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Complete genome sequence of deformed wing virus and 
black queen cell virus isolated from honeybees (Apis mellifera) 
in Argentina
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ABSTRACT We report the complete genome sequence of deformed wing virus and 
black queen cell virus isolated from Argentinean’s honeybees. These sequence data will 
be valuable for future research on the viral variants present in the country and the 
development of strategies to control the spread of these viruses in apiaries.

KEYWORDS deformed wing virus, black queen cell virus, complete genome sequence, 
Apis mellifera

B ee viruses contribute significantly to honey production losses and are associated 
with elevated morbidity and mortality in both naïve and wild bee populations (1, 

2). Furthermore, the decline of honeybees poses a threat to our food production system, 
given their pivotal role in providing pollination services to crops (3). The black queen cell 
virus (BQCV) and deformed wing virus (DWV) (order Picornavirales, families Dicistroviridae 
and Iflaviridae, respectively) are among the most commonly encountered viruses in 
colonies (4).

Genomic sequences of DWV and BQCV have been reported worldwide (taxid:198112 
and taxid:92395, respectively), providing essential resources to study the epidemiology, 
pathogenesis, and control strategies of these viruses. However, in South America, only 
a DWV complete genome from Chile has been described (5). In this study, we present 
the complete genome sequences of DWV and BQCV obtained from Apis mellifera workers 
gathered in the Entre Rios province, Argentina, in September 2019.

Viral particles from a DWV-BQCV doubled positive sample, identified by Reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) as in references (6) and 
(7), were purified by a sucrose gradient ultracentrifugation method (8) and in vitro 
propagated (9). Bee pupae were inoculated with 25 µL of viral particles and incubated 
[(30°C and 60% Relative humidity (RH)] for 3 days. Then, the pupae were macerated 
and centrifugated (4,500 rpm at 4°C for 45 min). The supernatant was washed twice 
with chloroform, applied to a sucrose gradient (15%–41.25%), and ultracentrifuged 
(28,000 rpm at 4°C for 3 hours). Total RNA was extracted from the purified virus using the 
TIANamp Virus RNA kit (Tiangen Biotech, China). A 100-ng aliquot was prepared using 
the TruSeq RNA Kit-v2 (Illumina, US) and subsequently sequenced on a NovaSeq 6000 
platform, producing 71,023,737 reads (2 × 150 bp). Raw reads were subjected to quality 
trimming using BBMap v35.85 (BBMap-sourceforge.net/projects/bbmap/), discarding 
reads shorter than 50 nt.

Clean reads were de novo assembled using rnaSPAdes v3.15.5 (10). Two contigs 
identified as complete viral genomes by the Viralverify and Viralcomplete modules (11) 
underwent a BLASTn search against the NCBI nonredundant database (12); the best 
alignments scores revealed a sequence identity of 97.42% with DWV (accession no. 
AY292384.1) and 96.17% with BQCV (accession no. MH267693.1). Open reading frames 
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(ORFs) and functional protein domains were annotated using Prokka v1.14.5 (13) and 
InterProScan v.5.55-88.0 (14), respectively.

FIG 1 Maximum-likelihood phylogenetic trees of DWV-Argentina-ER308 (A) and BQCV-Argentina-ER308 (B). Phylogenetic trees were constructed with the 

complete genome sequences available for DWV (GenBank taxid:198112) and BQCV (GenBank taxid:92395), using IQ-TREE v.1.6.12 (15) with default parameters. 

The evolutionary models were automatically selected with ModelFinder (16), and branch confidence was determined using the Ultrafast bootstrap approxima­

tion with 1,000 replicates (17). Bootstrap values are indicated near nodes. Black arrows point to DWV-Argentina-ER308 and BQCV-Argentina-ER308. In A, the tree 

was re-rooted on the DWV-B clade; all others DWV genomes correspond to A-variant. DWV-C recombinant complete genome sequences were excluded from the 

analysis.
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The DWV-Argentina-ER308 genome was 10,187 nt in length (coverage 128,709, %GC 
= 37.80), whereas BQCV-Argentina-ER308 had 8,566 nt (coverage 48,044, %GC = 40.30).

The DWV-Argentina-ER308 has a genome organization consisting of a single ORF 
(position: 1,132–9,813 nt, 2,893 aa) encoding a polyprotein flanked by 5′ and 3′ UTRs and 
a poly(A) tail.

The BQCV-Argentina-ER308 genome aligns with the Dicistroviridae family, featuring a 
5′-end ORF1 (690–5,576 nt, 1,628 aa) and a 3′-end ORF2 (5,892–8,345 nt, 817 aa) for the 
non-structural and structural polyproteins, respectively. The ORF domain signatures for 
both viruses can be accessed at DWV-ORF, BQCV-ORF1, and BQCV-ORF2.

