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Abstract 

Flaviviruses are a diverse group of RNA viruses, which include the etiological agents of Zika, dengue and yellow fever 
that are transmitted by mosquitoes. Flaviviruses do not encode reverse transcriptase and cannot reverse transcribe 
into DNA, yet DNA sequences of flaviviruses are found both integrated in the chromosomes of Aedes aegypti mos-
quitoes and as extrachromosomal sequences. We have previously examined the Ae. aegypti reference genome 
to identify flavivirus integrations and analyzed conservation of these sequences among whole-genome data of 464 
Ae. aegypti collected across 10 countries globally. Here, we extended this analysis by identifying flavivirus sequences 
in these samples independently of the Ae. aegypti reference assembly. Our aim was to identify the complete set 
of viral sequences, including those absent in the reference genome, and their geographical distribution. We com-
pared the identified sequences using BLASTn and applied machine learning methods to identify clusters of similar 
sequences. Apart from clusters of sequences that correspond to the four viral integration events that we had previ-
ously described, we identified 19 smaller clusters. The only cluster with a strong geographic association consisted 
of Cell-fusing agent virus-like sequences specific to Thailand. The remaining clusters did not have a geographic 
association and mostly consisted of near identical short sequences without strong similarity to any known flavivi-
ral genomes. The short read sequencing data did not permit us to determine whether identified sequences were 
extrachromosomal or integrated into Ae. aegypti chromosomes. Our results suggest that Liverpool strain and field Ae. 
aegypti mosquitoes have a similar variety of conserved flaviviral DNA, whose functional role should be investigated 
in follow-up studies.
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In our previous publication [1], we have examined ref-
erence genomes of Aedes aegypti and Ae. albopictus to 
identify integrated flavivirus sequences to improve our 
understanding of non-retroviral endogenous viral ele-
ments (nrEVEs) (see [2] for recent review). We have also 
examined the publicly available Aedes whole-genome 
sequencing data to understand conservation of the iden-
tified viral sequences. We have found that nrEVEs in Ae. 
albopictus were very diverse with little conservation. 
In contrast, we found that nearly all nrEVEs in the Ae. 
aegypti reference genome originated from four distinct 
viral integration events (VIEs). We concluded that the 
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diversity of flaviviral nrEVE sequences in the reference 
genome is the result of duplication and fragmentation of 
these four VIEs. The Ae. aegypti nrEVE fragments were 
present in almost all examined sequenced isolates but 
showed a star-like phylogenetic structure without clades, 
indicative of a recent population expansion event from a 
common ancestor.

Alongside these four core events, in our previous 
work we observed many short (< 50  nt) flavivirus-like 
sequences in the Ae. aegypti reference genome, which we 
did not analyse at the time [1]. In addition, other investi-
gations have found long sequences with very high iden-
tity (> 95%) to a  Cell-fusing agent virus (NC_001564.2), 
with some geographic specificity [3, 4]. Other studies 
have found that viral DNA is generated by Aedes mosqui-
toes during flavivirus infection [5, 6].

The limitation of our previous approach was the 
focus on nrEVEs present in mosquito reference 
genomes. In this brief report, we address this limitation 
by examining the landscape of putative flaviviral DNA 
(pfDNA) in Ae. aegypti independently of reference 
genome. Specifically, we aimed to identify any geo-
graphically specific pfDNA that is absent in the refer-
ence genome. In a robust analysis, we also deliberately 
included high-quality sequences with very short match 
length between mosquito DNA and viral sequences to 
strengthen any conserved sequence signals across geo-
graphic regions. As we are using short-read sequenc-
ing data, we are not able to determine whether pfDNA 
sequences are intra- or extrachromosomal. We also do 
not re-examine the sequences that belong to the four 
viral integration events (VIE1 to VIE4), as described 

previously [1]. For our analysis we aligned 464 publicly 
available Ae. aegypti whole-genome sequencing (WGS) 
libraries [7] to all NCBI RefSeq database Flaviviridae 
sequences (n = 118, as of April 2020) [7] and nrEVEs 
we previously identified [1] (Table  1, Additional file  2: 
Fig.  S1). For the alignment, we used bowtie2 software 
[8] with very sensitive settings (-D 15 -R 2 -N 0 -L 11 -i 
S, 1, 0.75). The mapped reads were assembled de novo 
using SPAdes (v3.13.0) software [9] into 25,049 contigs, 
with a median number of 53 contigs per isolate (range: 
8–138). The distribution of contig lengths followed an 
exponential-like distribution with median length of 200 
nt and a longest contig of 10,057 nt.

