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Abstract

The predator Asian hornet (Vespa velutina) represents one of the major threats to honeybee 

survival. Viral spillover from bee to wasp has been supposed in several studies, this work aims to 

identify and study the virome of both insect species living simultaneously in the same foraging 

area. Transcriptomic analysis was performed on V. velutina and Apis mellifera samples and 

replicative form of detected viruses was carried out by strand-specific RT-PCR. Overall, 6 and 9 

different viral types were reported in V. velutina and A. mellifera, respectively, and five of these 

viruses were recorded in both hosts. Varroa destructor virus-1 and Cripavirus NB-1/2011/HUN 

(now classified as Triato-like virus) were the most represented viruses detected in both hosts, also 

in replicative form. In this investigation, Triato-like virus, as well as Aphis gossypii virus and 

Nora virus, were detected for the first time in honeybees. Concerning V. velutina, we report for the 

first time the recently detected honeybee La Jolla virus. A general high homology rate between 

genomes of shared viruses between V. velutina and A. mellifera suggests the efficient transmission 

of the virus from bee to wasp. In conclusion, our findings highlight the presence of several known 

and newly reported RNA viruses infecting A. mellifera and V. velutina. This confirms the 

environment role as an important source of infection and indicates the possibility of spillover from 

prey to predator.

Keywords:

Virology; Next Generation Sequencing; honey bee viruses; Vespidae

1. Introduction

Several issues can lead to global bee declines, such as climate changes, use of pesticides, presence 

of pathogens and parasitic species, resulting in huge economic losses for beekeepers and a 

potential global crisis for the agrifood sector (Brown et al., 2016; Crenna, Jolliet, Collina, Sala, & 

Fantke, 2020). Moreover, a recent cause of honey bee reduction can be associated to the spread of 

invasive species, that is recognized as one of the major threat to biodiversity (Vitousek, Mooney, 

Lubchenco, & Melillo, 1997) and is generally caused by the intensification of human trades 

worldwide (Essl et al., 2015; Hulme, 2009; Pimentel, Zuniga, & Morrison, 2005). Among several 

invasive species, the honeybee predator Vespa velutina Lepeletier (Hymenoptera: Vespidae) is one 

of major concern because of its impact on the European domestic honeybee Apis mellifera 

Linnaeus (Hymenoptera: Apidae). The Asian hornet has been accidentally introduced from China 
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into Europe, with the first detection in France in 2004 (Villemant, Haxaire, & Streito, 2006), and 

has rapidly spread to neighbouring countries, including Italy where the first yellow-legged hornet 

was trapped in 2012 in Loano (Liguria) (Demichelis, Manino, Minuto, Mariotti, & Porporato, 

2014). Lately, hornet nests were found in 2013 in Liguria and Piedmont (Porporato, Manino, 

Laurino, & Demichelis, 2014); the sporadic presence of adults and nests has been described in 

other three Italian regions: Veneto, Lombardy and Tuscany  (Bortolotti et al., 2016; 

www.stopvelutina.it). Recently, phylogenetic analysis on mitochondrial cytochrome c oxidase 

subunit 1 of Italian V. velutina specimens has confirmed that the hornet has derived from the 

spreading southward of the V. velutina nigrithorax, initially established in France, which is 

recently also moving northward (Belgium, The Netherlands, Germany, United Kingdom) (Granato 

et al., 2019).

Although V. velutina can prey on various invertebrate species, its diet is mainly composed of 

honeybees workers, for which they show a marked dietary preference compared with other 

insects (Monceau et al., 2014; Cini et al., 2018). As a consequence, the finding of viruses 

common to the two species is highly probable and has been the subject of recent investigations. 

The presence of honeybee viruses in invasive honeybee predator species, mainly wasps 

(Vespoidea), has been confirmed by several authors (Forzan et al., 2017a; Garigliany et al., 2017; 

Mazzei et al., 2018, 2019). These results have shed light on the ability of such viruses to jump 

between superfamily taxa (Apoidea-Vespoidea) in view of a possible natural re-equilibrium 

prey/predator between honeybees and invasive hornets (Maurizio Mazzei et al., 2019), and on the 

role played by such viruses as potential biocontrol agents of honeybee predators (Forzan et al., 

2017b; Dalmon et al., 2019). So far, in Italy, both Vespa crabro and V. velutina were found 

infected by a replicative form of Deformed Wing Virus (DWV) (Forzan, Sagona, et al., 2017; M. 

Mazzei et al., 2018). Moreover, in V. velutina sampled in South West of France the replicative 

form of  Sacbrood virus (SBV), Moku virus and Israeli Acute Paralysis Virus (IAPV) were also 

detected (Garigliany et al., 2017; Mordecai et al., 2016; Yañez, Zheng, Hu, Neumann, & 

Dietemann, 2012). Yang et al. (2020) detected DWV and SBV in V. velutina sampled in France as 

well, while in such hornet species sampled in China, only IAPV was reported. Recently, both 

Kashmir bee Virus (KBV) and Black Queen Cell Virus (BQCV) were detected in V. velutina in 

Italy, although in an asymptomatic form (Maurizio Mazzei et al., 2019). In a recent study on V. 

velutina have been detected honeybee viruses, such as Acute bee paralysis virus (ABPV) and Bee 

Macula-like virus, and two new viruses: Acypi-like and Triato-like viruses (Dalmon et al., 2019).

http://www.stopvelutina.it
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Next Generation Sequencing analysis (NGS) is a useful diagnostic tool that facilitates a high-

throughput sequencing of the virome in a great variety of samples. NGS has been applied not only 

to discover host-specific honeybee viruses but also other viruses that could be considered as 

opportunistic, such as plants viruses (Granberg et al., 2013; Schoonvaere et al., 2016) or other 

invertebrate associated viruses, as Aphid Lethal Paralysis Virus (ALPV) (Liu, Vijayendran, 

Carrillo-Tripp, Allen Miller, & Bonning, 2014). Strictly related to honeybees, Galbraith et al. 

(2018) by the use of NGS applied to 12 bee species from 9 countries across the world, discovered 

7 new viruses belonging to different viral families of which 5 having RNA and  2 having DNA 

genome. NGS studies performed on V. velutina allowed the detection of 19 known and unknown 

viruses (Dalmon et al. 2019). Therefore, metagenomic analysis applied to honeybees could 

represent a great tool to comprehend the dynamics of viral population, considering that some of 

those viruses are not only environmental contaminants but can actively infect honeybees (Li et al., 

2014).

The aims of the present study were the following: i) assess which viruses are present in honeybees 

and V. velutina individuals sharing the same foraging area; ii) determine the genomic homology 

rate between shared viruses to speculate possible pathogen transmission from V. velutina to A. 

mellifera and vice versa. 

