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3 Abstract
3.1 Englisch abstract

Colombia is one of the hotspots regarding mosquito biodiversity and mosquito-transmitted diseases.
Endemic, tropical diseases like malaria and dengue are major public health issues and novel viruses of
zoonotic origin like Chikungunya and Zika are emerging. Nevertheless, little is known about the
mosquito vector species circulating in remote Colombian regions and the mosquito-associated
viromes.

In a pilot study carried out from August 2014 to December 2016, more than 8000 mosquitoes (Diptera:
Culicidae) were collected in the Atrato River valley in Northwest Colombia to identify the mosquito
species in the region and get information on the species abundance, biting behaviour, and phylogeny
of these mosquito species. In addition, a PCR- and NGS-based virus search was promoted in the most
abundantly collected mosquito species to get insight into the virome of each mosquito species and
identify yet undescribed mosquito-associated viruses, sequence their genomes, establish their
phylogenetic relationships with formerly described viruses and describe their genome organizations.
More than 43 mosquito species of 14 genera could be identified by morphology and molecular markers
(Cytochrome c oxidase subunit 1, internal transcribed spacer 2), and their biting behaviours and
phylogenetic relationships were described. Mansonia titillans (17,7%), Psorophora albipes (16,5%),
Anopheles darlingi (15,8%), Anopheles nuneztovari (10,9%), Coquillettidiae venezuelensis (8,9%), and
Coquillettidiae lynchi (8,6%) were the most abundantly collected mosquito species, each bearing a
species-specific virome. Moreover, 46 human blood samples from patients with suspicion of malaria
were screened for viruses. A total of 64 novel viruses were discovered in mosquitoes and human blood
samples. The genomes of these viruses were sequenced and annotated, and the viruses were assigned
to a taxonomic rank by phylogenetic analyses.

Each of the mosquito species just mentioned has been involved in the transmission of zoonotic
diseases. The Atrato River valley thus harbours a high diversity of mosquito species and associated
undiscovered viruses, the majority being insect and plant viruses. Systematic monitoring of mosquito
species diversity and mosquito-associated viruses in biodiversity hotspots could be a promising

approach for the prevention and control of novel zoonotic diseases.
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3.2 Deutsches Abstract

Kolumbien ist ein Hotspot bezliglich Stechmiicken-Biodiversitdt und der durch Stechmiicken
Ubertragenen Krankheiten. Endemische tropische Krankheiten wie Malaria und Dengue stellen ein
grolRes Gesundheitsproblem dar, und neu auftretende Viruserkrankungen zoonotischen Ursprungs wie
Chikungunya und Zika sind auf dem Vormarsch. Trotzdem gibt es kaum Informationen dartiber, welche
Stechmiickenarten in den abgelegenen Regionen Kolumbiens verbreitet sind bzw. als Vektoren
fungieren und wie sich deren Virome zusammensetzen.

In einer Pilotstudie wurden von August 2014 bis Dezember 2016 mehr als 8000 Stechmiicken (Diptera:
Culicidae) im Atrato-Flusstal im Nordwesten Kolumbiens gesammelt, um die Miickenarten in der
Region erstmals zu bestimmen und Informationen Uber den Artenreichtum, das Stechverhalten und
die Phylogenie dieser Culiciden zu erlangen. Im Anschluss, wurde in den am haufigsten angetroffenen
Stechmiicken-Arten eine auf PCR und NGS basierende Virensuche durchgefiihrt, um einen Einblick in
die Virome der jeweiligen Stechmiicken-Arten zu bekommen. Ziel war es, in den Stechmiicken
neuartige Viren zu entdecken, ihre Genome zu entschlisseln und ihre phylogenetischen
Verwandtschaftsverhiltnisse mit bisher bekannten Viren zu beschreiben. Uber 43 Stechmiickenarten
aus 14 Gattungen konnten mit Hilfe von Bestimmungsschlisseln und molekularen Markern
(Cytochrom-c-Oxidase Untereinheit 1, Interner transkribierter Spacer 2) identifiziert werden, und es
wurde Aufschluss tiber deren phylogenetische Verwandtschaftsverhaltnisse sowie das Stechverhalten
gewonnen. Mansonia titillans (17,7%), Psorophora albipes (16,5%), Anopheles darlingi (15,8%),
Anopheles nuneztovari (10,9%), Coquillettidia venezuelensis (8,9%) und Coquillettidia lynchi (8,6%)
gehorten zu den am haufigsten gesammelten Stechmiickenarten in der Region, und jede dieser Arten
zeichnete sich durch ein artspezifisches Virom aus. Darliber hinaus wurden 46 Blutproben von
Patienten mit Verdacht auf Malaria-Infektion auf Viren Prasenz untersucht. Die Genome all dieser
Viren konnten sequenziert und annotiert werden, und die Viren wurden mit Hilfe von
phylogenetischen Analysen taxonomisch eingeordnet. Insgesamt konnten 64 neuartige Viren in den
Stechmiicken und Blutproben beschrieben werden.

Jede der hier untersuchten Stechmiickenarten ist an der Ubertragung zoonotischer Erkrankungen
beteiligt. Das Atrato-Flusstal zeichnet sich durch eine auRerordentliche Stechmiicken-Artenvielfalt aus,
die eine ungeahnte Diversitat an unbekannten Viren birgt. Bei den meisten handelt es sich um Insekten
und Pflanzenviren. Ein kontinuierliches Monitoring der Stechmiicken-Diversitat und der assoziierten
Viren in solchen Hotspots der Biodiversitat konnte einen vielversprechenden Beitrag zur Pravention

und Kontrolle von zoonotischen Krankheiten leisten.
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4 Introduction

4.1 Mosquitoes and their role in virus transmission

Enzootic cycles Epizootic cycles Epidemic cycles

Figure 1: Schematic of mosquito-borne virus transmission
Emerging mosquito-borne viral diseases in humans are mostly of zoonotic origin. Mosquitoes transmit arboviruses from an
animal to a human host and a novel transmission cycle is established. (Figure from Ellis and Wilcox 2009)

During the last century, mosquitos (Diptera: Culicidae) have been extensively studied mainly due to
their role as vectors for diseases, in particular malaria and yellow fever. Since then, more than 3500
species of Culicidae have been described (Harbach 2013b). At first, mosquitoes were classified into
taxonomic groups based on morphological characters, and phylogenetic relationships were
interpreted intuitively (Harbach 2007). Later on, morphological keys were elaborated to identify all life
stages of neotropical mosquitoes (Zavortink 1979; Sirivanakarn 1982; Lane 1953; Gonzalez Obando
and Carrejo Gironza 2009; Forattini 2002; Sallum and Forattini 1996). Soon, researchers recognized the
limits of morphological classification and at the beginning of the 21 century molecular markers
became available as an additional tool for species identification and phylogeny (Coleman 2003, Hebert
et al. 2003b). Nowadays, the sequences of the ITS2 and COl are commonly used as molecular barcoding
regions and markers for phylogenetic studies to classify organisms, particularly mosquitoes (family:
Culicidae), (Folmer et al. 1994, Hebert et al. 2004, Ashfaq et al. 2014, Djadid et al. 2007).

In the last decades, emerging and re-emerging diseases caused by arthropod-borne viruses
(arboviruses), a group of “dual-host” viruses transmitted mainly by mosquitoes to vertebrate hosts,
became a threat to public and veterinary health after spillover transmission to humans or domestic
animals (Huang et al. 2019). This was favored by globalization, urbanization, climate change, and
habitat expansion of mosquito vector species. The majority of the arboviruses of global
epidemiological relevance correspond to four genera: The Flavivirus, Alphavirus, Orthobunyavirus, and

Nairovirus. These include the majority of the most challenging mosquito-borne diseases, such as West
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Nile fever, Dengue fever, Yellow fever, Rift Valley fever, Chikungunya and Zika (Forshey et al. 2010,
Weaver and Reisen 2010).

At the end of the 19 century, yellow fever virus (YFV) and dengue virus (DENV) were the first
arboviruses of the genus Flavivirus shown to be transmitted to humans by mosquitoes of the genus
Aedes, in particular Ae. aegypti. In the genus Mansonia, in particular Ma. titillans has been associated
with the transmission of St. Louis virus (genus Flavivirus) and viruses of the genus Orthobunyavirus
(Beranek et al. 2018). Psorophora mosquitoes may also play a role in West Nile virus (WNV), (genus
Flavivirus) transmission (Unlu et al. 2010), and Cq. venezuelensis is a natural vector of Bussuquara virus
(genus Flavivirus), Mayaro virus (genus Alphavirus), and Oropouche virus (genus Orthobunyavirus)
among others. To detect tropical viral diseases and malaria parasites from samples, scientists have
developed genus-specific rtPCR protocols (Fontecha et al. 2012, Chew et al. 2012, Fuehrer et al. 2011,
Patel et al. 2013, Grywna et al. 2010, Powers and Roehrig 2011, Lambert and Lanciotti 2009, Kramer
et al. 2002, Hall et al. 2012, Prado et al. 2005, Bangs et al. 2007, and Michaud et al. 2007).

Another group of viruses that gathered researchers’ attention recently consists of insect-specific
viruses (ISVs), which are closely related to arboviruses of public and veterinary health interest but are
transmitted vertically or horizontally in insect populations. Even though ISVs cannot infect vertebrates,
they have been an issue of research as they harbor information on virus evolution, determinants for
vertebrate cell infection and host restriction, and the potential as a biological control agent of vectors
and arbovirus transmission (Roundy et al. 2017; Junglen and Drosten 2013). Many plant viruses are
also transmitted by insect vectors. Different viral transmission strategies have been described for
different viruses and vectors, but little information is available on the role of mosquitoes in plant virus
propagation, and only a few plant virus—vector systems have been well studied (Bragard et al. 2013,

Dietzgen et al. 2016).

4.2 Virus search in mosquitoes

For the discovery of novel viruses in environmental samples and the characterizations of complete
genomes by NGS-based metagenomic virus search has proven to be a promising approach. Nowadays,
most phylogenetic studies in viruses use the polymerase coding regions (CDS) as molecular markers
for establishing phylogenetic and evolutionary relationships, as they are universal genes present in
most viruses. During the last decade, numerous protocols for sample preparation and NGS data
analysis have been developed. The diversity of recently discovered viruses redefined virus taxonomy
and gave insight into the ecology, phylogeny, and evolution of mosquito-associated viruses (Shi et al.
2015, Shi et al. 20164, Shi et al. 2017, Shi et al. 2018, Donaldson et al. 2010, Kohl et al. 2015, Stang et
al. 2005, Djikeng and Spiro 2009).
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Colombia is a biodiversity hotspot with a great variety of ecosystems and diverse mosquito fauna.
More than 324 mosquito species have been reported in the territory (Rozo-Lopez and Mengual 2015).
Mosquito-borne viral diseases, especially Dengue, Chikungunya, and Zika have become a major public
health issue, and novel arboviruses like WNV, Mayaro virus, Saint Louis encephalitis virus are emerging
(Padilla et al. 2017; Berrocal et al. 2006; Hoyos-Lépez et al. 2015). That is why the research in Colombia
is focused mainly on these rather neglected tropical diseases. But viral diseases may also harm the
agricultural sector. Colombia is a developing country whose economy depends mainly on crop
production and trade. Thus, plant viruses could be a menace, and NGS-based methods have been
applied to sequence the genomes of plant viruses in major crops (Madrofero et al. 2019).
Nevertheless, the use of NGS in Colombia is still scarce and the role of mosquitoes as vectors for plant
viruses is still poorly studied. Likewise, insect-specific viruses (ISV) have been scarcely studied, and the
genomes of only a few ISVs have been sequenced and characterized (Contreras-Gutiérrez et al. 2018;
Contreras-Gutiérrez et al. 2017; Miranda et al. 2019).

In sum, the mosquito fauna in Colombia has been extensively studied, but little is known about the
species composition in remote areas, and for many mosquito species no barcoding sequences are
available yet. NGS-based virus search is still in the early stages and to date, no metagenomics studies
on the mosquito virome have been promoted in Colombia. The Colombian territory harbors a gran
diversity of mosquito species, many of which have shown to be vectors and hosts for viruses. Previous
studies have demonstrated that emerging and re-emerging mosquito-borne viral diseases constitute
a threat to a large proportion of the Colombian population (Mora-Salamanca et al. 2020). Most vector-
borne diseases in humans are of zoonotic origin as a result of a spillover event. Plant viruses have been
poorly studied despite their impact on crop production and economy, and ISVs harbor information on
the evolution of viruses, and virus-host interactions and might be applied in the control of mosquito
vectors. Thus, investigating the virome of mosquitoes is a crucial step toward the prevention and

control of vector-borne diseases.

4.3 Mosquito and virus classification and taxonomy

Evolutionary biologists believe in the concept of common descent, due to which all living beings are
descendants of a universal ancestor. Through natural selection, populations evolve and become
distinct species. The evolutionary relationships among species and taxonomic groups may be
estimated by measuring and evaluating similarities and differences in their morphology or genetics
and are visualized in phylogenetic trees (Lee and Palci 2015, Darwin 1859).

Taxonomy is the science of naming, defining, and classifying organisms into evolutionarily related
groups. Biological classification uses taxonomic ranks: Domain, Kingdom, Phylum, Class, Order, Family,

Genus, Species, and Strain. Mosquitoes correspond to the family Culicidae which currently includes
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113 genera with 3,578 extant species (Harbach, R.E. 2013. Mosquito Taxonomic

Inventory, http://mosquito-taxonomic-inventory.info/, accessed on February 2021). Mosquito

taxonomy follows the binomial nomenclature, a two-term naming system in which each species
receives a unique Latinized name that consists of a generic and a specific term (e.g. Aedes (genus)
aegypti (epithet)), (Bauhin 1623, Linnaeus 1753). The biological species concept by Mayr (Mayr 1969)
defines species as “groups of actually or potentially interbreeding natural populations which are
reproductively isolated from other such groups”. The concept is widely accepted for mosquitoes, but
in practice, mosquito species are commonly identified and distinguished by morphological
characteristics via morphological keys and/or comparison of the specimens with the species
descriptions available, adopting Cronquist’s morphological species concept (Cronquist 1968). On the
other hand, DNA barcoding, a method of species identification using a short section of DNA, and a
phyletic approach has been proposed for identifying mosquito species following the phylogenetic
species concept (Hebert et al. 2003a, Darwin 1859). Nowadays, the trend is towards integrative
taxonomy, a multicharacter approach in which several species concepts are combined to define
species and taxa (Aldhebiani 2018, Will et al. 2005).

The identification of mosquitoes with morphological keys is still the gold standard method, but
experienced personnel is required, and not always all the life stages are available for proper species
identification or specimens are in bad condition. To distinguish members of species complexes or close
relatives, molecular methods are necessary, due to interspecific overlapping, and intraspecific
variation of morphological characters. DNA-barcoding via specific genes has become a popular method
for easy, cheap, and specific identification of mosquito species and phylogenetic analyses (Hebert et
al. 2003a). For mosquito identification and phylogeny, the most commonly used barcoding regions are
the nucleic acid sequences of the COI and the ITS2 (Beebe 2018).

In the 1960s the International Committee on Taxonomy of Virus (ICTV) was created to develop an
internationally agreed taxonomy for viruses with internationally agreed names for the taxa and a virus
nomenclature that is set out in the International Code of Virus Classification and Nomenclature (ICTV
2018). An official list of all ICTV- approved taxa is available on the ICTV website and is actualized
constantly (ICTV 2019). Regarding viruses, the ICTV in the International Code of Virus Classification and
Nomenclature defines a virus species as “a monophyletic group of viruses whose properties can be
distinguished from those of other species by multiple criteria." Distinguishing criteria may include host
range, cell and tissue tropism, pathogenicity, vector specificity, antigenicity, and the degree of
relatedness of their genomes or genes among others, and are published in the ICTV report for each

taxon (https://ictv.global/taxonomy). “Nomenclature of viruses and sub-viral agents is independent of

other biological nomenclature.” “Names for taxa shall be easy to use and easy to remember”, and
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ranks currently in use are ,realm, subrealm, kingdom, subkingdom, phylum, subphylum, class,
subclass, order, suborder, family, subfamily, genus and subgenus. The names for these ranks shall be

Iz

single words ending with the suffixes “-viria”, “-vira”, “-virae”, “-virites”, “-viricota”, “-viricotina”,
“viricetes”, “-viricetidae”, “-virales”, “-virineae”, “-viridae”, “-virinae”, “-virus" and “-virus”,
respectively. (ICTV-Code 3.23). Furthermore, “a species name shall consist of as few words as
practicable but be distinct from names of other taxa “, and provide ,,an appropriately unambiguous
identification of the species (ICTV-Code, 2.2, 3.11, 3.20, 3.21).

In the ambit of virus search, molecular methods like PCR and NGS have proven to be powerful tools.
PCR may be applied to detect and identify specific viruses or virus genera in samples, meanwhile NGS
is applied to search for unknown viruses, study biomes, make metagenomic analyses and acquire full
genomes of organisms directly from a sample (Gu et al. 2019). In both cases, proper sample storage
and preparation are crucial for virus detection and genome sequencing. In the case of phylogenetic

virus classification, the amino acid (AA) sequence of the polymerase CDS is commonly applied (Koonin

et al. 2020).

4.4 Research questions & hypotheses
Despite the importance of mosquitoes as vectors for viral agents in Colombia, the mosquito species
diversity in the middle reaches of the Atrato River (Figure 4) and the viruses that might be associated
with these mosquito species have never been investigated due to the difficult accessibility of the region
and the ongoing armed conflict. The main objective of this study was to identify the mosquito species
present in the research region and characterize the viruses associated with the most commonly found
mosquito species. Specific research questions to be resolved were:

1. Which are the mosquito species circulating in the Atrato River valley in Northwest Colombia?

2. Which viruses are associated with the mosquito species in the region?

3. Whichviruses are associated with blood samples from patients suspected of malaria infection?

4. How are the genomes of these viruses organized, and which proteins do they code for?

5. What are the phylogenetic and evolutionary relationships between these viruses and related

viruses?

6. Are there any undiscovered mosquito-borne viral diseases circulating in the region?

As the biogeographic region known as the Chocd on the Pacific coast of Colombia is considered a
biodiversity hotspot, it is supposed that the mosquito diversity in the Atrato River region is very high.
Most probably each mosquito species bears a specific virome with a variety of undescribed viruses,
some of which might be of human health, veterinary, or crop production interest. The mosquito

species collected may be identified morphologically and/or through their barcoding regions.
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Phylogenetic analyses based on barcoding regions may resolve the evolutionary relationships among
the present mosquito species and other genus members and thus update mosquito taxonomy.
Furthermore, mosquitoes play a major role in the transmission of many undescribed viruses, and the
genomes of these unknown viruses may be sequenced and characterized directly from the mosquito
samples. Phylogenetic analyses will resolve the evolutionary relationships of these novel viruses, some
of which might belong to yet unassigned taxa. There might be some undiscovered mosquito-borne
viruses circulating in the Atrato River valley that cause disease in humans and have not been discovered
yet. The work breakdown structure in Figure 2 shows the tasks that were accomplished to achieve the

objectives and resolve the research questions.
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Figure 2: Work breakdown structure for the characterization of the viromes of the mosquito fauna in the Atrato River valley
in Colombia. In a descriptive pilot study, mosquitoes and blood samples from the Atrato River region in Northwest Colombia
were searched for viruses to get insight into the mosquito species diversity and the mosquito associated viromes, and
identify probable threats to humans, livestock, or plant health.
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5 Materials and methods

5.1 Description of the research region and population

5.1.1 The Uraba Sur and the Atrato River region

The Uraba is a geographic region in Northwest Colombia near the Panamanian border. The study was
carried out in the region of Uraba Sur, which consists of three municipalities: Mutata, Murindé, and
Vigia del Fuerte. It incorporates the subzone known as the “Atrato Medio” in the valley of the river

Atrato which is characterized by landscapes of tropical rain forests (Figure 4).

5.1.2 Afro-Colombian communities and Indigenous reserves
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Figure 3: Afro-Colombian and Indigenous communities of the Atrato River region in Northwest Colombia
Left: Typical Afro-Colombian village on the riverbank of the Atrato River. Right: An Indigenous community of the Embera
Eyabida in the mountains.

The communities situated along the Atrato River originated in the pre-Columbian period. The
department of the Chocd incorporates an area of 48.353 km? that is inhabited by a population of
544.764 people with a population density of 11,27 inhabitants/km?

(https://citypopulation.de/en/colombia/admin/27 choc%C3%B3/). The population consists of

Mestizos, Afro-Colombians, and Indigenous people of the tribe Embera. In the study region two
subgroups are present, the Embera Dobida (people of the river) and the Embera Eyabida (people of
the mountains). The Afro-Colombian communities are located in the collective territories on the banks
of the river Atrato and the lower courses of its tributaries, whereas the Embera Dobida settle in the
reservations on the upper courses of the tributaries. Even though their culture might be different, the
Indigenous and Afro-Colombian populations share similar living conditions. In general, settlements are
established near a river or stream that serves for drinking water, sewage disposal, and transportation.
A family lives in a wooden housing called “Tambo“ that is built on stilts near the cultivation areas to

avoid flooding and be protected from wild animals. People make their living mainly from farming,
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livestock production, fishing, lumber exploitation, and in some regions mining. Nowadays some urban
centers have a water and sewage system, houses built of concrete or bricks, and infrastructures like

electricity, internet, and mobile phone are available.

5.2 Legal affairs and permissions

In 2014, the research project was approved by the ethics committee of the Faculty of Medicine of the
National University of Colombia in Bogota (Evaluation report No. 052-14, 22.05.2014). Permission to
carry out the study in the Indigenous reserves and the collective territories of the Afro-Colombian
community was given by the Indigenous Organisation of Antioquia (OIA - Organisacion Indigena de
Antioquia), the mayors of the municipality of Murindd, Mutatd and Vigia del Fuerte and the Indigenous
and Afro-Colombian municipal governors and leaders of each community.

Mosquitoes were collected in Colombia under the framework permit for the collection of species
issued to the National University of Colombia by the National Environmental Licensing Authority (ANLA
- Autoridad Nacional de Licencias Ambientales, resolutions No. 255 (12.03.2014) and No. 1482 (20.11.
2015)). According to paragraph 2 of article 2 of Resolution 1348 of 2014, and paragraph 5 of article 2
of decree 1376 of 2013 of the Ministry of Environment and Sustainable Development, research
activities promoted under the framework permit, involving wildlife of the biological diversity of
Colombia for non-commercial purposes, and activities of molecular systematics, molecular ecology,
evolution, and biogeography, do not require permission to access the genetic resources and thus are
not subject of the Nagoya Protocol on Access to Genetic Resources. Exportation of the specimens from
Colombia to the RKl in Berlin, Germany was granted by the ANLA via permit No. 00854 (01.08.2016).
Patients participated voluntarily in the study and were informed about the purpose, objectives,
procedures, and related risks. Blood samples were collected after prior consent. The exportation of
biological samples of human origin (human blood samples on filter paper) was authorized by the

Ministry of Health of Colombia (Document No. 201624001108301, 20.06.2016).

5.3 Human blood sample collection
From September 2014 to December 2016, finger-prick blood samples were taken on Whatman 3mm

cellulose chromatography paper (CAT No: 3030-861) from patients with suspected malaria infection at
the Hospital San Bartolomé, municipality of Murindd, the Hospital Atrato Medio Antioquefio,
municipality of Vigia del Fuerte and a malaria health post in the municipality of Mutata. Blood spotted
filter papers were stored in plastic zipper bags supplied with silica gel at ambient temperature orin 1
ml cryotubes on nitrogen in the dry shipper MVE Doble34. Samples were transported to the laboratory

where they were stored at -20 °C and -80 °C respectively.
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5.4 Mosquito collection
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Figure 4: Mosquito collection sites - Indigenous and Afro-Colombian communities of the Mid Atrato River region.
Mosquitoes were collected in the following localities and communities: 1. Belén de Bajird, 2. La Secreta, 3. Los Pisingos, 4.
Urada, 5. Caucheras, 6. Caiia Verales, 7. Chontadural, 8. Mutatd, 9. Sabaleta, 10. Carmen del Darién, 11. Vigia del Curvaradd,
12. Murindé, 13. Murindé Viejo, 14. Guagua, 15. Isla, 16. Coredd, 17, Narangue, 18. Chajeradd, 19. Chibugadd, 20. Puerto
Antioquia, 21. Vigia del Fuerte, 22. Bellavista, 23. Playa Murri, 24. Jarapetd, 25. Turriquitado Llano, 26. Gengadd, 27. Partadd,
28. Salado, 29. Buchadd, 30. San Antonio de Padua, 31. Vidri, 32. Vegaez, 33. Isleta. Palmiros*, Los Cacaos* and Rancho
Alegre*) *not on the map. Coordinates of the communities were supplied by the OIA (Organizacién Indignea de Antioquia or

derived from google maps and visualized with google fusion tables in google maps).
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From September 2014 to December 2016, mosquitoes were collected by the human landing catch
method, during daytime in the rainforest and cultivations surrounding the settlements, and during
dusk, night, and dawn intra- and peridomiciliary in the settlements by the main investigator and
volunteers. Mosquitoes were sacrificed with ethanol (70%), individualized in perforated 0,5 ml
Eppendorf tubes, and stored in plastic zipper bags with silica gel at ambient temperature. To conserve
the integrity and viability of mosquito-associated viruses, part of the mosquitoes was stored in 1 ml
cryotubes and transported to the laboratory on nitrogen in a dry shipper (MVE Doble34), where they

were stored at —80°C.

5.5 Morphological identification of mosquitoes

Mosquitoes were identified morphologically with dichotomous keys under a Leica M 80
stereomicroscope (Zavortink 1979; Sirivanakarn 1982; Lane 1953; Gonzéalez Obando and Carrejo
Gironza 2009; Forattini 2002; Sallum and Forattini 1996) and identified species were compared to their
descriptions. Specimens were photographed with a Keyence VHX-1000D digital microscope using the
20-200x objective and automatic depth composition. Male specimens were identified by the
characteristics of their genitals. Therefore, genitals were mounted on glass slides. At first, the last
segment of the abdomen was cut off and incubated in 10% KOH at 82°C for 10 min. Then it was
transferred to 5% acetic acid (Honeywell, A6283-100ML-D) for 10 min, put in clove oil (Sigma-Aldrich,
W232300-SAMPLE-K) for 60 min, and eventually in xylenes histological grade (C¢Ha(CHs),), (Honeywell,
534056-500ML-D) for 5 min at ambient temperature. Finally, male genitals were fixed in Canada
balsam (Sigma-Aldrich, C1795-25ML) on a glass slide, covered with a cover glass, observed and

photographed under the Keyence VHK-1000D and compared to the descriptions (Lane 1953).

5.6 DNA barcoding of mosquitoes

The most commonly used nucleotide sequences for Culicidae species barcoding are the mitochondrial
cytochrome oxidase subunit | (COI) and the internal transcribed spacer region 2 of the ribosomal DNA
(ITS2). For DNA barcoding of the mosquitoes, part of the sequence of the COl was amplified directly
from the legs of some representatives of each morphologically identified taxon with primers published
by (Folmer et al. 1994) and (Hebert et al. 2004), and PCR conditions indicated by (Ashfaq et al. 2014).
A mosquito leg was added to 25 ul of master mix containing 2,5 pl of 10x PCR Buffer, 1,25 ul of MgCL2
(50mM), 0,25 pl of primer mix (LCO 1490, HCO 2198, LepF1, LepR1; 10uM each), 0,1l of Platinum Taq
(Thermofisher) and 20,4 pl of nuclease-free water. Run conditions were as follows: 94°C for 1 min, 5
cycles of 94°C for 30's, 45°C for 40 s, 72°C for 1 min, 40 cycles of 94°C for 30 s, 51°C for 40s, 72°C for 1

min and 72°C for 10 min.
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Part of the ITS2 was amplified from the mosquitoes with the universal primers and PCR conditions
indicated by Djadid et al. 2007. A mosquito leg was added to 25 pul of master mix containing 2,5 ul of
10x High Fidelity PCR Buffer, 1,25 ul of MgCL2 (50mM), 0,25 pl of Primer 5,8s, and 28 s (10uM each)
respectively, 0,1ul of Platinum Taq (Thermofisher) and 20,15 pl of nuclease-free water. Run conditions
were as follows: 94°C for 5 min, 35 cycles of 94°C for 15 s, 53°C for 1 min, 72°C for 1 min, followed by
final elongation for 7 min.

Amplicons (5ul) were run on a 1,5% agarose gel (UltraPure™ Agarose, Thermofisher), stained with
GelRed ® Nucleic Acid Gel Stain (Biotium) for 25 min at 90 V. GeneRuler 100 bp Plus DNA Ladder
(Thermofisher, SM0322) was used as a marker. The PCR products were cleaned up with MSB® Spin
PCRapace (Invitek) and sequenced with BigDye™ Terminator v3.1 Cycle Sequencing Kit. Forward and

reverse sequences were assembled in Geneious version R 10 (http://geneious.com, Kearse et al. 2012),

primers were trimmed and high-quality sequences were aligned to and uploaded to the NCBI
nucleotide database (Table 15, Table 16). There are no universally accepted thresholds for barcoding
mosquitoes, as intra-specific variation and inter-specific divergence vary depending on the sequences
used for barcoding and the genus or species complex studied. Generally speaking, the mean
interspecific genetic distance should be several-fold higher than the mean intraspecific distance
resulting in a barcoding gap that allows proper species assignation (Ruiz-Lopez et al. 2012; Laurito et
al. 2013). For our purpose, specimens whose COI or ITS2 sequences exceeded 98% sequence identity

with COl or ITS2 barcodes available on the GenBank were assigned to that species.

5.6.1 Mosquito phylogeny based on the mitochondrially encoded cytochrome c oxidase
[ (COI)

A phylogenetic analysis was promoted based on the COIl sequences of the mosquitoes found in this

study. At first, forward and reverse sequences of the COI region of each sample were assembled in

Geneious version R 10 (http://geneious.com, Kearse et al. 2012), primers were trimmed, and

consensus nucleotide sequences were extracted. High-quality COIl sequences were aligned with
MAFFT, a multiple alignment program for amino acid or nucleotide sequences (Galaxy Version
7.221.3), (Katoh and Standley 2013) by using the E-INS-lI algorithm. The fasta output file was
automatically trimmed with the trimAl v1.2 command line version using the “trimal -in <inputfile> -out
<outputfile> -gappyout” command (Capella-Gutierrez et al. 2009). The fasta output file was converted
to Relaxed Phylip format (full names and padded) with AliView (version 1.25), (Larsson 2014).
Maximum likelihood phylogenies were estimated with PhyML 3.0 (Guindon et al. 2010) using Smart
Model Selection (Akaike Information Criterion), (Lefort et al. 2017) for the selection of the best-fit

substitution model, subtree pruning and regrafting (SPR), (Hordijk and Gascuel 2005), and bootstrap
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(=100 or 1000), (Efron 1979), or likelihood-ratio test (aLRT SH). All COIl sequences were compared to
the NCBI database nucleotide collection with the megablast algorithm

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and uploaded to the NCBI GenBank (Table 15).

5.6.2 Phylogenetic analysis of closely related mosquito species based on the internal
transcribed spacer 2 (ITS2) sequence

The ITS2 is used to distinguish among specimens belonging to species complexes of closely-related

species. Species belonging to the subgenus Protoculex (formerly: Serratus Group) and the subgenus

Ochlerotatus (formerly Scapularis Group) were distinguished based on ITS2 phylogeny. Phylogenetic

analyses were carried out as described in 5.6.1.

5.6.3 Genetic distance analyses of COI and ITS2 sequences

Based on the COl and ITS2 sequence alignments (5.6.1 and 5.6.2) the evolutionary divergence between
the COI and ITS2 sequences respectively was estimated, and the average and main divergence were
calculated for each mosquito species. Analyses were conducted using the Kimura 2-parameter model
(K2P2) [1]in MEGA X [2]. The rate variation among sites was modeled with a gamma distribution (shape
parameter = 1). All ambiguous positions were removed for each sequence pair (pairwise deletion

option).

5.7 Genus-specific rtPCR-based search for Alpha-, Flavi-, Orthobunya- and

Phleboviruses in mosquitoes and human blood samples

5.7.1 Nucleic acids extraction from mosquitoes

The mosquitoes collected with the dry shipper were pooled by species and region in pools of 10 and
tested for Flavi-, Alpha-, Orthobunya-, and Phlebovirus by generic RT-PCRs. Initially, mosquito pools
were homogenized in 2ml autoclaved screw-cap tubes (Sarstedt 72.694.006) containing 500 pl of
chilled DMEM (5% L-Glutamine, 1% Penstrep, 3% FCS) and about 20 ceramic beads in a SpeedMill PLUS
(Analytik Jena) for 2 min. Then the homogenate was centrifuged at 13.000 x g for 5 min. at 4°C, the
supernatant was transferred to a new 1,5 ml tube and centrifuged for another 15 min. at 4°C, aliquoted
(100ul), and stored at -80°C. Nucleic acids were extracted with QlAamp Viral RNA Mini Kit. At first, 560
ul of AVL buffer (without carrier-RNA) were mixed with 100 ul of supernatant and incubated at room
temperature for 30 min. Then, 560 ul of ethanol (100%) was added and the solution was loaded on the
QlAamp Mini column and washed with 500 ul of washing buffer AW1 and AW2 as indicated in the
manufacturer’s manual. Finally, the nucleic acids were eluted in 40 ul of nuclease-free water, aliquoted

(4x10ul), and stored at -80°C.
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5.7.2 Nucleic acid extraction from human blood on filter paper
Nucleic acids were extracted from human blood samples on Whatman 3mm cellulose chromatography
paper stored in nitrogen or at -80 °C. At first 3mm? were cut out with a biopsy punch. Then extraction

protocol from 5.7.1 was applied to blood on filter paper.

5.7.3 Virus genus-specific two-step virus RT-PCRs and melting analysis

The Flavi- (Patel et al. 2013), Alpha- (Hermanns et al. 2017), Orthobunya- and Phlebovirus (Lambert
and Lanciotti 2009) genus-specific rtPCR assays previously described were adapted to two-step
conventional rtPCRs followed by melting analyses. At first, cDNA was synthesized with High-Capacity
cDNA Reverse Transcription Kit (Thermofisher) in a 20 pl reaction volume. RNA extract (10 ul) was
transcribed with 2 pl of 10X RT Buffer, 2 pl nonribosomal hexamers (10 uM), (Endoh et al. 2005), 0,8
pl of 25x dNTPs Mix (100 mM), 1ul of MultiScribe Reverse Transcriptase (50 U/uL) and 4,2 ul de
nuclease-free water under conditions described in the manual: 25 °C for 10 min, 37 °C for 120 °C and
85 °C for 5 min. Next, cDNAs were tested for virus presence by generic PCR reactions. PCRs were run
as duplicates in a Rotor-Gene Q thermocycler (Qiagen) in a 10ul reaction volume containing 1 pl of
cDNA, 5 ul of MyTaq HS Master Mix (Bioline), 1 pul of SYTO® 9 Green Fluorescent Nucleic Acid Stain
(50uM), (Thermofisher), 1 ul of genus-specific primer mix (4uM each) and 2 pl of nuclease-free water,
except Alphavirus nested PCR mix which contained 0,5 pl of 1** round PCR product, 5 of MyTaq HS
Master Mix, 1 pl of SYTO 9 Green Fluorescent Nucleic Acid Stain (50uM), (Thermofisher), 1 pl of 2"
round primer mix (4uM each) and 2,5 pl of nuclease-free water. Run conditions for Flavivirus PCR were
95 °C for 30's, 45 cycles 95°Cfor 10 s, 60 °Cfor 255, 72°C for 10 s, 79°C for 1's, and 72°C for 3 min. The
cycling protocol for Alphavirus PCR consisted of 95°C for 3 min, followed by 10 touchdown cycles of 95
°C for 15s, 55°C (1 °C per cycle) for 20's, 72 °C for 30 s, 79 °C for 1's, and 72°C for 5 min. Orthobunya-
and Phlebovirus PCRs were run for 30 s at 95°C, 55 cycles 10 s at 95 °C, 25 s at 55 °C, 10s at 72 °C, 1s
at 79°C, and 3 min at 72°C.

The cDNA positive controls for the generic PCRs were derived from cell culture supernatants provided
by the ZBS1. Controls applied for Flavivirus PCRs were DENV1 DENV2, DENV3, DENV4, WNV, YFV, and
Zika; for Alphavirus PCRs Venezuelan equine encephalitis virus, and Chikungunya virus, and Phlebovirus
PCR Rift valley fever virus and Sandfly virus. Concerning the Orthobunyaviruses, positive controls
plasmids containing the S- segment of Batai virus (JX846604.1), Wyeomyia virus (FJ235921.1),
Oropouche virus (KC759130.1) and Tahyna virus (KJ575082.1) were synthesized by Life Technologies
based on the S-Segment sequences available at NCBI GenBank and the primers designed by Lambert

and Lanciotti (2009).
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RT-PCRs were followed by melting analyses of the PCR products at 95 °C for 1 min, 40 °C for 1 min, and
75 °C for 90 s, increasing the temperature in 0.1 °C increments up to 90 °C, with fluorescence
acquisition after 2-s incremental holding periods (Villinger et al. 2017). Melt data was examined and
the amplicons of the PCR duplicates showing comparable peaks in melt curve analyses underwent

post-PCR analysis and sequencing.

