSFTFIQNYYCMYQQ-—-———-- TNQGTGG
WPCLAEHIQQFDSKTVNNQCL IDVTYKPKMGL IKPPLNY --K 1 1GQPTNKGTVSV--GDN
LVNMRGAVVTNPPEAVQ---—-——-—-—- NITETTHNLTRNFPANL----- FNTYSDIEKSQ
I LHKGP--WGHEN--PQIQPSVHIGIQAVPALTTGALL--—=—=———- VNSSALNSWTDS
MGY IDVMSSCTVMESQPTHFPFSTDANTNPG-—-—-—-- NTIYRINLTPNSLTSA
>HaDV1

VYVIPRPFSNFGKKLSTYTKSHKFMIFGLANNV IGP--AGTGTTAVNRLITTCLAEIPWQ
KLPLYMNQSEFNLL---PPGSRVVECNVKVIFRTNRIAFETNATTTKQATLNQISNLQTA

VGLNKLGWG IDRSF-TAFQSDQPM----I1PTATAPPKYQPLT-———————- GTNGYRGMI
ADYYGADSTNDVAFGKCLVIIHI -———1KLVPFTFIQNYFCMYQQ---———-- TNLGTGG
WPCLAEHVQQFDSKTVNNQCL IDVTYKPKMGL IKPPLNY--KVIGAPTVKGTI1SV--GDN
LVNMRGAVVVNPPETQQ--———————- TVTESTHTLTRNFPTDL----- FG1YSDIEKSQ
I LHKGP--WGHEN--PQIQPSVHVGIQAVPALTTGALL--—-—-—————- VNSSPLNSWTDS
MGY IDVMASCTVMESQPTHFPFSADANTNPG--—————- NTIYRINLVPNSLTSA
>PiDV

VYAIPRPFSNFGKKFSTYSKSHKFM I FGLANNV IAQ--TGT-TDNLNRLLTTCLAEVPWQ
KVPFYMNQSEFDLL---PNGSVMVECNVKVIFRSNRIAFETSATATKQATLNQISNVQTA



IGLNKLGWGLDRSF-TAFQTDQPM----1PTATAAPKYGAVT —=——=———- GTNGYRGMI
ADYYGADSTNDAAFGAAGNYPH-=—-- HQVGSFTFLONYHCMYVQ-—-———-- TNRGTGG
WPCLAEHIQQYDSKTVNNECL IDVSYKPLMGHLKLPLNY --KVVGWPTAKGV 1SV--GSN
LPNMRGAAITGP-EASQ----—-—-—- NVVESLNTSDRNF-GT I -—--- FDIYSDIEKSQ
VLHKGP--WGAEQ--PQIQPSVHIGIQAVPALTTGALL--—=—=———- VNSSPLNSWTDS
MGY IDVVATCTVMEQQPSAFPFATEATTNPG-—-———-- NTVYRIPLTPNTNNSA

>CpDV

EYHIERP ISLFGSKISTYRKVHKFMTEGFAPK I I ----TSD-SNSNSRWLTTYLAEVPWH
LPCFYLTPSEFNLM---P 1GSRVKDVSI1QV1YRGST IQFETASSATSLATLNQIND IAVA
TALNKTGYGSNVSF-TEFTAGKPM———— IPSKIAKPRYKPIP---—————— GK--YRGMV
ADFYGTNNNHP---SFASY IPK----- HHVGRQCN I YNYHALSDEAATDTDGATTNSWGG
WVCLAKH 1QQMDGKTCVNQVVLSSTYSPRMGMIKNPLKSFGRGLPQPNAGGTMT IVTQGN
LVAARSAHIMKDTAGSETTPG INGDRLQTSEVL INLSNDNDGTFPVVDDYDIYTP I1EKSQ
1 ARSGF--WGAQD--PH IMPSMH I GVQPVPALSSGAL | -————————- LEEGVFDNWTDT
RAYWEV IATMNVVEHTPTEFPYANVPNVPPGEVV I SLPSNE I PQNY I DPENDHAP

>DpDV

DIFAGAPQPNQNHEL - 1YGKSYHFTLTNGLPDFRHAT --TN-NAYSAQLRFKHIHGIPWE
RLLMYVSEGELLRLMRDYTALKVEEVVCEVYSLGVRLPFVTSATTSSVANANA----QYP
I1GC----FHFDNAYE1QYDATQ---VNDV INKALGAEWKNSTRPDTPVSTQWSETFPNIS
ASSTSRDISNPVIVNYPLPFGV-—--- TNVPKDVGIYDYVEIKNG-—-——--—- TTAYGKC
Wem e EKRFKPKNGIL--—=-—————————- YAESTLLTSGTNV
SIE-NPNVLMIPIPGLENGYFMNN--NK1FERDDAQLRTPPKAYSATKYNRNRGI INETD
VDYMGYHYFGEQKCAPQAMPKFMIGFVNIRNEDNSLLQAKWD IVVKTRIRLSGLQSTREW
ISRTETIPP-QWFTSQYSQFRFDNPFNFP-—--LLNTSNIVKVPTNRPGMFSPNTP

>STDV

DI1FAGAPQPNQHHKL-VYGKSYHFTVSNGLPDFRHFLNT IS-NNYSAQLRFKHIHGIPWE
RLLMYLSEGELLRLRRDYTAVKAEEVVCEVYSLGVRLPFVTSATTSSVANANA----QYP
I1GC----FHFDQAYET I'YDSNN---VADV INKALGAEWKNTTRPAQPVTTAWSETFPNIS
SSTTSRDINNPVIVQYPLPYGI----- NNAPKDVGIYDYVDIKNG----—--- TTAHGKC
W EKRFKPANGIL--———————————- YAESSLLTSSNNT
GVE-GPTNFMTPIPGLENGYFIGT--NQISERNDAQIRVPPKSYTATKYNATQAIVNEST
VDYMGYNYFGEQKCAPQAMPKLMIGFVNIRNEDNSLLSAKWDILIKTRIHLSGLQSTREW
VARTETIPP-QWFTSQYSQFRYENILT IP---LVRANDLSKLPTKRPGFISSNNP

>CeDV
DIYAGAPQPNQHHEF-VYGKSYHFTLTNGLPDFRHFINTIS-NNYSAQLRFKHIHGIPWE
RLLMYLSEGEYLRLMRDYTAVKVEEVVCEVYSLGVRLPFVTSATTSSVANANA----QYP
1GC----FHFDKAYETQYDVNNINDIND I INKALGSEWKNTTRPAQPVTTSWSETFPNIT
ASATSRDINNPVIVQYPLPYGI----- NNAPKDVGIYDYVDIKNG---———-- TTAYGKC
W EKRFKPKNGIL--—=————==————- YAESSLLTNGNTT
AVE-GPTNFMTPIPGLENGYFIGT--NQISERSDSQIRIPPKAYTATKYNTSDASRLEST
VDYNGFNFFGEQKCAPQAMPKFMIGFVNIRNEDNSLLTAKWD IMIKTRIHLSGLQSTREW
ISRTDTIPP-QWFTSQYTQFRYEDIFGVP---LVRANGMQTNPTHRPGMISNYNP

>Dpp DV

DIYAGAPQPNQHHEL-VYGKSYHFTLTNGLPDFRHAL-VQT-NHYVAEQRFKHIHGIPWE
RLLMY ISEGELVRLFRDYTAVKVEEVVCEVYSLGVRLPFVTSATTSSVANANA----QYP
1GC----FHFDKAYQTQYDSTN---VQD I INKALGSEWKNFNRPSQPVTTEWSENFPNIS
ASTTSRDINNPVIVVYPIPYGQ--—-- TNVPKDVGVYDYVDIKNG--——--—- TTAYGKC
W—eeoro-——eiiii i i i oo EKRFKPKNGIl-————————————— YAESTLLGASGTS



SPETAGYPFMTPIPGLENGYFMTA--NDITERNNAQIRP IPKALTATKNNITITKVFQAK
VDYMGYNYFGEQKTAPQAMPKFMIGFVNIRNEDNSLLTAKWD IMVKTRIRLSGLQATRDW
VARTETIPP-QWFTSQYTQFRYED IHAPP---MERSGGLTTVPSHRPLFALTYNP

>PpDV
DIFSGAPQPNQHHQL-1YGKSYHFTLTNGLPDYRHFV-ASG-NNY 1AQQRFKHIHGIPWE
RLLMYVSEGELARLFRDYTALKVEEVVCE1YSLGVRLPFVTSATTSSVANANA----QYP
I1GC----FHFDEAYETNYSPTN---VSD I INKALGAEWKNENRPAQIVTTNWSETFPNIT
ASATSRDISNPVIVDYPLPFLY =—--- NNTPKDVGIYDYVDIKNG—=———=—-- TTAYGKC
Wem e EKRFKPSNGIL---==—=—=————- YAESTLKGNVATS
EAA-TNSNVMTP IPGLENGYFINS--ANTAERNDNQTFVPPKAYSATKLNQTNTTQLAAY
VDYMGYNYFGEQKCAPQAMPKFMIGFVNIRNDDNSLLTAKWD ILIKTRIHLSGMQATREW
VARTERIPP-QWFTSQYTQFRYQNINLQG---LLRTGNTAKLPTKRPQMQSNVGI

>BmDV
DIFSGAPQPNQHHTL-VYGKSYHFTITNGLPEFRHLA-TTN-SGYYAQQRFKHIHGIPWE
RLLMYVSEGELLRMFRDYTSLKVEEVVCEVYSLGVRLPFVTSATTSSVANANA----QYP
IGC----FHFDEAYETNYGINN---VADI INKALGTEWKNATRPTAAVTTAWSEQFPNIS
ASSTSRDINNPVIVDYSLPYFE---——- NNVPKDVGIYDYVDIKNG---———-- TTAYGKC
Wemm e EKRFKPTNGLL--=-=-=——==————- YAESTLKGNVVTP
LAA-QPTNIMTPIPGLENGYFMSN--DQIRERRDLTTSVPPVALTATKLNQSASNNLNAF
VDYMGYNYFGEQKCAPQSMPKFMIGFVNIRNEDNSLLNAKWDILIKTRIRLTGLQSTREW
VARTDRIPP-QYFTSQYTQFRYPNINETP---LLRSLGTFKLPTKRPGMDSRIAA

>HabV2

DVYAGSCQNPNKH I K-TFKKSYHFT ISNKLPEWKRNVENGH-VEYLA--RYNSIHGIPWE
LVGMYLSEGE 1GQLFENYSLVRVEEVNCKVYSLGVRLPFVTGQSVTTVANANA----QYP
I AK----FNFDNDFFTSYEPEN---VYNVLEKCWGSEWKNMD----TTNTNWSTQFPNLT
ASTTSRDMNNP ILVHYPRYSWITSGTREQFPKDVGIYDYCSIKNG-===—-—~- STVFGLA
W EMTHRPKQGIL-—=—=————————- NAFTTPVITGQQF
VLNTNDAAEETP I SGERANF IVGT--EWYADRRNASLAVRDWCLGR---HVGNSSSRDLQ
VDNTGI'YAQGDEKVQSMAMPKFMIGFVNIRNQDDT I LEAKWD IMVECSIKILCIDNGQRG
FVTRDTRPV-PYLMNPFLGYKNNEIGTNA---LHPNINMKNVTYNKRSMTRRLNV

Supplementary Figure 4.