2. Material and Methods

2.1 Specimen collection

V. velutina and A. mellifera sampling was performed in Sanremo (Liguria region, Italy) in October 

2018. Five V. velutina and 8 A. mellifera individuals were sampled in front of a single apiary 

during hornet predatory activity. Samples were the following: 2 V. velutina single-handedly; 3 V. 

velutina each one with a honeybee captured during their predatory activity; 5 A. mellifera 

individuals. After collection, samples were immediately frozen and stored at -80°C. 

2.2 RNA extraction and metatranscriptomic analysis

RNA was extracted individually from the 5 V. velutina and 8 A. mellifera individual samples by 

RNeasy Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer’s protocol. Each 

insect was placed in a 2.0 ml microcentrifuge tube with RLT buffer and one steel bead, then 

disruption was performed by TissueLyser (Qiagen, Hilden, Germany). Brief and soft 

centrifugation was performed, then the supernatant was collected and used for RNA extraction. To 
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point out any possible virus contamination among the hornet sampled together with the honeybee, 

and to get deeper information about single hornet or bee virome, we set up 5 specimens for NGS 

analysis: “V1” and  “V2” for single V. velutina specimens; “VA” refers to a pool of the three V. 

velutina captured with A. mellifera; “AV” refers to a pool of the three A. mellifera collected with 

V. velutina; “A” a pool of five A. mellifera.

RNAs were pooled by mixing the same nucleic acid concentration of each insect after RNA 

quantification by Qubit RNA Assay Kits (Thermo Fisher Scientific, Waltham, Massachusetts, 

USA). RNA 260/280 ratio quality was evaluated by spectrophotometer. Quality control (Agilent 

Bioanalyzer 2100), library preparation, and RNA sequencing on Illumina NovaSeq 6000 (2x150 

paired-end reads) were carried out by IGA Technology Services (Udine, Italy).

2.4 Data processing

Adapter removal and low quality read filtering was carried out by IGA Technology Services 

(Udine, Italy). Galaxy software framework was employed for computational analysis 

(https://galaxyproject.org; https://galaxyproject.eu). Raw reads quality was evaluated on Galaxy 

project platform using FastQC v0.72 (Andrews, 2010). MultiQC v1.6 was employed to aggregate 

FastQC results and create a single report for forward and reverse reads (Ewels, Magnusson, 

Lundin, & Käller, 2016). A workflow was built to perform pre-processing and assembly of the raw 

sequencing data as diagrammed in Figure 1. High quality reads from two honeybees samples (AV, 

A) were aligned on Apis mellifera 04 Nov 2010 (Amel_4.5/apiMel4) reference genome with 

HISAT2 v2.1.0 (Kim, Langmead, & Salzberg, 2015). Output galaxy project files were then 

uploaded on Galaxy Europe platform and unmapped reads were then extracted from BAM file 

using Filter sequencing by mapping v0.0.6 (Cock et al., 2009). Such filtered reads and raw 

sequences from the hornet samples (V1, V2, VA) were employed in downstream analysis. The 

alignment of sequencing reads on a built-in index virome database consisting of invertebrate 

reference viruses with Bowtie2 v2.3.4.3 (Langmead & Salzberg, 2012) was performed. 

Invertebrate viruses were retrieved from NCBI Virus (May 23rd, 2019; 

https://www.ncbi.nlm.nih.gov/genome/viruses/). The aligned reads matching the built-in index 

invertebrate dataset identified reference invertebrate viruses. For each mapped virus, all the 

available whole genomes belonging to the identified taxid were retrieved from NCBI. The dataset 

created for each taxid was used for mapping. Each alignment output was then assembled either 

through Trinity v2.8.4 (Grabherr et al., 2011)  or Unipro UGENE (Okonechnikov, Golosova, & 
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Fursov, 2012), and a consensus sequence generated. Retrieved consensus sequences were 

translated and aligned to the nr database of GenBank by BLASTx (Altschul et al., 1997) to 

confirm the virus sequences alignment. 

Another analysis line of raw reads was performed: A. mellifera and V. velutina raw reads that did 

not map to the invertebrate virus database were aligned by Kraken2 v2.0.8 to fungi and plasmid 

databases (Wood & Salzberg, 2014). Unaligned reads were assembled by Trinity de novo 

assembly. The contigs obtained were translated and aligned by BLASTx using RNA viruses as 

database (taxid:2559587). 

2.5 Viral genomes analysis: phylogeny, homology, recombinants detection

Mega-X software was employed to conduct evolutionary analyses and to generate a phylogenetic 

tree of the detected viruses (Kumar, Stecher, Li, Knyaz, & Tamura, 2018). After viral sequences 

aligning and trimming by BioEdit (Hall, 1999), the tree was obtained by applying the Maximum 

Likelihood method and Tamura-Nei model algorithm (Tamura & Nei, 1993). The tree was built on 

the shared region of viruses found in all five samples and depending on the number of published 

sequences of related viruses in GenBank.

Recombinant viruses were analyzed and the recombination breakpoints were detected through the 

nucleotide sequence comparison plot generated with SimPlot (Lole et al., 1999).

To determine the homology rate among viruses, the genetic distance (p-distance of nucleotide 

acid) of the longest region shared by the five samples was calculated by MEGA-X. To determine 

the significance of the homology level, p-distance of the same region was conducted also on viral 

clone genomes deposited in GenBank.

2.6 Strand-specific RT-PCR

The replicative form of detected viruses was verified by strand-specific RT-PCRs (Maurizio 

Mazzei et al., 2014). Detection was performed for viruses that showed the highest alignment rates 

and which were either shared among samples or never detected in a host species under study. The 

assay was carried out using previously described primers for DWV (Forzan, Sagona, et al., 2017) 

or designing them on assembled sequences through Primer-BLAST (Ye et al., 2012). All primers 

are listed in Table 1. All cDNAs were amplified by PCR for the related viral target and amplicons 

were visualized on a 2% agarose gel.
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3. Results

3.1 RNA viruses detection

The alignment of sequencing reads on invertebrate virus genomes showed the presence of a 

variety of RNA viruses (Table 2). Coverage and position of consensus sequences of viruses 

detected in multiple samples were aligned against the reference whole genome (Figure 2).