5.7.4 Post-PCR analysis and Sanger sequencing

All PCR products (5ul) were run at 90V for 25 min. on a 1,5% agarose gel (UltraPure™ Agarose,
Thermofisher), strained with GelRed® Nucleic Acid Gel Stain (Biotium). GeneRuler 100 bp Plus DNA
Ladder (Thermofisher, SM0322) was used as a marker. PCR products were cleaned up with MSB® Spin
PCRapace due to the instruction manual, resuspended in 30 pl of nuclease-free water, diluted to a
concentration of 10-20 ng/ul, and Sanger-sequenced with BigDye™ Terminator v3.1 Cycle Sequencing
Kit. The sequencing mix contained 1 pl of PCR product, 1 pl (10 uM each) forward or reverse primer
set, 1,5 ul of 5x Sequencing Buffer, 1 ul of Primer set BigDye® Terminator v3.1 Ready Reaction Mix and
5,5 ul of nuclease-free water, was run at 96°C for 2min, 25 cycles at 96°C for 10s, 51°C for 5 s and 60°C
for 4 min. Sequence information was provided by the MF2 Genome Sequencing facility of the RKI.
Forward and reverse sequences of each sample were assembled in Geneious R 10, primers were
trimmed and consensus sequences were extracted. Consensus sequences were compared to NCBI
database nucleotide collection with megablast and blastn algorithm.

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). If the blast search resulted in hits for any virus genera,

corresponding mosquito pool cDNA was retested with other genus-specific primers (Vazquez et al.

2012; Grubaugh et al. 2013) as described in 5.7.3.

5.7.5 Virus particle purification from the sample

Virus particles were purified from 100 pl of mosquito homogenate by triple digestion of unprotected
nucleic acids (Shi et al. 2015). Mosquito homogenates (100 pl) were digested in 12,5 pl of 10X TURBO
DNase buffer, 2, 5 pl TURBO DNase (2 U/ul, Thermofisher, AM2239), 1 ul Benzonase (25 U/ul, Novagen,
70746-3) and 1 pl Rnasel (10 U/pl, Thermofisher, EN0601) and 8 pl nuclease-free water at 37 °C for 90
min, inactivated with 12,5 pl Inactivation Reagent for 5 min, centrifuged at 10.000 x g for 2 min, nucleic

acids were extracted from supernatant and cDNA was synthesized as described in 5.7.1.

5.7.6 Virus isolation and NGS sequencing

Mosquito pools that tested positive for Flavivirus were inoculated on Ae. albopictus cells (C6/36,
89051705, SIGMA) and Vero cells. C6/36 cells were cultivated at 28 °C with 20 ml DMEM (1x, 4,5g/L D-
Glucose L Glutamine, Gibco 41965-039), 3 % FCS (Biochrome, S0115), and 1% Penstrep (Gibco, 10.000
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U/ml, 15140163), Vero cells at 37°C with DMEM supplemented with 10% heat-inactivated FBS in a 25
cm? cell culture bottle until a confluent monolayer was derived. Cells were spitted up into two bottles,
one was mixed with 10 ul of the mosquito pool homogenate and cultivated along with the control for
14 days and revised every day for cytopathogenic effect. On day 14, cells and supernatant were
removed and stored separately at -80 °C.

Cell culture supernatant was tested for Flavivirus with the AgPath-ID One-Step rtPCR Reagents
(Thermofisher, 4387391) and the Pan-Flaviassay Primers (Patel et al. 2013) in a 10 pl reaction volume
containing 1ul supernatant, 5 pl of 2X RT-PCR Buffer, 0,5 pl Detection Enhancer, 1 pl SYTO 9 Green
Fluorescent Nucleic Acid Stain (50uM, Thermofisher), 1 ul Flaviprimermix (4uM each), 0,4 ul of 25X RT-
PCR Enzyme Mix and 1,1 pl of nuclease-free water and run on a Rotor-Gene Q thermocycler (Qiagen)
at 45°C for 15min, 95 °C for 10 min, and 45 cycles 95 °C for 15 s, 60 °C for 45 s followed by melting
analysis as in 5.7.3.

If the cell culture tested positive for Flavivirus, 100 pl supernatant of day 14 was purified and cDNA
was synthesized asin 5.7.5. DsDNA was synthesized by adding 1 ul of DNA Polymerase |, Large (Klenow)
Fragment (3-9 U/ul, Thermofisher, 18012021) to cDNA incubating at 37 °C for 60 min. DsDNA of virus
isolate was purified with MSB® Spin PCRapace (Invitek) and diluted in 20 pl of nuclease-free water, the
library was created with Nextera XT DNA Library Prep Kit, and virus genome was NGS- sequenced by

MF2 Genome Sequencing unit at RKI.

5.8 NGS-based virus search in mosquitoes and human blood samples

5.8.1 Library preparation and NGS

The mosquito homogenates from the mosquito pools in 5.7.1 were pooled by species/ genus in
megapools of 4 (100 ul each) or 8 (50ul each). Virus particles were purified by triple nucleic acid
digestion (Shi et al. 2015). In brief, 400 ul of megapool homogenate was digested in 50 ul of 10X TURBO
DNase buffer, 10 ul TURBO DNase (2 U/ul, Thermofisher, AM2239), 4 ul Benzonase (25 U/ul, Novagen,
70746-3), and 4 pl Rnasel (10 U/ul, Thermofisher, EN0O601) and 32 ul nuclease-free water at 37 °C for
90 min, centrifuged at 10.000 x g for 2 min. Then, 400 pul of supernatant were incubated in 2240 pl of
AVL buffer (without carrier-RNA) for 30 min, 2240 pl of ethanol (100%) was added and the solution
was loaded on the QlAamp Mini column, and washed with 500 pl of washing buffer AW1 and AW2 as
indicated in manufacturer’s manual. Finally, the extract was eluted in 30 pl of nuclease-free water,
aliquoted (2x15pl), and stored at -80°C.

CDNA was synthesized with Super Script IV Reverse Transcriptase (Thermofisher) in a reaction volume
of 20 pl. Extract (12 pl) was mixed with 1 pl of nonribosomal hexamers (50uM), (Endoh et al. 2005),
1ul of dNTPs (100mM), incubated at 65°C for 5 min, put on ice for 1 min. Then 4 pl of 5X RT buffer, 1l
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DTT (100mM), and 1 pl SuperScript IV RT (200 U/uL) were added and run for 10 min at 23 °C, 10 min
at 55 °C, and 10 min at 80°C. DsDNA was synthesized and purified as described in 5.7.6. Shotgun
libraries were created with Nextera XT DNA Library Preparation Kit and sequenced on an lllumina HiSeq

1500 v3 system (50 bp SR run, single indexed) at MF 2, RKl in Berlin.

5.8.2 Denovo reads assembly

The resulting fastq.gz files of each dataset were merged in Windows command prompt with the
command “copy /b *.gz combine*.gz” and then uploaded to the Galaxy web platform (Afgan et al.
2018). Public servers at usegalaxy.org and usegalaxy.eu were used to analyze the data. Reads were
assembled with the assembly pipeline Unicycler (Galaxy Version 0.4.4.0), (Wick et al. 2017) with normal
bridging mode, and contigs shorter than 300bp were excluded from the output fasta file. Output fasta

file was depth filtered with Fabox, an online fasta sequence toolbox (Villesen P. 2007).

5.8.3 Virus detection & genome annotation

Nucleotide sequences with depth > 1 were aligned to the nucleotide and protein sequence database
(Blastn, blastx) with the online BLAST web interface provided by NCBI (Madden 2003). Query
sequences that returned any virus polymerase-related results were searched for open reading frames

(ORFs) with NCBI ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/). Additional segments of

segmented virus genomes were identified by aligning the contigs of a sample against the genome
segments of the nearest known relative, or by aligning the contigs of two samples that are supposed
to contain the same virus against each other. Functions of the coding virus proteins were predicted by
searching for conserved domains with Conserved Domains Search (CD-search), (CDD v3.16 database,
expect value 0,1-1), (Marchler-Bauer et al. 2015) and homology detection & structure prediction by
HMM-HMM comparison (S6ding 2005). The genome structures of the viruses found in this study were

then visualized with Microsoft PowerPoint 2013.

5.8.4 Phylogenetic virus classification

The amino acid sequences of CD-search hits associated with viral replicases were used for phylogenetic
analyses. CDSs that showed homology to any viral replicase (e.g. RNA-dependent RNA polymerase)
were translated in Bioedit (version 7.0.5.3), (Hall 1999) and protein sequences were aligned to group/
family/ genus-specific reference sequences derived from NCBI protein database with MAFFT Multiple
alignment program for amino acid or nucleotide sequences (Galaxy Version 7.221.3), (Katoh and
Standley 2013) by using the E-INS-I algorithm. The fasta output file was automatically trimmed with
the trimAl v1.2 command line version using the “trimal -in <inputfile> -out <outputfile> -gappyout”

command (Capella-Gutierrez et al. 2009). The fasta output file was converted to relaxed Phylip format
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(full names and padded) with AliView (version 1.25), (Larsson 2014). Maximum likelihood phylogenies
were estimated with PhyML 3.0 (Guindon et al. 2010) using Smart Model Selection (Akaike Information
Criterion), (Lefort et al. 2017) for the selection of the best-fit substitution model, subtree pruning, and
regrafting (SPR), (Hordijk and Gascuel 2005) and a likelihood-ratio test that relies on a non-parametric,
Shimodaira-Hasegawa-like procedure (aLRT SH-like), (Anisimova and Gascuel 2006), or bootstrap
(=100 or 1000), (Efron 1979). Based on (1) the estimated phylogenies, (2) the taxonomic and molecular

information available on the ICTV (https://talk.ictvonline.org/) and ViralZone

(https://viralzone.expasy.org/) websites the novel viruses were classified.

5.9 Visualization of isolated viruses by transmission electron microscopy

First, C6/36 cells were cultured in 75 cm? flasks under the conditions described in 5.7.6 until a confluent
monolayer was established. Then 3 cell culture flasks were infected with 10 ul of the virus isolate
supernatant (5.7.6) and detected virus strains were inoculated for 14 days.

On days 3, 4, and 7, the supernatant was removed from the bottles and fixed with paraformaldehyde
(20%) in HEPES (0,05M). The fixation solution was depolymerized at 60 °C for 30 min, cooled to room
temperature, mixed 1:9 with supernatant, and incubated for 2 h. Cells were fixed in flasks with 5 ml
glutaraldehyde (2,5%) in HEPES (0,05M) at room temperature for 24 h. Afterward, fixed cells and virus
particles were stored at 4°C. Electron microscopic pictures were taken of virus particles and infected

C6/36 cells at Advanced Light and Electron Microscopy Department (ZBS4) at RKI in Berlin.
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6 Results

6.1 Description of the mosquito fauna of the Atrato River region

From August 2014 to December 2016 a total of 7873 mosquitoes were captured in Northwest
Colombia by human landing catch in 36 localities belonging to 6 municipalities (Figure 4), 34, 8 % during
daytime (6 am-6 pm) and 65,2% during dusk, night and dawn (6 pm-6 am). Mosquitoes were identified
to genus/ species level by the morphology of the female, males if available, and/or by aligning the COI

and/ or ITS2 barcoding sequence to the NCBI nucleotide database with blastn (Megablast).

6.1.1 Mosquito species identified based on the morphological characteristic of the
female
Most of the species could be identified based on the morphological characteristics of the female. The

following 33 species could be identified via taxonomic keys without any difficulties (see 5.5):

Table 1: Mosquito species identified by morphology

venezuelensis

Anopheles nuneztovari

Culex. nigripalpus

Ochlerotatus
angustivittatus

Sabethes tridentatus

Anopheles
pseudopunctipennis

Culex. quinquefasciatus

Ochlerotatus scapularis

Aedes albopictus

Aedeomyia squamipennis Anopheles punctimacula | Haemagogus lucifer Ochlerotatus Trichoprosopon
serratus digitatum
Anopheles apicimacula Anopheles shannoni Haemagogus regalis Psorophora albipes
Anopheles calderoni Anopheles triannulatus Johnbelkinia longipes Psorophora
cingulata
Anopheles darlingi Coquillettidia albicosta Limatus durhamii Psorophora
colombiae
Anopheles malefactor Coquillettidia lynchi Mansonia indubitans Psorophora ferox
Anopheles neivai Coquillettidia Mansonia titillans Psorophora funiculus

Species belonging to the genus Chagasia were not identified at the species level in this study. Species
belonging to the genera Wyeomyia and Culex (subgenus Melanoconion) were not identified

morphologically, but COIl and ITS2 sequences were compared to the NCBI nucleotide database.

6.1.2 Mosquito species identified based on the shape of the male genitalia

Male genitals were used for mosquito species identification as phallosome structures are species-
specific. For Cx. quinquefasciatus (Figure 5), Cq. lynchi (Figure 6), Cq. venezuelensis (Figure 7) and Ma.
titillans (Figure 8) male specimens were available and genitalia matched the ones available in the

literature (Harbach 2012, Lane 1953).
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Figure 5: Male genitalia of Cx. quinquefasciatus and Cx. pipiens

Left: Phallosomes of Cx. pipiens (left) and Cx. quinquefasciatus (right). Abbreviations: Ae: Aedeagus, D: Dorsal arm, LP:
Lateral plate, V: Ventral arm (Harbach 2012); right: Genitalia of a male Cx. quinquefasciatus collected in Murindd, Antioquia,
Colombia.

Figure 6: Male genitalia of Cq. lynchi
Left: Male genitalia of Cq. lynchi (Lane 1953); right: Genitalia of a male specimen of Cq. lynchi collected in Vigia del Fuerte,
Antioquia, Colombia.
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Figure 7: Male genitalia of Cq. venezuelensis
Left: Male genitalia of Cq. venezuelensis (Lane 1953); right: Genitalia of a male Cq. venezuelensis specimen collected in
Murindd, Antioquia, Colombia.

Figure 8: Male genitalia of Ma. titillans
Left: Male genitalia of Ma. titillans (Lane 1953); right: Genitalia of male Ma. titillans collected in Vigia del Fuerte, Antioquia,
Colombia
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6.1.3 Mosquito species identified by COI barcoding

A total of 298 COI barcoding sequences from mosquitoes that have been identified morphologically
previously (6.1.1) or could not be identified via taxonomic keys were aligned to the NCBI nucleotide
database for molecular identification. A full list of the blastn results is available in Appendix 11.1.1. A
total of 24 species could be identified by COI blastn (Per. Id. >98, for Wy. spp. Per. Id. > 97%). For the

following species, the NCBI nucleotide database search resulted in a clear hit:

Anopheles darlingi

Coquillettidia venezuelensis

Ochlerotatus. angustivittatus

Trichoprosopon digitatum

Anopheles neivai

Culex. coronator

Ochlerotatus scapularis

Wyeomyia aporonoma

Anopheles nuneztovari

Culex. nigripalpus

Psorophora cingulata

Wyeomyia luteoventralis

Anopheles pseudopunctipennis

Culex. rabelloi

Psorophora colombiae

Wyeomyia melanocephala

Anopheles punctimacula

Haemagogus. lucifer

Psorophora ferox

Wyeomyia pertinans

Coquillettidia lynchi

Limatus durhammii

Aedes albopictus

Table 2: Mosquito species identified by COI blastn in this study.

For five species identified by morphology before as Cq. lynchi, Cq. venezuelensis, Ma. indubitans, Ps.
albipes, and Ps. funiculus®, no COIl sequences were available in the NCBI nucleotide database, thus
being the sequences acquired in this study the first ones to be published. The species in Table 3 were

identified before by morphology and assigned to Cx. coronator, Cx. nigripalpus, Cx. quinquefasciatus,

Cx. educator, and Oc. serratus, but the NCBI search delivered ambiguous hits.

Genus: Culex

Genus: Culex

Genus: Culex

Genus: Ochlerotatus

Subgenus: Culex

Subgenus: Culex

Subgenus: Culex

Subgenus: Protoculex
Oc. serratus

Oc. pertinax

Pipiens group Pipiens group Pipiens group
E, Cx. coronator Cx. nigripalpus® Cx. quinquefasciatus***
E- Cx. usquatissimus Cx. mollis™® Cx. pipiens***
8 | Cx. usquatus Cx. bidens**
§ Cx. camposi Cx. declarator** Genus: Culex
2 | Cx. convagarciai Cx. interfor™* Subgenus: Melanoconion
g Cx. ousqua Cx. theobaldi
© Cx.yojoae Subgenus Melanoconion Cx. educator

Cx. conspirator

Other sibling species

Tarsalis Subgroup

Subgenus Phenacomyia

Cx. maxi

Cx. lactator

Cx. surinamensis

Cx. saltanensis

* Apicinus Subgroup
** Tarsalis Subgroup

*** Pipiens Subgroup

Table 3: Mosquito species with ambiguous results for COI blastn search.
For some COI sequences, blastn resulted in >99% per. id. with several species. Each box represents a species complex or
group of sibling species. In red=species the COIl sequence represents due to morphological identification in this study.

! There is a nucleotide sequence available that shows 99% per. id. with our sequence (KM452781.1), but it is
not assigned to species level.
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The COI sequences from the specimens that we refer to as Cx. coronator s.l. matched with COI
sequences that are associated with other species from the Coronator complex (see Table 15 ). The
Coronator group of the subgenus Culex includes Cx. coronator (Dyar), Cx. camposi (Dyar & Knab), Cx.
covagarciai (Forattini), Cx. ousqua (Dyar), Cx. usquatissimus (Dyar), Cx. usquatus (Dyar) and Cx. yojoae
(Stickman), and the females of these species cannot be distinguished by morphological characters due
to polymorphic or overlapping characteristics (Forattini 1965, Demari-Silva et al. 2014, Demari-Silva et
al. 2015). Other sibling species which might be included in the Coronator group are Cx. saltarensis, Cx.
surenamensis, and Cx. maxi (Laurito et al. 2008, Laurito et al. 2013). The COI has been used as a
molecular barcode for species identification in mosquitoes (Hebert et al. 2003b), but is not suitable to
distinguish closely related species of the Coronator group, a complex of recently diverged species, due
to high intraspecific variation and low interspecific divergence (Laurito et al. 2013). In Colombia, Cx.
coronator (Dyar), Cx. camposi (Dyar & Knab), Cx. ousqua (Dyar), Cx. usquatissimus (Dyar), and Cx.
usquatus (Dyar) have been registered (Rozo-Lopez and Mengual 2015). The male genitalia permit the
identification to species level (Forattini 2002), but male specimens of Cx. coronator s.l. were not
available in this study. For proper molecular identification and phylogenetic analyses of the members
of the Coronator group, other mitochondrial genes like the ATP6, ATP8, and NaDH5 have been
suggested (Demari-Silva et al. 2015), but were not applied in this study. Therefore, accurate
identification of the species of the Coronator complex was not possible and the specimens were
provisionally named Cx. coronator s.1..

The COI sequences of the specimens we identified by morphology as Cx. nigripalpus coincide with
GenBank sequences of Cx. conspirator, Cx. nigripalpus, Cx. declarator, Cx. lactator, Cx. bidens, Cx.
interfor, and, Cx. mollis. Females of Cx. nigripalpus may be identified by morphology (Forattini 2002),
but cannot be distinguished from the other species by the COI sequence. It is supposed that these
species also compose a species complex (Demari-Silva et al. 2011). For the identification of recently
diverged taxa and phylogenetic analysis of species complexes in the genus Culex the ITS2 has proven
to be a more appropriate molecular marker (Vesgueiro et al. 2011). Based on morphological
identification and ITS2 sequences available, the specimens we collected correspond to Cx. nigripalpus.
The COIl sequences we associated with Cx. quinquefasciatus matched the ones of Cx. quinquefasciatus
and Cx. pipiens that were available at NCBI GenBank. The Cx. pipiens species complex includes at least
two species: Cx. quinquefasciatus (Say) and Cx. pipiens (Coquillet), (Harbach 2012). Other species that
might belong to the complex are Cx. australicus (Dobrotworsky & Drummond) and Cx. globocoxitus
(Dobrotworsky)/ (Zittra et al. 2016), but in Colombia only Cx. quinquefasciatus has been registered
(Rozo-Lopez and Mengual 2015). The species of the complex may not be distinguished based on the
COl or ITS2 sequences. Polymorphisms in the second intron of the acetylcholinesterase-2 (ace-2), and
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the microsatellite locus CQ11 allow the identification of the species, subspecies, and hybrid forms, but
were not applied in this study (Smith and Fonseca 2004, Bahnck and Fonseca 2006). Anyway, Cx.
quinquefasciatus may also be distinguished based on the male genitalia (Harbach 2012)/ (see 6.1.2).
The Educator group of the subgenus Melanoconion, genus Culex consists of seven species: Cx.
cristovaoi (Duret), Cx, educator (Dyar & Knab), Cx. eknomios (Forattini & Sallum), Cx inadmirabilis
(Dyar), Cx. rachoui (Duret), Cx. theobaldi (Lutz), and Cx. vaxus (Dyar), (Sallum and Forattini 1996), but
only Cx. educator, Cx. theobaldi, and Cx. inadmirabilis have been reported in Colombia (Rozo-Lopez
and Mengual 2015). The COI sequences we associated with Cx. educator resulted in hits for Cx. nr
theobaldi (nr=near/affine), (Torres-Gutierrez et al. 2016), and Cx. educator (Rozo-Lopez and Mengual
2015). Nevertheless, Torres-Gutierrez et al. in their publication specify, that the specimen with
accession number KX779891.1 was mistakenly identified as Cx. theobaldi but corresponds to Cx.
educator. Thus, its COIl sequence clusters with the Cx. educator sequence of Rozo-Lopez and Mengual.
(KM593042.1).

The subgenus Protoculex, also known as the Serratus group of the genus Ochlerotatus currently
includes 10 species: Oc. aenigmaticus (Cerqueira & Costa), Oc. atlanticus (Dyar & Knab), Oc. dupreei
(Coquillett), Oc. eucephalaeus (Dyar), Oc. hastatus (Dyar), Oc. nubilus (Theobald), Oc. oligopistus
(Dyar), Oc. pertinax (Grabham), Oc. serratus (Theobald), and Oc. tormentor (Dyar & Knab). In Colombia,
Oc. aenigmaticus, Oc. hastatus, Oc. nubilus, and Oc. serratus have been registered (Rozo-Lopez and
Mengual 2015). As these species cannot be distinguished by their COl sequences, they were
distinguished by ITS2 sequence phylogeny (6.1.6.2.1, Figure 9).

For Ma. titillans only one COIl sequence was available on NCBI (KY859902.1), but it did not match with
our sequences from the specimens we identified as Ma. titillans by morphology, but with a Mansonia
specimen, we could not identify. The COIl sequences we associated with Ma. titillans did not match any
sequences available.

Seven species of the genus Culex, two of the genus Mansonia, two of the genus Ochlerotatus, five of
the genus Trichoprosopon, and one of the genus Wyeomyia did not match any sequence available and
could not be identified, neither by COIl blastn nor morphology. The COI sequences listed in Table 15
were uploaded to NCBI GenBank. (Accession numbers: MN997410-MN997708).

6.1.4 Mosquito species identified by ITS2 barcoding

A total of 82 ITS2 sequences from mosquitoes that have been identified morphologically previously, or
could not be identified via taxonomic keys, were aligned to the NCBI nucleotide database. In Appendix
11.1.2 a full list of the blastn search results is available. A total of eight species could be identified by

ITS2 blastn (Per. id >98%). For the following species, the NCBI nucleotide database search resulted in
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a clear hit: An. apicimacula, An. darlingi, An. nuneztovari, An. pseudopunctipennis, An. punctimacula,
Cx. nigripalpus, Cx. pipiens/ Cx. quinquefasciatus, and Ps. ferox.

For nine species identified by morphology and/or COI blastn before as An. neivai, Cq. lynchi, Cq.
venezuelensis, Ma. indubitans, Ma. titillans, Oc. scapularis, Ps. albipes, Ps. funiculus, Wy. luteoventralis
and Wy. Pertinans, no ITS2 sequences were available in the NCBI nucleotide database, being the
sequences produced in this study the first ones to be published.

For the specimens identified before by morphology and referred to as Oc. serratus, NCBI search
delivered ambiguous hits. The ITS2 sequences matched with ITS2 sequences that are associated with
Oc. atlanticus and Oc. tormentor, but for Oc. serratus no ITS2 sequences were available. Oc. atlanticus,
Oc. tormentor and Oc. serratus belong to the subgenus Protoculex also known as the Serratus group
and are closely related species that may be distinguished by ITS2 phylogeny (6.1.6.2.1, Figure 9).
Sequences listed in Table 16 were uploaded to NCBI GenBank (Accession numbers: MT151916-
MT152001).

6.1.5 Intra- and interspecific evolutionary divergence of barcoding regions

6.1.5.1 Evolutionary divergence among COI sequences

The genetic distances between the barcoding regions of the specimens that were assigned to a certain
“species” may be used as an indicator for conspecifity or heterospecifity. The greater the
“intraspecific” distance between the mean and maximum intraspecific K2P distance is, the greater the
probability that specimens are not conspecific, but heterospecific. The pairwise genetic distances were
estimated for 299 COI nucleotide sequences from 28 mosquito species. For each mosquito species, the
mean and maximum intraspecific K2P distances among COI sequences are shown in Table 4. The mean
K2P distance observed between specimens considered conspecific varied between 0% and 2,3% and
the maximum KP2 distance between 0% and 3,1%. It can be observed that the mean and maximum
K2P distances of Oc. serratus and Wy. aporonoma are elevated. This might be due to the presence of

unidentified sibling species or an ongoing speciation process.
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Mean | \jax k2p Mean | \jax k2p
Mosquito species N.O' . K2p distance | Mosquito species N.O' . K2p distance
Specimens | distance (%) Specimens | distance (%)
(%) (%)
An. darlingi 21 0,2 1 Cx. educator 6 0,5 0,8
An. nuneztovari 48 0,1 0,7 Cx. sp. 8 7 0,5 1,4
An. punctimacula 8 0,8 2,2 Ma. indubitans 4 0,4 0,6
Cq. lynchi 11 0,1 0,6 Ma. titillans 3 0,5 0,8
Cq. venezuelensis 22 0,5 1,8 Oc. serratus 16 1,5 3,1
Cx. coronator 2 0,2 0,2 Oc. sp. 1 2 1,2 1,2
Cx. nigripalpus 12 0,4 0,9 Ps. albipes 7 0,9 1,9
Cx. quinquefasciatus 12 0,3 1,9 Ps. ferox 5 1,1 1,5
Cx. sp. 1 5 1,6 0,1 Ps. funiculus 8 0,8 1,9
Cx. sp. 3 12 0,5 1,7 Ae. albopictus 6 0,2 0,3
Cx. sp. 4 5 1,1 1,4 Tr. sp. 1 4 0,2 0,7
Cx.sp. 5 3 0,4 0,9 Wy. aporonoma 3 2,3 3,1
Cx. sp. 6 2 0,5 0,5 Wy. Luteoventralis 2 0 0
Cx.sp. 7 2 0,2 0,2 Wy. Pertinans 35 1,3 2,7

Table 4: Estimates of evolutionary divergence among COI sequences of mosquitoes
Average and maximum intraspecific K2P distances observed among COIl sequences of mosquito species sequenced in this
study are shown. Analyses were conducted using the Kimura 2-parameter model [1] in MEGA X [2]. Elevated values are in

red.

6.1.5.2  Evolutionary divergence among ITSZ sequences

Mosquito species No. Mean Max K2P
specimens | K2P distance

distance | (%)
(%)

An. darlingi 7 0 0

An. nuneztovari 23 0 0

An. punctimacula 3 0,2 0,25

Cq. lynchi 2 1,2 1,2

Cq. venezuelensis 5 6,4 8,8

Cx. sp. 2 2 0 0

Cx. quinquefasciatus 2 0 0

Ma. indubitans 2 0 0

Ma. titillans 9 0 0

Oc. scapularis 4 0,2 0,6

Os. serratus 4 0,8 0,9

Ps. albipes 10 0,4 2,1

Ps. ferox 2 0 0

Table 5: Estimates of evolutionary divergence among ITS2 sequences of mosquitoes
Average and maximum intraspecific K2P distances observed among ITS2 sequences of mosquito specimens sequenced in
this study are shown. Analyses were conducted using the K2P model [1] in MEGA X [2]. Elevated values are in red.
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The pairwise genetic distances were estimated for 86 ITS2 nucleotide sequences from 13 mosquito
species. For each mosquito species, the mean and maximum intraspecific K2P distances among ITS2
sequences are shown in Table 5. The mean K2P distances observed between specimens considered
conspecific by morphology varied between 0% and 6,4%, and the maximum K2P distance between 0%
and 8,8%. Generally speaking, the values for the intra-specific variations of the ITS2 regions are lower
than the ones for the COI regions. For Cq. venezuelensis comparatively high K2P distances were
observed. Most probably the specimens identified as Cq. venezuelensis are heterospecific and

correspond to Cq. venezuelensis and another sibling species.

6.1.6 Phylogenies of neotropical mosquitoes

6.1.6.1 Mosquito phylogeny based on the COI nucleotide sequence

The sequences from Appendix 11.1.1, Table 15 were used to estimate the COIl phylogenies between
the described mosquito species. Fifty taxa could be identified, of which 26 could be assigned to a
described species by COI blastn at a sequence identity of >97%. Eight taxa could not be assigned by
COlI blastn, because the COI nucleotide sequences showed less than 97% sequence identity with
GenBank entries. These specimens could be identified by morphology only. For specimens identified
morphologically and assigned to Ps. albipes, Cq. venezuelensis, Ma. titillans, Ma. indubitans, Oc.
scapularis, Cq. lynchi, Oc. serratus and Ps. funiculus, no COIl sequences were available in the NCBI
database. Another 16 taxa could only be assigned at the genus level. Seven Culex species of the
subgenus Melanoconion, two of the genus Mansonia, two of the genus Ochlerotatus, one of the genus
Wyeomyia, and five of the genus Trichoprosopon could be identified neither by COI blastn nor by
morphology and might correspond to species described formerly that have no COIl sequences available
in the GenBank, or yet undescribed species. In Table 2 the species that could be identified by COI blastn

are listed. The complete phylogenetic tree is available in Table 10.
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6.1.6.2  Phylogeny of species complexes of closely related mosquito species

6.1.6.2.1 Phylogeny of the subgenus Protoculex, genus Ochlerotatus based on the ITS2
nucleotide sequence

The ITS2 sequences from mosquitoes identified in this study as Oc. serratus by morphology were

aligned to all the ITS2 sequences available at NCBI for the genus Ochlerotatus, subgenus Protoculex.

Only for the species Oc. pertinax, Oc. tormentor, and Oc. atlanticus ITS2 sequences were available at

GenBank. These were aligned to the ITS2 sequences from the mosquitos we identified as Oc. serratus

by morphology and a phylogenetic analysis was conducted. Even though ITS2 blastn results were

ambiguous (Table 16), phylogenetic analysis indicates clear branching for the four species.

0.010 0.020

Figure 9: Phylogeny of the subgenus Protoculex, genus
Ochlerotatus estimated based on the nucleotide
KP262404.1_Ochlerotatus_pertinaX  sequence of the ITS2 region (Best model: GTR). The
KP262406.1_Ochlerotatus_pertinax midrooted maximum likelihood tree including all
available ITS2 sequences available at NCBI GenBank for
the subgenus is displayed in a rectangular view. Nodes
KF307744.1_Ochlerotatus_tormentor  show bootstrap values (bootstrap=1000) and branch

MG232604.1_Ochlerotatus_atlanticus /ength is shown in the upper left corner.
KF307743.1_Ochlerotatus_atlanticus

M-1173_Oc._serratus

M-899_Oc._serratus

Bo-119_0Oc._serratus

KP262405.1_Ochlerotatus_pertinax

MG232630.1_Ochlerotatus_pertinax

Bo-69_0Oc._serratus

6.1.6.2.2 Phylogeny of the genus Ochlerotatus based on the COI region

The COI sequences from mosquitoes identified in this study as Oc. angustivittatus, Oc. scapularis, Oc.
serratus, and Oc. spp. by morphology were aligned to all the COI sequences available at NCBI for the
genus Ochlerotatus, and a phylogenetic analysis was performed. Our COl sequences of Oc.
angustivittatus, Oc. scapularis and Oc. serratus clustered with sequences of conspecific specimens
available on NCBI and thus confirm our COI blastn results. The COIl sequences of our unidentified Oc.
specimens clustered with the COIl sequences of specimens belonging to the subgenus Protoculex. Only
four species of the subgenus Protoculex are registered in Colombia: Oc. aenigmaticus, Oc. hastatus,
Oc. nubilus, and Oc. serratus. Most probably, our unidentified Ochlerotatus specimens correspond to
Oc. aenigmaticus, Oc. hastatus or Oc. nubilus, but they might also belong to the other species of the
Subgenus Protoculex that have not been registered yet in Colombia, or yet undescribed novel species
of the subgenus. The species Oc. flavifrons currently is assigned to the subgenus Ochlerotatus but due

to COI phylogeny should be reassigned to the subgenus Rusticoides. For Oc. diantaeus, two sequences
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were available, but they did not cluster, and branching indicated, that at least one of the two

specimens should correspond to another species.
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Table 6: Phylogeny of the genus Ochlerotatus estimated based on the nucleotide sequence of the COI region (Best model:
GTR+G+l). The midrooted maximum likelihood tree including all available COI sequences available at NCBI GenBank for the
genus is displayed in a rectangular view. Nodes show bootstrap values (bootstrap=1000) and branch length is shown in the
upper left corner. Specimens found in this study are in red.
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6.1.6.2.3 Phylogeny of the genus Culex, subgenus Melanoconion based on the COI region

The neotropical subgenus Melanoconion (Mel.) is one of the biggest subgenera of the genus Culex and
includes more than 166 species (Harbach 2013a). Morphological identification of the species belonging
to the subgenus Melanoconion is not always possible if not all life stages are available, as some species
may only be distinguished by the morphology of the male genitalia or larval traits. Molecular
identification with markers, particularly the COIl gene, has proven to be a good tool for species
identification for this subgenus if the species has been barcoded correctly (Torres-Gutierrez et al.
2016), but for most of the species of the subgenus, no sequences are available. Due to the lack of male
and immature life stages, morphological identification of Melanoconion specimens from the Atrato
River region was not possible in most cases. Therefore, we intended to identify the subgenus members
by their COIl sequences. Their COIl sequences were aligned to the available sequences and COI
phylogeny was estimated (Figure 10), but many specimens could not be assigned on the species level
as the species had not been barcoded before. The COI phylogeny branching pattern gave evidence for
thirteen species of the subgenus in the research region, but only two could be assigned at the species
level. The sequences of Cx. educator and Cx. rabelloi from this study clustered with COl sequence
available at NCBI Genbank that made the molecular identification possible.

The COI sequences of Cx. (Mel.) sp. 3 clustered on a sister glade to Cx. atratus but shared only 95% of
nucleic acid identity. Cx. atratus is the type species of the subgenus Melanoconion and belongs to the
Atratus group that has been revised recently (Sa et al. 2020). Currently, it consists of 14 species, and
revised descriptions and taxonomical keys for the identification of all species and life stages are
available, but they were not taken into account in this study, as the mosquitoes were identified before
the keys were published. Most probably, the sequences of Cx. sp. 3 correspond to one of the species
of the Atratus group. The other sequences could not be assigned as no similar sequences were

available, or because the sequences available were not assigned on the species level.
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Figure 10: Phylogeny of the genus Culex, subgenus Melanoconion estimated based on the nucleotide sequence of the COI gene
(selected model GTR+G+l). The midrooted maximum likelihood tree of all the COI sequences available at NCBI GenBank for
the subgenus Melanoconion (03.06.2021) and our sequences is displayed in a rectangular view. Nodes show alLRT SH-like
support values and branch length is shown in the upper left corner. Specimens found in this study are in red.
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6.1.7 Abundance and richness of mosquito species in the Atrato River region

A total of 43 species of 14 genera could be identified by morphology and/or COIl and/or ITS2
sequencing. In Appendix 11.3, Table 17 all the species identified are listed and the mode of
identification is indicated. The relative abundances of the most frequently collected mosquito species
(> 1%) are shown in Figure 11. The six most abundant species belonged to only four genera and made
up 78,4 % of the total number of specimens collected: Ma. titillans (17,7%), Ps. albipes (16,5%), An.
darlingi (15,8%), An. nuneztovari (10,9%), Cq. venezuelensis (8,9%), and Cq. lynchi (8,6%). Less
frequently captured species were Oc. serratus (3,7%), Cx. quinquefasciatus (2,5%), Ps. funiculus (1,6%),
Ps. ferox (1,1%) and Oc. scapularis (1,0%). Other species collected in the research region (<1%) are
listed in Table 7. The exact numbers of specimens collected of each species at each location are shown
in Appendix 11.3, Table 18 (see map Figure 4 for locations). Heatmaps in Figure 40 visualize the relative

abundances with which each of the twelve most abundantly collected species were collected in each

locality.
_An. spp.
1,3%
Ae. serratus
3,7%

Ae.scapularis

1,0%

Cx. quinguefasciatus
2.5%
~ Cx. spp.
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Figure  11: Relative  abundance of mosquito  species collected in the Atarto River valley
Only main species/genus >1% are shown. Other species collected are listed in Table 7.
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Other species No. % Other species | No. %
Ad. squamipennis 2 |0,03% | Cx. sp. 2 1 |0,01%
Ae. angustivittatus 57 | 0,73% | Cx. rabelloi 1 (0,01%
An. apicimacula 3 |0,04% | Cx. educator 6 |0,08%
An. calderoni 1 |0,01% | Cx.sp. 8 4 |0,05%
An. malefactor 6 | 0,08% | Hg. lucifer 1 |0,01%
An. neivai 1 |0,01% | Hg. regalis 1 |0,01%
An. pseudopunctipennis | 5 | 0,06% | Jb. longipes 4 |0,05%
An. punctimacula 18 | 0,23% | Li durhammii 2 |0,03%
An. shannoni 1 |0,01% | Ma. indubitans | 24 | 0,31%
An. triannulatus 2 | 0,03% | Ps. cingulata 3 |0,04%
Cq. albicosta 1 |0,01% | Ps. columbiae 1 (0,01%
Ch. spp. 3 |0,04% | Sa. tridentatus | 1 |0,01%
Cx. coronator 7 |0,09% | Ae. albopictus | 30 |0,38%
Cx. sp. 10 2 | 0,03% | Tr. digitatum 1 |0,01%
Cx. nigripalpus 54 | 0,69%

Table 7: Mosquito species collected in the Atrato River valley with low frequencies.

