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Abstract 
Non-conserved sequences in the parvoviruses' genome are involved in the virus-host interactions, so 

analysis of the complete genome sequence of the parvoviruses broadens our perspective about 

parvoviruses' host tropism and evolution. This study aimed to analyze the phylogeny of the 25 

parvoviruses that infect invertebrates from Densovirinae and Hamaparvovirinae subfamilies based on 

the complete genome and NS1 gene sequences. According to the whole-genome phylogenetic tree, 

hamaparvoviruses are close to each other; however, they are in the middle of densoviruses clades. 

Applying non-NS1 sequences for constructing the phylogenetic tree causes Hamaparvovirinae to 

disperse among Densovirinae members, which shows the possible ancestor relationship of these two 

subfamilies. The divergence difference between the NS1 nucleotide sequence and the whole genome 

was higher in Densovirinae compared with Hamaparvovirinae. In Hamaparvovirinae, there is 

approximately no difference in divergence of NS1 gene sequence compared with the whole genome, 

which indicates that non-NS1 sequences in densoviruses are more diverse than these sequences in 

Hamaparvovirinae members. The evolutionary divergence between Hamaparvovirinae and 

Densovirinae was slightly higher in the whole genome compared with NS1 sequences. As both 

Hamaparvovirinae and Densovirinae used in this study infect invertebrates, the low difference in 

divergence value between them could be related to their host. Each parvovirus in this study has its 

unique 5´ and 3´ untranslated regions, which could be used as a genetic fingerprint indicator for 

parvovirus detection.  
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Introduction* 

 
 arvoviridae, a large diverse family of 

animal viruses, was established in 1975 

(1). The parvoviruses wait for the rapidly 

dividing host genome to enter the S-phase 

replication stage, then uncoat and multiply in 

the nucleus, which results in cell necrosis (1). 

Some members of this family cause mild 

diseases, whereas others, such as canine 

parvovirus (CPV), are highly pathogenic (2).  
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Until the year 2020, the ability of parvoviruses 

to infect a broad-spectrum host, from insects to 

mammals, served as the basis for the phylo-

geny-supported division of this family into 

Densovirinae and Parvovirinae subfamilies that 

respectively infect invertebrate and vertebrate 

hosts (1). Nevertheless, new chaparvoviruses 

with a close phylogenetic relationship with 

densoviruses were unexpectedly isolated from 

vertebrates which caused heterogeneity in 

Densovirinae. 

As a result, in the recent classification, a new 

subfamily Hamaparvovirinae was introduced 

as its members infect both vertebrates and 

invertebrates (3-7). 
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Parvoviruses have single-stranded DNA (~ 3.9-

6.3 kbp), which has two gene cassettes (1). The 

first gene on the N-terminal side is NS whose 

expression produces proteins that either initiate 

replication (NS1) or help egress from the 

nucleus (NS2). The second gene, VP, which 

produces capsid proteins (VPs) is located on 

the C-terminal side. NS1 protein or replicase is 

a multi-domain protein that harbors domains 

called superfamily endonuclease domain 

(HUH), DNA-binding domain, and a helicase 

superfamily 3 (SF3) domain; latter is a highly 

conserved tripartite motif (167 aa) serves as the 

taxon demarcation criterion for the phylogeny 

inference of Parvoviridae (7,8). Because the 

NS1 cannot act as a polymerase, the host 

polymerase is necessary for parvovirus replica-

tion (8). The coding frames are flanked by the 

two untranslated regions of 3'UTR and 5'UTR 

(1).  

Parvoviruses' untranslated regions (UTRs) 

form various secondary structures such as 

hairpin-like and/or G-quadruplexes to partici-

pate in different steps of the cell cycle: genome 

replication, encapsidation, integration, as well 

as interactions with host factors. The terminal 

regions of the parvovirus genome are such 

diverse that even among closely related viruses 

or within the same genus, the length of the 

regions, the percentage of GC, and the shape of 

the regions are different (9). The influencing 

factors on the diversity of UTRs are unknown, 

but it seems that host factors involve in this 

evolution. As a result, analyzing UTRs is 

crucial for understanding the interactions 

between viruses and their hosts. For example, 

the terminal repetitive regions in UTRs have 

been discovered to be the starting points for 

homologous or non-homologous recombina-

tion by inducing the DNA repair response in 

the host, which can affect host tropism/ 

switching (10). 