Alignments of fragments of capsid proteins of 14 densovirus species built in Mafft v.7.
The following parameters were used: Iterative refinement method G-INS-i with BLOSUMG62

scoring matrix, gap opening penalty — 1.53 and offset value — 0.0.
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121 AE-——--- DAEEIVQRFQDESSWCEICHTCPLENISVI

114 INYIKPFDAGDILNILOQDSYHWCEYCHI TPLERLIKI

2 1 == 0 '
----- 4 58" 444 6 54

DAEDI INR+ODGSSWCOICHTCPLENISVI

152
152
152
152
152
150



>GmDNV

MSHDMDTQ I TACGED INHTLATEELEHWDWSKQNRLPFQLYLAVMNLTEIPEWLDETMLI
ECVYYFKELINHRDPYDTDELNTWNANGKPFKTMWK ICKFCYNNCEDPDDYRFIYNRTVF
VE-——-- DVEEI I TRLQDSDSWCQLCHTCPLFNISAI

>MIDNV

MSHDMDTQI TACGED IDHTLAMEELVHWDWTKQNRLPFQLFLAVMHLNE IPEWLDETMLI
ESVYYFKELINYRDPYDSDEFNSWNLNGKPFKTMWK1CKFCYTNCEDPDEYRFIYNRTIF
VE-——-- DAED I INRFQDGSSWCQMCHTCPLFTVSVL

>HaDNV1

MSHDMDTQI IACGED IDHTLAMEELEHWDWTKQNRLPFQLFLAVMHLREIPEWLDETMLI
ENTYYFKELINYRDPYDSDEFNSWNANGKPFKTMWK1CKFCYTNCEDPDEYRFMYNRTVF
VE-——-- DAED I INRFQDGSSWCQICHTCPLFTVSVL

>JCcDNV

MQHDLDNQI TACGED IDHTLAMEELEHWDWTKQNRLPFQLYLAVMHLNEIPEWLDETMLI
ECVYYFKEL INHRDPYDTDEFNAWNMNGKPFKTMWK ICKFCYTNCEDPDEYRFMYNRTVF
VE-——-- DAEDI INRLQDGSSWCQICHTCPLFNISVI



>P1DNV

MQHDMDTQI TACGED IDHTLATEELEKWDWTQQKRLPFQLFLAAMHLKE IPDWLDETMLI
ESVYYFKELINYRDPYDTDEFNTWNMNGKPFKT IWK1CKFCYTNCEDPDEYRFMFENRTVF
AE-——-- DAEE1VQRFQDESSWCEICHTCPLFENISVI

>DsDNV

LONKIDKHILWCDED IENVLGAERLTKWNFNT 1QPLPVNVFLALQNLTE IPDWLDETMWV
Q-———-FKWIYNKSTTFEFDDFQEKFIEHKHYE---KICHNCFNRFLDHALQEMST 1EKT 1
INY1KPFDAGDILNILQDSYHWCEYCHITPLFRLIKI

Supplementary Figure 5.
Alignments of fragments of NS3 proteins of 6 densovirus species built in Mafft v.7.
The following parameters were used: Iterative refinement method G-INS-1 with BLOSUMG62 scoring matrix, gap

opening penalty — 1.53 and offset value — 0.0.



Supplementary Figure 6.

Alignments of DNA fragments corresponding to protein sequences used for phylogenetic
analysis.
A —NS1, VP, and NS3 of Ambidensovirus; B —NS1 and VP of Iteradensovirus.

A

NS1

>JcDV_(S47266)
tttcaatatatggcagaagaactggaaaaaatgggcagtgaattctttggatacgttact
gggcaaagtattaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctccgtgatcaatgtttggacgtcttgcgtgagtacggaagaagtagacgaaacgga
ctgttcggattttctgaagaaggagatcacatccacgtcatccacgattgctcttacacc
aatcgcagttgcagggacatctggattagtcaagtcaagcccttcggatctgttcagaaa
actggcaaaccagtcaaattcatctgggaattcaagcgaacagactggtacgatgtcttc
atctatttctttgtacgaaaacggggaga------------ gcgtgcaatatacgttaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatggaccagagagtttaaa
g---aaagagaaatggtatcaagctccgattgcacggattactatgagtgtgaacagcaa
gagcacaaaattagccgtagatcagatgctggcagttctaacggaagactttatgaaaag
aaagcctattcggcagggaaattcgcatacatacggaaaaagacaaaagcgttattaaga
aaatattatgtgtctccagtgagtgctatatgtgatgtgccagaatttcgtgatgatgat
ttgttatgtgatcctaaaaatcgtgattatatacaagcagcatgcgatgactttggtaag
gatttaaatgctatgtctttgagagaaatttataatttacttactgaagattataatttt
actgatgaacaagaacttaatccatatgctttgtttatttcttctatgaaatatgataat
cttgagaattctttgaatattattatagaattacttaaatttcaatgtaatgatgatgaa
gatttaattgtagagtttcttactaatttggtcaatgtattagaccgtcgtatacctaag
ttaaatgcttttcttattatatctcctccaagtgctggtaaaaatttcttttttgatatg
atctttggattattactatcttatggtcagttaggtcaagctaatagacataacttgttt
gcatttcaagaagcacctaataaacgtgtattattatggaatgaacctaactatgagagt
tctttaactgatacaattaaaatgatgtttggaggagatccttatactgttagagttaaa
aatcgtatggatgcacatgtaaaacgcactccagttataatacttactaataatactgta
ccttttatgtatgaaactgcttttagtgatagaattattcaatacaagtggaatgctgcg
ccattcttaaaggattatgaattgaaaccacatccaatgacatttttccttttattgagt
aaatataat

>PiDV_(JX645046)
tttcaatatatggcagaagaactggaaaaaatgggcagtgaattctttggatacgttact
gggcaaagtattaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctccgtgatcaatgtttggacgtcttgcgtgagtacggaagaagtagacgaaacgga
ctgttcggattttctgaagaaggagatcacatccacgtcatccacgattgctcttacacc
aatcggagttgcagggacatctggattagtcaagtcaagcccttcggatctgttcaaaaa
actggcaaaccagtcaagttcatctgggaatttaagcgaacagactggtacgatgtcttc
atctatttctttgtacgaaaacggggaga—----—---—--- gcgtgcaatattcgttaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatggaccagagagtttaaa
g---aaagagaaatggtatcaagctccgattgcacggattactatgagtgtgaacagcaa
gagcacaaaattagccgtagatcagatgctggcagttctaacggaagactttatgaaaag
aaagcctattcggcagggaaattcgcatacatacggaaaaagacaaaagcgttattaagg
aagtactatgtgtctccagtaagtgctatatgtgatgttccagagtttcgtgatgatgat
ttactatgtgatcctaaaaatcgtgattatatacaagctgcatgcgatgacttcggtaag
gatttgaatgctatgtcattaagagaaatttataacttacttactgaagactacaatttt
actgatgaaaaggaacttaatccatatgcactattcatttcatctatgaaatatgataat
cttgaaaattctttaaatattattgttgaattactaaaatatcaatgtaatgatgatgaa
gatttaattgtagaatttcttactaacttggttaatgttttagatcgtcgtattcccaaa
ttaaatgcttttcttattttgtctectecaagtgctggtaaaaatttcttttttgataty
atttttggattgttattatcttatggacagttaggtcaagctaatagacataacttgttt
gcttttcaagaagcacctaataaacgtgtgttattgtggaatgaacctaattatgaaagt
tcgttaacagacacaattaaaatgatgtttggaggagacccttacactgttagagttaag
aatcgtatggatgcacatgtaaaacgcactccagttattatactaactaacaatactgta
ccttttatgtatgaaactgcttttagtgatagaattattcaatataaatgggatgctgcg
ccattcctgaaggattatgaattgaaaccacatccaatgacatttttccttttattgagt
aaatacaat

>MIDV_(AY461507)
tttcaacatatggcagaagaattggaaaaaatgggcggtgaattctttggatacgttact
gggcaaagtattaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctccgtgatcaatgtttggacgtcctgcgtgagtacggaagaagtagacgaaacgga
ctgttcggattttctgaagaaggagatcacatccacgtcatccacgattgctcttacacc
aatcgcagttgcagggacatctggattagtcaagtcaagcccttcggatctgttcaaaaa
actggcaaaccagtcaaatacatctgggaattcaagcgaacagactggtacgatgtcttc
atctatttctttgtacgaaaacggggaga—----------- gcgtgcaatatacattaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatgggccagagagtttaaa
g---aaagagaagtggtatcaagctccgattgcacggattactatgagtgtgaacagcaa
gagcacaaaattagccgtagatcagatgctggcagtactaacggaagactttatgaaaag



aaagcctattcggcagggaaattcgcatacatacggcaaaagacaaaggcgttattaaga
aaatattatgtgtctccaataagtgctatttgtgatgtgccagagtttcgtgatgatgat
ttgttatgtgatcctaaaaatcgtgattatatacaagcagcatgtgatgactttggtaag
gatcttaatgctatgtctttacgtgaaatttatgatttattaactgaagattgtaatttt
actgatgaaaaagagcttaacccttatgctcaatttatttcttcaatgaaatatgataat
ttagaagggtctttaaatattattgatgaattacttaaatatcaatgtaatgatgatgaa
ggattaattgtagaatttcttactaacttggtcaatgtattagaccgtcgtgtacctaag
ttaaatgcttttcttgtaatgtctcctccaagcgctggtaaaaattttttctttgatatg
atttttggcttactattatcttatggacaacttggtcaagctaatagacataacttgttt
gcttttcaagaagctcctaataaacgtgtattattatggaatgaacctaattatgagagt
tcactaactgatacaattaaaatgatgtttggaggagacccatatactgttagagttaag
aatcgtatggatgcacatgtaaaacgcactccagttattatactaactaataatacagta
ccttttatgtatgaaactgcttttgctgatagaattattcagtataaatggaatgctgcg
ccattcctaaaggattatgaattgaaaccacatccaatgacatttttccttttattgagt
aaatataat