6.1.8 Biting behavior

Most of the mosquito species identified in this study have been associated with the transmission of
diseases to humans or animals in former studies. An. nuneztovari and An. darlingi for instance are the
main vectors of malaria in Colombia (Montoya-Lerma et al. 2011), and Ps. albipes and Ma. titillans are
involved in VEEV transmission (Navarro et al. 2005) Measures to prevent transmission are often related
to the biting behavior of each mosquito species. Therefore, the biting behavior of the most abundantly
collected mosquito species was studied to get insight into their daily biting rhythms. Mosquitoes were
collected by human landing catch and thus show anthropophilic biting behavior. The most abundantly
collected mosquito species were categorized into two groups due to their biting behavior: (1) Diurnal
(6 am-6 pm) and (2) crepuscular/nocturnal (6 pm-6 am). The species Oc. scapularis, Oc. serratus, Oc.
angustivittatus, Cq. lynchi, Ps. albipes, Ps. ferox, Ps. funiculus and Ae. albopictus presented mainly
diurnal biting behavior, while An. darlingi, An. nuneztovari, Cq. venezuelensis, Cx. quinquefasciatus,
and Ma. titillans were rather crepuscular/nocturnal. An. nuneztovari and An. darlingi, two of the main
malaria vectors in the Americas, showed a crepuscular/nocturnal biting behavior and almost
exclusively bit between 20 - 23 h. Oc. scapularis was found with increased incidence from, 3 -5 pm,
Oc. serratus from 9 - 10 am and 2 - 4 pm, Oc. angustivittatus from 8 - 10 am, Ps. albipes and Ps. ferox
from9-10amand 3 -5 pm, and Ps. funiculus from 10 am - 1pm. Concerning the genus Coquillettidiae,
the two species identified showed the opposite behavior. While Cq. lynchi is a diurnal species biting

mainly from 9 am to 6 pm, Cq. venezuelensis prefers to hunt at dusk and night, mostly between 6 and
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9 pm. Cx. quinquefasciatus and Ma. titillans were caught almost exclusively during dusk/ night with
increased abundance from 7-10 pm and 6-10 pm respectively. The local and temporal biting behavior

of the main mosquito species is summed up in Figure 12.
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Figure 12: Local and temporal biting behavior of main mosquito species found in the Atrato River region.
For each species, the total number of mosquitoes collected in all localities during the day (6 am-6 pm) and at night (6 pm- 6
am) are shown. Each corner of the triangle corresponds to the combination of two variables. The bottom left corner
corresponds to the number of mosquitoes collected at night in the settlements, the bottom right corner to the number
collected during the day in the settlements, and the upper corner to the number collected by day in the surroundings of the
villages (rainforest, fields, etc.).
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6.2 Characterization of the mosquito viromes

A systematic virus search was promoted in mosquitoes from the Atrato River valley in Colombia to get
insight into the virome of the most frequently occurring mosquito species. By the means of virus genus-

specific (rt)PCRs and an NGS-based approach, 52 novel virus species could be characterized in

association with mosquitoes.

6.2.1 Two novel Flaviviruses detected in mosquitoes by genus-specific rtPCR

A total of 2042 mosquitoes were pooled in 206 pools (approx. 10 specimens per pool) by genus,
species, and locality and tested by genus-specific rtPCRs for Flavi-, Alpha-, Phlebo-, and
Orthobunyaviruses. Mosquito species (no. of pools) tested were An. darlingi (29), An. nuneztovari (7),
An. spp. (2), Cq. lynchi (8), Cq. venezuelensis (12), Cx. nigripalpus (1), Cx. quinquefasciatus (3), Cx. spp.
(4), Ma. titillans (16), Oc. serratus (8), Ps. albipes (93), Ps. ferox (5), Ps. funiculus (7), Ae. albopictus (2),
and Wy. spp. (9).
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Figure 13: RT-PCR melting analysis profiles from mosquito pools infected with a novel Flavi-like virus. Part of the conserved
region of the NS5 gene (about 260bp) was amplified with primers from the Pan-Flavi assay (Patel et al. 2013) and melting
curve analysis was done with intercalating SYBR Green dye. Melting curves for (A) Ps. albipes pool tested positive for novel
Flavi-like virus (green/purple: Atrato Flavi-like virus 1, Tm = 86,0 °C; red/yellow: DENV 1 cDNA from cell culture supernatant
diluted 1:100, Tm= 81,6 °C; blue/pink: negative control. (B) Oc. serratus pool tested positive for novel Flavi-like virus

(red/yellow: Atrato Flavi-like virus 1, Tm = 85,9 °C; purple: DENV 4 cDNA from cell culture supernatant diluted 1:100, Tm =
83,2 °C)

Two Ps. albipes pools and one Oc. serratus pool tested positive for two novel Flavi-like viruses with
primers targeting a conserved region of the RdRp coding NS5 gene (Patel et al. 2013, Vazquez et al.
2012). Rt-PCR melting curve analyses are shown in Figure 13. A short description of Atrato Flavi-like
virus 2 (AFlv2) and Atrato Flavi-like virus 3 (AFlv3) and the GenBank accession numbers for the partly
sequenced genomes are available in Table 9. Phylogenetic analyses based on the coding region of the

RdRp are shown in appendix 11.6.1.6, Figure 61, Figure 62, and genome structure in Figure 87. Two
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attempts were launched to sequence AFlv2 and AFIv3, one from a pool and one from a cell culture

supernatant, but unfortunately, it was impossible to assemble the full genomes.

The detected virus strains were inoculated in C6/36 cells and Vero cells for 14 days. Even though no

cytopathic effect was noticed, high viral loads could be detected in the C6/36 cell culture by one-step

RT-PCR, and electron micrographing of infected cells revealed the virus typical structures (Figure 14).
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Figure 14: C6/36 cells infected with AFlv;
a novel insect-specific flavi-like virus
isolated from Oc. serratus. Electron
micrographs show chemically fixed
C6/36 cells 5 days post-infection. (A)
Virus factory: Virus replication takes
place on the endoplasmatic reticulum
(ER) and derived membrane vesicles (VE)
that are arranged in vesicle packages
(VP) and occupy the majority of the
cytoplasm. (B) Virus particles (VI) are
produced by the replication complex (RC)
in the spherules. Convoluted membranes
(CM) were also observed.



6.2.2 Description of novel viruses found by NGS-based virus search in mosquitoes

An NGS-based virus search was performed on mosquitos from the Atrato River region in Colombia. A
total of 2000 mosquitoes were tested for viruses. The mosquito homogenate pools from 6.2.1 that
contained approximately 10 specimens were pooled in megapools with up to 50-100 specimens. At
first nucleic acids were extracted from megapools, virus particles were purified and cDNA was
synthesized. Then shotgun libraries were created, Illumina sequenced, and reads were de novo-

assembled.

6.2.2.1 Identification of viruses and annotation of their genomes

De novo-assembled contigs, with nucleotide sequence lengths larger than 300 bp that showed a
sequencing coverage equal to or greater than one, were examined. Preselected contigs were aligned
to the NCBI database via blastx algorithm (default parameters, expect threshold 0,05) and the
Conserved Domain Database (default parameters, E-value cutoff 0,1-1), and HHpred protein homology
detection and structure prediction (default parameters, E-value cutoff 0,001) was applied to identify
virus-related genes and proteins. Then the CDSs of the viral polymerases were predicted with NCBI

ORF finder and translated to AA sequences for phylogenetic analyses.

6.2.2.2  Viral polymerase coding segments identified in mosquitoes by NCBI blastx

Contigs that resulted in hits for viral polymerases are listed in Table 8. The complete annotated virus
genomes are available at NCBI Genbank under the accession numbers listed in Table 9, and the genome
structures are visualized in appendix 11.6.2. Pools from megapools that tested positive for a certain
virus were retested individually by virus species-specific rtPCRs designed based on the conserved

regions of the polymerase coding segment and PCR products were sequenced for confirmation (Forster

2019).

Virus/Polymerase coding NCBI blastx Hit Description (Top hit) Query Per Accession

segment Cover Ident

Atrato virus RdRp [Aedes camptorhynchus toti-like virus 90% 33.99% @ YP_009388611.1
1]

Atrato Chu-like virus 1 RNA-directed RNA polymerase [Chuvirus 99% 59.33%  API61887.1
Mos8Chu0

Atrato Chu-like virus 2 polymerase [Tacheng Tick Virus 4] 92% 31.41% @ YP_009177716.1

Atrato Chu-like virus 4 RNA-dependent RNA polymerase [Scaldis 54% 36.21% | APT68159.1
River bee virus

Atrato Chu-like virus 5 RNA-dependent RNA polymerase [Scaldis 93% 37.25% | APT68159.1
River bee virus

Atrato Denso-like virus nonstructural protein 1 [Haematobia 93% 26.63%  QCH41361.1
irritans densovirus

Atrato Denso-like virus 1 nonstructural protein 1 [Haematobia 75% 30.77% QCH41361.1
irritans densovirus

Atrato Flavi-like virus 1 putative polyprotein [Lampyris noctiluca 35% 26.49%  QBP37018.1
flavivirus 1
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Virus/Polymerase coding
segment
Atrato Gouko-like virus 1

Atrato human blood virus

Atrato Nege-like virus 1

Atrato Partiti-like virus 1
Atrato Partiti-like virus 2
Atrato Partiti-like virus 3
Atrato Partiti-like virus 4
Atrato Partiti-like virus 5
Atrato Partiti-like virus 6
Atrato Picorna-like virus

Atrato Picorna-like virus 1
Atrato Reo-like virus 1
Atrato Retro-like virus

Atrato Rhabdo-like virus 2
Atrato Rhabdo-like virus 3

Atrato Sobemo-like virus 1
Atrato Sobemo-like virus 2

Atrato Sobemo-like virus 3
Atrato Sobemo-like virus 4

Atrato Sobemo-like virus 5

Atrato Sobemo-like virus 6
Atrato Virga-like virus 1
Atrato Virga-like virus 2
Atrato Virga-like virus 3
Atrato Virga-like virus 4
Atrato Virga-like virus 5

Atrato Virga-like virus 6
Atrato Virga-like virus 7
Cacaos virus

Chajerado virus

Chibugado virus
Coredo virus

CulexPhasma-like virus
Embera virus

Gengado virus

Guagua virus

Hubei mosquito virus 4

NCBI blastx Hit Description (Top hit)

RNA-dependent RNA polymerase-like
protein [uncultured virus]
putative viral replication protein
Circoviridae sp.
ORF1 [Tanay virus
RdRp [Hubei tetragnatha maxillosa virus 8]
RdRp [Partitivirus-like 1]
RdRp [Vespa velutina partiti-like virus 1]

[

[

RdRp [Hubei partiti-like virus 39]
RdRp [Hubei partiti-like virus 19]
RdRp [Hubei partiti-like virus 20]
hypothetical protein [Hubei picorna-like

virus 41

putative polyprotein [Yongsan picorna-like

virus 2
RdRp [Aedes camptorhynchus reo-like

virus]

hypothetical protein B5V51 13913
[Heliothis virescens]

RdRp [Grenada mosquito rhabdovirus 1]
RNA-dependent RNA polymerase [Wuhan

Ant Virus
putative RNA-dependent RNA polymerase

Medway virus
putative RNA-dependent RNA polymerase

Medway virus
RdRp [Culex luteo-like virus]

hypothetical protein [Culex mosquito virus
6]
hypothetical protein 2 [Wenzhou sobemo-

like virus 4
RdRp [Hubei partiti-like virus 20]

RdRp [Hubei virga-like virus 2]

RdRp [Hubei virga-like virus 2]

RdRp [Hubei virga-like virus 2]

RdRp [Hubei virga-like virus 2]

replicase [Culex pipiens associated Tunisia
irus
hypothetical protein [Hubei virga-like virus

4

=

hypothetical protein [Hubei virga-like virus

=

putative RNA-dependent RNA polymerase
[Solenopsis invicta virus 2]

hypothetical protein [Wuhan insect virus
13]

pol-like protein [Ceratitis capitatal]

RNA-dependent RNA polymerase [Scaldis

River bee virus
RdRp [Culex phasma-like virus]

RdRp [Anopheles totivirus]

polyprotein [Switchgrass mosaic virus]

RNA-dependent RNA polymerase [Ferak

virus
hypothetical protein 1 [Hubei mosquito

virus 4
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Query
Cover
99%

43%

99%
98%
95%
97%
99%
96%
71%
98%

99%
99%
90%

99%
95%

82%
95%

94%
91%

100%

71%
87%
91%
85%
69%
100%

99%
99%
21%
90%

99%
93%

100%
84%
97%

100%

100%

Per
Ident
47.49%

54.15%

55.99%
66.98%
82.33%
54.76%
45.85%
49.49%
26.97%
51.98%

90.41%

60.97%

39.82%

53.63%
39.33%

63.47%

52.65%

65.40%
64.86%

79.01%

26.97%
51.66%
52.21%
55.60%
54.34%
41.23%

40.85%

40.80%

31.19%

36.46%

45.04%
37.25%

99.66%
43.77%
44.35%
60.03%

96.85%

Accession
AGW51765.1
AXH75487.1

AHX42605.1
YP_009337885.1
AOR51388.1
ATY36109.1
APG78233.1
APG78260.1
APG78253.1
YP_009337750.1

AXV43882.1
YP_009389547.1
PCG74073.1

AVP26977.1
YP_009304559.1

AWAS82252.1
AWAS82252.1

ASA47392.1
AXQ04826.1

YP_009337376.1

APG78253.1

YP_009337412.1
YP_009337412.1
YP_009337412.1
YP_009337412.1
YP_009553255.1

YP_009337659.1
YP_009337659.1
AXL96895.1

YP_009342321.1

AAC28743.1
APT68159.1

ASA47278.1
AOR51364.1
YP_004464920.1
YP_009664550.1

APG76308.1



Virus/Polymerase coding NCBI blastx Hit Description (Top hit) Query Per Accession

segment Cover Ident

Hubei Virga-like virus 2 RdRp [Hubei virga-like virus 2] 100% 93.43%  YP 009337412.1

Isla virus hypothetical protein [Wuhan insect virus 91% 36.01% @ YP_009342321.1
13]

Murindo virus hypothetical protein [Hubei macula-like 98% 42.58%  YP_009337794.1
virus 2

Murri virus hypothetical protein 2 [Hubei toti-like virus 39% 36.89% = YP_009336493.1
10]

Narangue virus RNA-dependent RNA polymerase [Zhee 98% 40.65%  AJG39275.1
Mosquito virus

Pisingos virus RdRp [Australian Anopheles totivirus] 100% 69.46%  ASU43981.1

Sabaleta virus hypothetical protein [Wuhan insect virus 92% 35.45% @ YP_009342321.1
13]

Table 8: Viral polymerase coding segments identified by NCBI blastx in denovo assembled contigs from mosquito pools.

6.2.2.3  Short description of novel viruses from mosquitoes

In total, 52 virus genomes could be characterized of which 13 were assigned to negative-sense single-
strand RNA viruses ((-)ssRNA), 23 to positive sense single-strand RNA viruses ((+)ssRNA), 12 to double-
strand RNA (dsRNA) viruses, 2 to the single strand DNA (ssDNA) viruses and 2 to reverse transcribing
viruses (ssRNA(RT)). Basic information on the viruses detected in this study is summed up in Table 9.
Phylogenetic trees based on the AA sequence of the polymerase coding region for each virus are
available in 11.6.1. and genomic structures in 11.6.2. The nucleic acid sequences of the assembled
viral genomes and the amino acid sequences of the associated coding proteins are available at NCBI

GenBank under the accession numbers listed in Table 9.
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Table 9: Short description of the virus strains detected in mosquito samples. Taxonomic classification was done based on the phylogenetic analysis of the AA sequence of the polymerase coding
segment (1 genome composition, 2 genome/ segment size in base pairs, 3 number of genome segments, * incomplete, ° circular). Host/vector association was approximated based on the

phylogenetic trees and available publications. Unassigned and new genera proposed are in red.

gcom? Order Family Genus Species strain Seqs | depth | bps? Accession host/vector
sSRNA(-) Bunyavirales Phasmaviridae | Feravirus Guagua virus Matil755-7 |3 2-3 6634 MN661015 | insects
4166 MN661016
1529 MN661017
sSRNA(-) Bunyavirales Phasmaviridae | Orthophasmavirus | Coredo virus Matil754-5 |3 1-10 | 6428 MN661021 | insects
2538 MN661022
2001 MN661023
sSRNA(-) Bunyavirales Phasmaviridae | Orthophasmavirus | Culex Phasma-like virus Cx1773-14 3 1-7 6365 MN661018 | insects
2198 MN661019
1982 MN661020
sSRNA(-) Bunyavirales Phenuiviridae Zheemosvirus Atrato Gouko-like virus 1 Cx1773-10 3 1-678 | 7418 MN661032 | insects
983%,
743%*
1383
sSRNA(-) Bunyavirales Phenuiviridae Zheemosvirus Narangue virus Matil754-2 |3 2-128 | 7394 MN661012 | insects
1931 MN661013
1492 MN661014
sSRNA(-) Jingchuvirales Chuviridae Doliuvirus Atrato Chu-like virus 1 Cqvz1753-8 |2 61- 6700 MN661024 | insects
277 4098 MN661025
sSRNA(-) Jingchuvirales Chuviridae Doliuvirus Atrato Chu-like virus 1 Cqvz1759-4 |2 30-65 | 6940 MN661026 | insects
2896* MN661027
sSRNA(-) Jingchuvirales Chuviridae Atchuvirus Atrato Chu-like virus 2 Anl1771-2 2 2-4 6335 MN661028 | insects
3856 MN661029
sSRNA(-) Jingchuvirales Aliusviridae Rachuvirus Atrato Chu-like virus 4 Wy1731-1 1? 2 7890* MN661030 | insects
2980* MN661031
sSRNA(-) Jingchuvirales Aliusviridae Obscuruvirus Atrato Chu-like virus 5 Psal1739-1 1 2 13163 MN661033 | insects
sSRNA(-) Mononegavirales | Rhabdoviridae | Atratorhabdovirus | Atrato Rhabdo-like virus 2 | Aesel749-7 |1 61-83 | 7194* MN661109 | insects
3029* MN661110
2363* MN661111
sSRNA(-) Mononegavirales | Rhabdoviridae | Alphahymrhabdovirus | Atrato Rhabdo-like virus 3 | Cx1773-3 1 2 12076 MN661034 | insects
sSRNA(+) Picornavirales Iflaviridae Adelivirus Atrato-Picorna-like virus Matil755-5 |1 2 8422* MN661041 | insects
sSRNA(+) Picornavirales Iflaviridae Iflavirus Chajerado virus Cx1773-7 1 8 9328 MN661038 | insects
sSRNA(+) Picornavirales Iflaviridae Iflavirus Isla virus Cx1773-5 1 13 9466 MN661039 | insects
sSRNA(+) Picornavirales Iflaviridae Iflavirus Sabaleta virus Cx1773-6 1 35 9358 MN661040 | insects
sSRNA(+) Picornavirales Marnaviridae Unassigned Atrato Picorna-like virus 1 Psal1743-6 1 2 9404 MN661036 | insects,
plants
sSRNA(+) Picornavirales Marnaviridae Unassigned Atrato Picorna-like virus 1 Anl1771-1 1 5 9579 MN661035 | insects,
plants
sSRNA(+) Picornavirales Polycipiviridae | Caosvirus Cacaos virus Psal1743-3 1 60 12080 MN661037 | insects
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gcom? Order Family Genus Species strain Seqs | depth | bps? Accession host/vector
ssRNA(RT) | Ortervirales Metaviridae Errantivirus Chibugado virus Psal1744-4 1 2 6912 MN661043 | plants, fungi,
animals
ssRNA(RT) Ortervirales Pseudoviridae Hemivirus Atrato Retro-like virus Andal769-2 |1 14 4307 MN661044 | fungi, algae,
insects
ssRNA(RT) Ortervirales Pseudoviridae Hemivirus Atrato Retro-like virus Psall1734-4 1 17 4307 MN661042 | fungi, algae,
insects
SSRNA(+) Tymovirales Tymoviridae Gendovirus Gengado virus Andal734-1 |1 1 5902 MN661045 | plants,
insects
sSRNA(+) Tymovirales Tymoviridae Mudovirus Murindd virus Andal750-5 |1 3 5748 MN661046
dsRNA Ghabrivirales Chrysoviridae Chrysovirus® Salado virus Wy1731-12 |4 57-31 | 3490 MN661047 | fungus
3166 MN661048
2964 MN661049
3063 MN661050
sSRNA(+) Amarillovirales Flaviviridae Atratovirus Atrato Flavi-like virus 1 Matil755-1 |1 4 21837 MN661083 | plants,
insects
sSRNA(+) Amarillovirales Flaviviridae Flavivirus Atrato Flavi-like virus 2 Psal6 1 1-2 2516* MT513089 | insects
1771%* MT513091
1129* MT513088
1062* MT513090
sSRNA(+) Amarillovirales Flaviviridae Flavivirus Atrato Flavi-like virus 2 Psall6 1 1-4 4165* MT513092 | insects
2441* MT513093
1334%* MT513094
902* MT5130955
sSRNA(+) Amarillovirales Flaviviridae Flavivirus Atrato Flavi-like virus 3 Ael 1 1-2 1299* MT513096 | insects
1174%* MT513097
827* MT513099
566* MT513100
549* MT513098
ssDNA Piccovirales Parvoviridae Adelivirus Atrato Denso-like virus Matil755-12 | 1 5 4939 MN661135 | insects
ssDNA Piccovirales Parvoviridae Adelivirus Atrato Denso-like virus 1 Psal1745-6 1 50 5315 MN661133 | insects
ssDNA Piccovirales Parvoviridae Adelivirus Atrato Denso-like virus 1 Psal1747-3 1 77 5260 MN661134 | insects
sSRNA(+) Amarillovirales Flaviviridae Atratovirus Atrato Flavi-like virus 1 Cx1773-1 1 1 20446 MN661082 | plants,
insects
sSRNA(+) Unassigned Unassigned Negevirus Atrato Nege-like virus 1 Cqvz1753-5 |1 791 8872 MN661084 | insects
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 1 Matil738- 2? >518 | 1410* MN661051 | insects
218 978* MN661052
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 1 Matil755- 4 23-52 | 1610* MN661053 | insects
173 1564 MN661054
1432 MN661055
1396* MN661056
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 2 Andal746- 2 65- 1657 MN661057 | insects
25 146 1498 MN661058
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gcom? Order Family Genus Species strain Seqs | depth | bps? Accession host/vector
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 3 Psal1745-39 |2 >1084 | 1509 MN661061 | insects
1293 MN661062
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 3 Andal771- 2 2-6 1201* MN661059 | insects
64 1155 MN661060
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 4 Cx1773-110 |2 678 1379* MN661063 | insects
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 5 Matil755- 1? 3 1780 MN661064 | insects
132
dsRNA Durnavirales Partitiviridae Atrapavirus Atrato Partiti-like virus 6 Psal1743-56 | 1? 41 1853 MN661065 | protist
dsRNA Reovirales Reoviridae Relicuvirus Atrato Reo-like virus 1 Psal1733-6 11? |14 4240 MN661066 | plants,
3774 MN661067 | insects
3113 MN661068
2478 MN661069
1978
1457
1322
1256
1200
1129
1003
dsRNA Reovirales Reoviridae® Relicuvirus Atrato Reo-like virus 1 Psal1761-8 11? | 1-6 4266 MN661070 | plants,
3904 MN661071 | insects
3116 MN661072
2466 MN661073
1971
1876
1453
1311
1143
1190
1013
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 1 | Mati1755-46 | 2 >336 | 2675 MN661087 | plants,
1522 MN661088 | insects
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 1 | Aesel768-21 | 2 >760 | 2617 MN661085 | plants,
1531 MN661086 | insects
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 2 | Cx1773-43 2 6-8 2647 MN661089 | plants,
1502 MN661090 | insects
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 3 | Cqvz1753-66 | 2 1-3 2679 MN661091 | plants,
1376 MN661092 | insects
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 3 | Cqvz1772- 2 7-21 | 2767 MN661093 | plants,
141 1446 MN661094 | insects
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 4 | Psal1758-7 2 31-40 | 2639 MN661095 | plants,
1370 MN661096 | insects
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gcom? Order Family Genus Species strain Seqs | depth | bps? Accession host/vector
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 5 | Cqvz1759-15 | 2 52-75 | 2925 MN661107 | plants,
1531 MN661108 | insects
sSSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 5 | Cqvz1772- 2 1-2 2733 MN661099 | plants,
143 1577 MN661100 | insects
SSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 5 | Cqvz1753- 2 >164 | 1649 MN661097 | plants,
174 748* MN661098 | insects
SSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 6 | Wy1731-20 | 2°? 46 3013 MN661101 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 1 Cx1773-8 1 15 9006 MN661103 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 2 Cqvz1772-6 |1 76 8650 MN661106 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned, Atrato Virga-like virus 2 Cqvz1753-6 |1 70 8775 MN661104 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 2 Cqvz1759-3 |1 48 8822 MN661105 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 3 Matil775-5 |1 110 10309 MN661112 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4 Psal1733-2 1 1 9638* MN661113 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4 Psal1757-2 1 7 10038 MN661114 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4 Psal1761-1 1 7 10265 MN661115 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 5 Matil738-4 |1 720 7137* MN661132 | insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 5 Matil755-3 |1 380 10862 MN661116 | insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 5 Matil756-1 |1 423 10891 MN661117 | insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 6 Psal1741-2 1 9 9388* MN661119 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 6 Ps1775-6 1 45 10224 MN661118 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1744-1 1 73 10263 MN661122 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Andal746-1 |1 2 10266 MN661120 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1757-1 1 32 10268 MN661128 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1748-2 1 2 9906 MN661126 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1751-1 1 2 10312 MN661127 | plants,
insects
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gcom? Order Family Genus Species strain Seqs | depth | bps? Accession host/vector
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1739-2 1 1 10258 MN661121 | plants,
insects
sSSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1747-1 1 10 10275 MN661125 | plants,
insects
SSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1745-3 1 23-30 | 8138* MN661123 | plants,
1853* MN661124 | insects
SSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1761-6 1 4-12 | 4992* plants,
2744* insects
1885*
524*
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1736-1 1 1-3 7684* plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1766-2 1 62 10342 MN661129 | plants,
insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7 Psal1772-3 1 11 10267 MN661130 | plants,
insects
dsRNA Ghabrivirales Totiviridae Muratovirus Atrato virus Mati-1738-6 |1 25 5586 MN661074 | insects
dsRNA Ghabrivirales Totiviridae Muratovirus Atrato virus Matil756-3 |1 7 7119 MN661075 | insects
sSRNA(+) Tolivirales Tolicuviridae Unassigned Hubei mosquito virus 4 Cx1773-22 1 45 4805* MN661131 | insects
dsRNA Ghabrivirales Totiviridae Totcuvirus Embera virus Wy1731-4 1 11 6158 MN661076 | insects
sSRNA(+) Martellivirales Virgaviridae Unassigned Hubei Virga-like virus 2 Cx1773-4 1 14 10309 MN661102 | insects
dsRNA Ghabrivirales Totiviridae Muratovirus Murri virus Cqvz1772-8 |1 18 6973 MNG661077 | insects
dsRNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus Psful741-8 1 20 5998* MN661081 | insects
dsRNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus Cqgly1752- 1 10 6094 MN661079 | insects
1.2
dsRNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus Cqgly1752- 1 10 6000 MN661078 | insects
1.1
dsRNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus Ps1775-23 1 14 3818 MN661080 | insects
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6.2.2.4 Taxonomies, phylogenies, and genome structures of novel viruses from mosquitoes

A total of 52 viruses were discovered in the mosquito pools and assigned to a taxonomic level. Based
on the information acquired by NCBI blastx, Conserved Domain Search, HMM-HMM comparison, and
ORF finder the genomes were annotated. Most of the genomes could be annotated completely. Then,
a phylogenetic analysis based on the AA sequence of the CDS of the polymerase coding genome
segment was promoted. There are no established universal criteria for the novelty of viruses. For each
taxon distinguishing criteria are different and normally include sequence identity, phylogenetic
analyses, and host restriction among others. In this study, the novelty was determined by sequence
identity and clustering in the phylogenetic analyses based on the AA sequence of the polymerase

coding regions.

6.2.2.4.1 Negative-stranded RNA viruses

To date, the phylum Negarnaviricota consists of two subphyla, six classes, seven orders, 29 families,
131 genera, and 779 species (https://ictv.global/taxonomy/). Negative strand RNA viruses descend
from dsRNA viruses and are closely related to arthropods. Two subphyla are distinguished: The
Haploviricotina which are mostly unsegmented and the Polyploviricotina which are segmented. Novel

viruses found in this study belong to the orders Mononegavirales, Jingchuvirales, and Bunyavirales.

6.2.2.4.1.1 Bunyavirales

Bunyaviruses are segmented, negative-strand RNA viruses with a bipartite or tripartite genome
consisting of the L-segment that encodes the RdRp, the M-segment that encodes the glycoproteins
(Glys), and the S-segment that codes for the nucleocapsid protein (N). A total of five virus species
belonging to the order Bunyavirales could be detected in the mosquito pools, of which three were
assigned to the family Phasmaviridae, and two to the family Phenuiviridae by RdRp phylogeny (Figure
41 and Figure 42).

6.2.2.4.1.1.1 Phasmaviridae

The Phasmaviruses form an insect-associated clade in the order Bunyavirales. Three virus species of
the family Phasmaviridae were found in Culex and Mansonia mosquitoes. Two were assigned to the
genus Orthophasmavirus and one to the genus Feravirus by phylogeny based on the AA sequences of
the L-segment and their genome structures (Figure 15). A novel Orthophasmavirus that was exclusively
detected in Ma. titillans pools was named Coredo virus?. In addition, a strain of a formerly described
Orthophasmavirus species, Culex-phasma-like virus (Cx1773-14 strain) was detected in Cx.

quinquefasciatus and Cx. spp. pools. All three segments showed 99% AA sequence similarity to Culex-

2 Referring to Coredd, a village in the research region.
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phasma-like virus (ASA47278.1, ANW72255.1, ANW72255.1)/ (Shi et al. 2017). A novel virus species of
the genus Feravirus was detected in Ma. titillans and named Guagua virus®. All three segments showed
68-70% AA sequence similarity with Ferak virus genome segments (KP710246.1, KP710268.1,
KP710266.1).

L (6.6 kb) S (1.5 kb) M (4.2 kb)
E AKN56913.1_Ferak_virus
100 Guagua_virus_Matil755-7 = = w m = = @ === oo == | RdRp } El -
106 AJG39245.1_Sanxia_Witer_Strider_\irus_2 L(>6.3 kb) S (2.5kb) M)

99 YP_009270651.1_Wohan_Insect_virus_2
e YP_009507846.1 Jonchet vius | _ nm===" | RdRp l‘ .3 EB

—el00 —E Coredo_virus_Matil754-5 L (6.4 kb) s(2.2%5) M (2.0 kb)
100 Culex_Phasma-like_virus_Cx1773-14

YP_OO‘)BGZOZ‘),l4Kigluaik;phanlom_onhophasmavirus- I : l .E} E}

AJG39250.1_Shuangao_Insect_Nirus_2

Figure 15: ML tree based on the AA sequence of the RdRp of members of the family Phasmaviridae.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
43, appendix 11.6.1.1.1 for the fully labeled Phasmaviridae phylogenetic tree.

6.2.2.4.1.1.2 Phenuiviridae

The Phenuiviruses form another clade of the order Bunyavirales. Two undescribed viruses of the family
Phenuiviridae were detected in Culex and Mansonia mosquitoes and named Narangue virus* and
Atrato Gouko-like virus 1°. These novel viruses are in the same clade as Mothra virus, the first species
described of the genus Mobuvirus but the AA sequences of the CDS of the L-segment show very low
similarity. RdRp phylogeny branching patterns (Figure 16) and low AA sequence similarities indicate,
that Narangue virus and Atrato Gouko-like virus 1 and its close relatives belong to a new, yet

unassigned genus we designated Zheemovirus ©.

AJG39275.1_Zhee_Mosquito_virus L(7.4kb) S(1.5kb) M(1.9kb)
Narangue_virus_ Mati1754-2 strain o w o 5

e ] JEX
API61884.1_Salarivirus_Mos8CM0
AJG39271.1_Xinzhou_Mosquito_Mrus

5100 - Atrato_Gouko-like virus 1 Cx_1773-10_strain

AOF41426.1_Mothra_virus

Figure 16: ML tree based on the AA sequence of the RdRp of members of the family Phenuiviridae.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
43, appendix 11.6.1.1.2 for the fully labeled Phenuiviridae phylogenetic tree.

3 Referring to Guagua, a village in the research region.

4 Referring to Narangue, a village in the research region.

5 Referring to the Atrato River and the genus Goukovirus.

6 Zheemovirus: Referring to Zhee mosquito virus the first described genus member.
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6.2.2.4.1.2 Mononegavirales and Jingchuvirales

The orders Mononegavirales and Jingchuvirales group together in the class Monjiviricetes. Whereas
the Mononegavirales typically have linear and nonsegmented genomes, members of the recently
established order Jingchuvirales have a variable genome organization including nonsegmented and
segmented, linear, or circular genomes (Figure 82), (Virus Taxonomy: 2018b Release EC 50,
Washington, DC, July 2018). A total of four virus species belonging to the order Jingchuvirales and two
species belonging to the order Mononegavirales could be detected in the mosquito pools. For

phylogenetic trees of the orders Mononegavirales and Jingchuvirales see Figure 45 and Figure 46.

6.2.2.4.1.2.1 Jingchuvirales

By now, the Jingchuvirales compromise five families and 19 genera. Two novel species of the family
Chuviridae and two of the family Aliusviridae were detected. They were named Atrato Chu-like virus 1,
2, 4, and 57. The closest known relative of Atrato Chu-like virus 1 is Chuvirus Mos8ChuO (Figure 17)
sharing 59,3% AA identity and 99% query cover with the RdRp CDS of the L-segment (AP161887.1) and
60,6% AA identity and 96% query cover with the Gly CDS located on the S-segment (API61888.1).

Atrato Chu-like virus 2, 4, and 5 show low AA sequence similarity with any known virus and could not
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Figure 17: ML tree based on the AA sequence of the RdRp of members of the order Jingchuvirales.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
47, appendix 11.6.1.2.1 for the fully labeled Jingchuvirales phylogenetic tree.

7 Referring to the Atrato River and the family Chuviridae.
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be assigned to any existing genus based on RdRp phylogeny. Therefore novel genera were proposed.
Atrato Chu-like virus 2 (ACIv2) is in the same clade as Tacheng Tick virus 4 but the RdRp AA sequences
show only 31.4% similarity (Table 12). Therefore, AClv2 composes the first species of a yet unassigned
genus we refer to as Atchuvirus®. Jingchuvirales RdRp phylogenetic tree (Figure 17) shows that Atrato
Chu-like virus 4 and 5 respectively form completely new clades that give rise to two new genera. Thus,
Atrato Chu-like virus 4 is considered the first known species of the genus designated Rachuvirus®, and

Atrato Chu-like virus 5 of the genus designated Oscuruvirus (Di Paola et al. 2020).

6.2.2.4.1.2.2 Rhabdoviridae

Concerning the order of Mononegavirales, two novel members of the family Rhabdoviridae have been
detected in the mosquito samples. Rhabdoviruses normally carry a linear monopartite, negative-strand
RNA genome with at least 5 ORFs coding an L-protein (RdRP) an N, a phosphoprotein (P), and a matrix
protein (M). The new family members were designated Atrato Rhabdo-like virus 2 and Atrato Rhabdo-
like virus 3° and were derived from an Oc. serratus pool and a Culex pool respectively. Phylogenetic
analysis based on the AA sequence of the L-segment (Figure 38) supports the inclusion of these novel
viruses in the family Rhabdoviridae and the creation of two new genera. Both viruses resemble the
family characteristic genome organization (N-P-M-G-L), but Atrato Rhabdo-like virus 2 has an
additional ORF probably coding for an additional protein (Figure 18). Atrato Rhabdo-like virus 2 was

assigned to the proposed genus Atratorhabdovirus!?.
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Figure 18: ML tree based on the AA sequence of the L-segment of members of the family Rhabdoviridae.