Due to the size of the dataset, the contigs were ana-
lyzed programmatically instead of following the more 
detailed manual approach we used previously [1]. 
We focused on the sequence similarity (measured by 
BLASTn e-value) between pairs of contigs to understand 
how the pfDNA sequences within and between samples 
relate to each other. The raw contigs consisted of both 
viral and non-viral sequences, but we trimmed the lat-
ter to avoid clusters being inferred because of the non-
viral sequences. We used BLASTn v2.9.0 [10] (word-size 
11, e-value cutoff 0.0001 throughout) to identify parts of 
contigs with similarity to Flaviviridae reference genomes. 
We also used BLASTn to identify parts of contigs 
with similarity to the reference genome of Danio rerio 
(GCF_000002035.6), which was our proxy for generic 
sequences (e.g. homopolymers or short repeats) as this 
is a high-quality reference and belongs to a different 
phylum. We trimmed the initial contig by removing the 
sequences that either had no similarity to viral sequences 

Table 1 Characteristics of all clusters
% of Isolates from region that contain contigs from cluster

Cluster Senegal
(%)

East 
Kenya

(%)

Thailand
(%)

Burkina 
Faso (%)

Ghana
(%)

Nigeria
(%)

East 
Kenya 
Outlier

(%)

West 
Kenya

(%)

Madagascar
(%)

Gabon
(%)

Brazil
(%)

Uganda
(%)

Total 
Isolates

(%)

Contigs 
in cluster

(%)

Median 
trimmed 
contig 

length (%)

Contigs 
with 

BLASTn 
hits to Ae. 

aegypti
reference

(%)

Contigs 
most 

similar to 
EVEs

from [1] 
(%)

Contigs 
most 

similar to 
cell 

fusing 
agent 

virus (%)

Unique 
trimmed 
contig 

sequences
(%)

1 100 100 100 100 100 100 100 100 100 100 100 100 464 17120 143 17113 17034 0 6326

2 100 100 100 100 100 100 100 100 100 100 100 100 464 2865 170 2865 2863 0 1920

3 95 93 100 94 90 84 100 95 0 92 94 97 432 600 289 545 529 21 253

4 65 59 74 57 57 53 50 68 100 67 50 70 290 566 36 323 47 4 168

5 55 58 100 63 57 53 71 34 0 77 31 41 262 266 26 0 0 0 1

6 57 51 79 54 52 68 86 53 0 49 75 51 260 263 36 263 0 0 3

7 33 40 47 37 36 37 43 24 0 41 25 38 165 166 27 165 0 0 3

8 49 24 53 23 33 32 43 32 0 33 50 32 165 165 49 165 0 0 1

9 29 21 68 37 57 42 7 42 50 31 0 59 162 165 1274 0 0 165 43

10 19 12 42 31 10 5 57 16 0 26 19 19 90 90 152 0 0 84 30

11 21 19 5 29 19 16 21 13 0 21 31 16 89 89 30 89 0 0 1

12 19 10 100 9 0 0 64 3 0 18 31 0 74 77 739 0 0 77 16

13 22 0 11 20 14 16 7 18 0 21 0 19 65 65 31 65 0 0 1

14 6 3 63 9 7 11 57 8 0 8 38 16 56 56 29 56 0 0 1

15 14 5 16 14 7 11 7 16 0 13 19 14 53 53 29 53 0 0 1

16 20 0 16 17 14 5 0 13 0 15 0 8 52 52 26 0 0 0 1

17 13 4 0 9 19 5 0 16 25 3 0 16 44 44 161 0 0 0 40

18 8 2 0 6 2 5 7 5 0 0 0 3 19 19 37 19 0 0 3

19 0 9 0 3 0 0 21 3 0 10 0 0 17 17 44 15 0 0 3

20 3 2 0 0 0 5 0 5 0 3 0 5 11 11 29 1 0 0 2

21 0 8 0 0 0 0 0 0 0 0 0 3 8 8 26 0 0 0 1

22 2 1 11 0 0 0 0 3 0 3 0 0 7 7 33 6 0 0 3

The disaggregated data and nucleotide sequences are in Additional file 3: Table S1
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or after those that had a match against D. rerio, our proxy 
for generic sequences.