>GmDV_(L32896)
tttcaatatatggcagaagaattggaaaaaatgggcagtgaattctttagatacgttact
gggcaagatattaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctacgtaatcaatgtctggacatcttgcgtgagtacggaagaagtagacgaaacgga
ttgttcggattttctgaagaaggagatcacatccacgtcatccacgattgctcttacacc
aatcgcagttgcagggacatctggattagtcaagtcaagcccttcggatctgttcaaaaa
actggcaaaccagtcaaatatatctgggaattcaaacgaacagactggtacgatgtcttc
atctatttctttgtacgaaaacggggaga—----------- gcgtgcaatattcgttaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatgggccagagagtttaaa
g---aaagagaagtggtatcaagctccgattgcacgaattactatgagtgtgaacagcaa
gagcacaaaattagccgtagatcaaatgttagcagtactaacggaagactttatgaaaag
aaaacctattcggcagggaaattcgcatacatacggcaaaaaacaaaggcgttattaaga
aagtattatgtgtctcctatcagtgcaatttgtgatgtaccagagtttcgtgatgatgat
ttgttatgtgatcctaaaaatcgcgattacatacaagctgcatgcgatgactttggtaaa
gatctcaatgctatgtctttacgtgaaatttatgatttactaactgaagattataatttt
actgatgaaaaagaacttaatccatatgctcaatttatttcttcaatgaaatatgataat
ctagaaggatcattaaatattatagatgagttgcttaaatatcaatgtaatgatgatgaa
ggtttaatagtagaatttctcactaatttggtcaatgtattagaccgtcgtatacctaag
ttaaatgctttccttgtaatgtctcctccgagtgectggtaaaaatttcttttttgataty
atttttggattattattatcttatggacaacttggacaagctaatagacataacttattt
gcttttcaagaagctccgaataaacgtgtacttctatggaatgaaccaaactatgaaagt
tctttaactgatacaattaaaatgatgtttggaggagacccatatactgttagagttaag
aatcgtatggatgcacatgtaaaacgcactccagttattatacttactaataacactgta
ccttttatgtatgaaacagcttttgctgatagaattattcaatataaatggaatgctgcg
ccattcctaaaggaatacgaattgaaaccacatccaatgacattttttcttttattgagt
aaatataat

>DsDV_ (AF036333)
tttcaatacatggcagaggaattggaaaaaatgggcaatcaattctttggatacgttact
gggcaaagtgttaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctccgtgatcaatgtttggacgtcttgcgtgagtacggaagaagtagacgaaacgga
ttgttcggattttctgaagaaggagaccacatccacgtcatccacgattgctcttacacc
aatcggagttgcagggacatctggcttggtcaagtcaagcccttcggaactgttcagaaa
actggcaaacccgtcaaatatatctgggagtttaaacgaaccgactggtatgatgtcttc
atctatttctttatacgaaaacggggaga------------ gcgtgcaatatacattaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatgggccagagagtttaaa
g---aaagagaaatggtatcaagctccgattgcacggattactatgagtgtgaacaacaa
gagcacaaaattagccgtagatcagatgctggcagtactaacggaagactttatgaaaag
aaaacctactcggcagggaaattcgcttacatacggcaaaagacaaaagcgttattaaga
aaatattatgtgtctcctatcagtgctatatgtgatgtgcctgaatttcgtgatgatgat
ttattgtgtgatcctaaaaatcgtgattatatacaagcagcatgtgaagattttggtaaa
gatttaaatgctatgtcattacgtgaaatttacaatttacttactgaagattataatttt
actgatgataaagaacttaatccatatgctcaatttatttcatctatgaaatatgataat
ttggaaggctcattaaatatagttaatgaactattaaaatatcaatgtaatgatgatgaa
gatttaattgtagaattcttaactaaccttgttaatgtactagatagacgtatacctaag
ttaaatgcttttctaattatatctcctccaagtggtggtaaaaatttcttttttgataty
atttttggattgttattatcatatggtcaattgggacaagctaatagacataacttattt
gcttttcaagaagctccaaataaacgtgtactattatggaatgaacctaattatgaaagt
tccttaactgatactataaaaatgatgtttggaggagatccttatactgttagagttaaa
aatcgtatggatgcacatgtaaagcgtactcctgttattatacttactaataatactgta
ccttttatgtatgaacttgcttttagtgatagaataattcaatataaatggaatgctgcg
ccattcttaaaggattatgaattgaaaccacatccaatgacattttttcttttattaagt
aaatataac

>HaDV1_(JQ894784)
tttcaacatatggcagaagaattggaaaaaatgggcggtgaattctttggatacgttact
gggcaaagtattaaaccttccagcgcatatatcagcgatgtcattatcttacgagatatt
cagctccgtgatcaatgtttggacatcttgcgtgaatacggaagaagtagacgaaacgga
ctgttcggattttctgaagaaggagatcacatccacgtcatccacgattgctcttacacc
aatcgcagttgcagggacatctggcttagtcaagtcaagcccttcggaactgttcaaaaa
actggcaaaccagtcaaatacgtctgggagttcaaacgaacagactggtatgatgtcttc
atctatttctttgtacgaaaacggggaga------------ gcgtgcaatattcattaga
ggagaaagtgggaaaataccgagtaacgatgaatgtgtacgatggaccagagagtttaaa
g---agagagaagtggtatcaagctccgatagcacggattactatgagtgtgaacagcaa
gagcacaaaattagccgtagatcagatgctggcagtactaacggaagattttatgaaaag
aaaacctattcggcaggcaaattcgcatacatacggcaaaagacaaaggcgttattaaga
aaatactattgctcacctataattgctattcgtgatgttgatgaatttcgtgatgatgat



ttattgtgtgatcctaaaaatcgtgattatgttgaagcagcatgtgaagattttggtaaa
gatttaaatgatatgtctctacgtcaaatatataatttacttaccgaggattataacttt
acagatgaaaaagaacttaatccatatgctctttttatatcttctatgaaatatgataat
cttgaaaattctcttaatatcgttactgaattacttacttttcaatgtaatgatgatgaa
agcttaattgttgaatttttgacaaacttggtgaatgtattagatcgtaagaaacctaaa
cttaatacttttgttgtctattctectectactgctggtaaaaatttcttttttgataty
atatttggattttgtttatcatatggacaattaggacaagctaataaacaaaatttattt
gcttttcaagaagcacctaataaaagagttttgttatggaatgaacctaattacgaatca
agtttaactgatactgtaaagatgatgttaggaggagatccatatactgttagagttaag
aatagaggagatcaacatgtaaaacgaactcctgtaattgtattaactaataatattgta
cctttcatgtatgagatagcttttaacgagcgtattgttcaatataaatggaatgtagca
ccattcctaaaggattatgaattgaaaccacatccaatgacatttttccttttattgagt
aaatataat

>CpDV_(FJ810126)
tacgaagatttggcaaaagaaatcgaagaaatgggagatatcttcattcgatacgttact
ggaaaaaacatcaaaaatacctggagatatcttagcgacgtgtttttcccaagaggagag
tcaaatgctaatttcgctatggaaagattgcgtgaatatggcagatctagacgagacaga
atgtttggctttatcaatgaaggagatcacatccacatcatccacgattgtgcctattcc
ggaggacattgccgggacgtcttccgaaagcacttggaaccttatggatcatttggecca
gctaggccagaaaacaaaccaatctggaaattcaccaccacggactggtatgatgtcttc
cagtatttctttcttagaaaactcagaaatgggaacgacacaggcgaaatatacattgga
ggagaaagttggaaaaaaccgagtaacgatcaactggtacgatgggaaaaaaagcttgga
acttggcgaccgttggtacgacagcaagataatggggatcacctgctcgatcaacgatcc
ggtctcaaaagatctaatcgagaagttgctgggacacctttcgatgaagtttatggcaaa
aaaaccaaatcgtcaggaaaatatgcagctattaaacaggaaacgaaagcgttattatta
aaatattatccatgtccattaagcgctatacgcgatgtcagtgaatttagaaataacaat
ttattatcagatcctaaaaatcgtgaatatatagatgcagcttttgtagattttggtaaa
gatgttaatcaaatgactatacgacagatttatgagatattaaaaggtcatactgatcct
At attttatgcaggaatggaatatgctact
caggaagaatcgtttgctatattagaagactttttaaaatttcaatttgaggataacgac
gaaaaaatcactcaatttttagtagatttaattgatgtacttgataaacgagttccaaaa
caaaatgcttttgcagtaatttcgccacctagttcaggcaaaaattttttctttgacaty
attatggcaatttgtttaaactatggacaattaggacaagcaaacagacataatttgttt
gcatttcaagaagctcccaataaaagattattactttggaatgaaccaaactatgaaagc
gcaatgacagatacaataaaaatgatgatgggcggagatccatatactgtaagagtaaaa
tatcaaggagatacacatgtaaccagaactcccgtcttaatacttaccaataattatgtt
tcatttcttcaagaatctgcgtttaaagatagaattaaagtgtataaatggagagaagca
ccatttcttaaagatgttcatgtaaaaccttatcctatggctttctttgatatactaaat
aaatacaac