The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
38, chapter 7.5.10 for the fully labeled Rhabdoviridae phylogenetic tree and 11.6.1.2., Figure 45 and Figure 46 for phylogeny
of the order Mononegavirales.
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104

8 Atchuvirus: from the type species Atrato Chu-like virus 2
9 Rachuvirus: from type species Atrato Chu-like virus 4
10 Atrato Rhabdo-like virus 1 and 2: Referring to the Atrato River and the family Rhabdoviridae.
11 Atratorhabdovirus (genus): From Atrato Rhabdo-like virus 3.
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6.2.2.4.2 Positive-stranded RNA viruses

Positive-strand RNA viruses are divided into three phyla: Kitrinoviricota, Lenarviricota, and
Pisuviricota and form the kingdom Orthornavirae in the realm Riboviria. Viruses found in this study
belong to the phyla Kitrinoviricota and Pisuviricota. The phylum Kitrinoviricota compromises four
classes, six orders, 22 families, five subfamilies, 83 genera, 679 species, and the phylum Pisuviricota
has three classes, six orders, eight suborders, 32 families, 26 subfamilies, 172 genera, 68 subgenera,
and 835 species (Walker et al. 2020). Viruses found in this study belong to the orders Tymovirales,

Martellivirales, Picornavirales, Tolivirales, Amarillovirales, and Sobelivirales.

6.2.2.4.2.1 Tymovirales

Viruses of the order Tymovirales mostly infect plants and have a monopartite linear positive sense RNA
genome coding a replication-associated polyprotein (Mt-P-Hel-RdRp) and a capsid protein (CP).
Currently, five families, two subfamilies, 25 genera, and 209 species are accepted (King 2011, Walker
et al. 2020). Viruses found in this study were assigned to the family Tymoviridae by phylogeny based

on the polyprotein AA sequence (Figure 48, Figure 49).

6.2.2.4.2.1.1 Tymoviridae

Two novel members of the family Tymoviridae were encountered in An. darlingi mosquitoes and
named Murindo virus!?> and Gengado virus'®. Both viruses resemble the characteristic genome
structure of the order Tymovirales (Mt-P-Hel-RdRp), (Figure 19), but share only little AA sequence
similarity with any known Tymoviruses and each other. Polyprotein AA sequence phylogeny shows that
they form completely new clades and therefore should be the first species of two new genera
designated Mudovirus** and Gendovirus*® (Figure 19).

Genome (>5.8 kb)

e YP_009505642.1_Bombyx_mori_latent_virus | ORF1 ICP}
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Figure 19: ML tree based on the AA sequence of the RdRp containing polyprotein of members of the family Tymoviridae.

The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
50, appendix 11.6.1.3.1 for the fully labeled phylogenetic tree of the family Tymoviridae, and Figure 48 and Figure 49 for the
phylogeny of the orders Hepevirales, Martellivirales and Tymovirales.

12 Murindo virus: From Murindé a municipality in the department of Antioquia, Colombia (Figure 4).

13 Gengado virus From Gengadé an indigenous village (Figure 4).

14 Mudovirus: From Murindo virus, type species of a novel genus.

5 Gendovirus (genus): From Gengado virus, type species of a novel genus. Gengado is an indigenous village.
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6.2.2.4.2.2 Martellivirales

The order Martellivirales to date consists of seven families, 25 genera, and 222 species of plant-related
viruses (Walker et al. 2020). A total of eight Virga-like virus species could be distinguished in the
mosquito samples, of which seven were new and named Atrato Virga-like virus (AVIv) 1-7%¢, and one
has been described formerly (Hubei Virga-like virus 2). AVIvl was detected in Culex spp., AVIV2 in Cq.
venezuelensis, AVIv3 in Ma. titillans, AVIv4 in Ps. albipes, AVIV5 in Ma. titillans, AVIV6 in Ps. funiculus
and AVIV7 in An. darlingi, Cq. venezuelensis and Ps. albipes pools. None of the detected viruses were

classified for the assigned Virgaviridae genera. They all cluster on different branches of unassigned
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Figure 20: ML tree based on the AA sequence of the RdRp containing polyprotein of members of the family Virgaviridae.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
51 and Figure 52, appendix 11.6.1.3.2 for the fully labeled phylogenetic tree of the family Virgaviridae and Virga-like viruses.

16 Atrato Virga-like virus: Referring to the Atrato river and the family Virgaviridae
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clades that incorporate several unassigned genera that might be incorporated into the family
Virgaviridae or form yet unassigned families. Atrato Virga-like virus 1-4 cluster on the same glade with
Hubei Virga-like virus 2 (HVLV2) sharing 52-56% AA identity on the RdRp coding ORF. AVIv 5 is on the
same clade as Culex pipiens associated Tunisia virus sharing 41% AA sequence identity with the RdRp
coding ORF, and AVIv 6 and 7 cluster with Hubei Virga-like virus 21 sharing 41% identity for the RdRp
coding ORF (Table 12) Branching patterns and genome organizations (Figure 20) give evidence that the
Virga-like viruses found in this study belong to three yet unassigned genera with the relatives just

mentioned being the first discovered species.

6.2.2.4.2.3  Picornavirales

The order Picornavirales at present contains eight families, 98 genera, three subgenera, and 312 virus
species with vertebrate, invertebrate, plant, and protist hosts. Their monopartite or bipartite linear
positive-strand RNA genomes have a conserved sequence domain (Hel-Pro-Pol) in common (King 2011,
Walker et al. 2020). A total of six new unsegmented virus genomes belonging to the order
Picornavirales could be sequenced from the mosquito pools, of which four were assigned to the family
Iflaviridae, one to the family Polycipiviridae, and one to the family Marnaviridae based on phylogeny

of the polyprotein AA sequence (Figure 53, Figure 54).

6.2.2.4.2.3.1 Iflaviridae

The four new members of the family Iflaviridae have a non-segmented genome with a single ORF
coding for a polyprotein (VPs-Hel-Pro-Pol) as characteristic of the family (Valles et al. 2017), (Figure
85). Isla virus, Chajerado virus, and Sabaleta virus'’ were detected in Culex mosquitos and are close
relatives. Their closest known relatives based on the phylogeny of the polyprotein AA sequence are
Bee Iflavirus 1 and Wuhan Insect Virus 13 (Figure 21). Atrato Picorna-like virus'® was found in Ma.
titillans mosquitoes and clusters on another clade with Hubei Picorna-like Virus 41. The family
Iflaviridae was created in 2008 (Virus Taxonomy: 2008 Release EC 40, Istanbul, August 2008) and the
only genus assigned until now is Iflavirus. Soon new genera will be assigned based on genome

organization, branching pattern, and host range.

7 Islavirus, Chajeradovirus, Sabaletavirus: Referring to the villages Isla, Chajeradé & Sabaleta (Figure 4).
18 Atrato Picorna-like virus: Referring to the Atrato River and the order Picornavirales (Figure 4).
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Figure 21: ML trees based on the AA sequence of the RdRp containing polyprotein of members of the family Iflaviridae.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
55, appendix 11.6.1.4.1 for the fully labeled phylogenetic tree of the family Iflaviridae.

6.2.2.4.2.3.2 Polycipiviridae
Members of the family Polycipiviridae conserve the Hel-Pro-Pol sequence domain typical for viruses of
the order Picornavirales but have a polycistronic, non-segmented, linear, positive-sense RNA genome

with at least five ORFs (Olendraite et al. 2019). One new member of the family Polycipiviridae could be
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Figure 22: ML tree based on the AA sequence of the RdRp containing polyprotein of members of the family Polycipiviridae.
The names of the viruses discovered in this study are in red and their genome structures are shown on the right. See Figure
56, appendix 11.6.1.4.2 for the fully labeled phylogenetic tree of the family Polycipiviridae.
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detected in Ps. albipes and was called Cacaos virus?®. Its genome structure is similar to viruses of the
genus Sopolyvirus but its RdRp coding ORF shows only 31,2% similarity and 21% query cover with
Solenopsis invicta virus 2 (AXL96895.1). Low AA sequence similarity and phylogenetic analysis based
on the polyprotein AA sequence indicate, that Cacaos virus composes a species of a new genus we

refer to as Caosvirus® (Figure 22).

6.2.2.4.2.3.3 Marnaviridae-like viruses

The members of the family Marnaviridae conserve the three-domain replication block (Hel-Pro-Pol)
characteristic for the order Picornavirales but differ in genome organization as the nonstructural
protein domains are located at the 3" and the structural proteins at the 5" end. The monopartite

genome is approximately 8 to 10 kbs and codes for one or two ORFs (King 2011). One undescribed and
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Figure 23: ML tree based on the AA sequence of the RdRp containing polyprotein of members of the family Marnavirirdae.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 57,
appendix 11.6.1.4.3 for the fully labeled phylogenetic tree of the family Marnaviridae and Marna-like viruses.

unassigned virus species of the order Picornavirales was found in Anopheles and Ps. albipes mosquitoes
and named Atrato Picorna-like virus 12! (Figure 23). It shares high AA sequence similarity with the CDSs
of Zhejiang mosquito virus 1 (APG76656.1, AA 82%) and Yongsan picorna-like virus 2 (AXV43882.1, AA
90%), (Table 12). Traditionally, the Marnaviruses were associated with marine protists, but recently
several insect-related Marna-like viruses have been described (Shi et al. 2016a). Phylogenetic analysis
based on the AA sequence of the RdRp coding ORF shows, that these viruses share a common ancestor
(Figure 53, Figure 54). Despite low AA similarity between the members of the two clades we propose
to include these novel arthropod-derived viruses into the family Marnaviridae, as they are in the same
clade and share the family typical genome structure. Furthermore, we propose the creation of two

subfamilies that are supported by RdRp phylogeny and the source the viruses were derived from. The

19 Cacaosvirus: Cacaos is a settlement near the municipality of Mutata (Figure 4).
20 caosvirus (genus): Referring to the type species Cacaos virus.
21 Atrato Picorna-like virus 1: Referring to the Atrato River and the order Picornavirales.
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classic Marnaviridae viruses detected in algae and diatoms might be assigned to the subfamily

Marnavirinae*? and the ones detected in arthropods to the subfamily Athrovirinae?® (Figure 54).

6.2.2.4.2.4 Tolivirales

The order Tolivirales consists of three families, three subfamilies, 20 genera, and 128 accepted species
that contain a monopartite or bipartite, linear, positive sense, ssSRNA genome that codes for a
conserved RdRp (Walker et al. 2020). A strain of Hubei mosquito virus 4, an unassigned formerly
described Tombus-like virus was found in Cx. nigripalpus. All the viruses that cluster with Hubei
mosquito virus 4 on a yet unassigned clade were derived from mosquitoes. Even though these viruses
resemble the Tombusviridae genome structure, they show little concordance in the RdRp AA sequence
with any assigned taxa and due to highly supported RdRp phylogeny and adaption to Culicidae hosts
should conform to a new family we refer to as Tolicuviridae®* (Figure 24).
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Figure 24: ML tree based on the AA sequence of the RdRp of members of the order Tolivirales.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 58,
Figure 59, and Figure 60, appendix 11.6.1.5 for the fully labeled phylogenetic trees of the orders Nadamuvirales and Tolivirales.

6.2.2.4.2.5 Amarillovirales

The order Amarillovirales includes one family, four genera, and 89 species (Walker et al. 2020). The
family Flaviviridae is the only assigned family of the order. Typically Flaviviruses have a 9-13 Kb
unipartite genome and many of the members of the family are arthropod-borne and a threat to human

and veterinary health (Simmonds et al. 2017).

22 Marnavirinae (subfamily): Referring to the family Marnaviridae, Marna Latin for sea.
3 Athrovirinae (subfamily): Referring to the arthropods the viruses were derived from.
24 Tolicuviridae (family): From Tombusviridae- like Culicidae affiliated viruses.
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6.2.2.4.2.5.1 Flaviviridae

Three new viruses of the family Flaviviridae were found in the mosquitoes. Atrato Flavi-like virus 1%
(AFlv1) was detected in a Ma. titillans and a Culex pool, Atrato Flavi-like virus 2 (AFIv2) in Ps. albipes,
and Atrato Flavi-like virus 3 (AFlv3) in Oc. serratus. RdRp phylogeny shows, that AFIv1 shares a common
ancestor with viruses of the genus Flavivirus, but it clusters on another branch with recently discovered
and unassigned viruses that differ from typical Flaviviruses in genome length, genome structure, and
host association. AFlvl shares 26,5% percent AA sequence identity over 35% query cover with Lampyris
noctiluca flavivirus 1. Due to the low AA similarity with other known viruses, phylogeny, and genome
structure AFlvl composes the first species of a new genus we refer to as Atratovirus?®. AFlv2 and AFlv3

cluster with viruses from a recently discovered insect-specific glade of the genus Flavivirus (Figure 25).
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Figure 25: ML tree based on the AA sequence of the RdRp of members of the order Amarillovirales.
The names of the viruses discovered in this study are in red and their genome structure is shown. See Figure 61 and Figure 62,
appendix 11.6.1.6 for the fully labeled phylogenetic trees of the order Amarillovirales.

%5 Atrato Flavi-like viurs 1: Referring to the Atrato River and the family Flaviviridae.
26 Atratovirus (genus): From type species Atrato Flavi-like virus 1.
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6.2.2.4.2.6  Sobelivirales

The order Sobelivirales is composed of three families, six genera, and 61 species (Walker et al. 2020).
Six novel, unassigned viruses of the order Sobelivirales could be identified in the mosquito samples and
were named Atrato Sobemo-like virus 1-6. Together with a variety of unassigned recently discovered
viruses they form at least two main new clades that should give rise to several new genera and/or

families (Figure 63, Figure 64).
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Figure 26: ML tree based on the AA sequence of the RdRp of members of the order Sobelivirales.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 63
and Figure 64, appendix 11.6.1.7 for the fully labeled phylogenetic trees of the order Amarillovirales.

6.2.2.4.3 Double-stranded RNA viruses

6.2.2.4.3.1 Durnavirales

The order Durnavirales comprises five families, ten genera, and 85 species (Walker et al. 2020). A total
of six undescribed and unassigned Partiti-like viruses with a bipartite, monocistronic, linear genome
coding an RdRp and a CP were spotted in the mosquitoes. They were named Atrato Partiti-like virus

(APIv) 1-6. APIv 1-5 and are on an unassigned clade that consists of several subclades of recently
68



discovered insect-associated viruses that might compose new genera of the family Partitiviridae
(Figure 27). Blast search for APIv 6 resulted in low AA similarity with Hubei Partiti-like virus 20 (query
cover: 71%/ identity: 27.0%) and RdRp phylogeny branching pattern showed that it forms a sister clade
to the genus Cryspovirus. Due to low identity with other described viruses and RdRp phylogeny

branching, we propose to establish a new genus in the family Partitiviridae we named Atrapavirus®’.

YP_009337885.1_Hubei_tetragnatha_maxillosa_virus_8
) _ Segment 1 (>1.6kb) Segment 2 (1.6 kb)
APG78306.1_Hubei_partiti-like_virus_1

APG78155.1_Hubei_partiti-like_virus_2 e
1 ===""

QHA33832.1_Awato_Partiti-like_virus

QPZ88386.1_Soybean_thrips_partiti-like_virus_11
APG78224.1_Hubei_partiti-like_virus_d Segment 1(1.7kb)  Segment 2(1.5kb)

QHA33902.1_Awato_Partiti-like vinus 2 == e c e cac e e

QRD99865.1_Soufli_partiti-like_virus
AORS51388.1_Partitivirus-like_1
YP_009337870.1_Hubei_diptera_virus_17
QQO81405.1_Soybean_thrips_partiti-like_virus_9
Q1J70090.1_¥hnostrand_partiti-like_virus
QRWAZ57.1, Neler. viat Genome (1.8kb) Segment 2 (>1,5kb)
BBQ05106.1_Culex_tritaeniorhynchus_partitivirus

QHA33705.1_Awato_Partiti-like_virus 5 ========o=. ‘
AVY11072.1_Galbut_virus

APG78265.1_Hubei_partiti-like_virus_18

APG78260.1_Hubei_partiti-like_virus_19 Segment 1 (1.5kb)  Segment 2 (1.3 kb)
QLJ83487.1_Broome_partiti-like_virus_1

QHA33899.1_Atrato_Partiti-like_virus 3 e =======%="
APG78254.1_Hubei_odonate_virus_13

BBE15516.1_Osugoroshi_virus_1

40.89

AY36109.1_W¥pa_velutina_partiti-like_virus_1

APG78322.1_Hubei_partiti-like_virus_34

APG78238.1_Hubei_partiti-like_virus_41

YP_009329869.1_Beihai_barmadle_virus_13

QQO81400.1_Soybean_thrips_partiti-like_virus_4

APG78233.1_Hubei_partiti-like_virus_39 Segment1(>1.4kb) ~ Segment2???

A i sirus 2 )
APG78199.1_Wihan_insect_virus_24 ——
QHA33703.1_Awato_Partiti-like_virus 4 ===

Figure 27: ML tree based on the AA sequence of the RdRp of members of the order Durnavirales.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 65
and Figure 66, appendix 11.6.1.8 for the fully labeled phylogenetic trees of the order Durnavirales.

6.2.2.4.3.2 Ghabrivirales
The order of Ghabrivirales is composed of four families, nine genera, and 61 species (Walker et al.

2020). The five viruses found in this study were assigned to the families Chrysoviridae and Totiviridae.

6.2.2.4.3.2.1 Chrysoviridae
A novel member of the family Chrysoviridae, genus Alphachrysovirus (Figure 28) with a quadripartite,

monocistronic, linear genome coding for an RdRp (3,5kb), Pro (3,3kb), Gly (3,0kb) and CP (3,1kb),

27 Atrapavirus (genus): From type species Atrato Partiti-like virus 6.
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(Figure 90) was detected in a Wyeomyia pool and named Salado virus?. Its RdRp has 59% AA sequence
identity with Hubei chryso-like virus 1 (Cx. australicus, ASA47348). Other close relatives are Shuangao

chryso-like virus 1 (Cx. quinquefasciatus) and Hubei chryso-like virus 2 (Diptera, APG76028.1).

ASA47348.1_Hubei_chryso-like_virus_1
Segment 1(3.5kb) Segment2(3.2kb) Segment3(3.0kb) Segment4 (3.1kb)

[ b [} [}

Figure 28: ML tree based on the AA sequence of the RdRp of members of the family Chrysoviridae.
The name of the virus discovered in this study is in red and its genome structure is shown on the right. See Figure 67 and Figure
68, appendix 11.6.1.9 for the fully labeled phylogenetic trees of the order Ghabrivirales.
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6.2.2.4.3.2.2 Totiviridae

Three undescribed and one recently discovered Toti-like viruses were detected in the mosquito
samples. Murri virus was found in Cq. venezuelensis, Atrato virus in Ma. titillans, Murici virus in Ps.
funiculus, Cq. lynchi and Psorophora mosquitoes, and Embera virus in Wyeomyia pools. Due to RdRp
phylogeny, Murici virus and Embera virus cluster with recently described mosquito-derived viruses on
a sister clade to the genus Giardiavirus. Branching pattern and low AA sequence similarity with

assigned genera justify the creation of a new genus we refer to as Totcuvirus?®® (Figure 29). Embera
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Figure 29: ML trees based on the AA sequence of the RdRp of members of the family Totiviridae.

The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 67
and Figure 68, appendix 11.6.1.9 for the fully labeled phylogenetic trees of the order Ghabrivirales.

28 Referring to Salado a village in the research region.
2 Totcuvirus (genus): From Toti-like Culicidae derived viruses.
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virus shares 58% RdRp AA sequence identity with Drama totivirus from Oc. sticticus (Fauver et al. 2016)
and Pisingos virus 44% with Anopheles totivirus from An. gambiae (AOR51364). Together with other
viruses recently described in mosquitoes, they form a deep rooting unassigned branch of the family
Totiviridae. Atrato virus, Murri virus, and other recently described toti-like viruses give rise to a new
clade at the root of the family Chrysoviridae but resemble the Totiviridae genome structure. The
nearest known relative of Atrato virus and Murri virus is Schistocephalus solidus toti-like virus 2. Based
on RdRp phylogeny this virus group should compose a new genus we tentatively call Murato virus*

(Figure 29).

6.2.2.4.3.3 Reovirales

The order of Reovirales consists of one family, two subfamilies, 15 genera, and 97 species (Walker et
al. 2020). A novel virus species of the order Reovirales, family Reoviridae, subfamily Sedoreovirinae,
was detected in Ps. albipes mosquitoes and named Atrato Reo-like virus 1 (ARIv1)3!. The AA sequence
of the CDS of the RdRp coding segment of ARIv1 coincides 61% with the one of Aedes camptorhynchus
reo-like virus (YP009389547.1). Even though these mosquito-derived unassigned viruses are in the
same clade as the Phytoreoviruses (Figure 30), they only share 26% amino acid similarity with the
RdRps of Rice gall dwarf virus (YPO01111373.1) and Rice dwarf virus (BAA017074.1). Thus, according
to the ICTV genus demarcation criteria for the family Reoviridae (King 2011), they should compose a

new yet unassigned genus we refer to as Relicuvirus®2.
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Figure 30: ML tree based on the AA sequence of the RdRp of members of the family Reoviridae.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 69
and Figure 70, appendix 11.6.1.10 for the fully labeled phylogenetic trees of the order Reovirales.

30 Muratovirus (genus): From type species Murri virus and Atrato virus.
31 Referring to the Atrato river.
32 Relicuvirus (genus): From Reo-like Culicidae derived virus.
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6.2.2.44 Rep-encoding single-strand DNA viruses

6.2.2.44.1 Piccovirales
The order Piccovirales includes one family, three subfamilies, 26 genera, and 126 species (Walker et

al. 2020). Two novel virus species of the order Piccovirales, family Parvoviridae, subfamily Densovirinae
could be identified. Atrato Denso-like virus (ADIv) was found in Ma. titillans and Atrato Denso-like virus
1 (ADIv1) in Ps. albipes. ADIlv and ADIvl cluster on the same clade with Linvill Road virus and
Haematobia irritans densovirus (not in figures) but the AA sequence on the nonstructural ORF 1 shows
less than 30% amino acid sequence identity with any described virus of the family Parvoviridae, and
therefore, due to the genus demarcation criteria of the ICTV for the subfamily Densovirinae give rise
to a new genus we call Adelivirus®® (Cotmore et al. 2019). ADlv and ADIv 1 have a monopartite, linear
genome with approximately 5 kb genome length and 6 open reading frames. A nonstructural ORF, a
structural ORF, and two VP-like protein-coding ORFs could be identified. The genome structures and

phylogenetic relationships are shown in Figure 31.

e NP_694843.1_Planococcus_citri_densovirus

1. Y P_008766862.1_Solenopsis_invicta_densovirus

.99 —  YP_227600.1_Acheta_domestica_densovirus
96 _E Y P_002887625.1_Culex_pipiens_densovirus
NP_899650.1_Galleria_mellonella_densovirus

NP_051020.1_Periplaneta_fuliginosa_densovirus

E‘ o Y P_009507340.1_Sea_star-associated_densovirus

YP_009134732.1_Cherax_quadricarinatus_densovirus
NP_874381.1_Blattella_germanica_densovirus_1 Genome (4.9 kb)

"85 NP_542609.1_Bombyx_mori_densovirus_1 =
_#po NP_694838.1_Casphalia_extranea_densovirus NS1 Ip SORF ||?
)44 0.95 YP_006589928.1_Papilio_polyxenes_densovirus ’

P

’
.99 Y P_164339.1_Dendrolimus_punctatus_densovirus L’ ¢ ?

—$0.52

YP_004678720.1_Helicoverpa_armigera_densovirus”
- - Pa_hgera_densovius Genome (5.3 kb)

Y P_008658568.1_Acheta_domestica_mini_agBidensovirus
s

_E QHA33820.1_Atrato_Denso-like_virus * : 207
QLJ83483.1_Broome_densovirus_1 C L

NS1 SORF
1.00 - -
QHA33814.1_Atrato_Denso-like_virus_1 =~ I-ﬂ m
Figure 31: ML tree based on the AA sequence of the NS1 of members of the subfamily Densovirinae.
The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 71
and Figure 72, appendix 11.6.1.11 for the fully labeled phylogenetic trees of the order Piccovirales.

33 Adelivirus: from Atrato Denso-like virus, type species of the genus
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6.2.2.4.5 Reverse-transcribing viruses

6.2.2.4.5.1 Ortervirales
The order Ortervirales (formerly Retrovirales) contains five families, two subfamilies, 28 genera, and

238 species. Two undescribed viruses of the order Ortervirales were detected and named Atrato Retro-
like virus (ARlv) and Chibugado virus. Chibugado virus was assigned to the family Metaviridae and ARIv

to the family Pseudoviridae (Figure 76, Figure 77).

6.2.2.4.5.1.1 Pseudoviridae
The family Pseudoviridae by now includes three genera and 34 species. The genera Hemivirus,

Pseudovirus, and Sirevirus have originally been assigned based on genome architecture and host range.
These demarcation criteria are currently under revision as the genera Pseudovirus and Hemivirus
turned out to be polyphyletic groups based on phylogenetic analysis of the AA sequence of the reverse
transcriptase (RT), (Llorens et al. 2021). Atrato Retro-like virus has a monopartite, linear monocistronic
genome of 4,3 kb coding for a Gag-Pol protein, and was found in Ps. albipes and An. darlingi and RT
phylogeny based on the group-specific antigen polyprotein shows that it is in the same clade as other
mosquito-associated viruses that have been described in Culex and Aedes recently (Figure 32). The
branching pattern gives evidence for three main host-associated clades in the family Pseudoviridae
which correspond to the kingdoms Animalia, Plantae, and Fungi. In this sense, we propose the creation
of three subfamilies in the family Pseudoviridae named Anipseuvirinae®*, Plapseuvirinae®*, and

Funpseuvirinae®, and a phylogeny-based reassignment of the genera.

\edes_aegypti_Mosqcopia_virus Genome (4.3 kb)
KXJ78389.1_hypothetical_protein_Aedes_albopictus

KX176624.1_hypothetical_protein_Aedes_albopictus Gag-Pol 2

JHA33692.1_Atato_Retro-like _virus_Psall734d4 cmcmcc e -

JHA33696.1_Atrato_Retro-like_virus_Andal 769-2

RNAP Gag IN RT RH

\P_039434370.1_uncharacterized_protein_Culex_pipiens_pallens

Figure 32: ML tree based on the AA sequence of the polymerase of members of the family Pseudoviridae.

The names of the viruses discovered in this study are in red and their genome structure is shown on the right. See Figure 76,
Figure 77, and Figure 78, appendix 11.6.1.14 for the fully labeled phylogenetic trees of the order Ortervirales and the family
Pseudoviridae.

34 Anipseuvirinae (subfamily): From kingdom Animalia and family Pseudoviridae.

35 Plapseuvirinae (subfamily): From kingdom Plantae and family Pseudoviridae.

3¢ Funpseuvirinae (subfamily): From kingdom Fungi and family Pseudoviridae.
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6.2.2.4.5.1.2 Metaviridae
The family Metaviridae includes two genera and 31 species. Chibugado virus has a monopartite,

monocistronic genome of 6,9 kb, with three ORFs coding for a GAG, Pro-RT-RH-IN polyprotein, and an
ENV (Figure 94) and was assigned to the genus Errantivirus based on the phylogeny of the RT domain

core (Figure 33, Figure 36).

Genome (6.9 kb)
39 YP_009507248.1_Trichoplusia_ni_TED_virus ORFlr ORF2 o ORF3
73 Chibugado virus Psall 7444 = - - - - - - - -
YP_009666308.1_Cladosporium_fulvum_71_virus Gﬁsh Pro RTRH IN I ENV &

Figure 33: ML tree based on the AA sequence of the polymerase of members of the family Metaviridae.
The name of the virus discovered in this study is in red and its genome structure is shown on the right. See Figure 76, Figure
77 appendix 11.6.1.14 for the fully labeled phylogenetic trees of the order Ortervirales.

6.2.3 The mosquito virome

A total of 2002 mosquitos were pooled by species (genus) and geographic region in 189 pools of
approximately 10 specimens. These pools were pooled again in 42 mosquito megapools and tested for
viruses by NGS. The pools of the megapools that tested positive for a certain virus were then retested
for this virus by species-specific (rt)PCRs (Forster 2019). Three quarters (74,6%) of the tested pools
corresponded to four mosquito species: Ps. albipes (42,9%), An. darlingi (15,9%), Ma titillans (8,5%)

and Cq. venezuelensis (6,3%).

Mosquito species | No. pools | Mosquito species No. pools
Ps. albipes 83 Cx. quinquefasciatus 3
An. darlingi 30 Ae. albopictus 2
Ma. titillans 16 Ps. ferox 2
Cq. venezuelensis 12 Cx. nigripalpus 1
Oc. serratus 7 An. spp. 2
Cq. lynchi 7 Cx. spp. 4
Ps. funiculus 6 Wy. spp. 9
An. nuneztovari 4 Ps. spp. 1

Table 10: Mosquito pools tested for viruses by NGS and PCR
The number of pools tested for each mosquito species is shown. Pools
corresponded to 8-10 specimens of the same species/genus.

At least 52 virus species could be identified in 12 mosquito species. Table 19 summarizes the
prevalence with which each virus species was detected in each mosquito species (genus) and gives
information on the taxonomical classification of the mosquito-associated viruses. Even though the
sample size differed between the different mosquito species, certain trends could be observed. Most
of the viruses (82.8%) detected were found in a specific mosquito species. The mosquito species that

showed the highest associated virus diversity were Cx. quinquefasciatus, Cq. venezuelensis, and Ma.
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titillans. More than half of the described viruses (53,9%) were derived from these three mosquito
species. Nearly one-fifth (17,3%) of the viruses could be associated with Culex mosquitoes, beyond the
fact that the Culex pools corresponded to only 4,2% of the pools tested. Ma. titillans corresponded to
8,5 % of the pools tested and 23,1% of the detected virus species and Cq. venezuelensis to 6,3% of the
tested mosquito species and 13,5% of the viruses found.

Members of the order Bunyavirales were only found in Culex and Ma. titillans mosquitoes. Coredo
virus was detected in 87,5% of the tested Ma. titillans pools and thus is the Orthophasmavirus with
the highest prevalence throughout the mosquito populations. In contrast, members of the order
Jingchuvirales were detected in the mosquito genera Anopheles, Coquillettidiae, Psorophora, and
Wyeomyia, but were absent in Culex and Mansonia. Viruses of the order Picornavirales were
exclusively detected in An. darlingi. Representatives of the order Sobelivirales were found in all tested
genera except Anopheles. The order Materellivirales was present in all genera except Wyeomyia and
Ochlerotatus. Hubei mosquito virus 4 was exclusively detected in Cx. nigripalpus and was the only
Tolivirales member found. Atrato Flavi-like virus 1 was assigned to the order Amarillovirales, family
Flaviviridae, and was found in a Ma. titillans and a Culex pool. Atrato Nege-like virus 1 was assigned to
the genus Negevirus, a genus that has been proposed in 2016 (ICTV proposal 2016.011a-dP), but has
never been accepted by the ICTV and thus corresponds to an unassigned +ssRNA virus.

The only viruses that could be detected in several mosquito species and/or genera were Atrato
Picorna-like virus 1, Atrato Sobemo-like virus 1, Atrato Virga-like virus 4, Atrato Virga-like virus 7, Hubei
Virga-like virus 2, Atrato Flavi-like virus 1, Atrato Partiti-like virus 2, Pisingos virus, and Atrato Retro-
like virus. The virus species detected in the mosquito pools are listed in Table 11 according to the
mosquito species they were found in.

Table 11: The virome of the most abundantly collected mosquito species.

Taxonomic classification of viruses detected in Oc. serratus, An. darling, An. nuneztovari, Cq. lynchi, Cq. venezuelensis, Cx.
nigripalpus, Cx. quinquefasciatus, Ma. titillans, Ps. albipes, Ps. ferox, and Ps. funiculus (proposed taxa are in red).

Group | Order Family | Genus | Virus species

Oc. serratus
sSRNA(-) Mononegavirales Rhabdoviridae Atratorhabdovirus Atrato Rhabdo-like virus 2
sSRNA(-) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 1

An. darlingi

ssRNA(+) Tymovirales Tymoviridae Gendovirus Gengado virus

ssRNA(+) Tymovirales Tymoviridae Mudovirus Murindo virus

sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7

dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 2

ssRNA(+)RT Ortervirales Metaviridae Hemivirus Atrato Retro-like virus
An. nuneztovari

SSRNA(-) Jingchuvirales Chuviridae Atchuvirus Atrato Chu-like virus 2

sSRNA(+) Picornavirales Marnaviridae Unassigned Atrato Picorna-like virus 1

Cq. lynchi
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Group Order Family Genus Virus species
dsDNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus
Cq. venezuelensis
SSRNA(-) Jingchuvirales Chuviridae Doliuvirus Atrato Chu-like virus 1
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 3
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 5
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 2
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7
ssRNA(+) Unassigned Unassigned “Negevirus” Atrato Nege-like virus 1
dsRNA Ghabrivirales Totiviridae Muratovirus Murri virus
Cx. nigripalpus
sSRNA(+) Martellivirales Virgaviridae Unassigned Hubei Virga-like virus 2
sSRNA(+) Martellivirales Tolicuviridae Unassigned Hubei mosquito virus 4
Cx. quinquefasciatus
sSRNA(-) Bunyavirales Phasmaviridae Orthophasmavirus Culex Phasma-like virus
sSRNA(-) Bunyavirales Phenuiviridae Zheemosvirus Atrato Gouko-like virus 1
sSRNA(+) Martellivirales Virgaviridae Unassigned Hubei Virga-like virus 2
Ma. titillans
sSRNA(-) Bunyavirales Phasmaviridae Orthophasmavirus Coredo virus
sSRNA(-) Bunyavirales Phasmaviridae Feravirus Guagua virus
ssRNA(-) Bunyavirales Phenuiviridae Zheemosvirus Narangue virus
sSRNA(+) Picornavirales Iflaviridae Adelivirus Atrato Picorna-like virus
SSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 1
SSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 3
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 5
sSRNA(+) Amarillovirales Flaviviridae Atratovirus Atrato Flavi-like virus 1
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 1
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 5
dsRNA Ghabrivirales Totiviridae Muratovirus Atrato virus
ssDNA Piccovirales Parvoviridae Adelivirus Atrato Denso-like virus
Ps. albipes
sSRNA(-) Jingchuvirales Chuviridae Obscuruvirus Atrato Chu-like virus 5
sSRNA(+) Picornavirales Marnaviridae Unassigned Atrato Picorna-like virus 1
sSRNA(+) Picornavirales Polycipiviridae Caosvirus Cacaos virus
sSRNA(+) Retrovirales Metaviridae Errantivirus Chibugado virus
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 7
dsRNA Durnavirales Partitiviridae Unassigned Atrato Partiti-like virus 3
dsRNA Durnavirales Partitiviridae Atrapavirus Atrato Partiti-like virus 6
dsRNA Reovirales Reoviridae Relicuvirus Atrato Reo-like virus 1
ssDNA Piccovirales Parvoviridae Adelivirus Atrato Denso-like virus 1
ssRNA(+)RT Ortervirales Metaviridae Relicuvirus Atrato Retro-like virus
Ps. ferox
sSRNA(+) Sobelivirales Solemoviridae Unassigned Atrato Sobemo-like virus 4
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4
Ps. funiculus
ssSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 4
sSRNA(+) Martellivirales Virgaviridae Unassigned Atrato Virga-like virus 6
dsRNA Ghabrivirales Totiviridae Totcuvirus Pisingos virus
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6.3 Characterization of novel viruses found in human blood samples
An NGS-based virus search was promoted in blood samples on filter paper from patients that consulted

a health centre with suspicion of infection with malaria in the Atrato River region in Colombia. A total
of 46 blood samples were pooledin 6 pools and tested for viruses. At first, nucleic acids were extracted,
virus particles were purified, and cDNA was synthesized. Then shotgun libraries were created, lllumina-

sequenced and reads were de novo-assembled. A total of 12 viruses could be detected.

6.3.1 Viral polymerase coding segments identified in human blood samples by NCBI
blastx
De novo-assembled contigs with nucleotide sequence lengths larger than 300 bps, that showed a

sequencing coverage equal to or greater than one, were examined. Preselected contigs were aligned
to the NCBI blastx database, Conserved Domain Database, and HHpred protein homology detection
and structure prediction were used to identify virus-related genes and proteins. Then CDSs were
predicted with NCBI ORF finder. Contigs that resulted in hits for viral polymerases are listed

alphabetically by assigned name in Table 12.

Virus/ Pol coding NCBI blastx Top Hit Description Query Per Hit Accession

segment cover Ident

Atrato circo-like virus 1 putative Rep protein [Circovirus-like genome DHCV-2] 29% 61,45% YP 009259732.1

Atrato circo-like virus 2 replication-associated protein [Fringilla montifringilla Circoviridae 44% 100% MW182726.1
sp.]