The emergence of whole-genome sequencing 

techniques has led us to examine the viral 

genome regions other than conserved sequen-

ces in old and newly discovered parvoviruses. 

This study aimed to analyze the whole-genome 

phylogeny of the parvoviruses that infect 

invertebrates and compare it with NS1-based 

phylogeny. We then continued the analysis by 

briefly examining the parvovirus genome 

organization and UTRs. 

 

Methods 

 
Data Retrieval 

Whole-genome sequences (WGS) of 25 parvo-

viruses isolated from different genera in two 

subfamilies (Densovirinae and Hamaparvo-

virinae) that infect invertebrates were down-

loaded from the publicly available NCBI 

GenBank database. The viruses were grouped 

into two subfamilies according to the recent 

information available on the internal commi-

ttee on the taxonomy of viruses (ICTV) 

website (https://ictv.global/ taxonomy). 

All ambiguous positions were removed from 

raw sequences, and the sequences aligned 

using the ClustalW (version 2.1) in Geneious 

Prime 2019 (Biomatters, New Zealand). 

Genetic Diversity Analysis  
The number of base substitutions per site over 

both whole-genome and NS1 genes between 

and within each subfamily was conducted 

using the Maximum Likelihood algorithm 

using the MEGA11 package (11).  

Phylogenetic Analysis  

Initially, a distance-based phylogenetic tree 

based on whole-genome sequences and NS1 

genes of 25 parvoviruses (Supplementary 

Table 1) was constructed to infer the phylo-

genetic relationship between Densovirinae and 

Hamaparvovirinae subfamilies members. As 

some densoviruses have ambisense genomes, 

all ORFs were set to the forward direction in 

the whole-genome analysis. After sequences 

were aligned via the ClustalW approach imple-

mented in Geneious Prime 2019 (Biomatters, 

New Zealand), the data were exported into 

MEGA11 to construct the optimal trees using 

Maximum Likelihood and Neighbor-Joining 

methods with bootstrap values of 1000 repli-

cates and a 50% threshold score. 

The evolutionary distances were computed by 

the Maximum Likelihood model. We used 

Adeno-associated virus – 2 (NC_001401) as an 

outgroup for all phylogenetic analyses. 

Divergence clock rates of whole genome 

sequences were estimated using the Timetree 

tool with the UPGMA method in the MEGA11 
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(11). Transition/transversion (r) and dN/dS 

were calculated using MEGA11 with default 

parameters. SplitsTree V5 software was used 

for probable DNA recombination in all 

sequences. 

Genome organization and UTRs  
Visualization of genome organization was 

performed using Open Reading Frame (ORF) 

Finder (available at https://www.ncbi.nlm.nih. 

gov/orffinder/). The most thermodynamically 

stable secondary structures of 5´UTRs and 

3´UTRs were predicted using the RNAfold 

web server (http://rna.tbi.univie.ac.at/cgi-bin/ 

RNAWebSuite/RNAfold.cgi). The tandem re-

peats were determined in 5´UTRs and 3´UTRs 

using Tandem Repeat Finder tools (https:// 

tandem.bu.edu/trf/trf.html). 

 

Results and Discussion 

 
The conserved areas in NS1 are the global 

criteria of phylogenetic analysis of the Parvo-

viridae. However, regions other than NS1 are 

susceptible to high mutation and recombination 

and it is believed that their genetic changes are 

responsible for host switching in parvoviruses. 

In this study, we attempted to construct a 

phylogenic tree based on both the whole-

genome and NS1 sequences of parvoviruses 

that infect invertebrates and discuss the 

divergence of parvoviruses. We then examine 

genome organization and non-coding regions 

of these viruses. 