VP

>JcDV_(S47266)
gtttatgtaattcctcgtccattttcgaactttggtaaaaaattaagtacttatacaaag
tctcataaatttatgatatttggtcttgccaataatgttattggacctacaggtactggt
acaacagctgtaaatcgtttaattacaacttgtttggctgaaattccatggcagaaattg
cctttgtatatgaaccaatctgaatttgatttattacctcctggtagtagagtagttgaa
tgtaatgttaaagtaatattcagaactaatcgtattgcatttgagactagttcaactgct
actaaacaagctacattgaatcaaatatctaatttacaaactgctgttggattaaataaa
cttggatggggtattgatagatcatttactgcttttcaatcagatcaacctatgattccc
actgctactagtgcaccaaaatatgaacctataactggtacgactggttatagaggtatg
atagctgattattatggtgctgattctactaatgatgctgcatttggtaa--tgctggta
actatcctcatcatcaagttggtt-catttacttttattcaaaattattattgtatgtat
caacaa------------- accaatcaaggtact----------——- ggaggttggccatg
tttagctgaacatcttcaacaatttgattctaaaactgttaataatcaatgtttaattga
tgtaacttataaacctaaaatgggtttaattaaaccaccgttaaattataaaattattgg
tc—--—--—- aacctactgcaaaaggtactatatctgttg------ gtgataatttagttaa
catgcgaggagCt——————————————— o~ gttgtaataaatccacc
tgaagcaacacaatctgttactgaatcaactcataatttgactcgcaattttccagctaa
tttg——————————————- tttaatatttattctgacattgaaaaatctcaaattttaca
taaaggaccttggggacacgaaaatccacagatacaaccaagtgttcatattggtattca
agctgtaccagcattaactacaggagctttacttgtaaattcaagtcctttaaattcatg
gactgattctatgggttatattgatgttatgtctagttgtactgttatggaatctcagec
tacacactttccattttcgactgatgctaatactaaccctg-—---—————————————-
————— gtaataccatttatcgtattaatcttacaccgaactctcttactagtgct
SMIDV_(AY461507)
gtgtatgtaattcctagaccattttctaattttggtaaaaaaataagtacatatacaaag
tcccataaatttatgatatttggtttggctaataatgtaattggtcectgctggaactggt
actactgctgttaatcgtttaattactacatgtcttgctgaaataccatggcaaaagtta
cctttatatatgaatcaatcagagtttgacttattacctgctggttctagagttgtagag
tgtaatgttaaagttatatttcgttcaaaccgtattgcatttgagactagttcaacagct
actaaacaagctacattaaatcaaatatcgaatttgcaaactgctgttggtttaaataaa
cttggttggggaattgatagatcatttactgcttttcaatctgatcaacctatgattcct
actgctactgcagcacctaaatatgaacctgttactggtaatacaggatatagaggtatg
gttgctgattattatggtgcagattctactaatgatgctgcatttggaaa--tgctggaa
attatccacatcatcaagttggtt-catttacttttattcaaaattattattgtatgtac
caacaa------------- actaatcaaggaact----------—- ggtggttggccatg
tttagctgaacatattcaacagtttgattctaaaaccgttaataatcaatgtttgattga



tgtaacttacaaacctaaaatgggtttaattaaacctcctttaaattataaaattattgg
ac------ aaccaactaataagggtactgtatctgtag------ gcgataacttagtaaa
catgagaggagCa-————————————————————— gttgtaactaatcctcc
agaagcagtacaaaatataactgaaactacacataacttaactcgtaattttcctgctaa
tttg-—————————————- tttaacatttattctgatattgaaaagtctcaaatactaca
taaaggaccttggggacatgaaaatccacagattcaaccaagtgtccatattggtataca
agctgtacctgcattgactactggagcattgctigttaattctagtgctttaaaticttg
gacagattctatgggatatattgatgtaatgtctagttgtactgtaatggaatctcaacc
tacacactttccattctctactgatgctaataccaatcctg--—--——————————————
————— gtaatacaatttatcgtattaatcttacacctaactctcttaccagtgca
>GmDV_(L32896)
gtgtatataattcctagaccattttctaactttggtaaaaaattaagtacttatactaaa
tctcataaatttatgatattcggtttagcaaataatgtaataggtcctaccggaactggt
actactgctgtaaatcgattacttactacttgtttagctgaaataccatggcaaaaatta
ccattgtatatgaatcaatcagaatttgatttattacctcctggttcaagagttgttgag
tgtaatgttaaagttatttttcgtactaatcgcattgcatttgaaactagttctactgtt
actaaacaagctacactaaatcaaatatctaatgtgcaaaccgctattggtttaaataaa
ttaggttggggaattaacagagcgtttactgcttttcaatctgatcaacctatgattcca
actgcaactactgcacctaagtatgaaccagttactggtgatacaggatatagaggtatg
attgctgattattatggtgcagattctactaatgatactgcatttggaaa--tgctggaa
attatccacatcatcaagtaagtt-catttacatttcttcaaaattattattgtatgtat
caacaa----------—-—- actaatcaaggaact------------ ggtggttggccatg
tttggctgaacatcttcaacaatttgattctaaaactgttaataatcaatgcttgattga
tgttacttataaacctaaaatgggtttaattaaatctcctttaaattataaaattattgg
ac------ aaccaactgttaaaggcacgatatctgtag------ gtgataacttggtgaa
tatgagaggagCa-——-——————————————————————————— gttgtaactaatcctcc
agaagcaacacaaaatgtagctgaaagtacacataatttaactcgtaattttcctgctga
tttg-—————————————- tttaacatttattctgatattgaaaaatctcaagtattaca
taaaggaccttggggacatgaaaatccacaaattcaaccgagtgttcatattggtattca
agctgtaccagcattaactactggagcactgcttattaattctagtccgttaaattctty
gacagattctatgggatatatagatgtaatgtccagttgtactgtaatggaagctcaacc
tacacactttccattttctactgaagctaatactaatcctg--—--——-———-——————————
————— gtaatacaatttaccgtattaatcttacacctaattctcttactagtgcc
>HaDV1_(JQ894784)
gtttatgtaattcctagaccgttctctaactttggtaaaaaattaagtacttatactaaa
tctcataagtttatgatattcggtcttgctaataatgtaataggtccagccggtactggt
acaactgctgttaatcgtttaattacaacttgtcttgctgaaattccatggcaaaaatta
ccattgtacatgaatcaatctgaatttaatttattgcctcctggttcaagagtagttgaa
tgtaatgttaaagtcatatttcgaacaaatcgtattgcatttgaaacaaatgctaccact
actaaacaagctacactgaatcaaatttctaatttgcaaactgctgtaggtttaaataaa
cttggatggggtatagatagatcttttactgcttttcaatcagatcagcctatgatacct
actgcaactgctcctcctaaatatcaacctctaactggtactaatggttatagaggtatg
atagctgattattacggtgcagattctactaatgatgttgcatttggtaaatgcttggta
attatccacatcatcaagttggttccttttacatttattcaaaattatttttgtatgtac
cagcaa-------——-—-—- actaacttaggtaca------------ ggaggttggccgtg
tttagcagagcatgttcaacaatttgattcaaagactgttaataatcaatgtcttattga
tgtaacatataaacctaaaatgggtttaattaaacctccattgaattataaagttattgg
tg------ cacctactgttaaaggtactatatccgttg------ gagataatttagttaa
tatgagaggagca-——-——————————=—————— - gtagtagttaatccacc
agaaactcaacaaacagttacagaatcaacacatactttgactcgtaattttcctactga
ttta-—————————————- tttggtatatactctgacattgaaaaatctcaaattttaca
taaaggaccttggggacatgaaaatccacaaatacaaccaagtgttcatgttggtattca
agctgtacctgctcttactaccggagccttattggtcaattcaagtccattaaattcatg
gacagactctatgggttatattgatgtcatggctagctgtactgtaatggagtctcaacc
tacacactttccattctctgctgatgctaacactaatcccg-——-———————————————
————— gtaatacaatctatcgtattaatcttgtacccaactctcttacgagtgca
>DsDV_ (AF036333)
atttatgaaattccacgtccttttacaaactttggtaagaagttaagtacatatactaaa
tctcataaatttatgatttttggtcttgctaacaatgtaattgcagaaacaggtac---a
actggtaatttacatcgtttattaactacatgtttagctgagataccatggcaaaagata
ccattatatatgaatcaatctgaatttgacttattacctcctggttctagaattgttgaa
tgtaatgttaaagttatatttcgatctaatcgtatagcttttgaaactagttctacagct
actaagcaggctactttaaatcaaatatctaatttacaaactgctgttggattaaataaa
ttaggttggggaatcgatagatcttttactgcgttccaatcagatcaacctatgattcct
actgctagtgctcctccaaagtatgcatcagtatctggtgcaaatggttatagaggtatg
atagctgattattatggagcagactctaataatgatattgcttttggtaa--tgctggta
attatcctcaccatcaagttggtt-catttactttictacaaaattattactgtatgtat
atacaa------------- acagaaagaggtaca------------ ggtggttggccatg
tttagctgaacattttcaacaatatgattctaaaactgttaataatcaatgtttacttga
tgtatcatataaacctcaaatggggatgattaaaccaccattaaattataatataattgg
at------ ttccaactaataaaggtgctatatctatcg------ gagaaaatttaacagc
aatgagatctgCcC-——————————————— - aatgtttctggtccaga
aattgctactcaacaagtttctgaaactagtaataatagaattcataattttcctgcaac
attt-—————————————- tttgacatatatgctgatattgaaaaatctcaaagattaaa
taaaggaccatggggatttgaacatcctcaaattcaacctagtattcacattggtatgca
agctgttccagcgttaactactggtgctttattagttaattcaagtccgttaaattcttyg
gacagattctatgggttatgtagatgttattgctagttgtactgtaatggaatcacaacc
aactcactttccctatgctactagtgctaatactaatcctg-——————————————————
————— gtaatacagtatatcgaaataatattaatgtaaatagtttaactagtgca
>PiDV_(JX645046)