In V. velutina specimens (V1, V2, and VA), DWV-B genome was identified in all samples 

(Accession numbers: MT747986; MT747989; MT747988) and La Jolla virus only in V1 sample 

(Accession numbers: MT747979; MT747980). Both viruses are ascribable to the Iflavirus genus 

within the Picornaviridae family. DWV-B showed a high overall alignment rate especially in 

sample V1, for which a whole genome was obtained, while only a few sequences aligned to La 

Jolla virus. Two Dicistroviruses were also detected in sample V1, V2, and VA: ALPV and 

Cripavirus NB-1/2011/HUN. Cripavirus NB-1/2011/HUN and ALPV were more abundant in 

sample V2, since the total consensus sequence length was 8,754 and 3,877, respectively. In sample 

V2, one 150-bp read aligned to Culex Picorna/Iflavi-like virus belonging to the Picornavirales 

order. Despite the short sequence, the result can be supported by the BLASTn analysis that 

revealed the unique homology towards Culex Picorna-like virus 1 and Culex Iflavi-like virus 4 

with an identity of 98% for both viruses and  e-value ranging from e-10 to e-67, no other significant 

matches were highlighted . The assembled viral genetic sequences were obtained through Unipro 

UGENE. The only exception was ALPV for which the longest consensus sequences were obtained 

by Trinity de novo assembly of ALPV aligned reads. 

Concerning honeybees, both DWV-B (Accession numbers: MT747909; MT747987) and 

Cripavirus NB-1/2011/HUN were found with an abundant alignment rate, achieving full genome 

for DWV-B in both A. mellifera samples and Cripavirus NB-1/2011/HUN in sample A (Accession 

number: MT747985). ALPV and La Jolla virus were only detected in sample A, the first one in 

low abundance since were retrieved a consensus sequence length of 214 bp, while for la Jolla the 

total consensus sequence length was 2,915 bp but spread across 14 short contigs. Samples A and 

AV showed the dicistroviruses BQCV and Aphis gossypii virus (AGV) (Accession number: 

MT747981), respectively. BQCV was detected in very low quantity since only 2 consensus 

sequences with an 813 bp total-length were retrieved, while for AGV four consensus sequences 

were retrieved with 2,400 bp total-length.  In sample A, a 360 bp sequence length of Thika virus 

and two 150-bp-reads sequences of Nora virus (Accession numbers: MT747983; MT747984) were 

detected. Nora virus BLASTn analysis of both 150 bp reads matched only to Nora virus sequences 
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deposited in NCBI with an e-value ranging from e-10 to e-67. In honeybee virome analysis, the 

longest consensus sequences of Cripavirus NB-1/2011/HUN and AGV were achieved by Trinity 

de novo assembly of mapped reads, while the other virus sequences were obtained through Unipro 

UGENE.

Thus, the two Apis mellifera samples (AV and A) resulted positive to four of the viruses also 

found in V. velutina. In detail, DWV-B and Cripavirus NB-1/2011/HUN were shared among 

honeybees and hornet samples; while La Jolla virus was detected only in A and V1 and ALPV in 

A and all hornets.

De novo assembly through Trinity allowed detecting a complete RdRp sequence ascribable to 

Hubei partiti-like virus 34 strain (Accession number: KX884207) in V. velutina (sample V1, not 

included in invertebrate virome database employed for initial screening. Then, Hubei partiti-like 

virus 34 mapping was carried out through Bowtie2 for all five samples. In V. velutina specimens 

(V1, V2, VA) the whole RdRp of such virus was retrieved, showing a high overall alignment rate. 

Hubei partiti-like virus 34 strain detected in sample V1 was deposited in GenBank (Accession 

number: MT747982). In honeybee, a short sequence (186 bp) of Hubei partiti-like virus 34 was 

retrieved only in sample A. V. velutina and A. mellifera detected viral consensus sequences are 

reported in Supplementary Table 1.

Phylogenetic analysis was performed on DWV-B RdRp (Figure 3). On the phylogenetic tree, 

DWV-Bs detected in this study clusterized in VDV-1 group. A different clusterization of DWV-B 

was obtained for V2 and AV in contrast to V1, VA, and A samples. A possible recombination site 

of DWV-B with DWV-A genome was identified among positions 1118- 1519 for sample V1 and 

1135 – 1503 for sample AV (Figure 4).

3.2 Homology rate among bee and hornet viral regions

The longest genomic region shared by the detected viruses in all five samples was employed to 

determine viral homology rate. Only for DWV-B and Cripavirus NB-1/2011/HUN was it possible 

to identify a region shared by all the samples. The reference viruses employed to determine the 

significance of the homology rate are two VDV clones: HM067437 and HM067438 (Ryabov et 

al., 2014). P-distance of the latter is 0.220 (per thousand value), much higher than p-distance of 

the detected DWV-B in the present study (from 0.024 to 0.100). It was not possible to compare p-

distance of Cripavirus NB-1/2011/HUN with other genomes deposited in GenBank since only one 

https://www.ncbi.nlm.nih.gov/nucleotide/KX884207.1?report=genbank&log$=nuclalign&blast_rank=1&RID=5S73ABCF014
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virus shows the analyzed region but also in this case p-distance values were rather low (from 

0.000 to 0.086 per thousand).

3.3 Strand-specific RT-PCR

Strand-specific RT-PCR was conducted to determine the replicative form of detected viruses 

through metagenomics analysis. The replicative assay was conducted on Cripavirus NB-

1/2011/HUN (in sample V1, A), ALPV (in sample V2), AGV (in sample AV), DWV-B (in sample 

V1, A) and Hubei partiti-like virus 34 (in sample V1). The negative-strand RNA was detected for 

all viruses obtaining amplicons of the expected sizes, except for Hubei partiti-like virus 34, for 

which it was not possible to obtain a definitive and reliable result (Figure 5). 

4. Discussion

NGS analysis of transcriptome allowed to get a deeper knowledge about V. velutina and A. 

mellifera virome. The investigation conducted, successfully identified viruses shared among the 

two species and detect viruses never detected before in both hosts. Overall, 6 and 9 viruses were 

reported in V. velutina and A. mellifera, respectively.

Concerning DWV-B, it was detected with a high alignment rate in all samples (Accession 

numbers: MT747986; MT747989; MT747988; MT747909; MT747987), demonstrating the high 

diffusion of the virus worldwide (Wilfert et al., 2016). In recent studies conducted on V. velutina, 

DWV-A was found in adult hornets sampled in France (S. Yang et al., 2020), while in another 

study performed on hornets from the same country, DWV-B was found in infective form and 

DWV-C was found in low quantity in hornet gut as a contaminant or latent infectious agent 

(Dalmon et al., 2019). The capability to infect a wide range of pollinators was demonstrated by the 

presence of DWV-B replicative viral form. The existence of replicative virus and the high 

alignment rate may be related to symptomatic form (Dalmon et al., 2019; De Miranda & 

Genersch, 2010), especially referring to DWV-B, being a more virulent honey bee virus strain 

than DWV-A (McMahon et al., 2016). NGS analysis allowed to identify the whole DWV-B 

genome without significant differences in homology (from 0.024 to 0.100 per thousand) between 

samples, suggesting the efficient and previous transmission among A. mellifera and V. velutina. 