Atrato circular strange Rep [uncultured virus] 25% 91,91% AUMG61988.1

virus 1

Atrato circular strange replication-associated protein [Blackfly DNA Virus 12] 38% 57,63% QCX35043.1

virus 2

Atrato gemini-like virus 1 = Rep [uncultured virus] 45% 54,75% AUMG61683.1

Atrato human blood replication-associated protein [Fringilla montifringilla Circoviridae 44% 100%

virus sp.] QTE03314.1

Atrato Partiti-like virus 3 RdRp [Atrato Partiti-like virus 3] 99% 99,76% QHA33899.1

Atrato Parvo-like virus 1 replication protein [Luscinia sibilans parvo-like hybrid virus] 33% 93,40% QTE03982.1

Atrato Parvo-like virus 3 replication protein [Psittacidae aveparvovirus] 32% 93,20% QTE03751.1

Atrato unclassified virus replication-associated protein Rep [ssDNA virus sp.] 15% 63,31 QTP16102.1

1

Parvo-like hybrid virus Parvo-like hybrid virus UC2, partial genome 99% 99,76% KF214646.1

uc2

Reagent-associated Reagent-associated CRESS-like virus 7 isolate 13 replicase-like gene, 96% 99,91% MZ824231.1

CRESS-like virus 7 partial sequence

Table 12: Viral polymerase coding segments identified by NCBI blastx in de novo assembled contigs from pooled human
blood samples on filter paper.

The identified polymerase sequences were used to classify the viruses and thus get information on
their genome structure comparing them to similar known viruses. By this, additional segments could
be identified, and the coding proteins could be annotated by comparing them to similar viruses.

Frequently, several viruses were present in one sample and the assignation of the segments was tricky.
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6.3.2 Description of novel viruses from human blood on filter paper

Viruses were classified by phylogenetic analysis based on the AA sequence of the polymerase or
replication-associated protein and are listed alphabetically by the order they were assigned (Table 13).
Most of the viruses could not be classified to genus level, as there are not many known similar viruses
in the NCBI GenBank for comparison and the ones available have not yet been assigned taxonomically.
The human blood samples were from patients who consulted a medical centre with suspicion of
malaria infection. Only pools were tested. Samples were not retested by PCR, and therefore the virus
could not be associated with the patient and his clinical history. During blood sample acquisition, and
sample preparation contamination might have occurred. For proper host identification, cell culture

experiments might be promising. The prevalence with which each virus was found in the pools is shown

in Table 14, and the genome structures in Figure 34.

gcom! | Order Family Genus Species strain Seqs® | depth | bps?
ssDNA | Cirlivirales Circoviridae | Unassigned Atrato circo-like virus 1 Hosal763-27 1 6 2559°
ssDNA | Cirlivirales Circoviridae | Unassigned Atrato circular strange virus 1 Hosal777-17 1 3 3694°
ssDNA | Cirlivirales Circoviridae | Unassigned Atrato gemini-like virus Hosal778-39 1 1,5 |3159°
ssDNA | Cirlivirales Circoviridae | Unassigned Atrato unclassified virus 1 Hosal777-38 1 8 2575
ssDNA | Cirlivirales Circoviridae | Unassigned Reagent-associated CRESS-like virus 7 | Hosa1763-128 1 6 1165°
ssDNA | Cremevirales | Unassigned | Atramanvirus | Atrato human blood virus Hosal774-108 1 74 | 2083°
dsRNA | Durnavirales | Partitiviridae | Unassigned Atrato Partiti-like virus 3 Hosal763-110 2 2-4 ﬁgi:’
ssDNA | Piccovirales | Parvoviridae | Unassigned Atrato Parvo-like virus 1 Hosa-1774-42 1 9 3537
ssDNA | Piccovirales | Parvoviridae | Unassigned Atrato Parvo-like virus 1 Hosa-1740-21 1 1 2336*
ssDNA | Piccovirales | Parvoviridae | Unassigned Atrato Parvo-like virus 3 Hosal778-23 1 2 3655
ssDNA | Piccovirales | Parvoviridae | Unassigned Parvo-like hybrid virus UC2 Hosal774-83 1 1 2494*
ssDNA | Piccovirales | Parvoviridae | Unassigned Atrato Parvo-like virus 2 Hosal774-69 1 1 2692*

Table 13: Short description of the viruses detected in human blood samples on filter paper
Unassigned taxa or proposed taxa are in red. (1 genome composition, 2 genome/ segment/ contig size in base pairs, 3
number of genome segments, * incomplete, ° circular).

NGS Pool
1762|1763 | 1774|1776 | 1777 | 1778
Atrato circular strange virus 1 X X X X X X
Atrato human blood virus X X X X X X
Atrato gemini-like virus 1 X X X X
& | Atrato Partiti-like virus 3 X
E.’_ Atrato parvo-like virus 1 X X X X X X
§ Atrato parvo-like virus 3 X X X X
> Atrato unclassified virus 1 X X X X X
Parvo-like hybrid virus UC X
Reagent-associated CRESS-like virus 7 | X X X X X
Atrato parvo-like virus 2 X

Table 14: Prevalence of viruses in NGS pools of human blood samples.
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6.3.2.1 Circlivirales

In Cressdnaviricota phylogeny (Figure 74), Atrato Circo-like virus 1 (ACIV1), Atrato circular strange virus
1, Atrato Gemini-like virus, Atrato unclassified virus 1, and Reagent-associated CRESS-like virus 7
shared a clade with members of the order Ciclivirales. Circoviridae phylogeny (Figure 75) including
most of the accepted species shows, that these viruses cluster on a sister clade to the genera Cyclovirus
and Circovirus. Atrato unclassified virus 1, Atrato circular strange virus 1, Atrato gemini-like virus, and
Reagent-associated CRESS-like virus cluster together and their circular genome of 1,2 — 3,7 kb share
the same genome structure with the Circoviridae characteristic ORI motive ‘(T/n)A(G/t)TATTAC
(Rosario et al. 2017) that is flanked by two ORFs in ambisense orientation coding for a Rep-Hel and a
CP. Atrato unclassified virus 1 and Atrato circular strange virus 1 have a third ORF coding for a
hypothetical protein with an unknown function in parallel with the Rep-Hel coding ORF. Atrato circo-
like virus 1 has a 2,6 kb polycistronic, circular genome with three ORFs in unisense orientation that
code for a Rep, a Hel, and a CP and two more ORFs with unknown functions in parallel to the Rep and
Hel CDSs. We propose to include these viruses in the order Circlivirales, but due to evolutionary
distance and branching pattern in RdRp phylogeny and differences in genome organization they might

give rise to several new genera.

Circlivirales

ORI

Reagent-
associated
Nifste dreilsr Atratp gemini- Atrato unclassified Atratp circo- CRESS-like
like virus virus 1 like virus 1 virus 7

strange virus 1

Cremevirales Piccovirales Durnavirales

Segment 1 (1.5kb)

RdRp
Segment 2 (1.3 kb)

Atrato human Atrato Parvo- Atrato Partiti-
blood virus like virus 1-3 like virus 3

Genome (3,7 kb)

Figure 34: Genome structures of novel viruses of the orders Circlivirales, Cremevirales, Piccovirales, and Durnavirales derived
from pools of human blood samples (Rep=replication-associated protein, CP=capsid protein, HP=hypothetical protein, black
dots=palindromes/hairpins).
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6.3.2.2  Cremevirales

Atrato human blood virus shares 100% AA identity for the Rep and the CP of a virus sequenced lately
from an anal swab of bird species Fringilla montifringilla (QTE03314.1, QTE03315.1; Yang, S. and
Zhang, W. 2021). Atrato human blood virus has a circular, covalently closed, ssDNA genome of 2,1 kb
with an ORI and two ambisense orientated ORFs coding for a Rep-Hel and a CP protein and an
additional ORF in parallel to the Rep-Hel coding ORF that codes for a hypothetical protein. In RdRp
phylogeny (Figure 74) it shares a common ancestor with viruses from the order Cremevirales, but the
evolutionary distance to the existing genera justifies the creation of a new genus (and probably family)

we refer to as Atramanvirus®’, with Atrato human blood virus being the first described species.

6.3.2.3  Piccovirales

Piccovirales phylogeny based on the AA sequence of the nonstructural ORF 1 (NS1) shows that Atrato
Parvo-like virus 1-3 and Parvo-like hybrid virus UC2 cluster together on a sister clade to the subfamily
Parvovirinae in an unrooted maximum likelihood tree (Figure 73). Their linear, single-stranded DNA
genomes have two main ORFs (Rep, CP) and several smaller ORFs with unknown functions coded on
both stands and short terminal hairpin telomeres that are characteristic of Parvoviridae rolling hairpin
replication (Cotmore et al. 2019). Evolutionary distance and low sequence similarity with Parvovirinae
and Densovirinae members justify the creation of a new subfamily we refer to as Parlivirinae®. Atrato
parvo-like viruses 1-3 showed sequence similarities to viruses from bird anal swabs (Table 12). The
family Parvoviridae currently consists of 3 subfamilies. The members of the Parvovirinae infect non-
human vertebrates and humans, the Densovirinae invertebrates, and the Hamaparvovirinae
vertebrates and invertebrates. It is supposed, that the Parvo-like viruses described here infect humans

as they were detected in human blood samples.

6.3.2.4 Durnavirales
Atrato Partiti-like virus 3 (APIv3) belongs to the family Partitiviridae and was also found in several

mosquito samples (see Table 19, 11.5) and it is the only dsRNA virus detected in the blood sample

pools. RdRp phylogeny and genome structure of APlv3 are discussed in chapter 6.2.2.4.3.1.

37 Atramanvirus (genus): Referring to the type species Atrato human blood virus.
38 Subfamily Parlivirinae: from Parvovirinae- like virus.
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6.4 Other non-viral agent-related contigs from mosquito pools and blood

samples
Even though samples were DNA/RNA digested before virus particle isolation and library construction,

some contigs related to non-viral agents could be traced by NGS in the mosquito and blood sample
pools. A full list of the non-viral agents' related contigs from the mosquito and blood samples is
available in appendix 11.7. The most abundantly detected bacteria-related contigs from the mosquito
pools belonged to the phylum Proteobacteria. Genera identified based on blastn search were
Wolbachia, Acinetobacter, Rickettsia, Providencia, Rickettsiella, Arcobacter, Gilliamella, Frischella,
Erwinia, Heliobacter, Frischella, Providencia, Asaia, Variovorax, Serratia, Rhodoferax, and
Acinetobacter. Most of these bacteria are arthropod endosymbionts that live in the insect gut and are
not known to be pathogenic in vertebrates. Some might be pathogenic to insects. Other bacteria that
might cause disease in plants and insects and were detected in mosquito samples belong to the genus
Spiroplasma.

Contigs related to protozoan parasites of the family Trypanosomatidae, genera Trypanosoma,
Blechomonas, Crithidia, Paratrypanosoma, and Trypanosoma were also detected in the mosquito
pools. Trypanosoma brucei causes sleeping sickness in humans and Trypanosoma cruzi Chagas disease.
Most probably the Trypanosoma species detected in this study are novel and their host restriction is
unclear. Trypanosoma sp. 1 showed 97% sequence identity with 18 s ribosomal gene of Trypanosoma
culicavium transmitted by Culex mosquitoes to bird hosts. (Votypka et al. 2012).

The human blood samples on filter paper also revealed contigs related to bacterial agents of the genera
Variovorax, Acinetobacter, Burkholderia, Arcobacter, Acinetobacter, Acidovorax, Diaphorobacter, and
Xanthomonas, belonging to the phylum Proteobacteria. A. baumannii is a frequent cause of hospital-
acquired pneumonia, skin and wound infections, bacteremia, meningitis, and urinary tract infections
(Kadri 2020). Arcobacter may cause bacteremia, endocarditis, peritonitis, gastroenteritis, and diarrhea
in humans and is mainly transmitted through contaminated food or water (Ramees et al. 2017).

X. campestris is a bacterium that may cause black rot on vegetables but has also been reported as an
opportunistic pathogen able to infect humans (Li et al. 1990). Acidovorax oryza is a serious rice
pathogen but bloodstream infection in humans has been reported in a patient by Orsborne et al. 2014.
Another pathogen detected and known to cause lung infection and cystic fibrosis in
immunocompromised patients is B. cepacian (Lipowski et al. 2008). Cruoricaptor ignavus was once
isolated from a blood culture from a man with bacteremia (Yassin et al. 2012). The protozoan parasite
Plasmodium vivax responsible for malaria in humans was identified in a blood sample pool of 10

patients by the 28s ribosomal RNA gene.
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7 Discussion

During this pilot study, mosquitos were collected in the Atrato River region in Northwest Colombia
between August 2014 and December 2016. Mosquitoes were identified through morphology and
molecular markers (COI, ITS2). More than 43 mosquito species could be identified. Most abundant
mosquito species were screened for viruses in an (rt)PCR- and NGS-based virus search. More than 52
undescribed viruses were detected, and their genomes were sequenced and annotated. Then, they
were taxonomically assigned through phylogenetic analyses based on the AA sequences of the
polymerase CDS. The Atrato River valley harbours substantial biodiversity of mosquito-associated
viruses, most of them being insect- and plant-specific. In addition, 46 human blood samples were NGS-

sequenced and 12 novel viruses could be characterized.

7.1 The challenge of identifying mosquitoes

The geographical region of the Chocd located on the Colombian Pacific coast is one of the world’s
biodiversity hotspots, as its formation process and geographical and climatical conditions have
favoured speciation processes and evolution (Pérez-Escobar et al. 2019). The Atrato River Valley is part
of the Chocd region and thus, it is not surprising that high mosquito biodiversity was discovered in the
region.

Proper identification of Culicidae in this region was a tough challenge. Some species are easy to identify
due to obvious morphological traits, the disponibility of barcoding regions, and the lack of species
complexes of sibling species. Some mosquito species that we identified by morphology had not been
barcoded before and we made available barcoding sequences for these species. For the first time, COI
sequences of Cq. lynchi, Cq. venezuelensis, Ma titillans, Ps. funiculus and Ps. albipes, and ITS2
sequences of An. neivai, Cq. lynchi, Cq. venezuelensis, Ma. indubitans, Ma. titillans, Oc. scapularis, Ps.
albipes, Ps. funiculus, Wy. luteoventralis and Wy. pertinans were uploaded to NCBI GenBank as
references for molecular species identification.

Particularly, the subgenus Melanoconion of the genus Culex has been an object of study in the last
years, as the subgenus is one of the largest subgenera with many groups and sibling species, many of
them of public health interest (Torres-Gutierrez et al. 2016). The morphological identification of
subgenus members is challenging as many species cannot be identified on the species level by the
morphological traits of the female without pupal and larval stages, and not all the species have been
described yet. In 2020, Sa et al. revised the Atratus group and presented a morphological key for the
identification of all life stages of the group members, and described five new species. Phylogeny and
molecular identification of the subgenus Melanoconion by barcoding regions, in particular the COI

region, was investigated by Torres-Gutierrez et al. in 2018. Both studies concur with our results. In
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most cases, the COI is a suitable barcoding region for mosquito species discrimination. The real
problem is that for many species COl sequences are not available, or the sequences available at NCBI
GenBank have not been assigned properly to species level and thus lead to incongruent search results
at NCBI GenBank.

Apart from Cx. rabelloi and Ps. funiculus, all the other mosquito species found in the present study had
already been registered in the “Updated list of the mosquitoes of Colombia” (Rozo-Lopez and Mengual
2015). Cx. rabelloi was described by Forattini and Sallum for the first time in 1987 and was discovered
in the municipality of Pariquera-Acu in Southern Brazil. Since 2018, COI sequences of four specimens
of Cx. rabelloi that were collected at the same place are available at NCBI GenBank. The COI sequences
of these specimens matched at 98,33% identity with a sequence of a Culex mosquito (KX779859.1)
collected in this study in the village Gengadd located in the municipality of Vigia del Fuerte. Thus, this
is the first report of Cx. rabelloi for Colombia.

Ps. funiculus is part of the Psorophora confinnis species complex and was first described in Colombia
by Dyar in 1920, but later declared a synonym with Ps. confinnis (Dyar 1928). The same year the
“Updated list of mosquitos of Colombia” was published, Ps. funiculus was resurrected from synonymy
with Ps. confinnis based on isoenzyme and hybridization studies that confirmed that Ps. confinnis and
Ps. funiculus were two different species. Due to Lanzaro et al. (2015), the specimens from Colombia
correspond to Ps. funiculus and specimens from Argentina to Ps. confinnis. In this order of ideas, and
accordance with our results, the COl sequence with accession number KM452781, uploaded to NCBI
GenBank in 2014 (Hoyos-Lépez 2018), and designated Psorophora (Grabhamia) sp., should be
reassigned to Ps. funiculus, and the species should be included in the catalogue.

Many of the specimens of the genera Wyeomia, Johnbelkinia, and Trichoprosopon collected in the
Atrato river valley could only be assigned to the genus level. The morphological keys available (Lane
1953, Zavortink 1979; Darsie 1985) were outdated and did not include new species described since
then. For instance, in our study, we were able to distinguish six different Trichoprosopon species by
their COIl sequences, but we could not assign the barcodes to any species, as we were not able to
identify the mosquitoes on species level by morphology, as our female specimens did not match to any
species in the identification keys or could not be identified as males and larval stages were not
available.

Genetic distance among marker regions may be used as a measure of the evolutionary divergence
between mosquito species and populations and identify closely related species. We used the mean
and maximum intraspecific K2P distance among ITS2 and COI sequences respectively, to estimate
whether the barcoding sequences of the morphologically identified specimens were conspecific or
allospecific. The typical mean intraspecific distance depends on the mosquito species, but generally
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speaking, a high discrepancy between the mean and maximal K2P distance is an indicator of the
allospecifity among the specimens. For example, Marrelli et al. (2006) reviewed the taxonomy of Latin
American Anophelines and observed intraspecific ITS2 sequence variations that ranged from 0.2% to
19% and ascribed the high K2P divergence to misidentification and/or sequencing errors. We
calculated the K2P distance for all the mosquito species COl and ITS2 were sequenced. In general,
intraspecific sequence divergence did not exceed 2-3%, except in the case of the ITS2 sequences of Cqg.
venezuelensis for which the calculated K2P distance was 8,8% (see Table 4 and Table 5). We interpreted
the unexpectedly high value as an indicator of the presence of a sibling species that we misidentified
and for which no ITS2 barcode has been uploaded yet.

An. nuneztovari is a species complex that includes at least three valid species: An. nuneztovari, An.
goeldii, and An. dunhami. Female adults cannot be distinguished by morphology (Sallum et al. 2020).
But for Colombia, only An. nuneztovari is registered (Rozo-Lopez and Mengual 2015) and Sierra et al.
(2004) confirmed based on the homogeneity of the ITS2 region that An. nuneztovari specimens from
Colombia are conspecific. In our research region the mean intraspecific K2P distances among the COI
and ITS2 sequences of An. nuneztovari were low (£0,1%), and COI phylogeny (Figure 39) confirmed
that all the An. nuneztovari specimens collected by us were conspecific and correspond to An.
nuneztovari s.s.. Barcoding and molecular identification do only work for mosquito species that have
been identified properly by morphology before and for which sequences were uploaded to a gene
bank. That is why there is a need for revised morphological keys and barcoding sequences available

for each species.

7.2 Approaches to virus search

In this study, an (rt)PCR- and NGS-based virus search was conducted to identify mosquito-associated
viruses that might be of human, veterinary, or crop health interest. The methods applied for sample
collection, sample preparation, library preparation, PCR, NGS, and contig assembly shall be discussed
in this retrospective. The focus of this project was the discovery of novel viruses, and the methods
used for virus detection and characterization were derived from various publications and adjusted to
the research objectives (see 4.4), having in mind the optimum sample collection, transportation,
preservation, and cost and time efficiency.

Anthropophilic female mosquitoes and human blood samples from Indigenous and Afro-Colombian
communities of the remote and tropical Atrato River valley were the basis of our research. Beyond the
traps available for mosquito collection, human landing catch (HLC) was the method of choice, as the
focus was on catching intact anthropophilic mosquitoes that might be involved in arbovirus

transmission and pose a threat to human health. HLC is still the most efficient method for
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anthropophilic mosquito collection, as host-seeking anthropophilic females are attracted and
relatively high yields are collected even in low mosquito densities (Lima et al. 2014, Kenea et al. 2017).
Commonly used light traps or carbon dioxide traps have the disadvantage of attracting other insects
than anthropophilic mosquitoes, the necessity of electricity or consumables, or damage of specimens
by vents or removal (Huang et al. 2021, Bazin and Williams 2018). At the beginning of the fieldwork,
the main objective was to identify the mosquito species in the region and preserve specimens for
morphological and molecular identification. Desiccated mosquitoes may be preserved for many years
at ambient temperature without degradation of specimens and their DNA, and transportation and
storage are uncomplicated. After the identification of the mosquito species, additional specimens were
collected for the systematic virus search in mosquitoes. This time, mosquitoes were collected and
stored maintaining a cooling chain (-80°C or less) to preserve the integrity of the virus particles and
prevent degradation, in particular of RNA viruses, which are extremely delicate (Burkhalter and Savage
2017), and thus facilitate full genome sequencing and virus cultivation in cell culture.

Sample preparation is a crucial step before NGS sequencing and depends on the study objectives. As
the objective was not only the detection of viruses but also to sequence the whole virus genomes
directly from the sample pools by NGS, the virus particles were purified and the nucleic acids of the
host or other non-viral agents were digested before library preparation which employed the Nextera
XT DNA Library Preparation Kit. Sequenced viral genomes were de novo assembled with Unicycler, an
assembly pipeline developed for bacterial genome assembly that can assemble Illumina-only read sets,
where it functions as a SPAdes optimizer using Bowtie2 and Pilon to polish the assembly (Wick et al.
2017). In the PubMed database, no publications could be found on virus assembly with Unicycler, but
the Galaxy Training Network recently published a tutorial on how to assemble SARS-CoV-2 from human
samples (Galaxy Training Network 2021). A crucial step for SARS-CoV-2 de novo genome assembly
outlined in the tutorial is the subtraction of reads from the human reference genome by mapping the
genome to a human reference genome. This post-NGS step is done to remove nucleic acids of the host
genome before virus assembly and is comparable to the pre-NGS nucleic acids digestion step we
applied for virus particle purification (Shi et al. 2015). The advantage of virus particle purification is
that the proportion of virus reads to host reads and other contaminations is significantly increased. On
the other hand, sequencing unpurified samples permits insight into the whole mosquito biome.
Nevertheless, much more reads are necessary to sequence the full virus genomes as most of the
generated reads will correspond to the host genome and other host-related agents or contaminations
making the process more laborious and expensive. Despite the digestion of the unprotected nucleic
acids, contigs related to non-viral agents could be identified in the mosquito pools, e.g., symbiotic
bacteria or protozoans. Undoubtedly, NGS is a very effective, fast, and cost-effective way of searching
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for novel viruses and agents. In contrast, generic (rt)PCRs are very time-consuming, positive controls
are required and only specific viruses or genera may be detected, whereas novel and unknown viruses
stay undiscovered. Anyway, if a virus is detected by PCR, NGS is necessary for full genome acquisition.
Nevertheless, PCRs are suitable for retesting the samples and confirming the NGS results (Forster
2020). To conclude, NGS is the most appropriate tool for exploring the great diversity of yet unknown

viruses, whereas PCR is suitable for specific virus detection.

7.3 An insight into the virome of Colombian mosquitoes

Mosquitoes harbor a high diversity of viruses and arthropods are supposed to play a key role in RNA
virus evolution, most probably due to their close interaction with plants, vertebrates, and
invertebrates (Li et al. 2015). Metagenomic and metatranscriptomic approaches are commonly applied
in virus search, discovery, and characterization and give insight into the virosphere, the genomic
potential and activity of viruses, and their ancestry, evolution, and ecological dynamics ( Shi et al.
201643, Shi et al. 2018). Many of the most challenging human viral diseases like Dengue, Chikungunya,
and Yellow fever are transmitted by mosquito vectors drawing researchers’ attention to study the
mosquito virome.

In a metagenomic approach, the viromes of the most representative mosquito species in the Atrato
River region in Northwest Colombia were investigated. Mosquito species of the genera Anopheles (An.
darlingi, An. nuneztovari), Psorophora (Ps. albipes, Ps. ferox, Ps. funiculus), Coquillettidiae (Cq. lynchi,
Cq. venezuelensis), Culex (Cx. nigripalpus, Cx. quinquefasciatus), Ochlerotatus (Oc. serratus), and
Mansonia (Ma. titillans) were screened for viruses. At least 52 viruses of 14 orders; ssSRNA(-):
Mononegavirales, Jingchuvirales, Bunyavirales; ssSRNA(+): Picornavirales, Tymovirales, Amarillovirales,
Sobelivirales, Materellivirales, Tolivirales; dsRNA: Durnavirales, Reovirales; ssSRNA(RT): Ortervirales
ssDNA: Piccovirales; dsDNA: Ghabrivirales) and one unassigned ssRNA(+) virus genus (Negevirus) could
be identified, many of which showed similarities with recently discovered viruses in association with
mosquitoes from all over the world.

In 2017, Shi et al. described 24 novel RNA viruses in Culex and Ochlerotatus mosquitoes from Western
Australia in a metatranscriptomic approach. The species tested were Oc. camptorhynchus, Oc.
alboannulatus, Cx. globocoxitus, Cx. australicus and Cx. ginquefasciatus. Many of the viruses described
by Shi et al. show similarities with the ones found in the Atrato River region in Colombia. For example,
Culex-Phasma-like virus (CPLV), a new (-)ssRNA virus of the order Bunyavirales, genus Phasmaviridae
that showed high prevalence throughout the three Culex species just mentioned, was also detected in
Cx. quinquefasciatus mosquitoes from the Atrato River region in Colombia. Surprisingly, the L and S
segments of the CPLV strains from Australia, Colombia and Brazil show high AA sequence identity

(>99%), and males are also affected by the virus (da Silva Ferreira et al. 2020). High virus prevalence in
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the distant Culex populations and high sequence identity between the different strains indicate, that
CPLV most probably is an insect-specific virus restricted to the genus Culex and unlikely to cause severe
disease in the insect host. Another virus found in Australian Cx. globocoxitus and Cx. autralicus is Culex
luteo-like virus (CLLV). All near relatives of CLLV are mosquito-related and in RdRp phylogeny, they
cluster with Atrato sobemo-like virus 3 and 4, but RdRp AA sequence identity is relatively low (65%)
and ASLV 3 and 4 were derived from Coquillettidiae mosquitoes (see appendix 11.6.1.9 Figure 63 and
Figure 64; and Table 11).

Chrysoviruses used to be associated with fungal hosts, but recently a clade of mosquito-associated
Chrysoviruses has been described. Salado virus, a dsRNA virus of the family Chrysoviridae that was
found in Wyeomyia mosquitoes in our study shows RdARP similarities to Shuangao Chryso-like virus 1
(59%, ASA47348.1) from Cx. quinquefasciatus and Hubei chryso-like virus 1 (59%, ASA47348) from Cx.
australicus. Shi et al. (2017) used the abundance level of RNA in the library, prevalence, host
association of close relatives, and co-appearance with other cellular microbes within the hosts as key
attributes for host association and assume, that this clade within the family Chrysoviridae that is shared
by the just mentioned viruses is specific to insects. Anyway, it cannot be ruled out that these viruses

originated from bacterial, fungal, or protist hosts.

7.4 Virus phylogeny and evolution

During the last decade, NGS became affordable and made in-depth metagenomic sample analysis
possible, and bring insight into the unimaginable biodiversity of viruses. Many mosquito-borne
diseases are caused by viral agents (Lee et al. 2018). Thus, researchers focused NGS-sequencing of
common vector species and related viruses and were confronted with a vast number of unknown
viruses that revolutionized the understanding of virus taxonomy and evolution. Human pathogens and
vertebrate viruses form only the tip of the iceberg of the mosquito virome which is characterized
mainly by insect-specific and plant viruses (Moonen et al. 2023, Dietzgen et al. 2016).

Vertebrate RNA virus evolution has taken hundreds of millions of years and is closely related to the
evolution of their hosts that began in the ocean. Our knowledge of virus diversity is still limited and
thus conclusions on ancestral host groups might be erroneous (Shi et al. 2018). Nevertheless,
Marklewitz et al. (2015) estimated the phylogenetic relationships of Bunyaviruses based on the
polymerase protein and suggest, that the arbo-bunyaviruses have evolved from insect-specific viruses
several times convergently, as deep branching viruses are typically associated with arthropod hosts.
The novel Bunyaviruses we identified in mosquitoes belong to the families Phenuiviridae and
Phasmaviridae. Atrato Gouko-like virus 1 and Narangue virus branch deep in the Phenuiviridae family

with other recently discovered and yet unassigned viruses that were derived from mosquitoes. The
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family Phenuiviridae mainly consists of viruses related to invertebrate hosts. The only assigned genus
in the family Phenuiviridae that shows plant tropism with a persistent transmission in invertebrates is
the genus Tenuiviridae. Recently, new plant-infecting genera, tentatively named Coguvirus and
Rubovirus, have been proposed (Navarro et al. 2018a; Navarro et al. 2018b, ). Due to our analysis, the
Coguviruses and the recently discovered and yet unassigned genus of mosquito-derived viruses we
tentatively named Zheemosvirus, represent relatively deep branching genera in the family
Phenuiviridae. In the case of the family Phasmaviridae, only invertebrate hosts have been discovered
so far. Vertebrate and plant tropism might not have evolved, or plant and vertebrate viruses are rare
in the family and have not been discovered yet.

Phylogenetic trees are used to make evolutionary and taxonomic inferences about organisms.
Appropriate rooting is crucial as the root gives directionality to evolution and is the basis of molecular
taxonomy. A widely used and popular rooting method is the outgroup method in which a divergent
taxon (outgroup) is used to root the ingroup taxa. This means that you rely on prior knowledge of a
phylogenetically close consensus outgroup for the sequence set you study. In particular for viral
phylogenetic analysis where outgroups are often unknown and taxonomy is uncertain, midpoint
rooting is applied to estimate evolutionary relationships (Kinene et al. 2016). In the present study, we
tended to apply midrooted phylogenetical trees for estimating the evolutionary relationships of virus
taxa, as many of the viruses discovered were novel. Moreover, taxonomical virus classification is
currently undergoing major changes due to the discovery of a vast number of unknown viruses made
possible by NGS-based approaches. In general, the midrooted maximum likelihood trees estimated
based on the viral polymerase-related protein sequence in this study (see chapter 11.6.1) were similar

to approaches from former studies (https://talk.ictvonline.org/ictv-reports/ictv_online_report).

7.5 Description of novel taxonomic groups
Our phylogenetical analyses led to the discovery of viruses that could not be assigned to any existing
taxa and justify the creation of new virus taxa. Subsequently, the main characteristics of these new

taxa and the distinguishing criteria for the assigned taxa shall be discussed.

7.5.1 Cacaos virus and the novel genus Caosvirus

The family Polycipiviridae is characterized by an unsegmented, linear, (-)ssRNA genome of 10- 12 kb,
typically polycistronic with at least four ORFs. Currently, the three genera Sopolycivirus, Hupolycivirus,
and Chipolycivirus are accepted by the ICTV. Demarcation criteria have not been established yet and
the accepted genera were assigned based on the phylogenetic clustering of the AA sequence of the
RdRp coding ORF5. All known family members have originated from an arthropod host (Olendraite et

al. 2019). Host restriction could also be applied as a genus demarcation criterion, as the Sopolycivirus
88



are delimited to ants (order Hymenoptera), the Hupolycivirus to the order Odonata, and the
Chipolycivirus to spiders (order Araneae). Cacaos virus is the first member of the family Polycipiviridae
that was found in mosquitoes (Order Diptera, family Culicidae). The 12 kb genome has 6 ORFs and the
functions of 4 ORFs were identified by HHpred (VP1, VP2, VP3, RdRp, Figure 93, Figure 71), and it is the

first described species of the novel genus Caosvirus.

7.5.2 Atrato Flavi-like virus 1 (AFIV1) and the novel genus Atratovirus

AFIV1 is a novel yet unassigned virus of the family Flaviviridae that shows similarities with the genus
Flavivirus, but its genome length and structure are different from the typical Flaviviruses. In RdRp
phylogeny, it clusters with other recently discovered Flavi-like viruses. Its genome was annotated with
homology detection and structure prediction by HMM-HMM comparison and homologies to the NS5
(MT, RdRP, 5U0B), NS3 (Pro, 5WX1), Proxine (Pro, 6XB4), and an ENV like Gly (1SVB) could be identified
(Soding 2005). These “long genome Flaviviruses (LGFs)” of 16 - 20kb genome length have been
detected in a variety of hosts, e.g., plants, nematodes, and arthropods. Evolutionary relationships of
the flavi-like superfamily have been studied by Paraskevopoulou et al. (2021). They believe LGFs to be
ancestral to the Pestivirus and support their suggestion with a Hepacivirus-rooted maximum likelihood
phylogenetic tree estimated based on the AA alignment of the RdRp region. In our midrooted
approach, the LGFs grouped as a sister glade to the genus Flavivirus and might be ancestral to the
Flaviviruses (Figure 62), but we did not include the Jingmenvirus, a novel segmented Flavi-like virus
genus discovered recently (Shi et al. 2016b), as the genus has not been accepted by the ICTV yet. Thus,
Jingmenvirus species are not listed in the ICTV master species list and the close relationship with the

Flaviviridae family was not clear to us.

7.5.3 Murindo virus and Gengado virus and the novel genera Mudovirus and Gendovirus
Murindo virus and Gengado virus are novel viruses, and RdRp AA sequence phylogenetic analyses show
that they root deep within the Tymoviridae family (Figure 48, Figure 49). Low AA sequence identity,
branching pattern, host affiliation, and particular genome structures different from the accepted
genera Tymovirus, Marafivirus, and Maculavirus, justify the creation of two new genera tentatively
named Mudovirus and Gendovirus. Murindo virus has a 6 kb linear monopartite (+)ssRNA genome and
resembles the typical Tymovirales genome structure (Mt-Pro-Hel-RdRp) coded in ORF1. An additional
ORF coded for a CP. Gengado virus has the same gene order, but three protein-coding ORFs, ORF 1
(Mt-Pro), ORF2 (Hel-RdRp), and ORF3 (CP). The assigned genera in the family Tymoviridae have all been
related to plant hosts, whereas the deep-rooting unassigned viruses like Murindo virus, Gengado virus,

Guadeloupe Culex tymo-like virus (Cx. quinquefasciatus, MW434965), (Batson et al. 2021), Hubei
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macula like virus 1 and 2 (Odonata, NC_033254, NC_033260, (Shi et al. 2016a), and Bee macula-like

virus 2 (Andrena Haemorrhoa, NC_040556) have been associated with arthropod hosts.

7.5.4 Atrato Partiti-like virus 6 (APlv6) and the novel genus Atrapavirus

APIv6 is a Parti-like virus that clusters in RdRp AA sequence phylogeny together with Cryptosporidium
parvum virus 1 on a sister clade to the Picobirnaviruses, but RdRp AA sequence identity is very low
(26%). We were not able to identify the second segment coding for the CP as common in the
Partitiviridae. A second nested ORF was detected on the RdRp coding segment, but the putative
protein could not be associated with any known protein by NBCI blast, CDD Search, or homology
prediction. APIve was detected in a Ps. albipes pool that also contained other non-viral protozoan and

bacterial sequences (Table 20) that might correspond to a possible host for APIv6.

7.5.5 Pisingos virus and Embera virus and the new genus Totcuvirus

So far, the family Totiviridae consists of five assigned genera: Giardiavirus, Leishmaniavirus,
Trichosomasvirus, Totivirus, and Victorivirus (King 2011). The Totivirus, Giardiavirus, and Victorivirus
are restricted to fungal hosts, the Trichosomasvirus (genus Trichosomas) and Leishmaniavirus (genus
Leishmania) to protozoans. Embera virus has a genome of approximately 6,2kb with 2 coding ORFs
(RdRp, CP) In RdRp phylogeny Embera virus and Pisingos virus cluster on two separate branches that
form a sister clade of the Giardiavirus. The nearest known relatives of Embera virus are Drama totivirus
(QRD99885) from Oc. sticticus, Ae. aegypti totivirus (Shi et al. 2019, QEM39153) and Anopheles
totivirus from An. gambiae (Fauver et al. 2016, AOR51364).

Pisingos virus was detected in Cq. venezuelensis, Cq. lynchi, and Ps. funiculus and has a genome of
about 7Kb that also codes for two proteins (RdRp, CP). It shares a common ancestor with Australian
Anopheles totivirus (AATV), (Colmant et al. 2017, YP009417301), Culex inatomii totivirus (QTT60745),
Culex modestus totivirus (QRD99875), Fitzroy Crossing toti-like virus 1 from Cx. annulirostris (Williams
et al. 2020, QLI83495), and Lindangsbacken virus from Culex torrentium (Pettersson et al. 2019,
QGA70947). To preclude environmental contamination, Pettersson et al. established four criteria to
decide about the host association of the mosquito-related viruses: (1) Total abundance of the virus in
the library (>0,01%), (2) relation between host COXI and viral abundance, (3) presence of the virus in
multiple libraries and (4) phylogenetic relationship to other viruses. If the virus meets at least two of
the four criteria it is supposed to be associated with the mosquito host. In our case, the first two criteria
cannot be taken into account, as the virus particles were purified by the digestion of the mosquito and
other non-viral nucleic acids. Nevertheless, Pisingos virus meets the other two other criteria as it is
present in multiple libraries and clusters with other mosquito-associated viruses in RdRp phylogeny.