gtttatgctatacctcgacctttctctaattttggtaaaaagttcagtacttattctaaa
agtcacaagtttatgatctttggtcttgcaaataatgttattgctcaaactggtac-—-t
actgataatttaaatagattattaactacttgtttagctgaagtaccatggcaaaaagta
ccgttttatatgaaccagtcagaattcgatttgttacctaatgggtctgttatggtagaa
tgtaacgttaaagttattttccgatctaatagaattgcttttgagactagtgcaactgct
actaaacaagctactttgaatcaaatatcaaatgttcaaactgcaataggtttaaataaa
cttggatggggattagatcgttcttttactgcttttcaaactgatcaaccaatgatacct
actgcaactgctgctcctaaatatggtgcagtaactggtacaaatggatatagaggcatg
attgctgattattatggtgcagattcaactaacgatgctgcatttggtgc--tgcaggaa
attatcctcaccatcaagttggtt-cttttacatttttgcaaaactatcactgtatgtac
gttcaa-------————-—- acaaatagaggaact-----------—- ggaggttggccttg
tttagctgaacatattcaacaatatgattctaaaactgttaataatgaatgtttaattga
tgtatcatataaaccattgatgggccatttaaaattaccactaaattataaagtagttgg
tt————-—- ggccaactgctaaaggagtaatatctgtcg-----—- gaagtaatttacctaa
tatgagaggtgca-————-——-—-————————————~————————_ gctataaccggacct--
-gaagcaagtcaaaacgtagttgaaagtcttaatacttctgatcgtaactttggaacta-
——ta-—————————————— tttgatatctattctgatattgaaaagtctcaagttttaca
taaaggtccatggggtgcagagcaacctcaaattcaaccaagtgttcatattggtataca
ggctgttcctgctctaactactggtgcattactagttaattcaagtcctttgaattctty
gacagattctatgggatatatcgatgtagttgctacttgtacagttatggaacaacagcc
ctcagcatttccgtttgcaacagaagctaccactaatcctg-—-—————————-———————
————— gtaatactgtatatcgtattcctcttactccaaatactaataattctgct
>CpDV_(FJ810126)
gaatatcatattgaacgtccaatttcactttttggttctaaaattagtacatatcgtaaa
gttcataaatttatgactttcggatttgctccaaaaataataacatcagattccaatagt
aattcaa--------—- gatggttgacaacttatctggcagaagttccatggcatttacca
tgtttttatttaactccgtccgagtttaatctgatgccaattggatcaagagtaaaggat
gtatctattcaggttatttatagagggtcaactattcaattcgaaacagcatcatctgct
acatcgctagctactcttaatcagattaatgatatagctgttgctacagctttgaataag
acagggtatggatctaatgtttcctttactgaatttactgctggtaaacctatgattcct
agtaaaattgcaaagccgagatataaaccaattccagg------ aaaatatagaggaatg
gtagcagatttttacggaacgaataataatcat--------- cctagttt--tgcttcat
atattccaaaacatcatgttggta-ggcagtgtaatatatataattatcac-gcacttag
tgatgaagcggcaactgacacagacggtgctacaactaattcctggggaggttgggtatg
cttagccaaacatatacaacagatggatggaaaaacttgtgttaatcaagtagttttatc
ttcgacttattctcctagaatgggaatgattaaaaatccactaaaatcttttggacgtgg
tttgccacagccaaatgcaggtggtactatgactattgtaacccaaggaaatcttgtage
tgctagaagtgcacacattatgaaagacactgctggatctgaaactacgcccggtattaa
tggcgatagattgcaaacttctgaagttcttattaatttaagcaatgataatgatggcac
gtttccagtagtagatgattatgacatatatactcctattgaaaagtctcaaattgcacg
cagtggattttggggagcacaagatcctcatattatgccatctatgcatattggtgtaca
accagtaccagctttgtctagtggagcattgatcttagaagaaggagtatttgataattg
gacagacacaagagcttattgggaagtaattgctacaatgaatgtcgttgaacatactcc
aacagaatttccttatgctaatgtacccaatgttcctccaggagaagttgttatttcact
accaagtaatgaaattcctcaaaattatattgatcccgagaacgaccatgcccca

NS3

>JcDV_(S47266)
atgcagcatgatctagataatcagattattgcttgtggagaagacatagatcatacttta
gctatggaagaattagaacactgggattggacaaaacaaaacagattacctttccagtta
tatttagctgttatgcatttaaatgaaatacctgaatggttagatgaaactatgctgata
gaatgtgtgtattattttaaagaattaattaaccatagagacccttatgatactgatgaa
tttaatgcatggaatatgaatggaaagccct-ttaaaactatgtgga-aaatttgtaaat
tttgttatactaattgtgaagatccagatgaatacagatttatgtataatagaactgtgt
tcgtagaagatgctgaagatattataaatagattacaagatggtagtagttggtgtcaaa
tatgtcatacttgtccattgtttaatatatctgtaatt

>HaDV1_(JQ894784)
atgtctcatgatatggatactcagataattgcttgtggtgaagatattgatcatacactt
gcaatggaagaattagaacactgggattggacaaagcaaaatagattaccttttcagtta
tttctagctgttatgcatttaagagaaatacctgaatggttagatgaaactatgcttata
gaaaatacatattattttaaagaattaattaactacagagatccctatgatagtgatgaa
tttaattcatggaatgcaaatggaaaaccat-tcaaaactatgtgga-aaatatgtaaat
tttgttatactaattgtgaagatccagatgagtacagatttatgtataacagaactgtat
ttgtggaggatgctgaagatattataaatagatttcaagatggtagtagttggtgtcaaa
tatgtcatacttgtccattattcactgtatctgtt-tt

>MIDV_(AY461507)
atgtctcatgatatggatactcagataattgcttgtggtgaagatattgaccatacactc
gcaatggaagaattagtacactgggattggacaaagcaaaatagattacctttccaattg
ttcttagctgtcatgcatttaaatgaaatacctgaatggttagatgaaactatgcttata
gaaagtgtatattattttaaagaattaattaactacagagatccttatgatagcgatgaa
tttaattcatggaatttaaatggaaaacctt-tcaaaactatgtgga-aaatatgtaaat
tttgttataccaattgtgaagatccagatgaatatagatttatatataatagaactatat
ttgtggaagatgctgaagacattataaacaggtttcaagatggtagtagttggtgtcaga
tgtgtcatacctgtccattattcactgtatctgtttta

>GmDV_(L32896)
atgtcccacgatatggatactcagataattgcatgtggtgaagatattaatcatacatta
gcaatagaagagttagaacattgggattggtctaaacaaaacagattaccattccaatta



tatttggctgttatgaacttaacagaaatacctgaatggttagatgaaactatgttaatt
gaatgtgtatattattttaaagaactaataaatcatagagatccttacgatactgatgaa
ctcaatacctggaatgctaatggaaaacctt-ttaaaactatgtgga-aaatttgtaaat
tttgttacaacaattgtgaagatcctgacgactatagattcatatacaatagaacagtgt
ttgttgaagacgttgaagaaattataactagattacaagatagtgatagttggtgtcagt
tatgtcacacatgtccattatttaatatatcagcaata

>PiDV_(JX645046)
atgcaacatgacatggacactcagattatagcttgtggagaagatatagatcatacttta
gctatagaagagttagaaaaatgggattggacccaacaaaaacgactaccatttcagttg
tttttagctgccatgcatttaaaagaaataccagattggttagatgaaacaatgttaatt
gaaagtgtatattattttaaagaattaattaattatagagacccttacgatactgatgaa
tttaatacttggaatatgaatggaaagcctt-ttaaaactatatgga-aaatatgtaaat
tctgttataccaattgtgaagatcctgatgaatatagattcatgtttaaccgcactgtat
ttgctgaagatgctgaggaaattgttcagagatttcaagatgaaagtagttggtgtgaaa
tatgtcatacatgtccattgtttaatatatctg---tg

>DsDV_(AF036333)
ctacaaaataaaatagataagcatatattatggtgtgatgaagatatagaaaatgtactt
ggtgccgaaagattaactaaatggaattttaatattattcaaccattaccagtaaatgtg
tttttggctttacaaaatttaacagaaataccagattggttagatgaaactatgtgggtg
caatttaaatggatatataataaatctactacttttgaatttgatgattttcaagaaaag
tttattgaacataaacattatgaaaagatatgtcataattgttttaatagatttcttgat
catgcattacaagaaatgagtactatcgaaaaaacaattattaattatataaagccattt
———————— gacgcaggagatatattaaatatattacaagattcatatcactggtgtgaat
Attgccatattactccattatttcgattaattaaaata

B

NS1

>SFDV_(JX020762)

---tttcgagcggtggaacgaagaatgggaatcc—-—-—- tcgcagatcaattatgtcga
gcttttgagaataatacagttaatgcacgaagaattttacacgactccattgagcttcga
—————— agaaaccaaaattttcgtgaaatggtttttgggatcaggaaagtccttgataaa
agaggttcgtacgctatatggttccatga—----------—--- aacagacaaaggaacg
gaaga------ ttacccagaagacatctgtagaggatacccaccagactacgactttgga
gtcatatcaactggattcagactcagcggaaagccagcaatcgagccagtcggaagagga
ggaagaggaggaag---ggatgaacctgaccccaga------ atcaaattcaagacatac
aaatactacccaga--------- aacgaaagtctaccacgacacacaaaggcaaatttac
gaagaagaagct--------- tttgacgaaccaaccgaaggccatttccacatacttcac
gcctgccaatggtacaacaatgaatgtagatgcctcgggaggagectttgacgtcaatcca
aggaagagtaaggcaatccctatcgacccggttgacacggaacacattcgcaacatcatg
ttctataacacaaaatggcccagatggcctgtgtacatcaaagtggccgacggacccgaa
ttcgaatatgtttatagaactgaatctatttccaaagagtcaatacaacccgagcgacag
tcgcaacaattggaagagggcaacaatcagaatgaaagtggaccttccggacgacagcecg
tcaagcgtaccaaataaaagagataatagatgcacagatgtcccgcatggaaaatcatcc
cgaaacggaaacc---cagtcgaaaaattcgtggaacaattcaaactccggccaacatgg
cccctggaacacattttagatacaaaagattggctagaaagtgaatggggtacatatata
gctagtgataaacaaatacaacgaacattccaaatattaatgaaaattacaatgaatatg
acttacagtgaactaaaaatgctttatcaaaatgaacatacaatgccaatatggggtgct
ataagtagtaaagatttaatgaatacttactattcaatagatgaatcccaacttattgtt
gaagagctcctagattttcaactaaataatgatcaattggaatattttgaa—----- aat
ctcgaggaagctaaaagaaaattcattacagatttatatgaaattttggaaaaaaaacat
caaaaaacaaatacatttcaaatagtaagtcctcctagtgctggtaaaaactttttcatt
gaaacagtactagctttttactggaatacaggagttattcaaaatttcaatcgctataat
aatttcccgttaatggaagctgtaaatagaagagtaaattattgggatgaacccaatttt
gaaccggatgctgttgaaacactaaagaaattatttgctggaacggcacttaaagcaaca
gttaaatttcaaaaagaagctaatgttcaaaaaacacctgtaattataacggctaattat
gataaatttacaaaaga---agtatgggatgatcgtataataaaatattattggtatcct
tgtcctaaattaaaagaatataataaacgtttacatccttttgtatggtgttatctagtt
gataagtatgtt