Considering the predatory activity of V. velutina on A. mellifera could be hypothesized a unique 

direction of transmission from prey to predator. Indeed, DWV spillover from honeybees to hornets 

was recently described (Dalmon et al., 2019; Forzan, Sagona, et al., 2017; B. Yang et al., 2017). 
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Phylogenetic analysis was performed on DWV-B RdRp, the only virus whose RdRp ORF was 

shared among samples. The phylogenetic tree shows a clear clusterization of detected DWV-B 

within VDV-1 group. It is necessary to consider that the VDV-1 has been recently renamed DWV-

B (Mordecai et al., 2015), so the clusterization is consistent. The DWV-B cluster includes viruses 

originating from hosts different from those considered in this study, such as Varroa destructor 

(AY251269). The absence of a DWV-B clade among different hosts further underlines the high 

spread and capability of infection of DWV-B in the natural ecosystem, suggesting the interspecies 

transmission as effective as the intraspecies transmission (Dalmon et al., 2019; S. Yang et al., 

2020). Detected DWV-B/DWV-A recombination features (Figure 4) are unique since have been 

identified for the first time in that specific genomic site. DWV-A and DWV-B recombination can 

naturally occur when the two genotypes are present at high levels during co-infection (McMahon 

et al., 2016; Moore et al., 2011; Wang et al., 2013). Furthermore, the discovery of chimeric DWV-

A/DWV-B viruses has been linked to higher virulence in honeybee pupae (Ryabov et al., 2014). 

Indeed, the generation of recombinant genotype may be responsible for knock-on effects for long-

term virulence evolution and host adaptation (Rambaut, Posada, Crandall, & Holmes, 2004).

Another virus detected in both species investigated is Cripavirus NB-1/2011/HUN (NC_025219). 

A high number of sequences were detected in V. velutina and for the first time in A. mellifera 

specimens, since so far it was only found in insectivorous bat faeces (Dacheux et al., 2014; Reuter, 

Pankovics, Gyöngyi, Delwart, & Boros, 2014). The whole genome retrieved from sample A was 

deposited in GenBank (Accession numbers: MT747985). The virus detected shows a high 

percentage of identity (99%) to another virus classified as Triato-like virus identified in 2014 from 

V. velutina specimens collected in the south-east of France (Dalmon et al., 2019). As stated by 

Reuter et al. (2014), the Cripavirus NB-1/2011/HUN was linked to Himetoby P virus (AB183472) 

by the sequence identity of their capsid protein and therefore classified as a taxonomic member of 

Cripavirus genus (from which the name Cripavirus NB-1/2011/HUN originated).  Since 2015 

Himetoby P virus has been classified as a member of Triatovirus genus 

(https://talk.ictvonline.org). Therefore, it seems necessary to provide for a nomenclature revision 

of the Cripavirus NB-1/2011/HUN species, as it could be wrongly attributed to Cripavirus genus. 

So, it seems more correct for future reference to classify the virus identified in our italian 

specimens as member of Triato-like viruses. Moreover, the presence of a replicative form of 

Triato-like virus in both hosts sampled in Italy indicates that the virus actively infects V. velutina 

and A. mellifera, confirming what was suggested by Dalmon et al. (2019). Since the high 
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abundance of Triato-like virus in all samples, it would be intriguing to investigate its role on 

honeybee and V. velutina health. The low difference in homology rate (from 0.000 to 0.086 per 

thousand) suggests the efficient transmission of the virus from A. mellifera to V. velutina.

ALPV was detected in both A. mellifera and V. velutina. Only sample AV (honeybee) did not 

present sequences related to this virus. ALPV in A. mellifera was for the first time detected in 

Spain (Chen et al., 2004), and recently in France (Dalmon et al., 2019) confirming its presence in 

the European continent and such host. Recently ALPV has been detected in V. velutina in China 

(D. Yang et al., 2019). ALPV is globally distributed in honeybees and Asian hornets and its 

infectivity on these hosts is demonstrated by the presence of the replicative form of the genome in 

the tested samples. Considering the alignment rate, the highest values were attributed to V. 

velutina samples, in which was also detected the replicative form. This could suggest that the 

replication activity could be more efficient in hornets rather than in honeybees. However, 

according to Roberts et al. (2018), the low abundance of ALPV reads recorded in several studies 

does not allow a better understanding of its impact for A. mellifera and V. velutina health.

Although BQCV is a common honeybee virus it was only detected in very low abundance in 

sample A (honeybee). Nevertheless, BQCV was recently reported in a replicative form in V. 

velutina (Maurizio Mazzei et al., 2019). The presence in Apis mellifera only could be explained by 

a higher prevalence in Apis species compared to other social wasps (Manley, Boots, & Wilfert, 

2015).

Two viruses associated with Drosophila spp. were also found in analyzed samples: La Jolla virus 

and Thika virus. La Jolla virus was only detected in two honeybee samples and, for the first time, 

in V. velutina (Accession numbers: MT747979; MT747980). This virus belongs to the Iflaviridae 

family and was recently detected in honeybee (Roberts et al., 2018). It is not possible to exclude 

an active role in V. velutina and A. mellifera, especially in the latter, in which a longer global 

consensus sequence length was retrieved. Thika virus, a taxonomically unclassified virus, was 

only detected in honeybee (sample A) and its presence was already ascertained in such host 

(Roberts et al., 2018). The low abundance of Thika virus reads suggests minimal importance for A. 

mellifera or an inability to replicate in honeybees. 

Another virus conveyed by aphid and detected for the first time in honeybee is AGV (Accession 

number: MT747981). It is an unclassified Cripavirus and it was for the first time reported in Aphis 

gossypii sampled in Israel from 2015 to 2017 (GenBank: MH476200 to MH476204). A. gossypii is 

a polyphagous crop pest worldwide distributed and it plays an important role as plant virus vector 
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(Gu et al., 2013). Its ability to replicate in A. mellifera has been observed and further studies are 

needed to verify if it plays a pathogenic role for honeybee, so considering honeydew produced by 

aphids a possible source of transmission.

Two short sequences of Nora virus were detected in sample A (A. mellifera) (Accession numbers: 

MT747983; MT747984). Despite the short sequences identified (150 bp lenght), the possibility of 

artifacts of NGS it is unlikely due to the reliability of BLASTn analysis. Indeed, the two sequences 

only aligned to other Nora virus deposited in NCBI with an e-value ranging from e-10 to e-67, much 

lower than e-5, the typical threshold for a good e-value. Nora virus is an unclassified ssRNA 

positive-strand virus and it is for the first time detected in such host, even if it has been frequently 

associated with Drosophila species. Nora virus was also detected in a recent study in V. velutina 

(Dalmon et al., 2019). This opens the scenario to a possible wasp-bee transmission, although it is 

necessary to establish the route of infection, probably indirect, and effects of the virus on the two 

hosts' health.