After trimming, 22,764 contigs with at least 25nt in 
length were carried forward for cluster analysis. We cre-
ated a similarity matrix for the trimmed contigs based 
on pairwise BLASTn e-values. The matrix value (i,j) is 
the lowest e-value from the comparison of contigs i and 
j. For the contig pairs without matches, e-values were 
set to 1. We used the UMAP software [11], a dimen-
sional reduction technique, to represent the similarity 
matrix in two dimensions (Fig. 1). Clusters of contigs in 
the 2D representation were subsequently detected using 
HDBSCAN software [12]. All contigs were assigned to 
one of the clusters, and these clusters were the focus 
of the subsequent analysis (Table  1, Additional file  3: 
Table S1). Because we grouped sequences based on pair-
wise e-values, the grouping is independent of similarity 
of sequences to publicly available Flaviviridae reference 
genomes. As described later, in nearly all cases the simi-
larity of the contig to known flaviviruses was too low to 
suggest which virus was the source of pfDNA.

Most pfDNA clusters identified (Table  1) could be 
separated into three main categories: universal nrEVEs 
identified previously from the reference assembly, Cell-
fusing agent-like sequences described previously, and 

groups of short (< 50  nt) near-identical sequences [1, 3, 
4]. The first category (universal nrEVEs) consists of clus-
ters 1 and 2 (Fig. 1), and every sample in our study had 
contigs in each of these clusters. Cluster 1 is the largest 
and consists of 75.2% (n = 17,120) of all contigs. It repre-
sents what we have previously termed viral integration 
events VIE2, VIE3, and VIE4 [1]. Cluster 2 is second larg-
est and consists of 12.6% (n = 2865) of all contigs. Cluster 
2 represents reference assembly sequences we previously 
termed AE16.2 and AE17.2, which are a subset of VIE2. 
The distinct nature of VIE2, VIE3 and VIE4 that we have 
previously described was visible from their distinct local-
ization in cluster 1 (Fig.  1). In brief, we have previously 
found that these VIEs originated from three distinct viral 
integration events. The original integrated sequences 
have subsequently undergone duplication and fragmen-
tation leading to observed diversity of sequences. A fuller 
discussion of these clusters can be found in our previous 
work [1].

Cluster 3 is the next largest. It consists of 2.6% (n = 600) 
of all contigs, and nearly all (n = 432/464) isolates had 
a contig belonging to this cluster. Madagascar was 
the only country completely missing from this cluster. 
The trimmed contigs were between 32 and 328  nt long 
with a median length of 289 nt. The longest of these 

Fig. 1 Dimensional reduction of all-vs.-all comparison of contigs. Each point is a contig with color based on the nrEVE or CFAV with the lowest 
BLASTn e-value. Axes are dimensionless, and only key clusters are labeled
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contigs shares ~ 71% identity and 95% coverage with a 
9738–10,050-nt region of the Calbertado virus genome 
(KX669684.1). VIE1, which we previously identified, also 
maps to these sequences but with much higher identity 
(> 97%) compared to Calbertado virus [1]. Thus, cluster 
3 corresponds to what we previously termed VIE1. Based 
on our analysis here, the Ae. aegypti AaegL5 reference 
assembly has only half of the VIE1 sequence. This result 
is consistent with our previous observation that VIE1 is 
less conserved than VIE2, VIE3 or VIE4 [1].