>CeDV_(AF375296)

---tttcgagcggtggaacgaagaatgggaatcc-—----— tcgcagatcagttatgcaga
gcttttgagaataatacaagtaatgcaagaagaattctacacgactccattgagcttaga
—————— agaaaccaaaactttcgtaaaatggtttttgacatcaggaaagtacttgataaa
agaggttcgtacgctatatggttccatga-----------—-—- aacaaacaaaggaacg
gaaga------ ttacccagaagacatctgtagaggatatcccccagactacgactttgga
gtcatatcaactggattcagactcagcggaaagccagcaattgagccaatcggaagagga
ggaagaggaggaag---agatccccctgacccaaga------ atcaaattcaaaacatac
aaatactacccgga--------- aacgaaaatctaccatgatgtctacagggaaatttat
gaagaagaagct--------- tttgatgaaccaaccgaaggccatttccacatacttcac
gcctgccaatggtacaacaatgaatgcaggtgcctcggaaggagctttgatgtcaatceca
aggaagaataaggcaatccctatcgacccggttgacacggaacacatacgcaacatcatg
ttctataacacaaaatggcccagatggcctgtgtacatcaaagtggccgacggacccgaa
ttcgaatatgtttatagaactgaatctatttcaaaagaatcaatacaacccgagcgacag
tcgcaacaattggaagagagcaacaatcaggatgaaagtggaccttccggacgacagecg



acaagcctaccaaataaaagagataataaatgcacaaatgtcccgcatggaaaatcatcc
cgaaacggaaacc---cagtcgaaaagttcgtggaacaattcaaactcaggccaacatgg
cccttggaacacatattagacactaaagattggcttgaaagtgaatggggcacgtacata
gcaagtgacaaacaaatacaacgaaccttccaaatacttatgaaaataacaatgaatatg
acctacagcgaactaaaaatgctctaccaaaatgaacatacaatgcctatatggggagct
ataagtagtaaagacttattaaatacttattatacactggacgaatcacaagaaatagtt
gaagaattattagactatcaaatgaacaatgatcaattggaatactttgac------ aac
atagaagaagcgaaacgaaaattcattactgatctttatgaaatcctagaaaaaaaacat
cagaaaacaaacacttttcagatagtcagtccacctagtgctggaaagaattttttcata
gaaactgtattagcattttattggaacactggagtcatacaaaactttaatcgctacaat
aatttcccattaatggaagctgtgaatagaagagtaaactattgggatgaaccaaacttt
gaaccagatgcaacagaaacattaaagaaactatttgcaggtacagcactcaaggcaaca
gtcaaattccaaaaagaagccaacgttcaaaaaacacctgtaataataacagcaaatcac
gacaagttcacaaaaga---agtatgggatgatcgtattataaaatattattggtatcaa
tgtcctaaattaaaacaatataataagcgtttacatccttttgtatggtgctatctagtt
gataagtatgta

>DppIDV_(KF96325)

ttctttcgagcggtggaacgaagaatgggaatcc—-—--- tcgcagatcagttatgtaga
gcttctgaggataatacagttaatgcaagaagaattctacacgactccattgagctccga
—————— agaaaccaaaactttcgtgaaatggtttttggcatcaggaaagtccttgataaa
agaggttcgtacgctatatggttccatga----—--—-—-—-—-—-—- aacagacaaaggaacg
gaaga------ ctacccagaagacatctgtagaggataccccccagactacgactttgga
gtcatatcaactggattccgatacagcggaaagccagcaatcgagccaatcggaagagga
g---agcgaggaag---agattcccctgacccaaga------ atcaaattcaagatatac
aagtactacccaga--------- aacgaaaatctaccacgacacacaaagggaaatttac
caagaagaagat--------- tttgacgaaccaaccgaaggccatttccacatacttcac
gcatgccaatggtacaacaatgaatgcagatgccttgggaggagctttgacgtcaatcca
aggaagaataaggcaatccctatcgacccggttgacactgaacacatacgcaacatcatg
ttctataacacaaaatggcccagatggcctgtgtacatcaaagtggccgacggacccgaa
ttcgaatatgtttatagaactgaatctatttccaaagaatcaatacaacccgagcgacag
tcgcaacaattggaagagagcaacgatcaggatgaaagtggaccttccggacgacagccy
cccagcttaccaactaaaagagataatagatgcacagatgtcccgcatggaaaatcatcc
agaaacggaaacc---cagtcgaaaagttcgtggaacaattcaaactcaggccaacatgg
cccctggaacacatactagacacaaaggattggctagaaagtgaatggggtacgtacata
gcaagtgacaaacaaatacaaagaacattccaaatacttatgaaaataacaatgaatatg
acctatgatgaactaaaaatgctataccaaaatgaacacactatgcctatatggggcgct
ataagtagtaaagatttactaaatacttactacacattggatgaaccccaggatattgta
gaggaattactagacttccaaatgcataatgatcagttggagtattttgac------ agc
ctggaagatgcaaaacgtaagtttattacagacctttatgaaatactggaaaagaaacac
cagaaaacaaatacattccaaatagttagtcctcctagtgctggtaagaacttttttata
gaaacagtacttgccttttactggaatacaggagtcatacaaaactttaatcggtataac
aactttcctttaatggaagctgtaaataggagagtgaattactgggatgaaccaaacttc
gaaccagatgccacagaaacactaaagaagctatttgcgggcacagcacttaaagctaca
gtcaagttccaaaaggaagccaacgttcagaagacacctgttataattacggcaaattat
gacaagttcactaaaga---agtgtgggatgatcgtataattaaatattattggtaccct
tgtcctaaacttaaacaatataataagcgtttacatccttttgtttggtgttatctagtt
gataaatatgta

>BmDV_(AY033435)

---tttcgagcggtggaacgcagaatgggaatcc------ tcgcagatcagttatgcaga
gcttttgagaataatacagttaatgcaagaagaattttacacgactccattgagtttaga
—————— ccaggccacagatttcgtgaaatggtttacaaaatcaggagagctcttgatage
agaggttcgtacgctatttggttccatga---------—-—--—- aacaaataaaggaacg
gaaga------ ctacccagaagacattagtagaggatacccacccgactacgatttcgga
gtcataccgactagataccgatactgcggaaagccagcaatcgagccaatcagaatcaga
gagggaggagga------ gaatcgcaggaaccgacc------ atcgagttcaagacatat
aaatactactcgga--------- aaagaaagtctatcacaacatcgaagggcgtgcttac
gaagaaaaaaag--------- tttgaagaaccaacccagggccatttccacatacttcac
gcctgcagatggtacaataatgaatgcaggtgcctcgggaggagctttgacgtcaatcca
aggaagaataaggcaatccctatcgacccggtcgacacggaacatatacgcaacattgtyg
ttctataacacaaaatggccccgatggcctgtgcacatcaaagtggccgacggacccgaa
ttcgaatatgtttatagaactgaatctgtttgcaaagaatcaatacaacccaagcgacac
tcgcaacaactggaagagagcaacgatcaggatgaaagtggaccttccggacaacagtcg
tcacgcctaccaactaaaagagataatagatgcgcagatgtcccgcatggaagatcatcc
agaaacggaaacc---cagtcgaaaagttcgtggagcaattcaaactcaggccaacatgg
cccttggaacacatattagacaccaaggattggcttgaaagtgaatggggtacatatata
gctagtgacaaacaaatacagcgaacatttcaaatacttatgaaaataactatgaatatg
acctacagtgatttaaaaatgctctatcagaatgaacacactatgcctatttggggagca
ataagtagtaatgacttattaaacacgtattataccatagaagagtcacagcaaattgta
gaagaactactcgacttccaaatgcataatgatcaactagagtattttgac------ agc
atagaggatgcaaaaaaaaggtttataacagacctatatgagattttagagaagaagcat
caaaaaacaaacacattccaaatagtaagtccacctagcgcaggaaaaaacttttttata
gaaacagtacttgcattttattggaacactggggtcattcaaaattttaaccgatacaac
aatttcccgttaatggaagctgttaatagaagagtaaactattgggatgaaccaaacttt
gaaccagatgctacagaaacgcttaaaaaattattcgctggaacagccctgaaggccaca
gttaaatttcagaaggaagctaatgttcaaaaaacccctgttattattacagcaaactac
gacaaattcactaaaga---agtatgggacgatcgtatcattaaatattattggtatcct
tgtcctaaattaaaagaatataataagcgattacatccatttgcgtgggtttatctagtt
gataagtatgta

>PpDV_(JX110122)

---tttgcagcggtggaacgaagaatgggaatcc------ ttgccactcagttatgcgaa



tcttataaaattaatagtacaaacgcaagaagaattctacacgactccatcgaataccga
—————— ggaaataaagcatttcgtgaagtggtttttaacctcaggaaagtgcttgacaaa
agaggttcgtacgctatttggttccatga—----——-—--—-—- aacagacaaataccaa
gaaga------ ctatccagaagacatctgtagaggatacccgcccgactacgatttcgga
gtcatctcaacaggattcagatacacaggaaagccagttgtcgaaccactcccacgaaca
agagatagaacagagccaataccacatggatcaagagacacagatgcattcagggtatac
aagtactacccaga--------- aacgaaagtcttccacgaccctgaaaggtcaatttac
gaagaagaagat--------- tttgaagaaccaaccgagggccatttccacatattacac
gcctgecagtggtacaacaatgaatgcaggtgcectcggaaggagetttgatgtcaatceca
aggaagaataaggcaatccctatcgcaccgcttgacgaggaacacatccgcaacattatg
ttgtataacacaaagtggcccagatggcctgtgtacatcaaagtggccaacggacccgaa
tacgaatatgtttatagaactgaatctatatccaaagaatcagtacaacccgagcgacag
tcgcaacaactggaagagagcaactatcagaatgaaagtggaccttccgggcaacagcecg
tcacgcttaccaaataaaagagataatagatgctcagatgtcccgcatggaaaatcatcc
agaaacggaaaca---cagtcgaaaaattcgtggaacaattcaaactcaggccaacatgg
cccttggaacacatattagacacaaaagattggctagaaagtgaatggtgtacatatatt
gcaggtgacaaacaaatacaacgcacatttcagatacttatgaaaataactatgaatatg
acttttgaagaattaagaatgctttaccaaaatgaaaatacaatgcccatatggggtgct
acaggtagcaaagatttgttaaaaacttacttttcactcgatgaatctgaaacaatagtg
gaagaattattggattaccaattaacaaatgatcgtctcgaatattttgat-----—- gat
ttatttgatgcaaagagacgattcattactgatctatatgaaatattagaaaaaaaacac
caaaaaacgaacacatttcagattgtaagtcctccgagtgctggtaaaaactttttcata
gaaactgttttagcattttattggaatactggtgttattcaaaatttcaatcggtatcac
agttttcctcttatggaagctgtcaatagaagagtaaattattgggatgaaccaaacttt
gaacctgatgcaactgaaacgttgaaaaaattatttgctggcacagcattaaaagcatct
gtcaagttccaaaaggaggctaatgttcaaaaaactccagttataatcactgcaaataga
gacaaatttacgtcaga---agtatgggacgatcgtattattaaatacgaatggtatcag
tgtccaatgttaaaaaaatacacaaagcgtttacatccttttgtatggtgttatctagtt
gataagtatgta