Culex Picorna/Iflavi-like virus was detected in sample V2 and it has been only detected in Culex 

sp. in previous studies (Sadeghi et al., 2018). Even if only two 150 bp sequences were retrieved, it 

is possible to assume that they are uniquely ascribable to Culex Picorna/Iflavi-like virus because 

following BLASTn analysis the only matches with e-value lower than e-5 were Picorna and Iflavi-

like viruses isolated from hosts belonging to Culicidae family. It is unlikely that this virus 

replicates in V. velutina given the short sequence obtained, and therefore could be considered 

contamination rather than an infection event.

The last virus detected in high quantity in V. velutina samples was Hubei partiti-like virus 34 

(Accession number: MT747982), sharing high homology of the genome and translated protein 

similarity to the reference genome (Accession number: KX884207). This virus belongs to 

Partitiviridae family and was only found in Chinese land snail (Shi et al., 2016).  The detected 

viruses share also from 63.21 to 64.06 of translated protein similarity with Vespa velutina partiti-

like virus 1, detected in V. velutina sampled in the south-east of France (Dalmon et al., 2019). 

Given the relative geographical proximity with the samples analyzed in the present study, it is 

plausible that the presence of this virus could be found in Asian hornet in southern Europe. 

Although it was not possible to identify the replicative form of Hubei partiti-like virus 34, the high 

alignment rate recorded can be related to an active viral replication in V. velutina, although its 

impact on hornet health has not yet been investigated. In A. mellifera the virus was absent (sample 

https://www.ncbi.nlm.nih.gov/nucleotide/KX884207.1?report=genbank&log$=nuclalign&blast_rank=1&RID=5S73ABCF014
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AV) or present in very low quantity (sample A), supposedly as environmental or indirect 

contamination from V. velutina. 

5. Conclusion

In conclusion, our findings evidence the presence of several viruses infecting both A. mellifera and 

V. velutina, confirming the role of the environment as an important source of infection. 

Interestingly, NGS approach allowed us to retrieve genomic sequences belonging to viruses never 

reported before in both insects analyzed in this study. Newly associated viruses to A. mellifera 

were Triato-like virus, AGV, and Nora virus, while for V. velutina La Jolla virus was for the first 

time reported. The general high homology rate between viral genomes identified in this study 

indicates the possibility of multiple pathogen transfer from the environment to the hosts or 

spillover among the two insect species. In some cases the presence of replicating virus has been 

demonstrated, suggesting an active role in transmission for different species and new possible 

pathogenetic implications. Moreover, the transmission route from A. mellifera to V. velutina was 

confirmed by the evidence of intense viral replication in Asian hornet of DWV-B. Another 

evidence could be observed for the Triato-like virus that showed high replicative activity in A. 

mellifera and also in V. velutina. In this case, it is not clear whether the A. mellifera could play an 

active role in viral transmission, or both species resulted infected by other environmental sources. 

Since the presence of replicative strand in V. velutina was clearly detected, it is unlikely that it 

derives from dead ingested bees. Indeed, if the RNA of the replicative virus had been present only 

in the gastrointestinal tract of the wasp, this would not have been easily detected by molecular 

assays. Furthermore, the wasps were captured in October, the period of the year in which V. 

velutina exerts the major predation pressure and after bee capturing it removes all parts of the 

bee's body except the thorax, which is carried to the nest (Perrard et al., 2009; Arca et al., 2014; 

Monceau et al., 2018). Those data need to be deeply clarified to better understand the role of both 

insects to define a possible natural re-equilibrium prey/predator. Finally, NGS has been confirmed 

as an effective diagnostic tool to identify new pathogens, for highlight epidemiological knowledge 

especially for alien or newly introduced species in a defined environment. Such information could 

be extremely useful in planning early actions to contrast pathogens spread.

Author contributions



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

F.M., M.F, A.F. and M.M conceived and designed the experiments; L.B, A.F provided the 

samples; F.M., M.F and M.M. performed the experiments; F.M, M.F., M.I.P., M.S.R-F., A.F.  and 

M.M analyzed the data; F.M and M.M. wrote the paper; F.M., M.F., L.B., M.I.P., M.S.R-F., A.F. 

and M.M. checked and finalized the manuscript; A.F. and M.M, funding acquisition. All authors 

read and approved the final manuscript.

Conflict of interest statement

Authors have no competing interests to declare.

Data Availability Statement

The data that support the findings of this study are available from the corresponding author upon 

reasonable request.

Funding 

This study was financially supported by Fondi di Ateneo Università di Pisa. Rodriguez-Flores, 

M.S thanks Program of aid to the postdoctoral stage of the Xunta de Galicia [reference number 

ED481B-2018/059] through relation contractual with the University of Vigo.

Ethical approval
No ethical approval is required as this article is based on invertebrates samples.

References

Altschul, S. F., Madden, T. L., Schäffer, A. A., Zhang, J., Zhang, Z., Miller, W., & Lipman, D. J. 

(1997). Gapped BLAST and PSI-BLAST: A new generation of protein database search 

programs. Nucleic Acids Research, 25, 3389–3402. doi:10.1093/nar/25.17.3389

Andrews, S. (2010). FastQC: a quality control tool for high throughput sequence data. 

http://www.bioinformatics.babraha .ac.uk/projects/ fastqc.

Arca, M., Papachristoforou, A., Mougel, F., Rortais, A., Monceau, K., Bonnard, O., ...  Arnold, G. 

(2014). Defensive behaviour of Apis mellifera against Vespa velutina in France: testing 

whether European honeybees can develop an effective collective defence against a new 

predator. Behavioural processes, 106, 122-129.  doi:10.1016/j.beproc.2014.05.002



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

Bortolotti, L., Cervo, R., Felicioli, A., Quaranta, M., Salvetti, O., Berton, A., … Pepiciello, I. 

(2016). Progetto velutina: la ricerca italiana a caccia di soluzioni, 143–149. 

doi: 10.5281/zenodo.1066131

Brown, M. J. F., Dicks, L. V., Paxton, R. J., Baldock, K. C. R., Barron, A. B., Chauzat, M.-P., … 

Stout, J. C. (2016). A horizon scan of future threats and opportunities for pollinators and 

pollination. PeerJ, 4, e2249. doi: 10.7717/peerj.2249

Chen, Y., Zhao, Y., Hammond, J., Hsu, H. T., Evans, J., Feldlaufer, M. (2004). Multiple virus 

infections in the honey bee and genome divergence of honey bee viruses. Journal of 

Invertebrate Pathology, 87(2–3), 84–93. doi: 10.1016/j.jip.2004.07.005

Cini, A., Cappa, F., Petrocelli, I., Pepiciello, I., Bortolotti, L., Cervo, R. (2018). Competition 

between the native and the introduced hornets Vespa crabro and Vespa velutina: a 

comparison of potentially relevant life-history traits. Ecological Entomology, 43(3), 351–362. 

doi: 10.1111/een.12507

Cock, P. J. A., Antao, T., Chang, J. T., Chapman, B. A., Cox, C. J., Dalke, A., … De Hoon, M. J. 