Genetic Diversity of Parvoviruses 

The family Parvoviridae comprises large, 

diverse, single-stranded DNA viruses that 

share conserved SF3 helicase domain (167 aa) 

in NS1 protein at the family level. When two 

parvoviruses share more than 30% similarity in 

the amino acid sequence of NS1, they are 

assigned to the same genus, and when they 

share more than 85% identity, they are 

considered the same species. 

Discovering new densoviruses caused genus-

level paraphyly in Densovirinae, which forced 

scientists to divide Densovirinae into two 

subfamilies: Densovirinae and Hamaparvo-

virinae. The members of this new subfamily 

Hamaparvovirinae show less than 20% of NS1 

sequence similarity with other parvoviruses; 

however, they share 30% of NS1 sequence 

identity (7). 

Table 1 shows the average evolutionary diver-

gence over sequence pairs within each sub-

family member that infects invertebrates.  

Densovirinae showed less intragroup diver-

gence compared with Hamaparvovirinae. The 

divergence values based on the both NS1 

nucleotide sequence and the whole genome are 

higher than the data obtained based on the NS1 

amino acid sequence by Morais et al. (12).  

They found that the average genetic distances 

in Hamaparvovirinae, Densovirinae and Parvo-

virinae members were close to each other: 

0.49, 0.50 and 0.50, respectively (12).  

According to Table 1, the intra-group diver-

gence difference between NS1 and the whole 

genome was higher in Densovirinae (0.82 vs. 

0.92) compared with Hamaparvovirinae (1.08 

vs. 1.07). 

In Hamaparvovirinae, there is approximately 

no divergence difference in NS1 compared 

with the whole genome.  This phenomenon 

demonstrates that non-NS1 sequences in 

densoviruses are more diverse than these 

sequences in Hamaparvovirinae members 

(Table 1) . 

In Table 2, the evolutionary divergence is 

compared between two subfamilies. The evolu-

tionary divergence between Hamaparvovirinae 

and Densovirinae was slightly higher accor-

ding to the whole genome compared with NS1 

sequences. 

As both Hamaparvovirinae and Densovirinae 

used in this study infect invertebrates, the 

lowest difference in whole-genome divergence 

value between them could be related to their 

host; however, this hypothesis cannot be 

approved by the findings of this study. 

The software couldn’t find any recombination 

and positive selection (dn/ds>1) that were 

statistically significant between our sequences. 

Whole-Genome Phylogeny Analysis 

Except for the NS1 region, which is the prime 

criterion for phylogeny analysis, other parts of 

the parvovirus’s genome such as UTRs are 

diverse even among closely related viruses. 

The association of increased host range with 

genetic dynamic in regions other than NS1 

confirms that whole-genome screening is a 
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valuable strategy to evaluate parvovirus-host 

interactions. 

 
Table 1. Estimates of an average intra-group evolu-

tionary divergence over sequence pairs within sub-

families members. The number of base substitutions per 

site from averaging over all sequence pairs within each 

group is shown. Analyses were conducted using the 

Maximum Composite Likelihood model (13).  

This analysis involved 25 nucleotide sequences. All 

ambiguous positions were removed for each sequence 

pair (pairwise deletion option). There was a total of 1245 

positions in the final dataset. Evolutionary analyses were 

conducted in MEGA11 (11). 

 
Average 

evolutionary 

divergence 

in the NS1 

gene 

Average 

evolutionary 

divergence in the 

whole genome 

 

 

Subfamily  

0.82 0.92 Densovirinae 

1.08 1.07 Hamaparvovirinae 

 
Table 2. Estimates of evolutionary divergence over 
sequence pairs between Hamaparvovirinae and 
Densovirinae subfamilies. 
 The number of base substitutions per site from 
averaging over all sequence pairs between groups is 
shown. Analyses were conducted using the Maximum 
Composite Likelihood model (13). This analysis 
involved 25 nucleotide sequences. All ambiguous 
positions were removed for each sequence pair 
(pairwise deletion option). There was a total of 1245 
positions in the final dataset. Evolutionary analyses 
were conducted in MEGA11 (11). 
 