>DpDV_ (AY665654)

---tatcaatgtgttaaaagaagaatggaacgac------ tcggagctgacttatatgaa
acttttagaaacaatagccgagggacccgacgcatacttcacgatagcattgaatacgaa
gaatcaagacatggatgctttaatacaatggtggaaaaactcatcgaacgccttgacaaa
ggaaatggatgcgctattttcttccatga—-—--—-—-—--—-—- atcgcctgaccaaaaa
ggcgaatggccatacccagaaaacatctcaagaggatactacccagatttcgacttctgt
gtcttcaaaaacgacgaagtgtggaacggaaagcttgcccaagaacccacggaagaggat
agcagtgacggaag---agagttcggaggacgaaga---tggctcgacctcgaagaatac
acctactttcatgactccaaaatcaaaaaagtcaacgaagttggaaaaagctggecgttc
gaaaggtcagaccttactccctttccagtaccagtcaaagggcacttccacgtcttacat
gcctgtacttggtacaaccaagaatgtcggtgcctctcaaggcattttgacgtcaatcecg
agaaagaacaatgctctgcgaagcgaatgcattagcgcagaacatattagaaacatcctg
ctctataacacaaaatggccgagatgggcaatttacattaaagtgtccaacgaagaaaaa
ttccgatttgtttatagaactgaatctgtacgagaagaagaactacgacccatcgaaca-
--aaatgaactggaagggagctctagtccgcttgaaattcgacgtaaaagagaccgagag
ggaagctcagatggtgaacatgattgtggacgcccaaactacaagaattcaagatcatcc
caaaagggagaca---gtgtacaaaagatcatccgatttatacaacaaaaaccaacatgg
ccattagaacatgtgtttcaaacaaaggaatggcttgatggtcctttcggtacatgggtt
agcagtgataaaacagtgaaacgcgctattgaaatattttctttgcaaactatgcattat
acttatacacaatttgtagattactatagaagcctagaatgtaatcctatatgggctgct
cctagttttaatgggtttacggattattaccacacactagacgaatctattgacattata
gaacgtttactaaactaccaat------ gtgaacaagacgaatacctttctgaaatgtct
caaaacgatgctaaaaaagtatttatcaacgatttatgggatattttggaaaaaaaacgt
cctaaacaaaatacctttcaaattataggtgagcctagtgctggtaaaaattattttata
gacgctatattgtccttttatttgaatactggaattatattaaactttaatagatttagt
caatttccacttatggaagctgttaatagacgtgtaaatgtatggaatgaacctaatttt
gaacctgcagctttagacaccataaaaatgttgttagctggtgatcctttaaaagtaaat
gtaaaatatcaaaaagaacaatatttgcaaaaaactcctataattgtaatgacaaacaaa
cctgtatttccaaacgatttagcttttcatgatcgtgtatgtacctatttttggaaacga
gcgccatttttaaaagaatatcatgccaaattgcaccctatgatatggtcataccttgta
aatacatatgta

>HaDV2_(HQ613271)

—————— tatgcaagtatacaaagagagtggacccttagtgtcagtgaaagattgtttaga
tattttacagaaggggaccacggagctcgacgacttctacatgactctgtctatttcaag
—————— aatcaaagagaatttgtcgaattccataagagaattctatcagtcttacaaaac
actgatggatggatcgttgcagtccatgacgaatcatctacagcatcttataagcttaag
ttctcaggatggcagtctgaaggaaagccatggggactattaccaaagccagecctcaga
a----aagaagacacacacgatgaagcaggacgacgacacatcatc-------—----——-

----------------------- agacagaatcatctgggacgtcggaaccctcgaagaa
gaaacagaagtt--------- atcccaatcccgaaatacggacatttccacatacttcac
ccttgcagatggtacaactccaattgcaggcacctcgggaaacatctcgacgtggctaaa
cgatatcggcaaatcagaactatgggcgccctcagtgaatcccacgtcaggaatacactce
atctatctgcagacgaacggcaaatggctcctcgactacaaaagtcccagtggacaagaa
ttcggatttgtatatagagctcaatgtctacaatctaagagagtatgcagtggagaagaa
gagcgaaaggtggaagacagcactggtgagaatgaagtttacggagagggagaactcgece
gatagccaagggaatcatgcaacttgtaaaagacgtaaacgtgagactgcaggaacatcc
ggagagagaaacatatcaacggaaaacttattagaacacatcaccagcatagtgtgctac
cccatggatcatgtgttccaaacgagagattggtataccggtaaatataagtacttgata
tcttccgataaacttgtaaagcgatgctatagtatcctccaaaaacaattaatgaattgg
tcttataacgattttttaaatcactatagaaaagatgatacaaaattaatatttggtgca



ccttctttggatacctttaatgattattacatgtctctggaggattctatagatgctata
gaagaactgttggattttcaattgtcaaaca---tatctgaattctcagac---ttgaat
gttactgataagaaaagagaatttgtgacggatttatgggatgtattagaaaaaaaggtt
ccaaagaaaaatacattccaaataattagccctccttctgccggtaaaaactttttatta
gatgctatatttgcattctattggaacgttggtatgattaggaactttaacaagtatgaa
tcttttcctttaatggaagcggtagacaagagagttaattgttggaatgaaccaaacttt
gaaccttcagctgaagataccatcaagatgatcttaggtggagatccgatcaaagctgeca
tacaaatatgaaagcgaacgcaacattgctagaacacctgtaattgtaatgtctaataaa
aatgtatttaaaattaacgatgcgttcgaagaccgaataattacatattattgggacaga
gccgagtttctgcgtaaataccgtaaaaaggtcaatccattgatatggeccttatettgtt
gacaactatgtt

VP

>SFDV_(JIX020762)
gacatatttgctggagctccacaaccaaatcaacaccataaacttgtatatggcaagagt
taccattttactgttagtaatggcttacctgattttcgtcatttcttaaatacaattagt
aataattactctgctcagttacgttttaaacatattcatggtattccatgggagcgttta
ttaatgtatctgagcgaaggagaattattgcggttaagacgcgattatacagctgtaaaa
gctgaagaagttgtttgtgaagtttatagtttgggagtacgtttaccatttgttacttca
gcaactacaagttcagtagcaaatgcgaatgctcaatatccaataggatgttttcatttt
gatcaagcatatgaaactatatatg--------- attctaataatgttgctgatgtaatt
aataaagcactaggagcagaatggaaaaacacaactagacccgcacaacctgtaactaca
gcatggtcagaaactttcccaaatatcagttcttccactacaagccgagatataaataac
ccggtaattgtacagtacccattaccatacggcattaataatg--------—--—-—- ct
ccaaaagatgttggtatatatgattacgttgatataaaaaatggaacaactgcccatgga
aaatgttgggaaaaaagatttaaacctgccaatggtattctgtatgctgaaagcag-ttt
attaactagtagtaataatacaggagtagaaggccc---tacaaattttatgactccaat
tccaggtttagaaaatggctactttattggaacaaatcaaatatctgaacgtaatgatgce
acaaatacgtgtaccccctaaatcttatacagcaacaaaatataatgctactcaagctat
tgttaatgaatccactgttgattatatgggctataactattttggtgaacaaaaatgtgce
acctcaagctatgccaaaattaatgattggatttgtaaacattcgtaatgaagacaatag
tctattaagtgcaaaatgggacatactcataaaaacacgtattcatctaagtggacttca
atcaacacgtgaatgggtggcaagaactgagactataccaccacaatggtttacatccca
atattcacaattccgatatgaaaatatacttactataccattagttcgagctaatgattt
atcaaaattgcctacgaagagacctggatttatatcttccaataaccca
>CeDV_(AF375296)
gacatttatgcaggagcgccacaacctaaccaacaccacgaatttgtttatggaaaaagt
tatcattttactttaacaaatggcttacctgattttcgtcatttcataaacacaataagc
aacaactattctgctcaattacgatttaaacatattcatggtataccttgggaacgttta
ttaatgtatctgagtgaaggagaatatctacgtttgatgcgcgactatacagcggttaaa
gttgaagaagttgtttgcgaagtttatagtctaggagtacgtttaccattcgtgacttca
gctacaacaagttctgtggccaatgctaatgcacaatatcctataggatgttttcatttt
gataaagcttatgaaacacaatatgatgtcaacaatattaatgatattaatgacattata
aataaagctttagggtcagaatggaaaaacacaacaagaccagctcaaccagtaacaact
tcgtggtcagaaacttttccaaatataactgcatcagcaactagtcgtgatattaataat
cctgtaattgttcagtaccctttaccatatggaataaataatg------------——- ct
cccaaagatgttggtatatatgattatgtagacatcaagaatggtacaactgcttatgga
aaatgttgggaaaaaagattcaaacctaaaaatggaatattatacgcagaaagtag-ttt
attaactaatggtaatactacagcagttgaaggtcc---taccaattttatgactcctat
accaggtcttgaaaatggttattttattggaactaatcaaataagtgaacgttctgattc
tcaaatacgtataccaccaaaagcttatactgcaactaaatataatacatctgatgcttc
tagactagaaagtactgttgattataacggttttaatttttttggagaacaaaaatgtgce
tccacaggctatgccaaaattcatgattggttttgttaatatccgaaatgaagacaattc
tttattaacagctaaatgggacattatgattaaaacacgtattcatctaagtggactaca
atctactcgagaatggatttcaagaactgatacaatcccaccacaatggtttacatcgca
atatactcaatttcgttatgaagacatatttggtgttcctttagtacgtgcaaatggtat
gcaaactaatcctactcacagacctggaatgatttctaattataatcct
>DpDV_(AY665654)
gacatatttgcaggagcacctcaaccaaatcaaaatcacgagctcatttatggcaaaagt
tatcattttacacttactaatggtttacccgattttagacatgccatt------ actaac
aatgcctacagtgcacaattacgattcaaacatattcatggtataccatgggaaagatta
ttaatgtatgtaagtgaaggtgaattattacgattaatgcgagactacacagccttaaaa
gttgaagaagttgtatgtgaagtatacagcttgggagtacgtttaccatttgtgacatca
gctactaccagttctgtagcaaatgctaatgctcaatatccaataggttgttttcatttt
gataatgcatatgaaatacagtatg--------- acgccactcaagtcaatgatgtaatt
aataaagcattaggtgctgaatggaagaattccactcgcccagatacacctgtatccact
caatggtctgaaacatttcctaatataagcgcttcaagtactagtcgtgatatttctaat
cctgtaattgttaattatccccttccatttggtgttacaaatg--------—--—---—- tt
cctaaagatgtaggaatatatgactatgttgaaataaaaaatggaactacagcttatgga
aaatgctgggaaaaaagatttaaaccaaaaaatggcatattatacgctgaaagtac-act
attaacaagtggtaccaatgtaagtattgaaaaccc---aaatgtattaatgatacctat
tcctggactggagaatggttattttatgaataataacaaaatttttgaaagagacgatgce
acaattgagaacacccccaaaggcatattcagctacaaaatataatcgtaatcgaggaat
aattaacgaaaccgatgtagactatatgggttatcattattttggagaacaaaaatgtgce
accacaagctatgccaaaatttatgattggatttgtcaatattcgtaatgaagacaacag
tttattacaagcaaaatgggacattgttgttaaaactagaattcgtttatctggtttaca
atctacaagagaatggatttcaagaactgaaactataccaccacaatggtttacttcgca