Another category of clusters consisted of clusters 9, 10 
and 12 with 0.7% (n = 165), 0.4% (n = 90) and 0.3% (n = 77) 
of contigs which were previously described (Table 1) [3, 
4]. Our BLASTn search of the trimmed contigs from 
these clusters against AaegL5 reference genome returned 
no hits; however, the sequences showed strong similar-
ity to a Cell-fusing agent virus (NC_001564.2) with aver-
age identity of 94.4% and 96.2% for clusters 9 and 12, and 
74.4% for cluster 10 (Fig.  2, Additional file  3: Table  S1). 
Clusters 9 and 12 are the only ones where the closest 
known matching virus, a  Cell-fusing agent virus, may 
be the source of pfDNA. The sequence diversity in these 
clusters was limited with 43, 30 and 16 unique sequences 
in clusters 9, 10 and 12, respectively. Notably, cluster 12 
has limited geographic distribution but includes all Thai 

samples (n = 19) as well as 9 samples from East Kenya. 
The latter has a known phylogenetic link to the Thai Ae. 
aegypti population [13].

Cluster 17 contained 40 unique viral sequences from 
44 isolates. All sequences map to a region between 3 and 
255  nt of Falli virus (MN567479.1) with 70% identity. 
While the lengths of viral sequences vary between 94 and 
261 nt, all shorter ones are sub-sequences of the longest 
sequence with > 95% identity. The cluster was most prev-
alent in Ghana (19%) and Senegal (13%).

Clusters 5–8, 11, 13–16, and 18–22 all consist of short 
(< 50  nt) sequences, each with 1–3 unique sequences 
(Table  1). There was nothing notable about these clus-
ters, and we believe they are spurious hits. In contrast to 
these clusters, all other clusters [1–4, 9, 10, 12, 17] had at 
least 35 sequences > 100 nt (Additional file 3: Table S1). 
This bifurcation of clusters into those that contain only 
sequences < 50  nt and those that include sequences 
> 100 nt serves to separate white noise from genuine hits.

Finally, cluster 4 [3, 4] is an analytical artifact. It con-
tains 566 contigs with 168 unique pfDNA sequences. 
A minority of these contigs (n = 46/566) belonged to 
three Gabonese samples (SRR11006792, SRR11006794, 
SRR11006795) and are part of previously described 
VIE4 and VIE2 based on > 95% identity to sequences of 

Fig. 2 Location of the BLASTn hits against the best matching viral genome. Contigs from clusters 9 and 12 (map to a Cell-fusing agent virus) 
and cluster 10 (mapping Quang Binh virus). Only 30 contigs per cluster are shown selected based on the longest total length of BLASTn hits 
against viral genome
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these VIEs. Consequently, these 46 contigs also had hits 
against the  Ae. aegypti reference genome. In addition, 
all four Madagascan samples had an identical 606-nt 
sequence that matched a 743–1349-nt region of a Cell-
fusing agent virus with 86% identity. The remaining 516 
contigs in the cluster had short (25–72 nt) hits against 
the viral genome and similar length hits (28–72  nt) 
against the Ae. aegypti reference genome. In post-clus-
tering quality control, we found that clustering of these 
sequences was a statistical artifact. The e-value for 
pairs of contigs without any BLASTn hit was set to 1.0, 
and as a result the main similarity between these 516 
contigs was dissimilarity to other contigs.

Despite extensive analysis, it is possible that further 
pfDNA are present in the 464 isolates we examined. 
Our analysis did not find extensive diversity or geo-
graphic patterns one might expect if pfDNA played 
an adaptive immunity-like function in Ae. aegypti [2, 
14–16]. However, this does not rule out that pfDNA 
may have an immunity-like function. In addition, previ-
ous research [3, 4] detected limited geographic pfDNA 
specificity that we also reconfirmed in our results. 
None of the 14 small clusters composed of short near-
identical sequences appears to have diversity resem-
bling the diversity of flaviviruses that are known to 
infect Ae. aegypti. The major clusters 1, 2, and 3 were 
universally present. Notably, their phylogenetic trees 
have a star-like appearance we identified previously [1], 
which can be caused by weak phylogenetic signals. As 
has been demonstrated, pfDNAs may impact viral titers 
[3], as does manipulation of si- and pi-RNA pathways 
[17–20]. There is some published evidence of interfer-
ence with si- or pi-RNA pathways resulting in clear 
increases in mortality or other serious negative fitness 
effects in mosquito [6, 21]. However, other investiga-
tions [22–25] have reported decreased mosquito fit-
ness and/or fecundity following inhibition of flavivirus 
infection. While the evidence is tenuous, at least in 
Ae. aegypti, insect-specific flaviviruses may be symbi-
otic. If this hypothesis is correct, it should be consid-
ered when developing strategies to control arboviral 
infections via genetic engineering on mosquitoes [e.g. 
engineered microRNAs (miRNAs) targeting specific 
flaviviruses]. Further work with Ae. albopictus mosqui-
toes, not examined here may provide different results 
due to much higher diversity of pfDNA in that species 
[1]. Moving forward, large-scale sequencing of both Ae. 
albopictus and Ae. aegypti across unrepresented popu-
lations is required to provide a more comprehensive 
global picture of pfDNA distribution, ultimately lead-
ing to further insights into important vector and viral 
biology.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13071- 023- 05898-8.