 Densovirinae  

 Whole genome NS1 gene 

Hamaparvo-

virinae 

1.250 

 

1.16 

 

 
Figure 1 shows the phylogeny analysis of the 

complete genome sequences of 25 parvo-

viruses from Hamaparvovirinae and Denso-

virinae subfamilies that infect invertebrates. 

All members of Densovirinae are not close to 

each other because applying non-NS1 sequen-

ces of the genome in the whole-genome 

phylogeny causes members of Hamaparvo-

virinae to disperse among Densovirinae mem-

bers (Fig 1). 

The proximity of hamparvoviruses to some 

densoviruses in the whole-genome tree 

strengthens the possibility that densoviruses 

are the ancestors of hamaparvoviruses or vice 

versa. Analysis of insect-specific viruses has 

shown that they could overcome the host range 

limitation and expand their host diversity 

(14,15). For example, chaphamaparvoviruses 

in Hamaparvovirinae, which typically infected 

invertebrates, were isolated from vertebrate 

hosts such as duck and large crayfish (12,16); 

however, genus Brevihamaparvovirus, have 

only been isolated from insects (insect-specific 

viruses)  . 

Figure 2 shows the phylogeny trees of the NS1 

gene sequence of viruses that infect inverte-

brates. Although members of the Hamaparvo-

virinae are close to each other in a separate 

cluster from the densoviruses, Decapod 

hepanhamaparvovirus 1 is more distant from 

its subfamily members (Fig 2). 

This result indicates that Decapod hepanhama-

parvovirus 1 is closer to its subfamily members 

when constructing a phylogeny tree of the 

whole genome compared with the NS1-based 

tree. 

In Figure 1, three densoviruses with marine 

hosts: Ostreid aquambidensovirus 1, Asteroid 

aquambidensovirus 1 and Decapod aquambi-

densovirus 1 are close to the outgroup and 

show paraphyly in the tree. 

Ostreid aquambidensovirus 1 and Decapod 

aquambidensovirus 1 are close to each other; 

however, Asteroid aquambidensovirus 1 share 

a common ancestor with other denso and 

hamaparvoviruses. In the NS1 gene evolu-

tionary clock, these three viruses are the last 

descendants and show no paraphyly (Fig 3). 

Whole genome sequences of viruses were the 

target for determining relative divergence time 

analysis. 

 The result showed Hemipteran scindoam-

bidensovirus 1 with 0.64 relative times is the 

oldest virus. Hamaparovirinae and Denso-

virinae were divergent from 0.59 relative time 

from together. This analysis also confirms 

Hamaparovirinaes were divergent from Denso-

virinaes and a Densovirinae is close to its 

ancestor (Fig 3). 

According to the study conducted by Morris et 

al., both VP and NS1 had the same phylogene-

tic value for drawing a phylogenetic tree; how-

ever, the genetic diversity among Parvoviruses 

was greater for structural than non-structural 

proteins (12,17). 
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Fig 1. Phylogenetic analysis of full-length genomes of 

Densovirinae and Hamaparvovirinae subfamilies. This 

analysis involved 26 nucleotide sequences. All 

ambiguous positions were removed from each sequence 

pair. The evolutionary distances (units of the number of 

base substitutions per site) were computed using the 

Maximum Likelihood method. The evolutionary history 

was inferred using the Neighbor-Joining method in 

MEGA11 (11). 

 
In the same research, the entropy of the NS1 

sequence was very low and the same in three 

subfamilies, which indicated that NS1 

conserved sequences undergo purifying 

selection and could be properly used for 

phylogenetic analyses (12). However, the VP 

sequence had a high entropy and positive 

natural selection with no sign of recombination 

which suggested that the events such as the 

recombination or mutation of the VP gene 

were related to determining the new host (12). 

For example, canine parvovirus is believed to 

be descended from a single ancestor as a result 

of a shift in host selection due to mutations in 

the feline pan-leukopenia virus (18,19). 

In canine parvoviruses, most of the non-

synonymous substitutions occurred in the main 

antigenic protein, capsid protein 2 (VP2), 

which determined viral tissue tropism and host 

range (20). The surface of the viruses is uneven 

due to the protrusion of the VP loops.  