atattctcaattccgatttgacaatcctttcaatttcccactattgaatacatcgaatat
tgttaaagttccaacaaatagacccggcatgttttctccaaatacaccc
>PpDV_(JX110122)
gacatatttagtggagctcctcagcctaatcaacatcatcaattaatatatgggaaaagce
tatcactttacattaaccaatggattaccagattatagacactttgtg---gcaagtgga
aacaattacattgcccaacaaagatttaaacatatacacggaataccttgggaacgctta
ttaatgtatgtaagcgaaggagaactagctaggttattcagagattacacagctctcaag
gttgaagaagttgtatgcgagatttatagtttaggagttcgtttaccatttgttacttct
gccacaacaagttctgtagcaaatgcaaacgcacaatatcccattggatgctttcacttt
gatgaagcatatgagactaattatt--------- ctccaactaatgttagtgatataatt
aataaggcattaggagcagaatggaaaaacgaaaatagacctgcacaaattgtaactaca
aactggtcagaaacgtttccaaatataacagcatctgcaacaagtcgtgatattagcaat
ccagtaattgtagactatccattaccttttctgtataataata---——-----—-————- ca
ccaaaagatgttggaatatatgattatgtcgacataaagaatggtactactgcatatgga
aaatgttgggaaaaacgatttaagccttcaaatggtattttgtatgctgaaagtac-ctt
aaaaggcaacgttgctacatctgaagcagccacaaa---tagtaatgtcatgactcctat
accaggtttagaaaatggatattttataaattctgcaaatattgctgaacgtaatgacaa
tcaaacatttgttcctcctaaagcgtattcagcaacgaaattaaatcaaaccaataccac
ccaattagctgcctatgtagattatatgggttataattattttggagaacaaaaatgtgce
accgcaagcaatgccaaaatttatgattggctttgtaaacattcgtaatgacgacaattc
attactaactgcaaaatgggacattttaataaaaactcgaatacatttgtctggtatgca
agctacaagagaatgggttgcaagaactgaacgtataccaccacaatggttcacatcgca
atacactcaattccgttaccaaaatataaatctacaaggattattacgtacgggtaatac
ggcaaaactaccaacaaagagaccacaaatgcaatctaatgtaggcatt
>BmDV_(AY033435)
gacattttttctggagcaccacaaccaaatcaacatcatacattagtatatggaaaaagc
taccatttcacaataacaaatggtttacctgaatttcgacatttagca---acaacgaac
tcgggctattacgctcaacaacgttttaaacatatacatggaattccatgggaaagacta
ctaatgtatgtaagtgaaggcgaactcctccgaatgtttagagattatacttcattgaaa
gtggaagaagtagtatgtgaagtctatagtctcggagtacgattaccttttgtaacttca
gccactaccagttcagttgctaacgctaacgcacaatatcccatcggatgttttcatttt
gatgaagcttatgaaaccaactacg--------- gcataaataatgtagcagacatcata
aataaagctcttggaactgaatggaaaaatgctacacggcctactgctgctgtaacaaca
gcttggtccgaacaatttccgaatatatcggcatcatctacgagtagggatataaacaat
cccgtaatcgttgattattctcttccatattttgaaaataatg----—--—--—-----——- tg
cctaaagacgtcggaatatatgactacgttgacattaaaaatggaactactgcttacggt
aaatgctgggaaaaacgatttaaacctacgaatggacttttatatgcggagagtac-ttt
gaaaggaaacgtagtcactccgcttgcagcgcaacc---aactaatataatgacaccaat
acctggattagaaaatgggtatttcatgagcaatgaccaaataagagaacgacgagacct
aactacaagtgtaccacctgtagctctaacagctacaaaattaaatcaaagtgcttctaa
taatttaaatgcatttgtggattacatgggttataattatttcggcgaacaaaaatgcgce
tccgcaatcaatgcctaagtttatgattggatttgtaaacattagaaatgaagacaattc
tctacttaatgctaaatgggacattttaattaaaactcgaattagactcactggacttca
atctactagggaatgggttgctagaacggatagaattccgccacaatatttcacatcaca
atatacgcagttccgctatcctaatataaatgaaactcctctactaaggtctttgggtac
atttaagttaccaactaaacgaccaggaatggattcaagaatagccgct
>DppIDV_(KF96325)
gacatatacgcaggagcccctcaaccgaaccaacaccatgaactagtttatggaaagtca
taccatttcacactaactaatggactaccagatttccgtcacgctcta---gttcagaca
aaccattatgtagctgaacaaaggtttaagcatatacatggcataccttgggaaagacta
ctaatgtatatcagcgaaggagaactagtgcgcttatttcgagattatacagctgtaaaa
gtagaagaagtggtttgtgaagtttacagtttgggtgtacgtttaccatttgtaacttct
gctacaaccagcagtgtagctaatgccaatgctcaatatcctataggatgctttcatttt
gacaaagcctaccaaacgcaatacg--------- attcaacaaacgtacaagacataatt
aacaaggcattgggttctgaatggaaaaactttaacagaccttcacaacctgttactact
gaatggtcagaaaactttccaaatattagtgcatcgactaccagccgtgacataaataac
ccagttatcgttgtatatcctattccatatggccaaactaacg--—---—-—--—-—- tg
ccaaaagatgtaggagtatatgattatgtggatattaaaaatggtaccacagcttatggce
aaatgttgggaaaagagattcaaacctaaaaacggaataatttacgcggagagtac-att
actaggagcttctggtacatcatctccagaaacagccggatatccttttatgacacctat
ccctggactggaaaatggatactttatgacagcaaatgacattacagaacgtaataatgce
acaaataagacccatacccaaagctttaactgctactaaaaataacattacgataacaaa
agtattccaagctaaagtggattacatggggtataattactttggagaacagaaaacggc
accacaggctatgcctaaatttatgattggatttgttaatatccgtaacgaagacaattc
cctgttaactgctaaatgggacattatggtcaaaacacgcattcgtctatctggactgeca
agctactcgggactgggttgcacgtacggaaactataccaccacaatggttcacgtctca
atacacccaattccgttatgaagacatacatgcacctccaatggaaagatcaggtggatt
aactactgttccttcacacagacctctatttgcactaacctataatcca
>HaDV2_(HQ613271)
gatgtctacgctggatcttgtcaaaatccaaacaaacatatcaaaacttttaaaaagtct
taccactttacaatttccaacaaactgcccgagtggaaaagaaacgttgaaaacggacac
gtggaataccttgc------ gagatataattcaattcatgggattccatgggaactagtt
ggcatgtatttgagtgaaggagagattggacaattatttgaaaactattcattagtacga
gtagaagaagtcaactgtaaagtatacagtttgggagttagattgccatttgtaacaggg
cagtctgtaacaaccgtggctaacgcgaacgctcagtaccccatagcaaagtttaacttt
gacaatgatttcttcactagctacg--------- aacctgaaaatgtgtacaacgttttg
gaaaaatgttggggttcagaatggaaaaatatggata——---—--—-—- ctaccaataca
aactggagtacacaatttccaaacttgacagcaagcactacatcaagagacatgaacaat
cctatactagttcattatcctagatacagttggataacaagtggaactagagaacagttt
ccaaaagatgttggaatatatgactattgcagcattaaaaatggatctacagtctttgga



ttggcctgggaaatgacacatagacctaaacaagggatattaaatgcatttactacgcect
gttatcacaggacagcagtttgttctaaacactaat-gatgctgcagaagaaacaccgat
atcgggagagagagcaaactttatagtaggcacggaatggtacgctgatagaagaaacgc
tagtttagcggta-—----—- agagattggtgtctaggaagac---atgtaggcaattctag
ctcaagagacttgcaagtggacaacactggaatatatgcacaaggagacgaaaaggttca
gagtatggctatgccaaagtttatgattggtttcgtcaatattagaaatcaagatgatac
tattcttgaagctaaatgggatatcatggtagaatgctcaatcaaaatactttgcataga
taacggacaaagaggattcgttacacgagacactagacctgtaccttacctcatgaatcc
tttcctcggatataaaaacaacgaaattggaactaatgctctacaccccaacataaatat
gaagaatgtgacatacaacaagagaagtatgaccagacgtttgaatgta
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