L. (2009). Biopython: Freely available Python tools for computational molecular biology and 

bioinformatics. Bioinformatics, 25(11), 1422–1423. doi:  10.1093/bioinformatics/btp163

Crenna, E., Jolliet, O., Collina, E., Sala, S., Fantke, P. (2020). Characterizing honey bee exposure 

and effects from pesticides for chemical prioritization and life cycle assessment. Environment 

International, 138, 105642. doi:10.1016/j.envint.2020.105642

Dacheux, L., Cervantes-Gonzalez, M., Guigon, G., Thiberge, J.-M., Vandenbogaert, M., Maufrais, 

C., … Bourhy, H. (2014). A Preliminary Study of Viral Metagenomics of French Bat Species 

in Contact with Humans: Identification of New Mammalian Viruses. PLoS ONE, 9(1), 

e87194. doi:10.1371/journal.pone.0087194

Dalmon, A., Gayral, P., Decante, D., Klopp, C., Bigot, D., Thomasson, M., … Le Conte, Y. 

(2019). Viruses in the Invasive Hornet Vespa velutina. Viruses, 11(11), 1041. doi: 

10.3390/v11111041

De Miranda, J. R., & Genersch, E. (2010). Deformed wing virus. Journal of Invertebrate 

Pathology, 103 (SUPPL. 1), S48–S61. doi: 10.1016/j.jip.2009.06.012

Demichelis, S., Manino, A., Minuto, G., Mariotti, M., Porporato, M. (2014). Social wasp trapping 

in north west Italy: comparison of different bait-traps and first detection of Vespa velutina. 

Bulletin of insectology 67(2), 307–317.

Essl, F., Bacher, S., Blackburn, T. M., Booy, O., Brundu, G., Brunel, S., … Jeschke, J. M. (2015). 

https://dx.doi.org/10.5281/zenodo.1066131


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

Crossing Frontiers in Tackling Pathways of Biological Invasions. BioScience, 65(8), 769–

782. doi:10.1093/biosci/biv082

Ewels, P., Magnusson, M., Lundin, S., & Käller, M. (2016). MultiQC: Summarize analysis results 

for multiple tools and samples in a single report. Bioinformatics, 32(19), 3047–3048. doi: 

10.1093/bioinformatics/btw354

Forzan, M., Felicioli, A., Sagona, S., Bandecchi, P., Mazzei, M. (2017). Complete Genome 

Sequence of Deformed Wing Virus Isolated from Vespa crabro in Italy. Genome Announc., 

5(40), e00961-17. doi: 10.1128/GENOMEA.00961-17

Forzan, M., Sagona, S., Mazzei, M., Felicioli, A. (2017). Detection of deformed wing virus in 

Vespa crabro. Bulletin of Insectology, 70(2), 261–265.

Galbraith, D. A., Fuller, Z. L., Ray, A. M., Brockmann, A., Frazier, M., Gikungu, M. W., … 

Grozinger, C. M. (2018). Investigating the viral ecology of global bee communities with 

high-throughput metagenomics. Scientific Reports, 8(1), 8879. doi: 10.1038/s41598-018-

27164-z

Garigliany, M., Taminiau, B., El Agrebi, N., Cadar, D., Gilliaux, G., Hue, M., … Saegerman, C. 

(2017). Moku Virus in Invasive Asian Hornets, Belgium, 2016. Emerging Infectious 

Diseases, 23(12), 2109–2112. doi: 10.3201%2Feid2312.171080

Grabherr, M. G., Haas, B. J., Yassour, M., Levin, J. Z., Thompson, D. A., Amit, I., … Regev, A. 

(2011). Full-length transcriptome assembly from RNA-Seq data without a reference genome. 

Nature Biotechnology, 29(7), 644–652. doi: 10.1038/nbt.1883

Granato, A., Negrisolo, E., Bonomi, J., Zulian, L., Cappa, F., Bortolotti, L., Mutinelli, F. (2019). 

Recent confirmation of a single haplotype in the Italian population of Vespa velutina. 

Biological Invasions, 21(9), 2811–2817. doi: 10.1007/s10530-019-02051-4

Granberg, F., Vicente-Rubiano, M., Rubio-Guerri, C., Karlsson, O. E., Kukielka, D., Belák, S., 

Sánchez-Vizcaíno, J. M. (2013). Metagenomic Detection of Viral Pathogens in Spanish 

Honeybees: Co-Infection by Aphid Lethal Paralysis, Israel Acute Paralysis and Lake Sinai 

Viruses. PLoS ONE, 8(2). doi: 10.1371/journal.pone.0057459

Gu, S. H., Wu, K. M., Guo, Y. Y., Field, L. M., Pickett, J. A., Zhang, Y. J., & Zhou, J. J. (2013). 

Identification and Expression Profiling of Odorant Binding Proteins and Chemosensory 

Proteins between Two Wingless Morphs and a Winged Morph of the Cotton Aphid Aphis 

gossypii Glover. PLoS ONE, 8(9). doi: 10.1371/journal.pone.0073524

Hall, T. A. (1999). BioEdit: a user-friendly biological sequence alignment editor and analysis 

https://doi.org/10.1093/biosci/biv082


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

program for Windows 95/98/NT. Nucleic Acids Symposium Series, 41, 95–98.

Hulme, P. E. (2009). Trade, transport and trouble: managing invasive species pathways in an era 

of globalization. Journal of Applied Ecology, 46(1), 10–18. doi: 10.1111/j.1365-

2664.2008.01600.x

Kim, D., Langmead, B., & Salzberg, S. L. (2015). HISAT: A fast spliced aligner with low memory 

requirements. Nature Methods, 12(4), 357–360. doi:10.1038/nmeth.3317

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: Molecular 

Evolutionary Genetics Analysis across Computing Platforms. Molecular Biology and 

Evolution, 35(6), 1547–1549. doi:10.1093/molbev/msy096

Langmead, B., & Salzberg, S. L. (2012). Fast gapped-read alignment with Bowtie 2. Nature 

Methods, 9(4), 357–359. doi:10.1038/nmeth.1923

Li, J. L., Scott Cornman, R., Evans, J. D., Pettis, J. S., Zhao, Y., Murphy, C., … Chen, Y. P. 