Additional file 1. Analysis input data and scripts. 

Additional file 2. Analysis workflow. 

Additional file 3. Identified contigs of possible viral origin and cluster 
assignment.

Author contributions
AS conceived and directed the project. AS performed bioinformatic and statis-
tical analyses under the supervision of TGC and SC. JP provided bioinformatic 
tools. AS wrote the first draft of the manuscript. All authors commented on 
and edited various versions of the draft manuscript and approved the final 
manuscript. AS, TGC and SC compiled the final manuscript.

Funding
TGC and SC received funding from the MRC UK (grant no. MR/K000551/1, MR/
M01360X/1, MR/N010469/1, MR/R020973/1).

 Availability of data and materials
All sequence data are available from NCBI. Scripts and data are available at in 
Additional file 1: File S1.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
There are no competing interests.

Received: 6 April 2023   Accepted: 27 July 2023

References
 1. Spadar A, Phelan JE, Benavente ED, Campos M, Gomez LF, Mohareb 

F, et al. Flavivirus integrations in Aedes aegypti are limited and highly 
conserved across samples from different geographic regions unlike 
integrations in Aedes albopictus. Parasit Vectors. 2021;14(1):332.

 2. Palatini U, Contreras CA, Gasmi L, Bonizzoni M. Endogenous viral ele-
ments in mosquito genomes: current knowledge and outstanding ques-
tions. Curr Opin Insect Sci. 2022;1:22–30.

 3. Suzuki Y, Baidaliuk A, Miesen P, Frangeul L, Crist AB, Merkling SH, et al. 
Non-retroviral endogenous viral element limits cognate virus replication 
in Aedes aegypti ovaries. Curr Biol. 2020. https:// doi. org/ 10. 1016/j. cub. 
2020. 06. 057.

 4. Crava CM, Varghese FS, Pischedda E, Halbach R, Palatini U, Marconcini M, 
et al. Population genomics in the arboviral vector Aedes aegypti reveals 
the genomic architecture and evolution of endogenous viral elements. 
Mol Ecol. 2021. https:// doi. org/ 10. 1111/ mec. 15798.

 5. Nag DK, Brecher M, Kramer LD. DNA forms of arboviral RNA genomes 
are generated following infection in mosquito cell cultures. Virology. 
2016;498:164–71.

 6. Goic B, Stapleford KA, Frangeul L, Doucet AJ, Gausson V, Blanc H, et al. 
Virus-derived DNA drives mosquito vector tolerance to arboviral infec-
tion. Nat Commun. 2016;1:7.

 7. Tatusova T, Dicuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky 
L, et al. NCBI prokaryotic genome annotation pipeline. Nucleic Acids Res. 
2016;44:6614–24.

https://doi.org/10.1186/s13071-023-05898-8
https://doi.org/10.1186/s13071-023-05898-8
https://doi.org/10.1016/j.cub.2020.06.057
https://doi.org/10.1016/j.cub.2020.06.057
https://doi.org/10.1111/mec.15798


Page 6 of 6Spadar et al. Parasites & Vectors          (2023) 16:265 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 8. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nat 
Methods. 2012;9:357–9.

 9. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, 
et al. SPAdes: a new genome assembly algorithm and its applications to 
single-cell sequencing. J Comput Biol. 2012;19:455–77.

 10. Boratyn GM, Schäffer AA, Agarwala R, Altschul SF, Lipman DJ, Madden 
TL. Domain enhanced lookup time accelerated BLAST. Biol Direct. 2012. 
https:// doi. org/ 10. 1186/ 1745- 6150-7- 12.