In previous research, it has been determined 

that similar parvoviruses were more related in 

terms of folding and topology of VP protein 

than nucleotide sequence or amino acid 

sequence, which could be applied in phylo-

genetic analysis (21). 

Open Reading Frame (ORF) Organization 

The genomic organization of the densoviruses 

and hamaparvoviruses that infect invertebrates 

is depicted in Figure 4. Hamaparvoviruses' 

genomes are typically smaller than denso-

viruses' genomes, ~4 kbp vs. ~6 kbp respec-

tively. 

In densoviruses, the genome organization does 

not have a specific pattern and some have an 

ambisense genome; however, hamaparvo-

viruses have a unisense genome. Most denso-

viruses have multiple VPs open reading frames 

(Fig 4). 

The number of ORFs in densoviruses is larger 

than in hamaparvoviruses; for example, denso-

viruses have NS3 in their genome, which is not 

present in hamaparvoviruses (Fig 4). 

There are different architectures in the ORF 

organization of Densovirinae related to differ-

ent genera; however, densoviruses with the 

same ORF architect are close to each other in 

the whole-genome tree (Fig 1). 

ORF organization in Hamaprvovirinae is 

almost the same (Fig 4). The largest genomes 

among the hamaparvoviruses are related to 

Decapod hepanhamaparvovirus 1 in Hepan-

hamaparvovirus genus with 6085 nt long 

which is very close to the average length of the 

genome in densoviruses and it is placed close 

to densoviruses in the whole-genome tree (Fig 

1). 

Regardless of the difference in genomic 

transcription and expression mechanism, the 

members of the Parvoviridae have almost 

similar genome organization, so the NS1 gene 

is on the left side and the VP gene is on the  
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Fig 2. Phylogenetic analysis of NS1 gene of viruses 

from Densovirinae and Hamaparvovirinae subfamilies. 

This analysis involved 26 nucleotide sequences. All 

ambiguous positions were removed from each sequence 

pair. The evolutionary distances (units of the number of 

base substitutions per site) were computed using the 

Maximum Likelihood method. The evolutionary history 

was inferred using the Neighbor-Joining method (A) 

Maximum Likelihood (B) in MEGA 11 (11). This 

analysis involved 26 nucleotide sequences. 

 

 

 
right side. If sequence similarity is not establi-

shed for a genus (30-40% similarity in NS1 

amino acid sequences), it is possible to assign a 

parvovirus to a specific genus based on its 

genomic organization. NS gene encodes up to 

1, 5, and 3 proteins in Parvovirinae, Denso-

virinae, and Hamaprvovirinae, respectively 

(21). The capsid protein of members of this 

family is assembled by viral proteins encoded 

by the cap gene. 
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Fig 3. Timtree and divergence clock of Densovirinae 

and Hamaparvovirinae subfamilies. Relative divergence 

time was calculated using the UPGMA method.  

 
Cap gene in Parvovirinae, Densovirinae, and 

Hamaprvovirinae encodes a maximum of 3, 4, 

and 1 VP, respectively (21). NP, a small regu-

latory protein, is commonly found in Parvo-

virinae and Hamaprvovirinae (21).  

The reason for the difference in the number of 

transcribed proteins in the members of differ-

rent subfamilies is unknown. 

In densoviruses, leaky scanning is responsible 

for protein expression; however, alternative 

splicing has a regulatory role in hamaparvo-

viruses (21–23). Densoviruses also use over-

lapping frames to create a series of genus-

specific supporting proteins (21). VPs with 

different sizes are produced in different 

parvoviruses through truncation from the  

 

 

N-terminal region. VP 2-5 is smaller and VP1 

is the largest and the expression rate of smaller 

VPs is higher (23).  

Untranslated Regions 

Parvovirusesʼ UTRs can adapt non-B DNA 

structures for recognition and binding of host 

proteins to affect communication with the host 

(10,24,25). 