(2014). Systemic spread and propagation of a plant-pathogenic virus in European honeybees, 

Apis mellifera. MBio, 5(1). doi:10.1128/mBio.00898-13

Liu, S., Vijayendran, D., Carrillo-Tripp, J., Allen Miller, W., & Bonning, B. C. (2014). Analysis 

of new aphid lethal paralysis virus (ALPV) isolates suggests evolution of two ALPV species. 

Journal of General Virology, 95, 2809–2819. doi:10.1099/vir.0.069765-0

Lole, K. S., Bollinger, R. C., Paranjape, R. S., Gadkari, D., Kulkarni, S. S., Novak, N. G., … Ray, 

S. C. (1999). Full-Length Human Immunodeficiency Virus Type 1 Genomes from Subtype 

C-Infected Seroconverters in India, with Evidence of Intersubtype Recombination. In Journal 

of virology, 73 152-160. doi: 10.1128/JVI.73.1.152-160.1999

Manley, R., Boots, M., & Wilfert, L. (2015). Emerging viral disease risk to pollinating insects: 

ecological, evolutionary and anthropogenic factors. Journal of Applied Ecology, 52(2), 331–

340. doi:10.1111/1365-2664.12385

Mazzei, M., Carrozza, M. L., Luisi, E., Forzan, M., Giusti, M., Sagona, S., … Felicioli, A. (2014). 

Infectivity of DWV associated to flower pollen: Experimental evidence of a horizontal 

transmission route. PLoS ONE, 9(11). doi:10.1371/journal.pone.0113448

Mazzei, M., Cilia, G., Forzan, M., Lavazza, A., Mutinelli, F., & Felicioli, A. (2019). Detection of 

replicative Kashmir Bee Virus and Black Queen Cell Virus in Asian hornet Vespa velutina 

(Lepelieter 1836) in Italy. Scientific Reports, 9, 10091. doi:10.1038/s41598-019-46565-2

Mazzei, M., Forzan, M., Cilia, G., Sagona, S., Bortolotti, L., & Felicioli, A. (2018). First detection 

of replicative deformed wing virus (DWV) in Vespa velutina nigrithorax. Bulletin of 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

Insectology, 71(2), 211–216.

McMahon, D. P., Natsopoulou, M. E., Doublet, V., Fürst, M., Weging, S., Brown, M. J. F., … 

Paxton, R. J. (2016). Elevated virulence of an emerging viral genotype as a driver of 

honeybee loss. Proceedings of the Royal Society B: Biological Sciences, 283(1833), 

20160811. doi:10.1098/rspb.2016.0811

Monceau, K., Bonnard, O., & Thiéry, D. (2014). Vespa velutina: a new invasive predator of 

honeybees in Europe. Journal of Pest Science, 87(1), 1–16. doi: 10.1007/s10340-013-0537-3

Monceau, K., Arca, M., Leprêtre, L., Bonnard, O., Arnold, G., & Thiéry, D. (2018). How Apis 

mellifera behaves with its invasive hornet predator Vespa velutina? Journal of insect 

behavior, 31(1), 1-11. doi: 10.1007/s10905-017-9658-5

Moore, J., Jironkin, A., Chandler, D., Burroughs, N., Evans, D. J., Ryabov, E. V. (2011). 

Recombinants between Deformed wing virus and Varroa destructor virus-1 may prevail in 

Varroa destructor-infested honeybee colonies. Journal of General Virology, 92(1), 156–161. 

doi:10.1099/vir.0.025965-0

Mordecai, G. J., Brettell, L. E., Martin, S. J., Dixon, D., Jones, I. M., Schroeder, D. C. (2015). 

Superinfection exclusion and the long-term survival of honey bees in Varroa-infested 

colonies. ISME Journal, 10(5), 1182–1191. doi:10.1038/ismej.2015.186

Mordecai, G. J., Brettell, L. E., Pachori, P., Villalobos, E. M., Martin, S. J., Jones, I. M., & 

Schroeder, D. C. (2016). Moku virus; a new Iflavirus found in wasps, honey bees and Varroa. 

Scientific Reports, 6(1), 34983. doi: 10.1038/srep34983 (2016).

Okonechnikov, K., Golosova, O., & Fursov, M. (2012). Unipro UGENE: a unified bioinformatics 

toolkit. Bioinformatics, 28(8), 1166–1167. doi:10.1093/bioinformatics/bts091

Perrard, A., Haxaire, J., Rortais, A. & Villemant, C. (2009). Observations on the colony activity of 

the Asian hornet Vespa velutina Lepeletier 1836 (Hymenoptera: Vespidae: Vespinae) in 

France, Annales de la Société Entomologique de France, 45(1), 119-127. 

doi:10.1080/00379271.2009.10697595

Pimentel, D., Zuniga, R., & Morrison, D. (2005). Update on the environmental and economic 

costs associated with alien-invasive species in the United States. Ecological Economics, 

52(3), 273–288. doi: 10.1016/j.ecolecon.2004.10.002

Porporato, M., Manino, A., Laurino, D., & Demichelis, S. (2014). Vespa velutina Lepeletier 

(Hymenoptera Vespidae): a first assessment two years after its arrival in Italy. Redia, 97(0), 

189–194. Retrieved from https://journals-crea.4science.it/index.php/redia/article/view/1046



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

Rambaut, A., Posada, D., Crandall, K. A., & Holmes, E. C. (2004, January). The causes and 

consequences of HIV evolution. Nature Reviews Genetics, Vol. 5, pp. 52–61. 

doi:10.1038/nrg1246

Reuter, G., Pankovics, P., Gyöngyi, Z., Delwart, E., Boros, Á. (2014). Novel dicistrovirus from 

bat guano. Archives of Virology, 159(12), 3453–3456. doi:10.1007/s00705-014-2212-2

Roberts, J. M. K., Anderson, D. L., & Durr, P. A. (2018). Metagenomic analysis of Varroa-free 

Australian honey bees (Apis mellifera) shows a diverse Picornavirales virome. Journal of 

General Virology, 99(6), 818–826. doi:10.1099/jgv.0.001073

Ryabov, E. V., Wood, G. R., Fannon, J. M., Moore, J. D., Bull, J. C., Chandler, D., … Evans, D. J. 

(2014). A Virulent Strain of Deformed Wing Virus (DWV) of Honeybees (Apis mellifera) 

Prevails after Varroa destructor-Mediated, or In Vitro, Transmission. PLoS Pathogens, 10(6), 

e1004230. doi:10.1371/journal.ppat.1004230

Sadeghi, M., Altan, E., Deng, X., Barker, C. M., Fang, Y., Coffey, L. L., Delwart, E. (2018). 