 11. McInnes L, Healy J, Melville J. UMAP: uniform manifold approximation 
and projection for dimension reduction. arXiv. 2018. https:// doi. org/ 10. 
48550/ arXiv. 1802. 03426.

 12. Schubert E, Sander J, Ester M, Kriegel HP, Xu X. DBSCAN revisited, revis-
ited. ACM Trans Database Syst. 2017;42:1–21.

 13. Gloria-Soria A, Ayala D, Bheecarry A, Calderon-Arguedas O, Chadee DD, 
Chiappero M, et al. Global genetic diversity of Aedes aegypti. Mol Ecol. 
2016;25:5377–95.

 14. Lee WS, Webster JA, Madzokere ET, Stephenson EB, Herrero LJ. Mosquito 
antiviral defense mechanisms: a delicate balance between innate immu-
nity and persistent viral infection. Parasit Vectors. 2019;12(1):165.

 15. Tassetto M, Kunitomi M, Whitfield ZJ, Dolan PT, Sánchez-Vargas I, Garcia-
Knight M, et al. Control of RNA viruses in mosquito cells through the 
acquisition of vDNA and endogenous viral elements. Elife. 2019;1:8.

 16. Whitfield ZJ, Dolan PT, Kunitomi M, Tassetto M, Seetin MG, Oh S, et al. 
The diversity, structure, and function of heritable adaptive immunity 
sequences in the Aedes aegypti genome. Curr Biol. 2017;27:3511-3519.e7.

 17. Schnettler E, Donald CL, Human S, Watson M, Siu RWC, McFarlane M, et al. 
Knockdown of piRNA pathway proteins results in enhanced Semliki forest 
virus production in mosquito cells. J Gen Virol. 2013;94:1680–9.

 18. Wang Y, Jin B, Liu P, Li J, Chen X, Gu J. piRNA profiling of dengue virus type 
2-infected Asian tiger mosquito and midgut tissues. Viruses. 2018;10:213.

 19. Miesen P, Joosten J, van Rij RP. PIWIs go viral: arbovirus-derived piRNAs in 
vector mosquitoes. PLoS Pathog. 2016;12:e1006017.

 20. Universidade Federal de Minas Gerais. Tissue specific role of the siRNA 
pathway against Dengue virus in Aedes aegypti mosquitoes. SRA. 2019.

 21. Myles KM, Wiley MR, Morazzani EM, Adelman ZN. Alphavirus-derived 
small RNAs modulate pathogenesis in disease vector mosquitoes. Proc 
Natl Acad Sci USA. 2008;105:19938–43.

 22. Buchman A, Gamez S, Li M, Antoshechkin I, Li HH, Wang HW, et al. 
Engineered resistance to Zika virus in transgenic Aedes aegypti expressing 
a polycistronic cluster of synthetic small RNAs. Proc Natl Acad Sci USA. 
2019;116:3656–61.

 23. Franz AWE, Sanchez-Vargas I, Piper J, Smith MR, Khoo CCH, James AA, 
et al. Stability and loss of a virus resistance phenotype over time in trans-
genic mosquitoes harbouring an antiviral effector gene. Insect Mol Biol. 
2009;18:661–72.

 24. Franz AWE, Sanchez-Vargas I, Adelman ZN, Blair CD, Beaty BJ, James AA, 
et al. Engineering RNA interference-based resistance to dengue virus 
type 2 in genetically modified Aedes aegypti. Proc Natl Acad Sci USA. 
2006;103:4198–203.

 25. Ramyasoma HPBKD, Dassanayake RS, Hapugoda M, Capurro ML, Silva 
Gunawardene YIN. Multiple dengue virus serotypes resistant transgenic 
Aedes aegypti fitness evaluated under laboratory conditions. RNA Biol. 
2020;17:918.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/1745-6150-7-12
https://doi.org/10.48550/arXiv.1802.03426
https://doi.org/10.48550/arXiv.1802.03426

	Large-scale reference-free analysis of flavivirus sequences in Aedes aegypti whole genome DNA sequencing data
	Abstract 
	Anchor 3
	References