DWV-Argentina-ER308 is related to DWV-A genotypes of Asiatic origin (Fig. 1A), while 
BQCV-Argentina-ER308 is most closely associated with European isolates (Fig. 1B).

ACKNOWLEDGMENTS

We greatly appreciate Andrea Puebla and Pablo Vera (Instituto de Agrobiotecnología 
y Biología Molecular, INTA-CONICET) for their technical assistance with the next-genera­
tion sequencing experiment. H.A.C. acknowledges the support from CONICET (Consejo 
Nacional de Investigaciones Científicas y Técnicas).

F.N.G.: conceptualization, investigation, resources, writing—review and editing; C.F.: 
investigation; M.J.D.S.: conceptualization, project administration, resources, supervision, 
writing—original draft; H.A.C.: conceptualization, methodology, data curation, formal 
analysis, visualization, writing – original draft. The final manuscript has been read and 
approved by all authors.

AUTHOR AFFILIATIONS

1Instituto de Virología e Innovaciones Tecnológicas, Instituto Nacional de Tecnología 
Agropecuaria-Consejo Nacional de Investigaciones Científicas y Técnicas, Hurlingham, 
Argentina
2Consejo Nacional de Investigaciones Científicas y Técnicas, Ciudad Autónoma de Buenos 
Aires, Argentina

AUTHOR ORCIDs

María José Dus Santos  http://orcid.org/0000-0002-8523-4732
Hugo A. Carignano  http://orcid.org/0000-0003-2883-9919

AUTHOR CONTRIBUTIONS

Fernanda N. Gonzalez, Conceptualization, Investigation, Resources, Writing – review 
and editing | Cecilia Ferrufino, Investigation | María José Dus Santos, Conceptualiza­
tion, Project administration, Resources, Supervision, Writing – original draft | Hugo A. 
Carignano, Conceptualization, Data curation, Formal analysis, Methodology, Visualiza­
tion, Writing – original draft

DATA AVAILABILITY

The complete genome sequences of DWV-Argentina-ER308 and BQCV-Argentina-ER308 
were deposited in GenBank under the accession numbers OR597290 and OR597291, 
respectively. Raw sequencing reads are available in the NCBI Sequence Read Archive 
(SRA) under the accession number SRR26222246 (BioSample: SAMN37524832).

REFERENCES

1. Highfield AC, El Nagar A, Mackinder LCM, Noël LM-LJ, Hall MJ, Martin SJ, 
Schroeder DC. 2009. Deformed wing virus implicated in overwintering 
honeybee colony losses. Appl Environ Microbiol 75:7212–7220. https://
doi.org/10.1128/AEM.02227-09

2. Tehel A, Brown MJ, Paxton RJ. 2016. Impact of managed honey bee 
viruses on wild bees. Curr Opin Virol 19:16–22. https://doi.org/10.1016/j.
coviro.2016.06.006

3. IPBES. 2016. The assessment report of the intergovernmental science-
policy platform on biodiversity and ecosystem services on pollinators, 

Announcement Microbiology Resource Announcements

March 2024  Volume 13  Issue 3 10.1128/mra.01025-23 3

http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20240102-122119-0772-42760866-p1m/
http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20240102-124145-0484-11726188-p1m/
http://www.ebi.ac.uk/interpro/result/InterProScan/iprscan5-R20240102-124846-0505-97918709-p1m/
https://www.ncbi.nlm.nih.gov/nuccore/OR597290
https://www.ncbi.nlm.nih.gov/nuccore/OR597291
https://www.ncbi.nlm.nih.gov/sra?linkname=bioproject_sra_all&from_uid=1020543
https://www.ncbi.nlm.nih.gov/biosample/SAMN37524832/
https://doi.org/10.1128/AEM.02227-09
https://doi.org/10.1016/j.coviro.2016.06.006
https://doi.org/10.1128/mra.01025-23


pollination and food production. In Potts S, Imperatriz-Fonseca V, Ngo H 
(ed),. IPBES, Bonn, Germany.