Virome of 12 thousand Culex mosquitoes from throughout California. Virology, 523, 74–88. 

doi:10.1016/j.virol.2018.07.029

Schoonvaere, K., De Smet, L., Smagghe, G., Vierstraete, A., Braeckman, B. P.,  De Graaf, D. C. 

(2016). Unbiased RNA shotgun metagenomics in social and solitary wild bees detects 

associations with eukaryote parasites and new viruses. PLoS ONE, 11(12). 

doi:10.1371/journal.pone.0168456

Shi, M., Lin, X. D., Tian, J. H., Chen, L. J., Chen, X., Li, C. X., … Zhang, Y. Z. (2016). 

Redefining the invertebrate RNA virosphere. Nature, 540(7634), 539–543. 

doi:10.1038/nature20167

Tamura, K., & Nei, M. (1993). Estimation of the number of nucleotide substitutions in the control 

region of mitochondrial DNA in humans and chimpanzees. Molecular Biology and Evolution, 

10(3), 512–526. doi:10.1093/oxfordjournals.molbev.a040023

Villemant, C., Haxaire, J. & Streito, J.-C. (2006). Premier bilan de l’invasion de Vespa velutina 

Lepeletier en France (Hymenoptera, Vespidae). In Bulletin de la Société entomologique de 

France, 111(4), 535-538. 

Vitousek, P. M., Mooney, H. A., Lubchenco, J., Melillo, J. M. (1997). Human Domination of 

Earth’s Ecosystems. Science, 277(5325), 494–499. doi:10.1126/science.277.5325.494

Wang, H., Xie, J., Shreeve, T. G., Ma, J., Pallett, D. W., King, L. A., Possee, R. D. (2013). 

Sequence Recombination and Conservation of Varroa destructor Virus-1 and Deformed Wing 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved

Virus in Field Collected Honey Bees (Apis mellifera). PLoS ONE, 8(9). 

doi:10.1371/journal.pone.0074508

Wilfert, L., Long, G., Leggett, H. C., Schmid-Hempel, P., Butlin, R., Martin, S. J. M., Boots, M. 

(2016). Honeybee disease: Deformed wing virus is a recent global epidemic in honeybees 

driven by Varroa mites. Science, 351(6273), 594–597. doi:10.1126/science.aac9976

Wood, D. E., & Salzberg, S. L. (2014). Kraken: Ultrafast metagenomic sequence classification 

using exact alignments. Genome Biology, 15(3). doi:10.1186/gb-2014-15-3-r46

Yañez, O., Zheng, H.-Q., Hu, F.-L., Neumann, P., Dietemann, V. (2012). A scientific note on 

Israeli acute paralysis virus infection of Eastern honeybee Apis cerana and vespine predator 

Vespa velutina. Apidologie, 43(5), 587–589. doi:10.1007/s13592-012-0128-y

Yang, B., Lei, Z., Zhao, Y., Ahmed, S., Wang, C., Zhang, S., … Qiu, Y. (2017). Combination 

Susceptibility Testing of Common Antimicrobials in Vitro and the Effects of Sub-MIC of 

Antimicrobials on Staphylococcus aureus Biofilm Formation. Frontiers in Microbiology, 8, 

2125. doi:10.3389/fmicb.2017.02125

Yang, D., Zhao, H., Shi, J., Xu, X., Wu, Y., Guo, R., … Hou, C. (2019). Discovery of Aphid 

Lethal Paralysis Virus in Vespa velutina and Apis cerana in China. Insects, 10(6), 157. 

doi:10.3390/insects10060157

Yang, S., Gayral, P., Zhao, H., Wu, Y., Jiang, X., Wu, Y., … Hou, C. (2020). Occurrence and 

Molecular Phylogeny of Honey Bee Viruses in Vespids. Viruses, 12(1), 6. 

doi:10.3390/v12010006

Ye, J., Coulouris, G., Zaretskaya, I., Cutcutache, I., Rozen, S., & Madden, T. L. (2012). Primer-

BLAST: A tool to design target-specific primers for polymerase chain reaction. BMC 

Bioinformatics, 13(1), 134. doi:10.1186/1471-2105-13-134



A
cc

ep
te

d
 A

rt
ic

le

 

Figure 1. Customized Galaxy workflow used in the current study. Sub-workflows (dashed line) 

indicate the stages of data analysis. “Dot shading” indicates processing in Galaxy project 

(https://usegalaxy.org/); “oblique line shading” indicates processing in galaxy Europe 

(https://usegalaxy.eu/). 
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Fig. 2. Coverage and position of consensus sequences aligned against the reference whole genome. 

Accession number of the reference genome is indicated on the box referred to each detected virus. 

Thick lines represent the consensus sequences obtained for viral genomes detected. 
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Fig. 3. Molecular Phylogenetic analysis for RdRp ORF of Deformed Wing Virus (DWV) and Varroa 

Destructor Virus (VDV) by Maximum Likelihood method. The evolutionary history was inferred by 

using the Maximum Likelihood method based on the Tamura-Nei model. The branch lengths of the 

tree measured the number of substitutions per site. The analysis involved 30 nucleotide sequences. 

There were a total of 315 positions in the final dataset. Accession number, country, and year of 

available GenBank DWV and VDV sequences are shown. The DWV-B sequences obtained from 

Italian Vespa velutina and Apis mellifera from this study are marked with a rhombus. (FRA: France, 

USA: United States of America, GBR: United Kingdom, SYR: Syria, ITA: Italy, CHL: Chile, ISR: 

Israel, BRA: Brazil, KOR: South Korea, VNM: Vietnam, CHN: China, NLD: Netherlands, BEL: 

Belgium). 
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Fig. 4. Genome recombination of DWV-B detected in Vespa velutina (sample V1- box a) and Apis mellifera (sample AV – box b) with DWV-A. 

Sequences similar to DWV-B (NC_006494.1_VDV) and DWV-A (NC_004830.2_DWV) are in black and grey, respectively. Nucleotide sequence 

comparison plots were generated with SimPlot (Lole et al., 1999). Genome position of recombination is indicated by a vertical line. 

(b) 
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Fig. 5. Evidence of replicating and genomic viruses in Vespa velutina (V1, V2) and Apis mellifera 

(AV, A) samples. Gel electrophoresis of strand specific RT-PCR. Replicative strand (-) and genomic 

strand (+). Amplicon length: Triato-like virus (Cripavirus NB-1/2011/HUN) (294 bp); Aphid Lethal 

Paralysis Virus - ALPV (157 bp); Aphis gossypii virus - AGV (389 bp); Deformed Wing Virus – 

DWV (504 bp).  
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