AATV was confirmed to replicate in its hosts An. annulipes and An. hinesorum by detection of virus-
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specific short interfering RNAs but could not be cultivated in Ae. albopictus C6/36 mosquito cells
(Colmant et al. 2017). Deep branching of these mosquito-related viruses indicates, that the fungal-,

and protozoan-related Totiviridae family might have evolved from arthropod viruses.

7.5.6 Murri virus and Atrato virus and the new genus Muratovirus

Murri virus and Atrato virus have a 7 kb dsRNA genome with 2 ORFs coding for an RdRp and a CP, as
typical for members of the family Totiviridae, but the RdRp AA sequence phylogenetic tree shows that
they, together with other recently described viruses, form a new yet unassigned genus tentatively
called Muratovirus. No clear host restriction can be observed and the closest known relatives shared
less than 47% AA sequence identity (Table 12). Schistocephalus solidus toti-like 2 virus was described
in a fish parasiting tapeworm (Phylum: Plathelminthes, QJD26158) from Alaska (Hahn et al. 2020),
Hubei toti-like virus 7 in Dipteran pools from China (Shi et al. 2016a, APG76025), Aedes
camptorhynchus toti-like virus 1 (YP009388611) in mosquitoes in Australia (Shi et al. 2017), and a yet
unnamed toti-like virus (OXV86394) in bird feces. These viruses cluster on a sister clade to the family

Chrysoviridae and probably have fungal hosts that have not been identified yet.

7.5.7 Narangue and Atrato Gouko-like virus 1 and the novel genus Zheemosvirus

Narangue and Atrato Gouko-like virus 1 resemble the typical Phenuiviridae tripartite genome structure
coding an L, M, and S segment and share a phylogenetic clade with Mothra virus detected in the moth
Cydia pomonella. Thus, Narangue virus has been assigned to the genus Mobuvirus and renamed
Narangue mobuvirus by the ICTV Phenuiviridae study group in 2020 (Marklewitz et al. 2020). The
decision was taken without any justification and is not supported by our study. We agree, that
Narangue virus and Atrato Gouko-like virus 1 are in the same clade as Mothra virus, but Narangue virus
shares only 25% identity with the AA sequence of the CDS of the L-segment of Mothra virus and was
not detected in moth but Ma. titillans mosquitoes. In addition, the M-segment of Mothra virus has
two protein-coding ORFs meanwhile Narangue virus has only one, and the evolutionary distance
estimated on the RdRp AA sequences is high (Figure 44). In our opinion, Narangue virus and Atrato
Gouko-like virus 1 together with Zhee mosquito virus (KM817705) and Xinzhou mosquito virus
(KM817701) detected in An. sinensis in China (Li et al. 2015), Salarivirus from the USA (KX924627), and
Culex pseudovishnui bunya-like virus from Japan (Faizah et al. 2020 BBQ05095.1) should give rise to a

new genus of mosquito associated viruses we refer to as Zheemosvirus.

39 Zheemosvirus (genus): From type species Zhee mosquito virus.
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7.5.8 Jingchuvirales evolution and genome structures - novel genera Obscuruvirus and
Atchuvirus
The members of the recently established Order Jingchuvirales show manifold genome organizations.
Atrato Chu-like virus 1 was detected in Cq. venezuelensis and has a bipartite genome with two
segments. The L-segment (7 kb) codes for an RdRp and the S-segment (4,1kb) for a Gly and an N. In
RdARP phylogeny, it shares a branch with Chuvirus Mos8Chu0, genus Doliuvirus (also bipartite,
KX924630) from Culiseta minnesotae, and thus was assigned to the genus. The sister genus
Culicidavirus differs in genome composition. Culex mosquito viruses 4 and 5 were described in Culex
mosquitoes (MK440640, MH188036, Pettersson et al. 2019, linear), Wuhan mosquito virus 8 in Cx.
tritaeniorhynchus (Li et al. 2015, NC028265, circular) and Imjin River virus in Cx. bitaeniorhynchus
(Hang et al. 2016, NC028482, linear), and all have a monopartite genome. The sister genus
Odonatavirus represented by Hymenopteran chu-related virus OKIAV124 detected in Nomada
lathburiana (Kafer et al. 2019, MW288189) also has a monopartite genome.
Atrato Chu-like virus 2 was described in Anopheles mosquitoes, has a bipartite genome with an L-
segment (RdRp) and an S segment, and was assigned to the family Chuviridae, but could not be
assigned to any existing genus. It shares a clade with Tacheng tick virus 4 (TTV4, YP009177716)
detected in Argas miniatus (Li et al. 2015), (Figure 47), but the RdRp AA sequence identity between
the two viruses is low (Table 12) and TTV4 is monopartite and circular and from a tick host. Thus, a
new genus was proposed and tentatively called Atchuvirus®.
Atrato Chu-like virus 5 (ATCLV5) was derived from Ps. albipes and has a linear, monopartite, tricistronic
genome coding three proteins (Gly-N-RdRp, Figure 82), and it is the only known species of the recently
proposed genus Obscuruvirus, family Aliusviridae (Di Paola et al. 2020). The genome of Atrato chu-like
virus 4 is incomplete. Most probably its genome organization is similar to ATCLV5. Figure 35 shows the
genome structure of representatives of the accepted Jingchuvirales genera and the novel viruses
discovered in this study.
The known deep-rooting Jingchuvirales are characterized by a linear, monopartite genome with
typically 3 coding ORFs (Gly-N-RdRp). In the deep branching Chambyvirus and Myriadvirus clades, a
fourth ORF evolved coding for an additional Gly (Glyl-N-Gly2-N-RdRp). The genome size of the
Jingchuvirales ranges from approximately 10 - 14 kb. The family Aluiviridae is characterized by a
monopartite, linear genome of about 13-14 kb in size coding 3 ORFs (Gly-N-RdRp) The Gly coding ORF

is nearly twice as long as in the sister family Chuviridae. The Chuviridae show variable genome

40 Atchuvirus: From the type species Atrato Chu-like virus 2
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Figure 35: Jingchuvirales genome structures
The genome organizations of representatives of the accepted families and genera in the order Jingchuvirales are shown
(N=nucleoprotein, G=glycoprotein, RdARp=RNA dependent RNA polymerase, P=Phosphoprotein, ?=unknown function).

organizations including linear, circular, monopartite, and bipartite genomes. In the genus Nigecruvirus,
the linear, monopartite genome is arranged in a different way (RdRP-Gly-N). The most evolved known
genera of the Chuviridae have a fourth ORF following the N CDS. The AA sequence coded by ORF4
shows homology to RNA binding Ps and might be an RdRp cofactor. In Wenling crustacean virus 4
(Chuvirus), HHPred for ORF 4 resulted in an 87% probability of being homologous to the
oligomerization domain of parainfluenza virus P (6VAG). For Lishi Spider Virus 1 (Scarabeuvirus) ORF 4

showed a 79% probability of being homologous to the oligomerization domain of a P from Respiratory
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syncytial virus (6YP5). The genus Boscovirus consists of only two accepted members that are circular

and bipartite, and the S-segment lacks a Gly.

7.5.9 Changes in Ortervirales taxonomy

Chibugado virus was assigned to the family Metaviridae by RdRp phylogeny (Figure 77). Recently the
family Metaviridae was reviewed and now it consists of 2 genera and 31 accepted species. Chibugado
virus was aligned to the Metaviridae sequence alignment available at the ICTV virus taxonomy profile
(ICTV Virus Taxonomy Profile: Metaviridae, December 2021), and RdRp phylogeny showed that it
belongs to the genus Errantivirus as it shares a clade with Drosophila melanogaster nomad virus
(AF039416), Drosophila melanogaster HMS-Beagle virus (AF365402) and Ceratitis capitata yoyo virus
(Zhou and Haymer 1997, U60529) and carries a third env-like gene considered to be a distinguishing

feature of the Errantivirus (Figure 36).
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Figure 36: Phylogeny of the genus Errantivirus
Estimated based on the AA sequence of the CDS of the RT core domain. (Selected model of AA substitution: LG+G+F). The
maximum likelihood tree including Errantivirus representatives from the ICTV master species list is displayed in a midrooted
rectangular view. Nodes show SH-like branch support (aLRT). Novel species found in this study are in red.

Atrato Retro-like virus (ARLV) was assigned to the family Pseudoviridae (Figure 77). Recently, the family
was reviewed. Thus, ARLV AA sequence was aligned to the Pseudoviridae sequence alignment available
at the ICTV Taxonomy profile: Pseudoviridae (December 2021) and assigned to the genus Hemivirus by
RdRp phylogeny (Figure 37). Nevertheless, the family Pseudoviridae needs further revision as the
assigned genera are still polyphyletic. The closest known relatives of ARLV are Aedes aegypti
mosqcopia virus (Tu and Hill 1999, AF134899) and Anopheles gambiae Mtanga virus (Ragsdale and

Seiber 1999, AF387862) detected in mosquitoes.
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Figure 37: Phylogeny of the genus Hemivirus
Estimated based on the AA sequence of the CDS of the RT core domain. (Selected model of AA substitution: LG+G+F). The
maximum likelihood tree including Hemivirus representatives from the ICTV master species list is displayed in a midrooted
rectangular view. Nodes show SH-like branch support (aLRT). Novel species found in this study are in red. See Figure 78,
appendix 11.6.1.14.1 for the fully labeled Pseudoviridae phylogenetic tree.

7.5.10 Mononegavirales and the novel genus Atratorhabdovirus in the family
Rhabdoviridae

Atrato Rhabdo-like virus 3 (ARLV3) was found in Oc. serratus and Atrato Rhabdo-like virus 2 (ARLV2) in
Culex mosquitoes and they were assigned to the family Rhabdoviridae by RdRp phylogeny (Figure 45,
Figure 46), but could not be assigned on genus level. The closest known relatives of ARLV3 are Lasius
neglectus virus 2 (MH477288, Kleanthous et al. 2019) detected in ants, Hymenopteran rhabdo-related
virus 38 (MT153554), and Hymenopteran rhabdo-related virus 109 (MT153372, Kafer et al. 2019) from
wasps. ARLV2 shares a clade with Shayang fly virus 3 (KM817636, Li et al. 2015) from Chrysomya
megacephala, Wuhan house fly virus 2 (KM817649) from Musca domestica, and Hymenopteran
rhabdo-related virus 24 (MWO039260, Kafer et al. 2019) from Heterodontonyx sp..

Recently the family Rhabdoviridae was reviewed (Walker et al. 2018) and now the family consists of
40 genera and 246 accepted species. ARLV2 and ARLV3 were aligned to the Rhabdoviridae sequence
alignment available at the Rhabdoviridae ICTV Taxonomy profile, and ARLV3 could be assigned to the
genus Alphahymrhavirus by RdRp phylogeny (Figure 38) and genome organization (N-P-M-G-L). ARLV2
AA sequence identity with accepted sister genera Alphadrosrhavirus and Betahymrhavirus is less than
50% and branch length and host association justify the creation of a new genus we tentatively called

Atratorhabdovirus*.

41 Atratorhabdovirus (genus): from first known species Atrato rhabdo-like virus 3.
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Figure 38: Phylogeny of the family Rhabdoviridae

Estimated based on the AA sequence of the CDS of the RT core domain. (Selected model of AA substitution: LG+G+I+F). The

maximum likelihood tree including representatives from the ICTV master species list (only part of the tree is shown) is displayed
in a midrooted rectangular view. Nodes show SH-like branch support (aLRT). Novel species found in this study are in red.
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7.5.11 Hubei mosquito virus 4 and the novel family Tolicuviridae

Hubei mosquito virus 4 (YP009330077, Shi et al. 2016a) was first described in mosquitoes in China, and
in RdRp phylogeny, it clusters with Wenzhou tombus-like virus 11 detected in Cx. tritaeniorhynchus
(YPO09342051, Faizah et al. 2020) from Japan, Hammarskog tombus-like virus (QGA87328) detected
in Cq. richiardii, Sweden, and Yongsan tombus-like virus 1 (YP0095532) detected in St. albopicta from
South Korea in an unassigned sister clade to the order Tolivirales (Figure 59, Figure 60). The genome
structure of these Toli-like viruses is similar to the one of the members of the Tolivirales and thus they
should be included in the order, but we propose to assign these viruses to a new family tentatively
named Tolicuviridae*’, based on the evolutionary distance and the fact that the classic known

Tolivirales are restricted to plant hosts (apart from the Alphacarmotetravirus).

7.5.12 Atrato Reo-like virus 1 and the novel genus Relicuvirus in the family Reoviridae

Atrato Reo-like virus 1 (ARIv) was detected in two Ps. albipes pools. Eleven genome segments could be
identified by comparing the contigs of two libraries that contained the same virus (Table 9), and the
proteins coded on four segments could be identified (RdRp, RbP, maCP, miCP). The function of the
proteins coded by the other segments is still unclear. In RdRp phylogeny ARlv is in a sister clade to the

genus Phytoreovirus together with Aedes camptorhynchus reo-like virus (YP009389547, Shi et al. 2017)

2 Tolicuviridae (family): From Toli-like Culicidae derived arboviruses.
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from Australia and Hubei reo-like virus 11 (APG79051, Shi et al. 2016a) detected in arthropods from
China. These arthropod-derived viruses share low RdRp AA similarity with members of the genus
Phytoreovirus (<26%) that were found in plant hosts and thus, in accordance with the ICTV
demarcation criteria for the family Reoviridae (King 2011) a new genus tentatively called Relicuvirus*

was proposed.

3 Relicuvirus (genus): From Reo-like Culicidae derived viruses.
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8 Conclusion and outlook

This pilot project aimed to identify the mosquito species present in the Atrato River valley in Northwest
Colombia and get insight into the virome of the most abundant mosquito species, to identify novel
viruses that might constitute a threat to human, animal, or crop health. Therefore, approx. 8000 adult
mosquitoes were identified and approx. 2000 mosquitoes were screened for viruses in an NGS-based
approach. In addition, six blood sample pools of 46 human finger-prick blood samples were screened
for viruses.

In the Atrato River valley, more than 43 anthropophilic mosquito species of 14 genera could be
identified by morphology and molecular markers (COI, ITS2). COI phylogeny gives evidence for at least
50 mosquito species (Figure 39), but only 40 could be identified at the species level (Table 17). About
80% of the collected specimens could be assigned to six predominant species: Ma. titillans (17,7%), Ps.
albipes (16,5%), An. darlingi (15,8%), An. nuneztovari (10,9%), Cq. venezuelensis (8,9%), and Cq. lynchi
(8,6%). Despite more than 100 years of investigation, the identification of mosquitoes is still a technical
challenge. Especially the identification of members of the genera Wyeomyia, Trichoprosopon,
Johnbelkinia, and Culex, subgenus Melanoconion caused problems and the specimens could only be
identified partly, as morphological identification often requires all life stages, dichotomous keys are
outdated or no barcoding regions are available, or because they might represent species that have not
been described yet.

In Colombia studies on mosquito diversity mostly focus on the identification of species of genera of
medical importance. Therefore, research is done mainly on Anopheles mosquitoes that are responsible
for the transmission of malaria (Montoya-Lerma et al. 2011, Naranjo-Diaz et al. 2019; Altamiranda-
Saavedra et al. 2017), or Aedes mosquitoes, particularly Ae. aegypti and Ae. albopictus, the main
vectors of Dengue, Chikungunya, and Zika among other diseases (Calle-Tobdn et al. 2022, Talbot et al.
2021). Moreover, researchers are interested in unraveling cryptic species complexes or groups (Sa et
al. 2020, Motoki et al. 2021), but comprehensive inventories on mosquito species diversity are rare
and frequently limited by sampling size due to the lack of financial resources for basic research. In
2018, Munoz-Gamba et al. (2021) collected mosquitoes from the rainforest in the Sierra Nevada de
Santa Marta, on the Northern coast of Colombia and identified seventeen species of seven genera,
despite the low sample size of 123 mosquitoes. In another study carried out in the forests of the
Magdalena Medio valley in 2017, Hoyos et al. (2021) collected 292 mosquitoes and were able to
identify twenty species of eight genera. The species found in both studies coincided partly with the
ones collected in our study and researchers faced the same problems we did with morphological

classification and barcoding.
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A more comprehensive species identification could be achieved by the recollection of all mosquito live
stages and comparison with detailed morphological species descriptions as well as the extension of
barcode marker regions databases. In this sense, this study contributed to the first COIl barcodes of Cq.
lynchi, Cq. venezuelensis, Ma. indubitans, Ps. albipes, and Ps. funiculus, and the first ITS2 barcodes for
An. neivai, Cq. lynchi, Cq. venezuelensis, Ma. indubitans, Ma. titillans, Oc. scapularis, Ps. albipes, Ps.
funiculus, Wy. luteoventralis and WYy. pertinans, which will facilitate molecular identification of the
mentioned species in the future.

We characterized the virome of eleven mosquito species, nine of which have been associated with the
transmission of diseases to animals or humans in former studies. An. darlingi and An. nuneztovari
correspond to the main malaria vectors in Colombia (Montoya-Lerma et al. 2011). Cq. venezuelensis
and Oc. serratus have been involved in Oropouche virus transmission in Brazil (Nunes et al. 2005,
Mourdao et al. 2009). Cx. quinquefasciatus, Cx. nigripalpus and Ma. titillans have been found infected
with St. Louis encephalitis virus, Western equine encephalitis virus, and West Nile fever virus among
other zoonotic diseases (Guo et al. 2016, Duguma et al. 2019, Beranek et al. 2018). Ps. albipes and Ps.
ferox play a role in Venezuelan equine encephalitis virus and La Crosse virus transmission (Aragdo et
al. 2019). Ps. funiculus and Cq. lynchi have not yet been associated with viral diseases. Based on the
phylogenetic analyses we assume, that the viruses found in this study are mainly insect or plant viruses
and are not of immediate pathogenic potential for humans or livestock. Nevertheless, studying the
mosquito virome is important, as a deeper understanding of virus evolution, genetic diversity, and
host-virus interaction is gained. Moreover, insect-specific viruses might be used as a biocontrol agent

against human health-relevant arboviruses or serve as vaccine candidates (Atoni et al. 2019).

Most of the viruses described in the mosquitoes could be ascribed to the (-)ssRNA viruses (96%),
emphasizing the evolutionary success and importance of this group. Interestingly some mosquito
species show a higher virus incidence and diversity than others. More than half (53,9%) of the
described virus species were found in Cx. quinquefasciatus, Ma. titillans and Cq. venezuelensis
mosquitoes. A trend via a mosquito species-specific virome could be observed. It is assumed that each
mosquito species has its specific habitat and habits and thus bears a specific virome that has evolved
along with the host and its environment. Most probably, the viruses detected in the mosquito pools
correspond to insect or plant viruses, but further studies are necessary for confirmation (e.g. in vitro
virus cultivation).

The genomes of 52 viruses derived from mosquito pools were sequenced completely or partly and
annotated. Nearly all the coding proteins for the 52 viruses were identified. For the (-)ssRNA viruses,
order Bunyavirales, three novel members of the family Phasmaviridae, Guagua virus, Coredo virus,

and Culex Phasma-like virus, and two members of the family Phenuiviridae, Narangue virus, and Atrato
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Gouko-like virus, were characterized. In the order Mononegavirales, two yet undescribed members of
the family Rhabdoviridae, Atrato Rhabdo-like virus 2 and 3 were described, and the genus
Atratorhabdovirus was established. Concerning the order Jingchuvirales, two members of the family
Chuviridae, Atrato Chu-like virus 1 and 2, were described. Moreover, two members of the family
Aliusviridae, Atrato Chu-like virus 2 and 3 were found.

Regarding the (+)ssRNA viruses in the order Picornavirales, members of the families Iflaviridae,
Marnaviridae and Polycipiviridae could be sequenced and annotated. Isla virus, Sabaleta virus,
Chajerado virus, and Atrato Picorna-like virus 1 belong to the family Iflaviridae. Atrato Picorna-like virus
1, belongs to the family Marnaviridae. In the family Polycipiviridae, Cacaos virus was described. In the
order Tymovirales, Gengado virus, and Murindo virus, two members of the family Tymoviridae were
described. The order Amarillovirales comprises the family Flaviviridae, of which three novel viruses
were found. Atrato Flavi-like virus 2 and 3 were isolated in C6/36 cell culture and are insect-specific
viruses sharing the Flavivirus characteristic genome. Atrato Flavi-like virus 1 on the other hand, has a
much longer genome of 22 kb, and only three proteins (Hel, Mt, RT) could be annotated in the
polyprotein, as the rest of the genome does not resemble any available viral proteins. Eight
representatives of the order Martellivirales, family Virgaviridae were found. Concerning the order
Sobelivirales, six representatives of the family Solemoviridae, Atrato Sobemo virus 1-6, were
characterized. Atrato Nege-like virus 1, a novel (+)ssRNA virus of the unofficial genus Negevirus that
has not been assigned to any order yet, has been described.

Concerning the reverse transcribing ssRNA viruses, Chibugado virus, a member of the family
Metaviridae, and Atrato Retro-like virus of the family Pseudoviridae were discovered. Relating to the
order Ghabrivirales, Salado virus, a member of the family Chrysoviridae, was characterized. Four more
yet undescribed representatives of the family Totiviridae - Atrato virus, Embera virus, Murri virus, and
Pisingos virus - were explored. Atrato Partiti-like virus 1-5 belong to the order Durnavirales, family
Partitiviridae. In the order Reovirales, Atrato Reo-like virus 1 of the family Reoviridae was found, but
only 4 monocistronic segments coding for an RdRp, an Rbp, a maCP, and a miCP could be annotated.
In the order Piccovirales Atrato Denso-like virus and Atrato Denso-like virus 1, two ssDNA viruses of
the family Parvoviridae were found.

Some of the viruses found in this study had been described before, but most were novel and many
gave rise to new taxa. All the mosquito-related viruses could be classified phylogenetically based on
the AA sequence of the polymerase protein, but only 14 species could be assigned to existing genera.
For the viruses that could not be assigned, novel genera were proposed based on the phylogenies and
taxa-specific criteria established by the ICTV. A total of thirteen new genera and one new family were
proposed. In the family Polycipiviridae, Cacaosvirus gave rise to the novel genus Caosvirus, in the family
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Flaviviridae, Atrato Flavi-like virus 1 to the genus Atratovirus, in the family Tymoviridae, Murindo virus
to the genus Mudovirus and Gengado virus to the genus Gendovirus, in the family Partitiviridae, Atrato
Partiti-like virus 6 to the genus Atrapavirus, in the family Totiviridae, Embera and Pisingos virus to the
genus Totcuvirus, and Murri virus to the genus Muratovirus, in the family Phenuiviridae, Atrato Gouko-
like virus 1 to the genus Zheemosvirus; in the family Chuviridae, Atrato Chu-like virus 2 to the genus
Atchuvirus; in the family Aliusviridae, Atrato Chu-like virus 4 to the genus Rachuvirus and Atrato Chu-
like virus 5 to the genus Oscuruvirus; in the family Rhabdoviridae, Atrato Rhabdo-like virus 2 to the
genus Atratorhabdovirus; in the family Reoviridae, Atrato Reo-like virus 1 to the genus Relicuvirus.
Hubei mosquito virus 4 gave rise to the new family Tolicuviridae.

To our knowledge, the present study is the first wide scale metagenomic study investigating the
mosquito virome promoted in Colombia. Nevertheless, in recent years some novel viruses have been
discovered in mosquitoes in Colombia through cell culture experiments. In 2017, Contreras et al.
described Balsa virus, a novel Rhabdovirus that was isolated from Cx. erraticus collected in the
municipality of San Bernardo del Viento on the Caribean coast. It shares a similar genome organization
with Arboretum virus isolated from Ae. fulvus and Puerto Almendras virus isolated from Ps. albigenu
in Puerto Almendras, Peru, and gave rise to the new genus Almendravirus within the family
Rhabdoviridae.

From the same study site, Sinu virus, a novel member of the genus Thogotovirus within the family
Othomyxoviridae (Contreras et al. 2017), and Chiqui virus, an unclassified member of the family
Reoviridae, were isolated from a pool of unidentified mosquitoes (Contreras-Gutiérrez et al. 2018).
The three viruses were isolated in C6/36 cells and their genomes were NGS-sequenced. They did not
replicate in vertebrate cells and seem to be insect-specific viruses (ISVs) that do not pose a threat to
humans or vertebrates. Nevertheless, investigating ISVs is of major importance, as they might have an
impact on the transmission of pathogenic arboviruses and the fitness of their vectors and thus could
be used as a control agent. In 2021, Patterson et al. investigated the effects of coinfection of mosquito
cells with Negeviruses and Alphaviruses and showed that the replication of Venezuelan equine
encephalitis virus and Chikungunya virus was inhibited by coinfection with Negeviruses inducing
superinfection exclusion. In addition, chimers of public health-relevant viruses and ISVs could serve as
vaccine candidates and contribute to the control of pathogen transmission (Patterson et al. 2020).

A total of twelve viruses could be detected in six blood sample pools of 46 patients with suspicion of
malaria infection. Apart from Atrato Partiti-like virus 3, a dsRNA virus of the family Partitiviridae, all
sequenced viruses belonged to the ssDNA viruses, and the majority were ascribed to the genera
Parvoviridae (41,5%) and Circoviridae (41,5%). Atrato human blood virus was assigned to the order
Cremevirales. Five more viruses of the order Circlivirales - Atrato circular strange virus 1, Atrato circular
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strange virus 1, Atrato Gemini-like virus, Reagent-associated CRESS-like virus 7, and Atrato Circo-like
virus 1 - were described. Members of the families Parvoviridae and Circoviridae have been related to
diseases in humans and non-human mammals and are transmitted horizontally by oral droplets or the
fecal-oral route. Since the discovery of Human Parvovirus B19 in 1974, the causing agent of the slapped
cheek syndrome, a rash-causing childhood disease, a variety of pathogens causing diseases in humans
have been identified (Jianming Qiu 2017). Members of the family Circoviridae have also been detected
in human and animal samples and might be associated with respiratory illness in humans (Tung Gia
Phan 2014). Thus, it is quite possible that the Parvoviruses and Circoviruses found in the human blood
samples in this study could be pathogenic to humans. Cell culture experiments in human cell lines
should be the next step to confirm the presumption. Hundreds of blood samples from patients that
saw a health center with suspicion of malaria infection were collected, but only 46 could be screened
for viruses due to scarcity of resources and time limitations. Nevertheless, twelve viruses could be
characterized in patients’ samples, but further cell culture experiments are necessary to confirm their
affiliation with human hosts and rule out contamination. From 2019 to 2022, Ciuoderis et al. (2022)
investigated acute febrile illnesses in patients from four Colombian cities - Cali, Leticia, Villavicencio,
Cucuta - and found evidence for malaria, dengue virus, and Oropouche virus infections in human serum
ina PCR and NGS based study. Of the 2967 patients screened, 20,7% resulted positive for dengue virus.
In addition, 68 Oropouche cases and ten coinfections with Oropouche virus and dengue virus could be
confirmed. Colombia is endemic for dengue virus that is transmitted to humans by the vectors Ae.
aegypti and Ae. albopictus. Since the introduction of Ae. albopictus to the USA in the early 1980s this
invasive and highly adaptable species spread throughout the Americas and thus the cases of Dengue,
Chikungunya, and Zika. In the Atrato River region, we could not confirm Dengue, Zika, or Chikungunya
transmission, but we were able to identify 30 specimens of Ae. albopictus, 24 of which were collected
in the municipality of Bellavista (Figure 4,Table 18). Oropouche virus is also endemic in Colombia and
is mainly transmitted by midges of the species Culicoides paraensis, but Ae. serratus and Cx.
quinquefasciatus might also be involved in transmission (Romero-Alvarez and Escobar 2018). Midges
were not subject to our study and none of the mosquitoes and human blood samples tested here were
infested with Oropouche virus. Apart from the viral agents, evidence was found for the presence of
bacterial and protozoan organisms in mosquitoes and human blood samples that might be pathogenic
to humans or insects.

In conclusion, the Atrato-River region in Northwest Colombia harbors a great diversity of mosquito
species that harbor species-specific viromes and play a crucial role in virus transmission and evolution.
Ongoing monitoring of the most abundantly collected mosquito species might lead to the discovery of
unknown or emergent diseases that could pose a threat to human health, livestock, and crops.
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11 Appendix

11.1 Mosquito barcoding regions

11.1.1 COI sequences of mosquitoes from the Atrato River valley

Table 15: NCBI blastn hits for the COI sequences from mosquito species found in this study