4. Brutscher LM, McMenamin AJ, Flenniken ML. 2016. The buzz about 
honey bee viruses. PLoS Pathog 12:e1005757. https://doi.org/10.1371/
journal.ppat.1005757

5. Barriga GP, Cifuentes-Muñoz N, Rivera PA, Gutierrez M, Shmaryahu A, 
Valenzuela PDT, Engel EA. 2012. First detection and complete genome 
sequence of deformed wing virus in Chilean honeybees. Virus Genes 
45:606–609. https://doi.org/10.1007/s11262-012-0791-0

6. Locke B, Forsgren E, Fries I, de Miranda JR. 2012. Acaricide treatment 
affects viral dynamics in Varroa destructor-infested honey bee colonies 
via both host physiology and mite control. Appl Environ Microbiol 
78:227–235. https://doi.org/10.1128/AEM.06094-11

7. Bradford EL, Christie CR, Campbell EM, Bowman AS. 2017. A real-time 
PCR method for quantification of the total and major variant strains of 
the deformed wing virus. PLoS One 12:e0190017. https://doi.org/10.
1371/journal.pone.0190017

8. Pega J, Bucafusco D, Di Giacomo S, Schammas JM, Malacari D, Capozzo 
AV, Arzt J, Pérez-Beascoechea C, Maradei E, Rodríguez LL, Borca MV, 
Pérez-Filgueira M. 2013. Early adaptive immune responses in the 
respiratory tract of foot-and-mouth disease virus-infected cattle. J Virol 
87:2489–2495. https://doi.org/10.1128/JVI.02879-12

9. de Miranda JR, Bailey L, Ball BV, Blanchard P, Budge GE, Chejanovsky N, 
Chen Y-P, Gauthier L, Genersch E, de Graaf DC, Ribière M, Ryabov E, De 
Smet L, van der Steen JJM. 2013. Standard methods for virus research in 
Apis mellifera. J Apic Res 52:1–56. https://doi.org/10.3896/IBRA.1.52.4.22

10. Bushmanova E, Antipov D, Lapidus A, Prjibelski AD. 2019. rnaSPAdes: a 
de novo transcriptome assembler and its application to RNA-Seq data. 
Gigascience 8:1–13. https://doi.org/10.1093/gigascience/giz100

11. Antipov D, Raiko M, Lapidus A, Pevzner PA. 2020. Metaviral SPAdes: 
assembly of viruses from metagenomic data. Bioinformatics 36:4126–
4129. https://doi.org/10.1093/bioinformatics/btaa490

12. Pruitt KD, Tatusova T, Maglott DR. 2005. NCBI reference sequence 
(RefSeq): a curated non-redundant sequence database of genomes, 
transcripts and proteins. Nucleic Acids Res 33:D501–4. https://doi.org/
10.1093/nar/gki025

13. Seemann T. 2014. Prokka: rapid prokaryotic genome annotation. 
Bioinformatics 30:2068–2069. https://doi.org/10.1093/bioinformatics/
btu153

14. Jones P, Binns D, Chang H-Y, Fraser M, Li W, McAnulla C, McWilliam H, 
Maslen J, Mitchell A, Nuka G, Pesseat S, Quinn AF, Sangrador-Vegas A, 
Scheremetjew M, Yong S-Y, Lopez R, Hunter S. 2014. InterProScan 5: 
genome-scale protein function classification. Bioinformatics 30:1236–
1240. https://doi.org/10.1093/bioinformatics/btu031

15. Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, von 
Haeseler A, Lanfear R. 2020. IQ-TREE 2: new models and efficient 
methods for phylogenetic inference in the genomic era. Mol Biol Evol 
37:1530–1534. https://doi.org/10.1093/molbev/msaa015

16. Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS. 
2017. ModelFinder: fast model selection for accurate phylogenetic 
estimates. Nat Methods 14:587–589. https://doi.org/10.1038/nmeth.
4285

17. Hoang DT, Chernomor O, von Haeseler A, Minh BQ, Vinh LS. 2018. 
UFBoot2: improving the ultrafast bootstrap approximation. Mol Biol Evol 
35:518–522. https://doi.org/10.1093/molbev/msx281

Announcement Microbiology Resource Announcements

March 2024  Volume 13  Issue 3 10.1128/mra.01025-23 4

https://doi.org/10.1371/journal.ppat.1005757
https://doi.org/10.1007/s11262-012-0791-0
https://doi.org/10.1128/AEM.06094-11
https://doi.org/10.1371/journal.pone.0190017
https://doi.org/10.1128/JVI.02879-12
https://doi.org/10.3896/IBRA.1.52.4.22
https://doi.org/10.1093/gigascience/giz100
https://doi.org/10.1093/bioinformatics/btaa490
https://doi.org/10.1093/nar/gki025
https://doi.org/10.1093/bioinformatics/btu153
https://doi.org/10.1093/bioinformatics/btu031
https://doi.org/10.1093/molbev/msaa015
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1093/molbev/msx281
https://doi.org/10.1128/mra.01025-23

	Complete genome sequence of deformed wing virus and black queen cell virus isolated from honeybees (Apis mellifera) in Argentina