The length of telomeres varies even among 

members of the same species, and there is still 

no correlation between telomere complexity 

and the host (9). 

By analyzing the whole-genome sequence of 

parvoviruses, we might be able to better under-

stand how genetic dynamics or host character-

istics have led parvoviruses to become dual 

hosts (infecting both vertebrates and inverte-

brates) as well as classify newly discovered 

parvoviruses confidently. 
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Fig 4. Genome organization of Densovirinae and 

Hamaparvovirinae parvoviruses. 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             8 / 14

http://journal.isv.org.ir/article-1-503-en.html


Fariborzi N et al 

9  Iranian Journal of Virology, Volume 16, Number 2, 2022 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             9 / 14

http://journal.isv.org.ir/article-1-503-en.html


Genome Characterization of Invertebrates Parvoviruses  

 

10 Iranian Journal of Virology, Volume 16, Number 2, 2022    

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                            10 / 14

http://journal.isv.org.ir/article-1-503-en.html


Fariborzi N et al 

11  Iranian Journal of Virology, Volume 16, Number 2, 2022 

 

 
Table 3. Secondary structures of 5´UTR and 3´UTR of Denso-

virinae and Hamaparvovirinae subfamilies. Secondary structures 

of 5´UTR and 3´UTR were analyzed using the RNAfold tool 

 
(http://rna. tbi.univie.ac.at/cgi-bin/ RNAWebSuite/RNAfold.cgi). 

GC content was calculated using the Geneious Prime 2019 

(Biomatters, New Zealand). 
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Table 4. Tandem repeats of 5´UTR and 3´UTR of 

Densovirinae and Hamaparvovirinae members. The 

tandem repeats were determined using Tandem Repeat 

Finder tools (https://tandem.bu.edu/trf/trf.html). 

 

Virus 

5′UTR 

 

3′UTR 

 

Indices 
Consensus 

Size 
Indices 

Consensus 

Size 

Dipteran 

brevihamaparvovirus 1 
134-350 107 120-213 38 

Dipteran 

brevihamaparvovirus 2 
154-238 40 

86-112 

154-337 

14 

92 

Lepidopteran 

protoambidensovirus 
177-223 18 350-396 18 

Lepidopteran 

iteradensovirus 1 
1-230 230 117-347 230 

Lepidopteran 

iteradensovirus 3 
205-251 21 - - 

Lepidopteran 

iteradensovirus 4 

1-271 

1-175 

271 

175 

75-346 

195-346 

271 

175 

Orthopteran 

miniambidensovirus 1 
1-199 199 34-233 199 

Hymenopteran 

scindoambidensovirus 1 
104-238 134 13-143 134 

Orthopteran 

scindoambidensovirus 1 
1-144 144 51-195 144 

 
The general shape and second structures of the 

25 UTRs are visualized in Table 3. Among 

Hamaprvovirinae, Decapod hepanhamaparvo-

virus 1 with 1285 bp has the longest UTR. 

Among the densoviruses, the largest multi-loop 

terminal region is related to the 5´UTR of 

Orthopteran scindoambidensovirus 1 belonged 

to Scindoambidensovirus with 855 nt with a 

low GC level (37%) (Table 3). The minimum 

and maximum GC content are observed for the 

3´UTR of Dipteran muscodensovirus 1 with 

21.5% and 3´UTR Orthopteran miniambi-

densovirus 1 with 60.5%, respectively (Table 

3). Although parvovirusesʼ UTRs can adapt a 

wide range of secondary motifs, only 9 

sequences have telomeres, which are listed in 

Table 4.  

Viruses with telomeres are from both 

Hamaparvovirinae and Densovirinae subfami-

lies. As shown in Table 4, most parvoviruses 

that infect lepidopterans have tandem repeats. 

Lepidopteran iteradensovirus 3 has a telomeric 

sequence only on the 5′UTR; however, Lepi-

dopteran iteradensovirus 4 has the longest 

telomeric sequence with 271 nt long on both 3′ 

and 5′UTRs. 