ID | Accession Seq. | NCBI blastn Hit Description/ species | Q. cov. | Per.ld. | Accession Hit
An. darlingi
Mr 136 MN997596 Anopheles darlingi isolate Northern mitochondrion, 100% 99,0% GQ918272.1
Mr 152 MN997604 Anopheles darlingi isolate MPC06-6 cytochrome c 100% 99,0% HMO022406.1
Mr 173 MN997588 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Mr 181 MN997585 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Mu 110 MN997584 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Mu 317 MN997587 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Mu 334 MN997595 Anopheles darlingi isolate Northern mitochondrion, 100% 99,0% GQ918272.1
Na 652 MN997592 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Na 788 MN997603 Anopheles darlingi cytochrome c oxidase subunit | 100% 99,7% MF598461.1
Ve 820 MN997602 Anopheles darlingi isolate MPC06-6 cytochrome c 99% 99,0% HM022406.1
Vi 2157 MN997599 Anopheles darlingi isolate MPC06-6 cytochrome ¢ 100% 99,0% HM022406.1
Am 164 MN997591 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
Am 258 MN997597 Anopheles darlingi isolate MPC06-6 cytochrome c 100% 99,0% HMO022406.1
Mr 30 MN997586 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
R 269 MN997600 Anopheles darlingi isolate MPC06-6 cytochrome c 100% 99,0% HMO022406.1
R 336 MN997593 Anopheles darlingi voucher AC20_21_100 100% 99,0% JF923693.1
R 743 MN997590 Anopheles darlingi isolate MPC06-6 cytochrome c 100% 99,0% HMO022406.1
Vi 8 MN997589 Anopheles darlingi isolate MPC06-6 cytochrome c 99% 99,0% HMO022406.1
R771 MN997601 Anopheles darlingi isolate MPC06-6 cytochrome c 100% 99,0% HMO022406.1
R 266 MN997598 Anopheles darlingi clone MS4_7 mitochondrion, 100% 99,1% MF381650.1
An. neivai
Mr 164 MN997605 Anopheles neivai isolate 1V50V210H10E1 92% 99,0% KU900811.1
An. nuneztovari
Ca2 MN997554 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca 27 MN997568 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Ca37 MN997576 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Ca 47 MN997583 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Cas5 MN997548 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca 65 MN997555 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca72 MN997556 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca79 MN997577 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Ca85 MN997578 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Ca93 MN997582 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mr 144 MN997544 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 208 MN997540 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 222 MN997550 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 230 MN997581 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mu 240 MN997572 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mu 247 MN997542 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 258 MN997571 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mu 283 MN997569 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mu 310 MN997580 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Mu 60 MN997545 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 72 MN997557 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Mu 98 MN997549 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Na 688 MN997546 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
R 315 MN997570 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
R 357 MN997575 Anopheles nuneztovari haplotype 28 cytochrome 93% 99,0% KU865556.1
R 364 MN997537 Anopheles nuneztovari haplotype 28 cytochrome 95% 100,0% KU865556.1
R 371 MN997559 Anopheles nuneztovari haplotype 28 cytochrome 94% 100,0% KU865556.1
R 523 MN997562 Anopheles nuneztovari haplotype 28 cytochrome 93% 100,0% KU865556.1
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Ve 113 MN997560 Anopheles nuneztovari haplotype 28 cytochrome 93% 100,0% KU865556.1
Vi324 MN997558 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Vi 532 MN997539 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Vi 575 MN997547 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Vi 801 MN997565 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Am 266 MN997566 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Am 297 MN997567 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Am 367 MN997573 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Cal11l MN997574 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Cal19 MN997541 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Cal28 MN997552 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Cal74 MN997538 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca 190 MN997536 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ca 196 MN997563 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
Ca 207 MN997564 Anopheles nuneztovari haplotype 28 cytochrome 100% 99,0% KU865556.1
R 380 MN997561 Anopheles nuneztovari haplotype 28 cytochrome 94% 100,0% KU865556.1
Ve 106 MN997551 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Ve 108 MN997553 Anopheles nuneztovari haplotype 28 cytochrome 100% 100,0% KU865556.1
Am 163 MN997579 Anopheles nuneztovari haplotype 28 cytochrome 96% 99,0% KU865556.1
An. pseudopunctipennis
R 324 MN997612 Anopheles pseudopunctipennis isolate MFO01-14 99% 99,0% HMO022407.1
An. punctimacula
Cu 209 MN997528 Anopheles punctimacula isolate GUA8501 100% 99,0% KC354818.1
R 256 MN997529 Anopheles punctimacula isolate GUA8501 99% 99,0% KC354818.1
R 365 MN997535 Anopheles punctimacula isolate SS1-12 cytochrome 97% 99,0% HQ622626.1
R 826 MN997534 Anopheles punctimacula isolate GUA8501 100% 99,0% KC354818.1
Ve 297 MN997533 Anopheles punctimacula isolate GUA8501 99% 99,0% KC354818.1
Vi677 MN997531 Anopheles punctimacula isolate GUA8501 100% 99,0% KC354818.1
Mu 88 MN997532 Anopheles punctimacula isolate GUA8501 100% 99,0% KC354818.1
Am 415 MN997530 Anopheles punctimacula isolate GUA8501 99% 99,0% KC354818.1
Cq. lynchi
Culex cinctellus mitochondrial COl gene for 99% 87,0% AB738190.1
Ves79 MN997675 Coquillettidia ochracea isolate 31-1 cytochrome 99% 87,0% KT358437.1
Coquillettidia ochracea isolate 31-1 cytochrome 100% 87,0% KT358437.1
Mr 421 MN997683 Culex cinctellus mitochondrial COl gene for 99% 87,0% AB738190.1
Ve 485 MN997684 Culex cinctellus mitochondrial COI gene for 93% 87,0% AB738190.1
Ve 707 MN997677 Culex cinctellus mitochondrial COI gene for 92% 87,0% AB738190.1
Ve 392 MN997678 Culex cinctellus mitochondrial COI gene for 94% 87,0% AB738190.1
Ve 624 MN997681 Culex cinctellus mitochondrial COl gene for 93% 87,0% AB738190.1
Coquillettidia ochracea isolate 31-1 cytochrome 100% 87,0% KT358437.1
Mr 214 MN997676 Culex cinctellus mitochondrial COI gene for 99% 87,0% AB738190.1
Ve 636 MN997679 Culex cinctellus mitochondrial COI gene for 99% 87,0% AB738190.1
Ve 754 MN997685 Culex cinctellus mitochondrial COl gene for 94% 88,0% AB738190.1
Ve 515 MN997680 Culex cinctellus mitochondrial COl gene for 96% 87,0% AB738190.1
Ve 487 MN997682 Culex cinctellus mitochondrial COI gene for 99% 87,0% AB738190.1
Cq. venezuelensis
Na 806 MN997705 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Na 628 MN997706 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Ve 302 MN997701 Coquillettidia nigricans isolate BAP8 cytochrome 81% 97,0% KM452754.1
Ca52 MN997707 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Cu 103 MN997686 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Ve 304 MN997704 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
R 454 MN997702 Coquillettidia nigricans isolate BAP8 cytochrome 80% 97,0% KM452754.1
Ve 268 MN997691 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Ca 146 MN997692 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Am 312 MN997696 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
Ve 249 MN997697 Coquillettidia nigricans isolate BAP8 cytochrome 84% 97,0% KM452754.1
R 83 MN997689 Coquillettidia nigricans isolate BAP8 cytochrome 81% 97,0% KM452754.1
Ve 259 MN997688 Coquillettidia nigricans isolate BAP8 cytochrome 85% 97,0% KM452754.1
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R 227 MN997694 Coquillettidia nigricans isolate BAP8 cytochrome 82% 97,0% KM452754.1
R13 MN997693 Coquillettidia nigricans isolate BAP8 cytochrome 83% 97,0% KM452754.1
Ve 276 MN997695 Coquillettidia nigricans isolate BAP8 cytochrome 82% 97,0% KM452754.1
R 224 MN997700 Coquillettidia nigricans isolate BAP7 cytochrome 80% 97,0% KM452753.1
R 969 MN997687 Coquillettidia nigricans isolate BAP8 cytochrome 81% 97,0% KM452754.1
R 22 MN997699 Coquillettidia nigricans isolate BAP8 cytochrome 80% 97,0% KM452754.1
R91 MN997690 Coquillettidia nigricans isolate BAP8 cytochrome 81% 97,0% KM452754.1
R 81 MN997698 Coquillettidia nigricans isolate BAP8 cytochrome 83% 97,0% KM452754.1
Ve 256 MN997703 Coquillettidia nigricans isolate BAP8 cytochrome 82% 97,0% KM452754.1
Cx. coronator
Culex saltanensis voucher FO10 cytochrome ¢ 99% 98,0% KF919232.1
Culex surinamensis voucher CDC3_1 cytochrome ¢ 99% 99,0% KF919233.1
Be 18 MN997483 Culex maxi mitochondrial partial COI gene for 100% 99,0% HE599225.
Culex coronator isolate RS10_109 mitochondrion, 100% 99,0% MF040162.1
Culex usquatissimus isolate RO25_19 mitochondrion, | 100% 99,0% MF040163.1
Culex maxi mitochondrial partial COI gene for 100% 99,0% HE599225.1
Mu 275 MN997482 Culex coronator isolate RS10_109 mitochondrion, 100% 99,0% MF040162.1
Culex usquatissimus isolate RO25_19 mitochondrion, | 100% 99,0% MF040163.1
Cx. sp. 10
Ve 300 MN997437 | Culex (Melanoconion) nr. gnomatos gnomat_AC 94% 98,0% KX779886.1
Cx. nigripalpus
Culex conspirator voucher ZFMK:PR069-Colombia 98% 99,0% KM593054.1
Culex nigripalpus voucher ZFMK:PR007-Colombia 96% 99,0% KM592992.1
Culex declarator voucher ZFMK:PR032-Colombia COI 98% 99,0% KM593017.1
Ve 157 MN997478 Culex lactator voucher ZFMK:PR012-Colombia COI 98% 98,0% KM592997.1
Culex bidens isolate Cx_bidens_Cba_15_14 93% 99,0% KY581215.1
Culex interfor isolate Cx_interfor_LR_15_23 93% 99,0% KY581272.1
Culex mollis voucher MB10225 cytochrome oxidase 93% 99,0% MF172288.1
Culex declarator voucher ZFMK:PR061-Colombia COI 100% 99,0% KM593046.1
Culex interfor isolate Cx_interfor_LR_15_23 99% 99,0% KY581272.1
Mr 165 MN997474 Culex conspirator voucher ZFMK:PR069-Colombia 100% 99,0% KM593054.1
Culex nigripalpus voucher ZFMK:PR007-Colombia 100% 100,0% KM592992.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 100,0% MF172288.1
Culex nigripalpus voucher ZFMK:PR0O07-Colombia 100% 99,0% KM592992.1
Ve 150 MN997476 - -
Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
Culex interfor isolate Cx_interfor_LR_15_23 99% 99,0% KY581272.1
Culex declarator voucher ZFMK:PR0O70-Colombia COI 100% 99,0% KM593055.1
97481 Culex bidens isolate Cx_bidens_Cba_15_14 99% 99,0% KY581215.1
Mu 206 MN9 Culex conspirator voucher ZFMK:PR069-Colombia 100% 99,0% KM593054.1
Culex nigripalpus voucher ZFMK:PR00O7-Colombia 100% 99,0% KM592992.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
Culex nigripalpus voucher PR cytochrome c oxidase 99% 99,0% KF919231.1
Ve 404 MN997480 - -
Culex conspirator voucher ZFMK:PR069-Colombia 98% 99,0% KM593054.1
Culex declarator voucher ZFMK:PR032-Colombia COI 98% 99,0% KM593017.1
Culex conspirator voucher ZFMK:PR069-Colombia 100% 99,0% KM593054.1
Mu 330 MN997472 Culex nigripalpus voucher ZFMK:PRO07-Colombia 100% 99,0% KM592992.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 99,9% MF172288.1
Am 347 MN997470 — -
Culex nigripalpus voucher ZFMK:PR007-Colombia 100% 99,0% KM592992.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 100,0% MF172288.1
Ve 19 MN997473 — -
Culex nigripalpus voucher ZFMK:PR007-Colombia 100% 100,0% KM592992.1
Culex nigripalpus voucher ZFMK:PR0O07-Colombia 100% 100,0% KM592992.1
Ve 447 MN997475 - -
Culex mollis voucher MB10225 cytochrome oxidase 100% 100,0% MF172288.1
2477 Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
Ve 892 MN99 Culex nigripalpus voucher ZFMK:PR0O07-Colombia 100% 99,0% KM592992.1
Culex mollis voucher MB10225 cytochrome oxidase 100% 100,0% MF172288.1
Ve 399 MN997479 Culex nigripalpus voucher ZFMK:PR007-Colombia 100% 100,0% KM592992.1
Ve 156 MN997471 Culex mollis voucher MB10225 cytochrome oxidase 100% 99,0% MF172288.1
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Culex nigripalpus voucher ZFMK:PR007-Colombia 100% 99,0% KM592992.1
Cx. quinquefasciatus
Mu 23 MN997457 Culex pipiens mitochondrial partial COI gene for 100% 99,0% HG793437.1
Am 413 MN997460 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Mu 118 MN997459 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Mu 38 MN997467 Culex pipiens mitochondrial partial COI gene for 100% 100,0% HF562662.1
Am 394 MN997462 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Vi 1066 MN997463 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Mu 9 MN997464 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Am 417 MN997465 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Am 411 MN997466 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Am 375 MN997468 Culex quinquefasciatus from USA mitochondrion, 99% 99,0% HQ724617.1
Am 385 MN997458 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Am 454 MN997461 Culex pipiens isolate stin.cpip_contig781 cytochrome | 100% 100,0% KP293425.1
Am 462 MN997469 Culex pipiens mitochondrial partial COI gene for 100% 99,0% HG793467.1
Cx. sp. 2
Vi 1383 MN997450 | Culex (Melanoconion) nr. portesi AC312_8 100% 99,0% KX779889.1
Cx. educator
Am 253 MN997411 Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
Am 256 VIN997416 Culex educator voucher ZFMK:PR057-Colombia COI 100% 99,0% KM593042.1
Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
Mu 45 VIN997413 Culex educator voucher ZFMK:PR057-Colombia COI 100% 99,0% KM593042.1
Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
Bo 48 VIN997412 Culex educator voucher ZFMK:PR057-Colombia COI 100% 99,0% KM593042.1
Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
R 58 MN997415 Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
R 38 VIN997414 Culex educator voucher ZFMK:PR057-Colombia COI 100% 99,0% KM593042.1
Culex (Melanoconion) nr. theobaldi AC127_1 100% 99,0% KX779891.1
Cx. rabelloi
Ve 866 MN997527 | Culex rabelloi voucher PA1_2 cytochrome c oxidase 100% 98.33% KX779859.1
Cx.sp. 8
Ve 400 MN997443 Culex (Melanoconion) nr. vomerifer AC322_1 93% 98,0% KX779888.1
Ve 897 MN997445 Culex (Melanoconion) nr. vomerifer AC322_1 93% 98,0% KX779888.1
Ve 891 MN997444 Culex (Melanoconion) nr. vomerifer AC322_1 100% 98,0% KX779888.1
Ve 893 MN997446 Culex (Melanoconion) nr. vomerifer AC322_1 92% 98,0% KX779888.1
Ve 983 MN997447 Culex (Melanoconion) nr. vomerifer AC322_1 100% 98,0% KX779888.1
Ve 815 MN997448 Culex (Melanoconion) nr. vomerifer AC322_1 92% 98,0% KX779888.1
Ve 908 MN997449 Culex (Melanoconion) nr. vomerifer AC322_1 100% 98,0% KX779888.1
Cx.sp. 2
Ve 743 MN997434 | Culex (Melanoconion) nr. pedroi AC153_1 100% 98,0% KX779887.1
Cx.sp. 1
Ve 405 MN997455 Culex spissipes voucher spis_2 cytochrome c oxidase 93% 96,0% KX779869.1
Ve 407 MN997410 Culex spissipes voucher spis_2 cytochrome c oxidase 96% 96,2% KX779869.1
Am 260 MN997452 Culex spissipes voucher spis_2 cytochrome c oxidase 100% 96,0% KX779869.1
Ve 408 MN997453 Culex spissipes voucher spis_2 cytochrome c oxidase 92% 96,0% KX779869.1
R 522 MN997451 Culex spissipes voucher spis_2 cytochrome c oxidase 93% 96,0% KX779869.1
Am 313 MN997455 Culex spissipes voucher spis_2 cytochrome c oxidase 93% 96,0% KX779869.1
Ve 656 MN997456 Culex spissipes voucher spis_2 cytochrome c oxidase 100% 95,0% KX779869.1
Cx.sp.3
Ve 433 VIN997426 Culex intrincatus voucher PM1_4 cytochrome ¢ 92% 96,0% KX779831.1
Culex conspirator voucher ZFMK:PR065-Colombia 98% 95,0% KM593050.1
Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 94,0% KM593050.1
Vel VIN997425 Culex idottus voucher SP71_117 cytochrome ¢ 100% 95,0% KX779819.1
Culex eastor voucher 1B cytochrome c oxidase 100% 95,0% KX779803.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 93% 96,0% KX779831
Ve 425 MN997428 Culex intrincatus voucher PM1_4 cytochrome c 100% 96,0% KX779831.1
Ve 886 MN997708 Culex intrincatus voucher PM1_4 cytochrome ¢ 100% 96,0% KX779831.1
Ve 431 VIN997420 Culex +G292:M293conspirator voucher 98% 95,0% KM593050.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 93% 96,0% KX779831.1
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Ve 446 MN997422 Culex intrincatus voucher PM1_4 cytochrome ¢ 100% 96,0% KX779831.1
Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 94,0% KM593050.1
Ve 434 MN997423 Culex intrincatus voucher PM1_4 cytochrome ¢ 92% 96,0% KX779831.1
Culex idottus voucher SP71_117 cytochrome ¢ 92% 95,0% KX779819.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 92% 96,0% KX779831.1
Veas2 MN997424 Culex conspirator voucher ZFMK:PR065-Colombia 98% 95,0% KM593050.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 100% 96,0% KX779831.1
Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 95,0% KM593050.1
Ve 894 MN997418 —
Culex intrincatus voucher PM1_4 cytochrome ¢ 93% 96,0% KX779831.1
Culex idottus voucher SP71_117 cytochrome ¢ 93% 95,0% KX779819.1
Ve 438 MN997421 Culex intrincatus voucher PM1_4 cytochrome ¢ 96% 96,0% KX779831.1
Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 95,0% KM593050.1
Vea4s MN997417 Culex intrincatus voucher PM1_4 cytochrome ¢ 92% 96,0% KX779831.1
N997419 Culex atratus isolate AO3 cytochrome c oxidase 99% 95,3% MH376749.1
Ve 863 M Culex intrincatus voucher PM1_4 cytochrome ¢ 93% 96,0% KX779831.1
Culex idottus voucher SP71_117 cytochrome ¢ 99% 96,0% KX779819.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 99% 96,0% KX779831.1
Ve 888 MN997427 Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 95,0% KM593050.1
Culex intrincatus voucher PM1_4 cytochrome ¢ 92% 96,0% KX779831.1
Culex idottus voucher SP71_117 cytochrome ¢ 92% 96,0% KX779819.1
Cx.sp. 4
Culex conspirator voucher ZFMK:PR0O65-Colombia 98% 96,0% KM593050.1
Ve 804 MN997430 Culex eastor voucher 1B cytochrome c oxidase 93% 96,0% KX779803.1
Culex intrincatus voucher PA1_5 cytochrome c 93% 95,0% KX779828.1
Culex intrincatus voucher PA1_5 cytochrome c 100% 95,0% KX779828.1
Culex eastor voucher 1B cytochrome c oxidase 100% 96,0% KX779803.1
Ve 803 MN997432 Culex conspirator voucher ZFMK:PR068-Colombia 100% 96,0% KM593053.1
Culex eastor voucher 1B cytochrome c oxidase 100% 96,0% KX779803.1
Culex conspirator voucher ZFMK:PR068-Colombia 98% 95,0% KM593053.1
Ve 830 MN997433 Culex eastor voucher 1B cytochrome c oxidase 93% 96,0% KX779803.1
Culex intrincatus voucher PA1_5 cytochrome c 93% 95,0% KX779828.1
Culex intrincatus voucher PA1_5 cytochrome c 100% 95,0% KX779828.1
Ve 529 MN997431 Culex eastor voucher 1B cytochrome c oxidase 100% 96,0% KX779803.1
Culex conspirator voucher ZFMK:PR068-Colombia 98% 96,0% KM593053.1
Culex conspirator voucher ZFMK:PR0O65-Colombia 100% 96,0% KM593050.1
Ve 531 MN997429 Culex intrincatus voucher PM1_1x cytochrome c 100% 96,0% KX779826.1
Culex eastor voucher 1B cytochrome c oxidase 100% 96,0% KX779803.1
Cx.sp. 5
Culex (Melanoconion) nr. pedroi ped1 cytochrome ¢ 94% 95,0% KX779846.1
Ve 409 MN997439 -
Culex (Melanoconion) nr. gnomatos gnomat_AC 94% 93,0% KX779886.1
Culex (Melanoconion) nr. gnomatos gnomat_AC 100% 93,0% KX779886.1
Ve 406 MN997440 Culex (Melanoconion) nr. pedroi ped1 cytochrome ¢ 92% 95,0% KX779846.1
R 996 MN997438 Culex (Melanoconion) nr. pedroi ped1 cytochrome ¢ 100% 95,0% KX779846.1
Cx.sp. 6
Culex (Melanoconion) nr. pedroi ped1 cytochrome ¢ 100% 93,0% KX779846.1
Ve 717 MN997435 -
Culex (Melanoconion) nr. gnomatos gnomat_AC 100% 96,0% KX779886.1
Ve 853 MN997436 Culex (Melanoconion) nr. gnomatos gnomat_AC 93% 96,0% KX779886.1
Cx.sp. 7
Culex pedroi isolate Cped11 cytochrome c oxidase 99% 93,0% KX379626.1
Ve 848 MN997441 Culex crybda voucher AC316_9 cytochrome c 99% 93,0% KX779884.1
Culex ribeirensis voucher 1G20_13 cytochrome ¢ 100% 93,0% KX779863.1
Culex pedroi isolate Cped11 cytochrome c oxidase 99% 93,0% KX379626.
Culex crybda voucher AC316_9 cytochrome c 99% 93,0% KX779884.1
Ve 887 MN997442 Culex ribeirensis voucher 1G20_13 cytochrome ¢ 94% 93,0% KX779863.1
Culex crybda voucher AC316_9 cytochrome c 94% 93,0% KX779884.1
Culex pedroi isolate Cped11 cytochrome c oxidase 94% 93,0% KX379626.
Hg. lucifer
Ro 299 MN997668 Haemagogus lucifer isolate CDCLB3-2_1 cytochrome 68% 99,0% KT766506.1

Li. durhamii
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R 292 MN997613 Limatus durhamii voucher MB10129 cytochrome 100% 99.85% MF172331.1
Ma. indubitans

Culex crybda voucher AC316_9 cytochrome c 99% 90,0% KX779884.1

Mu 145 MN997669 Ochlerotatus aurifer voucher NEONTculicid2038 100% 91,0% JX259522.1
Mansonia titillans isolate CCSBVCH_Ma.titi5 100% 90,1% KY859902.1

Mu 164 MIN997670 Culex crybda voucher AC307_12 cytochrome ¢ 99% 90,0% KX779881.1
Ochlerotatus aurifer voucher NEONTculicid2038 100% 91,0% JX259522.1

Mu 329 MN997672 Ochlerotatus aurifer voucher NEONTculicid2038 100% 91,0% JX259522.1
Mu 155 MIN997671 Culex bitaeniorhynchus voucher 20974 _CxbitB09 100% 90,0% KU380407.1
Ochlerotatus aurifer voucher NEONTculicid2038 100% 91,0% JX259522.1

Ma. titillans

Haemagogus lucifer voucher ZFMK:PR0O51-Colombia 96% 89,0% KM593036.1

R 968 MN997666 Culex (Melanoconion) nr. vomerifer AC322_1 99% 88,0% KX779888.1
Wyeomyia splendida voucher MB10652 cytochrome 100% 89,0% MF172500.1

Am 355 MN997667 Wyeomyia splendida voucher MB10652 cytochrome 100% 89,0% MF172500.1
Haemagogus lucifer voucher ZFMK:PR0O51-Colombia 91% 89,0% KM593036.1

Na 755 MN997665 Wyeomyia splendida voucher MB10652 cytochrome 100% 88,0% MF172500.1

Ma. sp. 1
Ca 130 MN997674 Mansonia titillans isolate CCSBVCH_Ma.titi5 100% 99,4% KY859902.1
Ma. sp. 2
Mu 148 I Mansonia titillans isolate CCSBVCH_Ma.titi5 100% 88,6% KY859902.1
Culex ribeirensis voucher 1G20_13 cytochrome ¢ 99% 88,4% KX779863.1
Oc. angustivittatus
Am 17 MN997504 Ochlerotatus angustivittatus voucher ZFMK:PRO76- 100% 99,0% KM593061.1
Oc. scapularis
Ve 211 not available | Ochlerotatus scapularis voucher ST10038 95% 99,0% MF172266.1
Ve 282 MN997484 Ochlerotatus scapularis voucher ST10288 92% 99,0% MF172267.1
Oc. serratus

Ochlerotatus atlanticus voucher NEONTculicid2130 100% 97,0% JX259519.1
R 433 MN997486 Ochlerotatus pertinax cytochrome oxidase subunit | 99% 98,0% MG242509.1
Ochlerotatus serratus voucher ST10048 cytochrome 100% 98,0% MF172270.1

Am 233 MN997500 Ochlerotatus serratus voucher ST10048 cytochrome 100% 98,0% MF172270.1
Ochlerotatus serratus voucher ST10046 cytochrome 100% 98,0% MF172269.1
Ve 606 VIN997499 Ochlerotatus pertinax cytochrome oxidase subunit | 94% 99,0% MG242509.1
Ochlerotatus serratus voucher ST10046 cytochrome 94% 98,0% MF172269.1

Ochlerotatus atlanticus voucher NEONTculicid2130 94% 96,0% JX259519.1

Ochlerotatus serratus voucher ST10048 cytochrome 100% 98,0% MF172270.1

Ve 668 MN997498 Ochlerotatus atlanticus voucher NEONTculicid2130 100% 97,0% JX259519.1
Ochlerotatus pertinax cytochrome oxidase subunit | 92% 98,0% MG242509.1

Ve 660 MN997492 Ochlerotatus serratus voucher ST10048 cytochrome 93% 98,0% MF172270.1
Ve 486 MN997489 Ochlerotatus serratus voucher ST10048 cytochrome 100% 98,0% MF172270.1
Ochlerotatus pertinax cytochrome oxidase subunit | 99% 98,0% MG242509.1

Bo 119 MN997485 Ochlerotatus serratus voucher ST10048 cytochrome 99% 98,0% MF172270.1
Ochlerotatus atlanticus voucher NEONTculicid2130 99% 97,0% JX259519.1

Ochlerotatus serratus voucher ST10048 cytochrome 94% 98,0% MF172270.1

Ve 420 MN997488 Ochlerotatus atlanticus voucher NEONTculicid2130 94% 97,0% JX259519.1
Ochlerotatus pertinax cytochrome oxidase subunit | 94% 98,0% MG242509.1

Vi1179 MN997491 Ochlerotatus serratus voucher ST10046 cytochrome 100% 98,0% MF172269.1
Ochlerotatus pertinax cytochrome oxidase subunit | 99% 98,0% MG242509.1

R 607 MN997487 Ochlerotatus atlanticus voucher NEONTculicid2130 100% 97,0% JX259519.1
Ochlerotatus serratus voucher ST10048 cytochrome 100% 98,0% MF172270.1

R 439 MN997490 Ochlerotatus serratus voucher ST10046 cytochrome 93% 98,0% MF172269.1
Ochlerotatus atlanticus voucher NEONTculicid2130 96% 97,0% JX259519.1
Ve 201 MN997497 Ochlerotatus pertinax cytochrome oxidase subunit | 96% 98,0% MG242509.1
Ochlerotatus serratus voucher ST10048 cytochrome 96% 99,0% MF172270.1
R511 MN997495 Ochlerotatus serratus voucher ST10048 cytochrome 93% 99,0% MF172270.1
Ve 165 MN997496 Ochlerotatus serratus voucher ST10048 cytochrome 100% 99,0% MF172270.1
Ve 784 MN997493 Ochlerotatus serratus voucher ST10048 cytochrome 93% 99,0% MF172270.1
Ve 530 MN997494 Ochlerotatus serratus voucher ST10048 cytochrome 100% 99,0% MF172270.1
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Oc. sp. 1
Ochlerotatus pertinax cytochrome oxidase subunit | 94% 95,0% MG242509.1
Ve 797 MN997502 Ochlerotatus serratus voucher ST10046 cytochrome 94% 94,0% MF172269.1
Ochlerotatus atlanticus voucher NEONTculicid2130 94% 94,0% JX259519.1
Ochlerotatus serratus voucher ST10286 cytochrome 99% 95,0% MF172268.1
Ve 514 MN997503 Ochlerotatus pertinax cytochrome oxidase subunit | 99% 95,0% MG242509.1
Ochlerotatus atlanticus voucher NEONTculicid2131 92% 95,0% JX259518.1
Oc. sp. 2
Ochlerotatus atlanticus cytochrome oxidase subunit 99% 95,3% MG242469.1
Vi1316 MN997501 Ochlerotatus pertinax cytochrome oxidase subunit | 99% 95,0% MG242509.1
Ochlerotatus serratus voucher ST10046 cytochrome 99% 95,0% MF172269.1
Ps. albipes
Ve 264 MN997523 Psorophora ferox voucher ZFMK:PR077-Colombia 99% 94,0% KM593062.1
Ve 13 MN997522 Psorophora ferox voucher ZFMK:PR0O77-Colombia 95% 94,0% KM593062.1
Be 24 MN997526 Psorophora ferox voucher ST10041 cytochrome 100% 94,0% MF172349.1
Vioaa MN997521 Psorophora ferox voucher ST10041 cytochrome 100% 95,0% MF172349.1
Be 3 MN997520 Psorophora ferox voucher ST10049 cytochrome 100% 95,0% MF172347.1
Am 31 MN997525 Psorophora ferox voucher ZFMK:PR052-Colombia 97% 94,0% KM593037.1
Am 557 MN997524 Psorophora ferox voucher ST10049 cytochrome 100% 95,0% MF172347.1
Ps. cingulata
Mu 280 | MN997513 | Psorophora cingulata voucher ZFMK:PR004- | 100% | 99,0% | KM592989.1
Ps. colombiae
Mu75 | MN997514 | Psorophora columbiae cytochrome oxidase subunit| | 99% | 99,0% |  MG242534.1
| Ps. ferox
Mr 200 MN997517 Psorophora ferox voucher ZFMK:PR0O77-Colombia 100% 99,0% KM593062.1
Vi 1882 MN997515 Psorophora ferox voucher ZFMK:PR0O77-Colombia 100% 99,0% KM593062.1
Ve 197 MN997516 Psorophora ferox voucher ZFMK:PR0O77-Colombia 96% 99,0% KM593062.1
Am 61 MN997519 Psorophora ferox voucher ST10293 cytochrome 100% 99,0% MF172348.1
Vi 166 MN997518 Psorophora ferox voucher ST10049 cytochrome 100% 99,0% MF172347.1
Ps. funiculus
Psorophora (Grabhamia) sp. RHL-2015 isolate 82% 99,0% KM452781.1
Ve 648 MN997507 -
Psorophora cingulata voucher ZFMK:PR004- 98% 94,0% KM592989.1
Vi 1251 MN997511 Psorophora (Grabhamia) sp. RHL-2015 isolate 85% 99,0% KM452781.1
Psorophora (Grabhamia) sp. RHL-2015 isolate 85% 98,0% Km452781.1
Ve 661 MN997505 -
Psorophora cingulata voucher ZFMK:PR004- 98% 94,0% KM592989.1
Psorophora (Grabhamia) sp. RHL-2015 isolate 84% 98,0% KMm452781.1
Vi99l MN997506 -
Psorophora cingulata voucher ZFMK:PR004- 99% 95,0% KM592989.1
Psorophora (Grabhamia) sp. RHL-2015 isolate 83% 98,0% KM452781.1
Ve 623 MN997510 -
Psorophora cingulata voucher ZFMK:PR004- 99% 94,0% KM592989.1
Ve 649 MN997512 Psorophora (Grabhamia) sp. RHL-2015 isolate 82% 98,0% KMm452782.1
Psorophora cingulata voucher ZFMK:PR0O04- 98% 95,0% KM592989.1
Ve 758 MN997508 Psorophora (Grabhamia) sp. RHL-2015 isolate 82% 98,0% KM452782.1
Psorophora cingulata voucher ZFMK:PR004- 98% 95,0% KM592989.1
Ve756 MN997509 Psorophora (Grabhamia) sp. RHL-2015 isolate 80% 98,0% KMm452782.1
St. albopicta (Ae. albopictus)
Am 274 MN997608 Aedes albopictus haplotype 38 cytochrome oxidase 100% 100,0% MF148286.1
Ve 483 MN997609 Aedes albopictus haplotype H34 cytochrome c 100% 99,0% KC690929.1
Am 348 MN997610 Aedes albopictus haplotype 38 cytochrome oxidase 100% 100,0% MF148286.1
Am 213 MN997611 Aedes albopictus haplotype H34 cytochrome ¢ 100% 99,9% KC690929.1
Am 346 MN997606 Aedes albopictus haplotype 44 cytochrome oxidase 100% 99,0% MF148292.1
Am 435 MN997607 Aedes albopictus haplotype 44 cytochrome oxidase 100% 99,0% MF148292.1
Tr. digitatum
Ve 580 MN997658 Trichoprosopon digitatum voucher MB10002 93% 100,0% MF172408.1
Tr. sp. 1
Trichoprosopon digitatum voucher CCDB-10764-A10 100% 93,0% KF671033.1
Ve 42 MN997654 Trichoprosopon compressum voucher ST10251 93% 94,0% MF172405.1
Trichoprosopon digitatum voucher CCDB-10764-A10 100% 93,0% KF671033.1
Ve 582 MN997656 Trichoprosopon compressum voucher ST10251 95% 94,0% MF172405.1
Ve 545 MN997655 Trichoprosopon digitatum voucher CCDB-10764-A10 96% 93,0% KF671033.1
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Shannoniana schedocyclia voucher ST10241 96% 93,0% MF172384.1
Trichoprosopon compressum voucher ST10251 96% 94,0% MF172405.1
Ve 497 VIN997657 Trichoprosopon digitatum voucher CCDB-10764-A10 95% 93,0% KF671033.1
Trichoprosopon compressum voucher ST10251 95% 94,0% MF172405.1

Tr. Sp. 2
Ve 535 MN997653 Trichoprosopon digitatum voucher MB10002 92% 94,5% MF172408.1

Tr.sp. 3
R 118 MN997663 Wyeomyia lamellata voucher MB10209 cytochrome 100% 95,0% MF172448.1
Wyeomyia complosa voucher MB10297 cytochrome 100% 91,0% MF172438.1

Tr. sp. 4
Ve 504 VIN997662 Wyeomyia complosa voucher MB10297 cytochrome 100% 91,0% MF172438.1
Wyeomyia surinamensis voucher MB10482 93% 93,0% MF172514.1

Tr.sp. 5
R 432 MN997659 Wyeomyia aporonoma voucher MB10691 92% 91,0% MF172423.1
Wyeomyia complosa voucher MB10447 cytochrome 92% 92,0% MF172439.1

Wy. aporonoma
Ve 760 MN997648 Wyeomyia aporonoma voucher MB10691 100% 97,0% MF172423.1
R 391 MN997650 Wyeomyia aporonoma voucher MB10691 93% 97,0% MF172423.1
Ve 507 MN997651 Wyeomyia aporonoma voucher MB10691 93% 97,0% MF172423.1
Wy. luteoventralis
Mu 338 MN997661 Wyeomyia luteoventralis voucher ZFMK:PRO55- 100% 100,0% KM593040.1
Mu 339 MN997660 Wyeomyia luteoventralis voucher ZFMK:PR055- 98% 99,7% KM593040.1
Wy. melanocephala
R 156 MN997664 Wyeomyia melanocephala voucher MB10264 93% 97,0% MF172463.1
Wy. pertinans

R 216 MN997617 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 757.1 MN997616 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 673 MN997614 Wyeomyia pertinans voucher MB10503 cytochrome 95% 98,0% MF172479.1
R 201 MN997620 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R113 MN997621 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 769 MN997622 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 762 MN997623 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 778 MN997624 Wyeomyia pertinans voucher MB10503 cytochrome 94% 98,0% MF172479.1
Ve 788 MN997625 Wyeomyia pertinans voucher MB10503 cytochrome 95% 98,0% MF172479.1
Ve 763 MN997636 Wyeomyia pertinans voucher MB10503 cytochrome 92% 98,0% MF172479.1
R 295 MN997648 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R 291 MN997619 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Vi1204 MN997626 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 783 MN997618 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
R 422 MN997615 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R 438 MN997632 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
R 198 MN997633 Wyeomyia pertinans voucher MB10503 cytochrome 92% 98,0% MF172479.1
Ve 772 MN997629 Wyeomyia pertinans voucher MB10503 cytochrome 94% 99,0% MF172479.1
R 420 MN997627 Wyeomyia pertinans voucher MB10503 cytochrome 100% 99,0% MF172479.1
R 150 MN997628 Wyeomyia pertinans voucher MB10503 cytochrome 100% 99,0% MF172479.1
Ve 753 MN997634 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 759 MN997635 Wyeomyia pertinans voucher MB10503 cytochrome 95% 98,0% MF172479.1
Ve 802 MN997630 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
Mu 341 MN997631 Wyeomyia pertinans voucher MB10503 cytochrome 100% 99,0% MF172479.1
Ve 785 MN997643 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
Ve 502 MN997642 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R 158 MN997641 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R 782 MN997644 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
R 192 MN997647 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
Ve 381 MN997637 Wyeomyia pertinans voucher MB10503 cytochrome 92% 98,0% MF172479.1
Ve 465 MN997640 Wyeomyia pertinans voucher MB10503 cytochrome 94% 98,0% MF172479.1
R 633 MN997638 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 776 MN997639 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Ve 500 MN997645 Wyeomyia pertinans voucher MB10503 cytochrome 93% 98,0% MF172479.1
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Ve 508 MN997646 Wyeomyia pertinans voucher MB10503 cytochrome 100% 98,0% MF172479.1
Wy. sp. 1
Wyeomyia aporonoma voucher MB10691 99% 92,0% MF172423.1
R 169 MN997652 Wyeomyia arthrostigma voucher MB10347 99% 91,0% MF172432.1
Wyeomyia aphobema voucher CCDB-10764-B10 99% 91,0% KF671035.1

11.1.2 ITS2 sequences of mosquitoes from the Atrato River valley

Table 16: NCBI blastn hits for ITS2 sequences from mosquito species found in this study

ID | Accession Seq. | NCBI blastn Hit Description/ species | Q. cov. | Per. Id. | Accession Hit
An. apicimacula
Mu 1 | MT151997 | Anopheles apicimacula 5.8S ribosomal RNA gene, partial | 100% | 99,0% | KF436935.1
An. darlingi
Na 652 MT151916 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 100,0% KF436940.1
Na 647 MT151917 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 100,0% KF436940.1
Na 600 MT151918 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 100,0% KF436940.1
Mr 181 MT151919 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 100,0% KF436940.1
Na 788 MT151920 Anopheles darlingi 5.8S ribosomal RNA gene, partial 99% 99,8% KF436940.1
Vi 2157 MT151943 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 99,6% KF436940.1
Na 573 MT151921 Anopheles darlingi 5.8S ribosomal RNA gene, partial 100% 100,0% KF436940.1
An. neivai
Mr 164 MT151946 Anopheles homunculus isolate E-10225 clone 1 5.8S 100% 81,0% FJ176952.1
An. nuneztovari
Ca 201 MT151922 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,4% KF436936.1
Mu 98 MT151923 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,8% KF436936.1
Vi 575 MT151924 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Vi324 MT151925 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Mr 144 MT151926 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca 207 MT151927 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca 128 MT151928 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca79 MT151929 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca 65 MT151930 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca37 MT151931 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca2 MT151932 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Calll MT151933 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca279 MT151934 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Vi532 MT151935 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,8% KF436936.1
Na 688 MT151936 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,8% KF436936.1
Mu 72 MT151937 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,8% KF436936.1
Cal74 MT151938 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 99,8% KF436936.1
Vi 801 MT151939 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Cal19 MT151940 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca 85 MT151941 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca72 MT151944 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.1
Ca93 MT151947 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.
Ca 190 MT151948 Anopheles nuneztovari 5.8S ribosomal RNA gene, partial 100% 100,0% KF436936.
An. pseudopunctipennis
Mu 295 MT151998 Anopheles pseudopunctipennis 5.8S rRNA gene, complete 100% 98,1% U49735.1
An. punctimacula
Vi677 MT151952 Anopheles punctimacula 5.8S ribosomal RNA gene and 100% 99,8% KF436941.1
Mr 88 MT151953 Anopheles punctimacula 5.8S ribosomal RNA gene and 100% 99,5% KF436941.1
Cu 209 MT151954 Anopheles punctimacula 5.8S ribosomal RNA gene and 100% 99,5% KF436941.1
Cq. lynchi
Mr 214 MT151942 Culex atratus B Williams & Savage (2009) voucher FL2007- 36% 89,3% HQ317357.1
Culex atratus B Williams & Savage (2009) voucher FL2007- 33% 85,9% HQ317357.1
Mr-44 MT151950 Aedes palpalae partial 5.8S rRNA gene, ITS2 and partial 39% 83,0% FM211130.1
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Aedes belleci partial 5.8S rRNA gene, ITS2 and partial 285 39% 83,0% FM211125.1
Aedes nigropterum partial 5.8S rRNA gene, ITS2 and 39% 83,0% FM211127.1
Aedes circumluteolus partial 5.85 rRNA gene, ITS2 and 39% 83,0% FM211131.1
Cqg. venezuelensis
Vi 2149 Tripteroides atripes voucher VAITC4313 5.8S ribosomal 50% 93,6% KU495708.1
MT151955 Culex nigripalpus clone FINGITS5 18S ribosomal RNA 44% 91,4% AF521663.1
Cu103 MT151956 Tripteroides atripes voucher VAITC4313 5.8S ribosomal 45% 91,5% KU495708.1
Culex mulrennani voucher FL2006-27-02 clone 2 18S 45% 91,6% HQ317374.1
Ca99 MT151966 Tripteroides atripes voucher VAITC4313 5.8S ribosomal 43% 92,1% KU495708.1
Na 628 Aedes japonicus clone Aejap_CH_ZHc2_2_2 5.8S 36% 97,3% KF471621.1
MT151978 Tripteroides atripes voucher VAITC4313 5.8S ribosomal 42% 90,2% KU495708.1
Na 806 MT151980 Aedes japonicus clone Aejap_CH_ZHc2_2_2 5.8S 35% 96,3% KF471621.1
Cx. nigripalpus
Call7 MT151951 Culex nigripalpus clone NFL1J32 putative 5.8S rRNA gene, 100% 99,5% U33024.1
Cx. pipiens
Mu 9 MT151945 Culex pipiens clone QBZ3447) putative 18S ribosomal RNA 100% 100,0% U22124.1
Mr 18 MT151987 Culex pipiens clone 2 5.8S ribosomal RNA gene, partial 100% 99,6% KU743933.1
Cx. sp. 2
Culex pilosus voucher FL2006-06-01 clone 2 18S 76% 89,2% HQ317382.1
Vi 385 MT151972 Culex nr. pedroi PERU-02 5.8S ribosomal RNA gene, 93% 83,3% AY633732.1
Culex sacchettae from Brazil 5.8S ribosomal RNA gene, 71% 88,7% AY633735.1
Culex portesi 5.8S ribosomal RNA gene, partial sequence; 82% 84,1% AY633733.1
Vi1383 MT151985 Culex sacchettae from Brazil 5.8S ribosomal RNA gene, 82% 89,5% AY633735.1
Cx. sp.1
Culex abominator voucher TX2003-27-03 clone 2 18S 69% 85,6% HQ317348.1
Na 591 MT151964 Culiseta inconspicua voucher VAITC4904 5.8S ribosomal 69% 83,9% KU495655.1
Culex peccator voucher LA2003-30-02 clone 2 18S 69% 83,9% HQ317378.1
Ma. indubitans
Mu 155 MT151967 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 61% 84,6% KX866215.1
Ochlerotatus vittiger voucher VAITC4301C 5.8S ribosomal 61% 84,1% KU495700.1
Mu 145 MT151981 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 63% 83,2% KX866215.1
Ma. titillans
Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 45% 96,5% KX866215.1
Culiseta inconspicua voucher VAITC4904 5.8S ribosomal 44% 97,1% KU495655.1
Ca 43 Ochlerotatus vittiger voucher VAITC4301D clone 3 5.8S 45% 96,5% KX866233.1
Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 44% 97,1% KX866190.1
MT151949 Ochlerotatus theobaldi voucher VAITC4302D clone 4 5.8S 46% 96,5% KX866227.1
Be 10 MT151959 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 42% 95,5% KX866215.1
Vis9 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 42% 95,5% KX866215.1
MT151960 Culiseta inconspicua voucher VAITC4904 5.8S ribosomal 41% 96,3% KU495655.1
Mr 95 MT151961 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 39% 94,9% KX866215.1
Mr 61 MT151962 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 39% 94,9% KX866215.1
Mr 3 MT151965 Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 42% 95,1% KX866215.1
Na MT151982 | Toxorhynchites ambionensis 5.8S ribosomal RNA gene, 58% 86,8% U48377.1
755 Culex nr. pedroi PERU-02 5.8S ribosomal RNA gene, 58% 86,1% AY633732.1
Mir 34 Borichinda cavernicola isolate R1 5.8S ribosomal RNA 34% 81,6% EF370409.1
MT151992 Aedes aegypti isolate LAB2 5.8S ribosomal RNA gene, 31% 81,2% MH142327.1
Mr 154 Aedes metallicus voucher metal01 5.8S ribosomal RNA 23% 90,2% MG232628.1
MT151993 Aedes metallicus isolate 14702-AemetF05 18S ribosomal 23% 90,2% KU056494.1
Mr 9 Aedes metallicus voucher metal01 5.8S ribosomal RNA 24% 90,2% MG232628.1
MT151994 Aedes mascarensis voucher masca01 5.8S ribosomal RNA 26% 87,3% MG232627.1
Ma. sp. 1
Mu 148 Aedes albopictus clone S20 5.8S ribosomal RNA gene, 73% 81,9% MNO062748.1
MT151999 Culex nr. pedroi MIR-01 5.8S ribosomal RNA gene, partial 64% 84,7% AY633726.1
Oc. scapularis
Aedes mallochi voucher VAITC4303 5.8S ribosomal RNA 100% 87,3% KU495686.1
Vi 1316 MT151957 Ochlerotatus sagax voucher VAITC4305D clone 1 5.8S 82% 93,8% KX866219.1
Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 92% 90,1% KF307744.1
Vi 754 MT151958 Aedes mallochi voucher VAITC4303 5.8S ribosomal RNA 100% 87,3% KU495686.1
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Vi 880 MT151970 Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 95% 92,6% KF307744.1
. MT151973 Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 98% 92,5% KF307744.1
Vi1576 Ochlerotatus atlanticus voucher NC-A-15 5.8S ribosomal 97% 90,8% KF307743.1
Oc. serratus

Vi1173 MT151963 Ochlerotatus atlanticus voucher NC-A-15 5.8S ribosomal 80% 96,7% KF307743.1
Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 91% 90,7% KF307744.1

Bo 69 Ochlerotatus atlanticus voucher NC-A-15 5.8S ribosomal 88% 96,7% KF307743.1
MT151969 Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 87% 97,0% KF307744.1

Bo 119 MT151977 Ochlerotatus atlanticus voucher NC-A-15 5.8S ribosomal 96% 96,4% KF307743.1
Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 94% 96,6% KF307744.1

Vi 899 Ochlerotatus atlanticus voucher NC-A-15 5.8S ribosomal 96% 99,6% KF307743.1
MT151989 Ochlerotatus tormentor voucher NC-T-9 5.8S ribosomal 95% 98,7% KF307744.1

Ps. albipes
Vioaa MT151968 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 77% 95,6% KX866190.1
Ochlerotatus sagax voucher VAITC4305C clone 2 5.8S 100% 85,4% KX866215.1
Be5 MT151971 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 76% 95,3% KX866190.1
Vi 868 MT151974 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 84% 95,6% KX866190.1
Ochlerotatus sagax voucher VAITC4305A clone 4 5.8S 92% 88,0% KX866210.1
Be 15 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 84% 95,6% KX866190.1
MT151975 Ochlerotatus sagax voucher VAITC4305D clone 1 5.8S 92% 88,3% KX866219.1
Be 22 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 82% 94,9% KX866190.1
Be 8 MT151983 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 81% 93,8% KX866190.1
Be 4 MT151984 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 85% 94,5% KX866190.1
Vi 755 MT151986 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 86% 95,0% KX866190.1
Be 3 MT151991 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 98% 95,1% KX866190.1
Be 14 MT151990 Psorophora ferox voucher ferox01 5.8S ribosomal RNA 100% 82,0% MG232643.1
Be 3 MT151991 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 98% 95,1% KX866190.1
Be 19 MT151995 Ochlerotatus camptorhynchus voucher VAITC4330 clone 2 100% 95,3% KX866190.1
Ps. ferox

Vi 1882 MT151979 Psorophora ferox 5.8S ribosomal RNA (5.8S5 rRNA) gene, 3' 91% 98,6% M95129.1

Bo 144 MT151988 Psorophora ferox voucher ferox01 5.8S ribosomal RNA 99% 98,4% MG232643.1
Ps. funiculus
Vigo1 MT152001 Ochlerotatus sagax voucher VAITC4305D clone 1 5.8S 56% 87,3% KX866219.1
Ochlerotatus vittiger voucher VAITC4301A 5.8S ribosomal 57% 86,5% KU495699.1
Wy. luteoventralis
Mu 338 Aedes sp. isolate BSO7 5.8S ribosomal RNA gene, partial 54% 89,6% MF623851.1
MT151976 Aedes aegypti clone Kass_1.3 5.8S ribosomal RNA gene, 54% 89,9% MF142280.1
Wy. pertinans
Culicidae sp.JBB11-2_Tr 5.8S ribosomal RNA gene, partial 25% 91,5% KY117397.1
Mu 341 MT151996 Culiseta inconspicua voucher VAITC4904 5.8S ribosomal 25% 89,1% KU495655.1
Aedes albopictus isolate Aa26 internal transcribed spacer 25% 87,0% KY703654.1
Wy. sp. 1

Mu 340 Aedes flavopictus clone 14_4 18S ribosomal RNA gene, 51% 88,4% AF353531.1
MT152000 Aedes metallicus isolate 14702-AemetD09 18S ribosomal 51% 87,4% KU056497.1
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11.2 Mosquito phylogenies
11.2.1 Phylogenetic tree based on the COI sequences of the mosquitoes from this study

Figure 39: Mosquito phylogeny estimated based on the nucleotide sequence of the COI gene (selected model GTR+G+l). The
midrooted maximum likelihood tree of mosquitoes found in this study is displayed in a rectangular view. Nodes show aLRT SH-
like support values and branch length is shown in the upper left corner.
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11.3 Mosquito species identified in the Atrato River valley

Table 17: Mosquito species identified and identification methods applied.