As previously approved, parvoviruses' TR 

length and shape vary within a single genus 

(9). For example, Brevihamaparvovirus 

members have the same genome organization 

but very different UTRs in terms of size and 

secondary structures (Fig 4 and Table 3).  

In the linear DNA genome of parvoviruses, the 

coding region is located between the terminal 

regions of 3'UTR and 5'UTR that have 100-

550 nucleotides of terminal repeats (TRs) in 

most parvoviruses (9). Due to the presence of 

palindromic repeats, terminal regions can fold 

into a wide variety of dynamic secondary 

structures in hairpin-like shapes or arbitrary T-, 

I-, J-, Y-, and U shapes to play a role in rolling 

hairpin replication as hinges to change the 

direction of replication (7,26). Moreover, TRs 

harbor cis-acting information elements such as 

the TATA box, which trigger interaction with 

host proteins such as transcription factors, or 

DNA damage response elements. These 

Interactions lead to the circularization and 

concatemerization of the viral genomes either 

by non-homologous end-joining (NHEJ) or 

homologous recombination (HR) (10). 

The high percentage of GC, in the end, areas 

can adapt non-B DNA structures such as G-

quadruplexes and triplex structures (9). G-

quadruplexes are involved in genome stability 

while triplexes can form at homopurine: homo-

pyrimidine sequences with mirror symmetry 

are involved in the recognition and binding of 

host proteins such as P53 to the virus genome 

(24). TRs in some genera are homotelomeric 

meaning that both termini are similar but 

inverted, whereas, in other genera, the linear 

genome differs at the two ends and therefore 

they are called heterotelomeric (7). 

It seems that the type of TR sequences affects 

strand polarity in the virion in such a way that 

in viruses with heterotelomeres, encapsidation 

is usually completed with usually negative 

polarity. Negative strand polarity during pack-

aging may be due to insufficient signal in one 

telomere. The determining factors of the evolu-

tionary pressure on the selection of the type of 

TRs are not known and the great diversity of 

these structures shows the importance of these 

regions which are very little studied (9). Even 

viruses within the same genus have various 

telomeres, so Tijssen et al. proposed that the 

marked differences in genome end size and 

secondary structure between genera may 

indicate a reliance on particular cellular 
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components required for replication and encap-

sidation (27). As a result, TRs may have 

evolved in the direction of their need for 

interactions with their replicas, helper virus co-

factors, and/or cell host proteins (27). For 

example, poisoning caused by the adeno-

associated virus (AAV) vector in Parvovirinae, 

which is used for gene therapy, was probably 

related to the response of the host cell to the 

terminal areas of the virus (28,29).  

Telomeres are not conserved sequences; 

therefore, phylogenetic evaluations cannot be 

assessed based on them, but their classification 

or examination can affect our understanding of 

parvoviruses host tropism/switching.  

Telomeres have never been considered as a 

classification criterion till in a recent study 40 

parvoviruses TR secondary structures were 

analyzed and used to divide parvoviruses into 

four groups (H1-H4) according to the number 

of hairpin loops (9). They concluded that the 

percentage of sequence homology within two 

viruses was not relevant neither to the number 

of hairpin loops nor the conformation of TR 

sequences even within a genus (9). 

 

Conclusion 
 

Whole-genome sequences of parvoviruses 

harbor non-conserved sequences whose genetic 

changes are relevant to increased host range; 

therefore, whole-genome screening can be 

informative for studying parvoviruses' host-

virus interactions. Increasing our knowledge in 

this field will help us to find out the evolu-

tionary history of Parvoviridae members regar-

ding host switching. 

Our result showed Hamaparovirinaes were 

divergent from Densovirinaes and a Denso-

virinae is close to its ancestor.  

We showed 5´ and 3´UTRs diversity in all 

members of Densovirinae and Hamaparvo-

virinae as possible candidates for genetic 

fingerprints in parvovirus detection. We can 

also benefit from parvoviruses 5´ and 3´UTRs 

for plasmid vector designation because of their 

role in replication. Moreover, we provide the 

whole-genome phylogenetic analysis of parvo-

viruses found in invertebrates for the first time 

which helps other scientists for future studies. 
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