Species Morphology col ITS2
Ad. squamipennis x x
An. apicimacula x
An. calderoni x x
An. darlingi
An. malefactor x x
An. neivai X
An. nuneztovari

An. pseudopunctipennis
An. punctimacula

An. shannoni X
An. triannulatus X
Cq. albicosta X
Cq. lynchi

Cq. venezuelensis
Cx. coronator x
Cx. nigripalpus
Cx. quinquefasciatus x
Cx. rabelloi x
Cx. educator x
Hg. regalis x
Hg.lucifer
Jb. longipes x
Li. durhammii
Ma. indubitans x
Ma. titillans x
Oc. angustivittatus
Oc. scapularis

Oc. serratus x
Ps. albipes X
Ps. cingulata
Ps. colombiae
Ps. ferox

Ps. funiculus X
Sa. tridentatus X
St. albopicta

Tr. digitatum

Wy. aporonoma
Wy. luteoventralis
Wy. melanocephala
Wy. pertinans

K| X | K| 8| x| %

K| K| K[ XXX |X|X| X[ X[ X| x| &[&x

K| K[ X|X| K| &|®| X

LRI R AR
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11.4 Mosquito species abundance in the Atrato River vallley

Figure 40: Relative abundance of the main mosquito species by locality (red=abundant, yellow=less abundant, green=rare,
no color=not found/not tested). Heatmaps were created with google fusion tables. Unfortunately, google fusion tables was
closed down by Google in 2020 and therefore dynamic maps are no longer available online.
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Table 18: Mosquito species collected in each location of the research region. The total number of identified specimens is shown. Species in black were identified by morphology and COI blastn and
represent the total amount of collected specimens. Species in red were identified by COI blastn only and do not represent the total amount of specimens collected, as these species could not be
identified based on morphological characters and not all specimens that could not be identified were COI sequenced.
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No. _Location T s § 0§55 8 8§33 3888 3 3 £ 3 E f 888 & & § & & 5 & £ §FF
1 Belén de Bajira 1 2 1 4 53 19
2 La Secreta 18 127 1 1 3 5 5 2
3 Los Pisingos 7 85 1 3
4 Urada 13 183 5 4 2 1
5 Caucheras
6 Cafia Verales 6 1
7 Chontadural 1 45 1
8 Mutatd 1 11
9 Sabaleta 1 1 14 1 26 1 2
Los Cacaos 2 13 2 19 1 1 92 2 1
Rancho Alegre 4 44 1 3 1 1
10 | Carmen del Darién 16 1 33 1 10
11 | Vigia del Curvaradd 2 1 44 1 322 9 27
12 Murindo 2 1 1 74 3 12 2 194 1 4
13 Murindo Viejo 11 1 74 99
14 Guagua 44 33 2 2 1 91 1 2 64 1 1 30 | 55 3 12 1 1 10
15 Isla 1 2 1 6 2 6 51 1
16 Coredd 2 1 1 2 1 1
17 Narangue 467 42 4 40 | 109 2 361 27 | 207 5 2
18 Chajeradd 103 16 90 2 1 2 2 4 2 4 96 3
19 Chibugadd 65 4 45 14 8 7 55 12
20 Puerto Antioquia 1 11 1 1 141 40 4 7
21 Vigia del Fuerte 7 2 9 33 1 1 57 67 2 2 1 96 2
22 Bellavista 210 11 11 1 44 67 20 | 161 2 24
23 Playa Murri 1 5 1 26
24 | Jarapetd 21 11 6 1
25 | Turriquitado Llano 3 1 2 32 1 9 110 10
26 Gengadd 250 2 108 | 75 6 9 1 1 1 17 13 | 27 | 39 1 26 1 1 11
27 Partad6 160 3 1 12 1 1 46 | 52 | 118 1 73 2 21 1 5
28 Salado 4 1 2 77 1
29 | Buchadd 2 9 3 1
30 | San Antonio de Padua 196 | 85 1 1 11 [ 15 | 13 1 1
31 Vidri 28 211 1 1
32 Vegaez 2 84 1 10 14 1 1 19 1 3 17 1
33 | Isleta
Palmiros 2

138



11.5 Virus prevalence in mosquito species

Virus Species Mosquito species
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Group | Order Family Genus Species S| £ | S[8| 8 |&|3|3|S| L |L&[L1&]=
Culex Ph -like vi 2 1
. Orthophasmavirus uiex a.\sma e virus /3 e
Phasmaviridae Coredo virus 7/8
Bunyavirales Feravirus Guagua virus 1/8
U ened i -
Pheniviridae nass!gne Atrato Goul.<o like virus 1 2/3|1/4
Unassigned Narangue virus 1/8
sSRNA(-) Atrato Chu-like virus 1 1/3
inechuviral chuvirid U oned Atrato Chu-like virus 2 1/4
Ingchuvirales
¢ uviridae nassigne Atrato Chu like virus 4
Atrato Chu-like virus 5 1/83
Mononegavirales | Rhabdoviridae | Unassigned Atrato Rhabdo-I!ke v!rus 2_|2/7
Atrato Rhabdo-like virus 3 ?
Atrato Picorna-like virus 1/8
Chajerado vi 1/4
Iflaviridae Unassigned a’?ra o VIS /
' ) Isla virus 1/4
Picornavirales
Sabaleta virus ?
Unassigned Unassigned Atrato Picorna-like virus 1 1/4 1/83
Polycipiviridae | Unassigned Cacaos virus ?
SSRNA(+) ‘ . Unassigned Gengado virus ?
Tymovirales Tymoviridae - R
Unassigned Murindo virus 1/30
Atrato Sobemo-like virus1 | 1/7 1/8
Atrato Sobemo-like virus 2 1/4
Sobelivirales Solemoviridae | Unassigned Atrato Sobemo-like virus 3 1/6
Atrato Sobemo-like virus 4 1/2
Atrato Sobemo-like virus 5 1/3
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Virus Species

Mosquito species

Group

Order

Family

Genus

Species

Oc. serratus

\An. darlingi

An. nuneztovari

Cq. lynchi

Cq. venezuelensis

Cx. nigripalpus

Cx. quinquefasciatus

CX. spp.

Ma. titillans

Ps. albipes

Ps. ferox

Ps. funiculus

Ps. spp.

Wy. spp.

Atrato Sobemo-like virus 6

1/9

Martellivirales

Unassigned

Unassigned

Atrato Virga-like virus 1

1/4

Atrato Virga-like virus 2

5/6

Atrato Virga-like virus 3

1/8

Atrato Virga-like virus 4

5/83

1/2

6/6

1/1

Atrato Virga-like virus 5

1/2

Atrato Virga-like virus 6

1/6

Atrato Virga-like virus 7

3/30

1/3

1/2

Hubei Virga-like virus 2

1/1

1/3

1/4

Tolivirales

Unassigned

Unassigned

Hubei mosquito virus 4

1/1

Amarillovirales

Flaviviridae

Unassigned

Atrato Flavi-like virus 1

1/8

Unassigned

Unassigned

Negevirus

Atrato Nege-like virus 1

1/12

dsRNA

Ghabrivirales

Chrysoviridae

Unassigned

Salado virus

1/9

Durnavirales

Partitiviridae

Unassigned

Atrato Partiti-like virus 1

3/8

Atrato Partiti-like virus 2

Atrato Partiti-like virus 3

1/4

1/83

Atrato Partiti-like virus 4

Atrato Partiti-like virus 5

1/8

Atrato Partiti-like virus 6

2/83

Reovirales

Reoviridae

Unassigned

Atrato Reo-like virus 1

1/83

Ghabrivirales

Totivirirdae

Unassigned

Atrato virus

Embera virus

1/9

Murri virus

1/3

Pisingos virus

1/7

ssDNA

Piccovirales

Parvoviridae

Unassigned

Atrato Denso-like virus 1

3/83
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Virus Species Mosquito species
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Group Order Family Genus Species Ol S |1 &SIT8I 8|S 3|51S] &£ 1818181 =
Atrato Denso-like virus 1/8
RNAGRT Ortervirales Unassigned Unassigned Atrato Retro-like virus ? ?
SS| +
Ortervirales Metaviridae Unassigned Chibugado virus 4/83

Table 19: Virus prevalence in mosquito species
The proportion of the mosquito pools (10-20 specimens) tested positive for a certain virus species by (rt)PCR is specified (background: red=high prevalence, yellow=medium prevalence, green=low
prevalence, ?=prevalence unknown). Virus species in red have been detected by NGS but have not been confirmed by PCR.
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11.6 Virus phylogenies and genome structures
11.6.1 Phylogenetic trees

11.6.1.1 Bunyavirales phylogeny
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Figure 41: Bunyavirales phylogeny estimated based on the AA sequence of the CDS of the L-segment (selected model of AA
substitution: LG +G+l+F). An unrooted maximum likelihood tree including all major families and genera type species is
displayed in a radial view. Bootstrap values and branch length are shown in Figure 42. Novel species found in this study are in
red.
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YP_003848704.1_Rift_Mley_fever_virus Phlebovirus
QBP79036.1_Severe_fever_with_thrombocytopenia_virus Banyangvirus
YP_009293590.1_Huangpi_Tick_VMrus_2 Kabutovirus
YP_009304989.1_Wnzhou_Shrimp_Vrus_1 Wenrivirus
YP_009329894.1_Hubei_diptera_virus_3 Beidivirus
YP_009330281.1_Hubei_diptera_virus_4 Hudivirus
YP_009505327.1_Badu_phasivirus Phasivirus
YP_009330277.1_Hubei_diptera_virus_5 Wubeivirus
AOX47534.1_Pidgey_virus Pidchovirus

3epuUIAINUAYd

YP_009330283.1_Hubei_lepidoptera_virus_1 Hudovirus
YP_009305136.1_Wohan_horsefly_Virus Horwuvirus
NP_620522.1_Rice_stripe_tenuivirus Tenuivirus
AEJ38175.1_Gouleako_virus Goukovirus
Narangue_virus_Mati1754-2 Unassigned
Atrato_Gouko-like_virus_1_Cx_1773-10 Unassigned
APJ35636.1_Mothra_virus Mobuvirus
YP_009422199.1_Citrus_concave_gum-associated_virus Coguvirus
i ™ = AJG39246.1_Shayang_Spider_Vrus_1 Shaspivirus
100 NP_690576.1_Dugbe_orthonairovirus Orthonairovirus
$100 YP_009293594.1_Sanxia_Witer_Strider_\rus_1 Striwavirus
AJG39266.1_Wihan_Millipede_Virus_2 Wumivirus
100 _E spl7H8Q3.1|L_Golden_Gate_virus Reptarenavirus
99 sp|P14240.1|L_lymphocytic_choriomeningitis_virus Mammarenavirus
65 AKN10711.2_Haartman_Institute_snake_virus Hartmanivirus
YP_009345128.1_Hubei_myriapoda_virus_5 Hubavirus e
AKN56913.1_Ferak_virus .
—E , _ Feravirus
100 Guagua_virus_Mati1755-7
100———— AJG39245.1_Sanxia_Witer_Strider_Virus_2 Sawastrivirus =2
o YP_009270651.1_Wihan_Insect_virus_2 Wuhivirus B
YP_009507846.1_Jonchet_virus Jonvirus g
100 ™ Coredo_vnrus_l\faul??-S inaesaney é_.
1 Culex_Phasma-like_virus_Cx1773-14 )
100 b——o YP_009362029.1_Kigluaik_phantom_orthophasmavirus Orthophasmavirus
—_— AJG39250.1_Shuangao_Insect_Vrus_2 Inshuvirus
0o _E NP_047211.1_Bunyamwera_virus Orthobunyavirus
100 AIN55741.1_Pacui_virus Pacuvirus
= YP_009300681.1_Shuangao_Insect_Nirus_1 Shangavirus
s SO G YP_009507855.1_Herbert_virus Herbevirus ‘
e sp/Q6Q305.2]L._European_mountain_ash_ringspot-associated_emaravirus Emaravirus
-y = NP_049362.1_Bmato_spotted_wilt_tospovirus Orthotospovirus -
YP_009329879.1_Wnling_crustacean_virus_9 Lincruvirus
= YP_009362032.1_Nova_virus Mobatvirus
Jg YP_001911124.1_Thottopalayam_virus Thottimvirus = =
100 L NP_941982.1_Hantaan_orthohantavirus Orthohantavirus = =
XM87656.1_Wnling_minipizza_batfish_hantavirus Actinovirus

Figure 42: Bunyavirales phylogeny estimated based on the AA sequence of the CDS of the L-segment (selected model of AA
substitution: LG +G+I+F). A midrooted maximum likelihood tree including all major families and genera type species is displayed in a
rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the upper left corner. Novel
species found in this study are in red.
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11.6.1.1.1 Phasmaviridae phylogeny
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Figure 43: Phasmaviridae phylogeny estimated based on the AA sequence of the CDS of the L-segment (selected model of AA
substitution: LG +G+I+F). A midrooted maximum likelihood tree including genera representatives and novel species is displayed
in a rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the upper left corner.
Novel species found in this study are in red.
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11.6.1.1.2 Phenuiviridae phylogeny
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Figure 44: Phenuiviridae phylogeny estimated based on the AA sequence of the CDS of the L-segment (selected model of AA
substitution: LG +G+I+F). A midrooted maximum likelihood tree including genera representatives and novel species is displayed in a
rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the upper left corner. Novel
species found in this study are in red.
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11.6.1.2 Mononegavirales and Jingchuvirales phylogeny
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Figure 45: Mononegavirales and Jingchuvirales phylogeny estimated based on the AA sequence of the CDS of the L-segment
(selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including all major families and genera
type species is displayed in a radial view. Bootstrap values and branch length are shown in Figure 46. Novel species found in

this study are in red.
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Figure 46: Mononegavirales and Jingchuvirales phylogeny estimated based on the AA sequence of the CDS of the L-segment
(selected model of AA substitution: LG +G+I+F). A midrooted maximum likelihood tree including all major families and genera type
species is displayed in a rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the upper
left corner. Novel species found in this study are in red. The recently established Order Jingchuvirales, family Chuviridae, due
to midrooted RdRp phylogeny are in the same clade as the families Nyamiviridae, Bornaviridae, Xinmoviridae, Artoviridae,
Mymonaviridae, and Lispiviridae. Even though the new order Jingchuvirales has been accepted by the ICTV in 2018, the
phylogenetic relationship between the family Chuviridae and the order Mononegavirales is still being discussed. More
information is in the text.
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11.6.1.2.1 Jingchuvirales phylogeny
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Figure 47: Jingchuvirales phylogeny estimated based on the AA sequence of the CDS of the L-segment or the RdRp coding
segment (selected model of AA substitution: LG +G+I+F). A midrooted maximum likelihood tree including Jingchuvirales species
from the ICTV master species list 2020, is displayed in a rectangular view. Nodes show bootstrap values (bootstrap=1000) and
branch length is shown in the upper left corner. Novel species found in this study are in red.
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11.6.1.3 Hepevirales, Martellivirales, and Tymovirales phylogeny
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Figure 48: Phylogeny of the Hepeviridae & Virgaviridae clade estimated based on the AA sequence of the CDS of the RdRp
containing ORF (selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including genera type
species for the families Virgaviridae, Endornaviridae, Betaflexviridae, Tymoviridae, Alphaflexviridae, Gammaflexviridae,
Deltaflexviridae, Endornaviridae, Alphatetraviridae, Hepeviridae, Togaviridae, Bromoviridae and Closteroviridae is displayed

in a radial view. The order Tymovirales is marked with a grey dashed line. Bootstrap values and branch length are shown in
Figure 49.. Novel species found in this study are in red.
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Figure 49: Phylogeny of the Hepeviridae and Virgaviridae clade estimated based on the AA sequence of the CDS of the RdRp
containing ORF (selected model of AA substitution: LG +G+I+F). A midrooted maximum likelihood tree including Virgaviridae,
Bromoviridae, Closteroviridae, Togaviridae, Endornaviridae, Tymovirales, Hepeviridae, Alphatetraviridae genera type species
is displayed in a rectangular view. Nodes show bootstrap values (bootstrap=1000) and branch length is shown in the upper
left corner. Novel species found in this study are in red.
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11.6.1.3.1 Tymoviridae phylogeny
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Figure 50: Phylogeny of the family Tymoviridae estimated based on the AA sequence of the CDS of the RdRp containing ORF
(selected model of AA substitution RtREV +G+I+F). A maximum likelihood tree including Tymoviridae genera representatives
from the ICTV Master Species list and unassigned Tymo-like species is displayed in (A) in an unrooted radial view and (B) a
midrooted rectangular view. Nodes show bootstrap values (bootstrap=1000) and branch length is shown in the upper left
corner. Novel species found in this study are in red.
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11.6.1.3.2 Virgaviridae phylogeny
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Figure 51: Phylogeny of the family Virgaviridae and Virga-like viruses based on the AA sequence of the CDS of the RdRp
containing ORF (selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including Virgaviridae genera
representatives from the ICTV Master Species list and novel viruses is displayed in a radial view. Bootstrap values and branch length are

shown in Figure 52. Novel species found in this study are in red.
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Figure 52: Phylogeny of the family
Virgaviridae and Virga-like viruses
based on the AA sequence of the CDS of
the RdRp containing ORF (selected
model of AA substitution: LG +G+I+F). A
midrooted maximum likelihood tree
including Virgaviridae genera
representatives from the ICTV Master
Species list and novel viruses s
displayed in a rectangular view. Nodes
show bootstrap values (bootstrap=100)
and branch length is shown in the upper
left corner. Novel species found in this
study are in red.



11.6.1.4 Picornavirales phylogeny
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Figure 53: Picornavirales phylogeny estimated based on the AA sequence of the CDS of the RdRp containing ORF (selected

model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including all major families and genera type species is
displayed in a radial view. Bootstrap values and branch length are shown in Figure 54. Novel species found in this study are in
red.
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Figure 54: Picornavirales phylogeny estimated based on the AA sequence of the CDS of the RdRp containing ORF (selected
model of AA substitution: LG +G+I+F). A midrooted maximum likelihood tree including all major families and genera type
species is displayed in a rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the
upper left corner. Novel species found in this study are in red.
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11.6.1.4.1 Iflavirididae phylogeny
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11.6.1.4.2 Polycipiviridae phylogeny
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Figure 55:  Iflaviridae phylogeny
estimated based on the AA sequence
of the CDS of the RdRp containing
polyprotein (selected model of AA
substitution: LG +G+I+F). A midrooted
maximum likelihood tree including
Iflavirus representatives from the ICTV
master species list and Ifla-like viruses
is displayed in a rectangular view.
Nodes show  bootstrap  values
(bootstrap=1000) and branch length
is shown in the upper left corner.
Novel species found in this study are in
red.

Figure 56: Polycipiviridae phylogeny estimated based on the AA sequence of the CDS of ORF5 (Pro-Hel-RdRp), (selected model
of AA substitution: LG +G+l+F). A midrooted maximum likelihood tree including all major families and described species is
displayed in a rectangular view. Nodes show bootstrap values (bootstrap=100) and branch length is shown in the upper left
corner. Novel species found in this study are in red.
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11.6.1.4.3 Marnaviridae phylogeny
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Figure 57: Phylogeny of the family Marnaviridae estimated based on the AA sequence of the CDS of the RdRp coding ORF
(selected model of AA substitution LG +G+l+F). A maximum likelihood tree including Marnaviridae genera representatives
from the ICTV Master Species list and unassigned Marna-like species is displayed in (A) an unrooted radial view and (B) a
midrooted rectangular view. Nodes show bootstrap values (bootstrap=1000) and branch length is shown in the upper left

corner. Novel species found in this study are in red.
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11.6.1.5 Nodamuvirales and Tolivirales phylogeny
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Figure 58: Phylogeny of the orders Tolivirales and Nodamuvirales estimated based on the AA sequence of the CDS of the
RdRp containing ORF (selected model of AA substitution: LG +G+I+F). A maximum likelihood tree including genera type
species and unassigned Tombus-like viruses is displayed in (A) an unrooted radial view and (B) a midrooted rectangular view.
Nodes show bootstrap values (bootstrap=1000) and branch length is shown in the upper left corner. Viruses found in this
study are in red.
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Tombusviridae

Nodaviridae

Unassigned

Figure 59: Phylogeny of the Tombus-Noda clade and Tombus-like viruses estimated based on the AA sequence of the CDS of
the RdRp containing ORF (selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including
Tobusviridae genera representatives from the ICTV Master Species list, Nodaviridae genera type species and novel viruses is
displayed in a radial view. Bootstrap values and branch length are shown in Figure 60. Novel species found in this study are in

red. Delfuerte virus is a synonym for Hubei mosquito virus 4.
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Figure 60: Phylogeny of the Tombus-Noda clade estimated based on the AA sequence of the CDS of the RdRp containing ORF
(selected model of AA substitution: LG +G+I+F). A Midrooted maximum likelihood tree including genera representatives from
the ICTV Master Species list, Nodaviridae genera type species and novel viruses is displayed in a rectangular view. Nodes show
bootstrap values (bootstrap=1000) and branch length is shown in the upper left corner. Novel species found in this study are

in red. Delfuerte virus is a synonym for Hubei mosquito virus 4.
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11.6.1.6 Amarillovirales phylogeny

Unassigned

o
Z <
e
ey
58
8 o5
o &
‘f.\ o ~J
Vi 2 %—.b:
"0) o 3 &
S > 250
B z v CHOEC
2 © R prigeTn
5 ‘@ ZZ53380
My bR o TReis
09.*? L8 S OoRme=
i ) : =
)’,00}:0 A <
N5 0
9
& 0}96\0}
}"p 07 (%
P _0og yr0g 4 »@é%
5713410 R ONLBL? A
837‘/.-»09 7§f°< g
NP g3 ~WVa QPSS
2932003, 1_ Y% 250 28
NP, 7
YP

L Z8R0b0™
M)
b

q
C.
N
.
g
Ce,
9
5y
72

Pestivirus

0v0 dN
o
eLg
296;

Hepacivirus

00

O,
o Ok J‘c, ®© (@)
) =0 S0 AP Q,
Q7 SES&AEsSS 322 2 R s
L7 7% 5785° 8.3 ¢ % C Pegivi
wN 3
§ "5 33 ° % oy, egivirus
(=) N2 \ i,
e 2 %
W a ey
)
Flavivirus 5%
P
w

Figure 61: Phylogeny of the order Amarillovirales estimated based on the AA sequence of the CDS of the RdRp (selected model
of AA substitution: LG +G+I+F). A maximum likelihood tree including Flavivirus, Pestivirus, Pegivirus, and Hepacivirus species

from the ICTV master species list, and unassigned Flavi-like species is displayed in an unrooted radial view. Bootstrap values
(bootstrap=1000) and branch length are shown in Figure 62. Novel species found in this study are in red.
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11.6.1.7 Sobelivirales phylogeny
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Figure 63: Phylogeny of the order Sobelivirales estimated based on the AA sequence of the CDS of the RdRp (selected model
of AA substitution: RtREV +G+I+F). A maximum likelihood tree including species from the ICTV master species list and
unassigned viruses is displayed in an unrooted radial view. Support values and branch length are shown in Figure 64. Novel

species found in this study are in red.

163



T 0QLI83480. 1_Broome_luteo-like_virus_1
QRW41898.1_Culex_mosquito_virus_6
QHA33876.1_Atrato_Sobemo-like_virus_4
QHA33884.1_Atrato_Sobemo-like_virus_3
ASA47392.1_Culex_luteo-like_virus
QRD99877.1_Culex_impudicus_luteo-like_virus
QGA70952.1_Berrek_virus
QEM39309.1_Humaita-Tubiacanga_virus
YP_009336757.1_Beihai_sobemo-like_virus_27
QTG68215.1_Laem_Singh_virus
YP_009337869.1_Wenzhou_shrimp_virus_9
ASM94004.1_Barns_Ness_beadlet_anemone_sobemo-like virus_1
— QHA33888.1_Atrato_Sobemo-like_virus_2
QHA33892.1_Arrato_Sobemo-like_virus_1
QHA33896.1 Atrato_Sobemo-like_virus_1
QRD99868.1_Evros_sobemo-like_virus
AMB82252.1_Medway_virus
QLL27740.1_Leveillula_taurica_associated_sobemo-like_virus_1
YP_009342464.1_Wuhan_house_centipede_virus_5
QRDY9863.1_Thassos_sobemo-like_virus
QED21502.1_Mycroft_virus
QQO81443.1_Soybean_thrips_sobemo-like_virus_10
BBQ04781.1_Culex_inatomii_luteo-like_virus
QQN95307.1_Hubei_mosquito_virus_2
QRW42294.1_Marma_virus
QOWO03291.1_Kisumu_mosquito_virus
QEM39273.1_Guadeloupe_mosquito_virus
QBAS55493.1_Renna_virus
QIN93569.1_Wenzhou_sobemo-like_virus_4
QRW41864.1_Kellev_virus
QHA33869.1_Atrato_Sobemo-like_virus_5
QHA33873.1_Atrato_Sobemo-like_virus_5
QQD36926.1_Aedes_sobemo-like_virus
QHA33729.1_Atrato_Sobemo-like_virus_6

1.00

4

Unassigned

0.98

QHD64767.1_Plasmopara_viticola_lesion_associated_sobemo-like_1

NP_066393.4_Sesbania_mosaic_virus

YP_004869651.2_Soybean_yellow_common_mosaic_virus

YP_007438858.2_Southern_bean_mosaic_virus

NP_042302.3_Southern_cowpea_mosaic_virus

YP_003896039.2_¥lvet_tobacco_mottle_virus

YP_009344991.1_Solanum_nodiflorum_mottle_virus

YP_002158813.2_Sowbane_mosaic_virus

NC_029578.1_Blueberry_shoestring_virus

YP_008869286.1_Tumip_rosette_virus

YP_009140472.1_Cymbidium_chlorotic_mosaic_virus Sobemovirus

YP_006589925.2_Papaya_lethal_yellowing_virus

YP_007438849.1_Lucere_transient_streak_virus

NP_715627.2_Subterranean_clover_mottle_virus

YP_007500964.1_Rice_yellow_mottle_virus

YP_007506946.1_Imperata_yellow_mottle_virus

NP_942020.1_Cocksfoot_mottle_virus

YP_009142784.1_Rotthoellia_yellow_mottle_virus

YP_007438853.1_Ryegrass_mottle_virus

YP_006331061.2_Artemisia_virus_A

NP_042510.2_Mushroom_bacilliform_virus Barnavirus
{w,’. YP_386495.1_Heterocapsa_circularisquama_RNA_virus_01 Dinornavirus

YP_002308462.1_Poinsettia_latent_virus Polemovirus

— U9

w
o
o
=
5]
<,
=1
Q.
W
®

Figure 64: Phylogeny of the order Sobelivirales estimated based on the AA sequence of the CDS of the RdRp (selected model
of AA substitution: RtREV +G+I+F). A maximum likelihood tree including species from the ICTV master species list and
unassigned viruses is displayed in an unrooted, rectangular view. Nodes show aLRT SH-like support values and branch length
is shown in the upper left corner. Novel species found in this study are in red.
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11.6.1.8 Durnavirales phylogeny
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Figure 65: Phylogeny of the order Durnavirales estimated based on the AA sequence of the CDS of the RdRp (selected model
of AA substitution: LG +G+I+F). A maximum likelihood tree of Partitiviridae, Hypoviridae, Amalgaviridae, and Picornaviridae
species from the ICTV master species list and Partiti-like unassigned viruses is displayed in an unrooted radial view. Bootstrap
values (bootstrap=1000) and branch length are shown in Figure 66. Novel species found in this study are in red.
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Figure 66: Phylogeny of the
order Durnavirales estimated
based on the AA sequence of
the CDS of the RdRp (selected
model of AA substitution: LG
+G+l+F). A maximum likelihood
tree of Partitiviridae,
Hypoviridae, =~ Amalgaviridae,
and Picornaviridae species from
the ICTV master species list and
Partiti-like unassigned viruses is
displayed in a midrooted
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left corner. Novel species found
in this study are in red.



11.6.1.9 Ghabrivirales phylogeny
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Figure 67: Phylogeny of the order Ghabrivirales estimated based on the AA sequence of the CDS of the RdRp containing ORF
(selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including genera representatives from

the ICTV Master Species list and yet unassigned viruses is displayed in a radial view. Bootstrap values and branch length are
shown in Figure 68. Novel species found in this study are in red.
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Figure 68: Phylogeny of order Ghabrivirales estimated based on the AA sequence of the CDS of the RdRp containing ORF
(selected model of AA substitution: LG +G+I+F). An unrooted maximum likelihood tree including genera representatives from
the ICTV Master Species list and unassigned viruses is displayed in a rectangular view. Nodes show bootstrap values
(bootstrap=1000) and branch length is shown in the upper left corner. Novel species found in this study are in red.
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11.6.1.10 Reovirales phylogeny
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Figure 69: Phylogeny of the order Reovirales estimated based on the AA sequence of the CDS of the RdRp coding segment
(selected model of AA substitution: RtREV+G+I+F). An unrooted maximum likelihood tree including genera representatives

from the ICTV Master Species list and novel viruses is displayed in a radial view. Bootstrap values and branch length are shown
in Figure 70. Novel species found in this study are in red.
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Figure 70: Phylogeny of the order Reovirales
estimated based on the AA sequence of the
CDS of the RdRp coding segment (selected
model of AA substitution: RtREV+G+I+F). A
midrooted maximum likelihood tree including
genera representatives from the ICTV Master
Species list and novel viruses is displayed in a
rectangular view. Nodes show bootstrap
values (bootstrap=100) and branch length is
shown in the upper left corner. Novel species
found in this study are in red.



11.6.1.11 Piccovirales phylogeny
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Figure 71: Phylogeny of the order Piccovirales estimated based on the AA sequence of the CDS of the nonstructural ORF (NS1),
(selected model of AA substitution: LG+G+I+F). An unrooted maximum likelihood tree including genera representatives from
the ICTV Master Species list and novel viruses is displayed in a radial view. Bootstrap values and branch length are shown in
Figure 72. Novel species found in this study are in red.
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Figure 72:
Phylogeny of the
order Piccovirales
estimated based on
the AA sequence of
the CDS of the non-
structural ORF
(NS1), (selected
model  of AA
substitution:
LG+G+I+F). A
midrooted
maximum
likelihood tree
including  genera
representatives
from the ICTV
Master Species list
and unassigned
viruses is displayed
in a rectangular
view. Nodes show
bootstrap  values
(bootstrap=100)
and branch length
is shown in the
upper left corner.
Novel species found
in this study are in
red.
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Figure 73: Phylogeny of the order
Piccovirales estimated based on
the AA sequence of the CDS of the
non-structural ORF (NS1),
(selected  model  of  AA
substitution:  LG+G++F). A
midrooted maximum likelihood
tree including genera
representatives from the ICTV
Master  Species  list  and
unassigned viruses is displayed in
a rectangular view. Nodes show
alRT SH-like support values and
branch length is shown in the
upper left corner. Novel species
found in this study are in red.
Figure 53 is similar to Figure 52
but includes novel viruses from
blood samples.



11.6.1.12 Cressdanviricota phylogeny
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Figure 74: Phylogeny of the phylum Cressdnaviricota estimated based on the AA sequence of the CDS of the replication protein
(selected model of AA substitution: LG+G+l). A maximum likelihood tree including genera representatives from the ICTV Master
Species list and unassigned novel viruses is displayed in a midrooted, rectangular view. Nodes show alLRT SH-like support
values and branch length is shown in the upper left corner. Novel species found in this study are in red.
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11.6.1.13 Ciclivirales phylogeny
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Figure 75: Phylogeny of the order Circlivirales estimated based on the AA sequence of the CDS of the replication protein
(selected model of AA substitution: LG+G+l). A maximum likelihood tree including representatives from the ICTV master species
list and unassigned Circoviridae-like viruses is displayed in a rooted, rectangular view (outgroup: Atrato human blood virus.)
Nodes show alRT SH-like support values and branch length is shown in the upper left corner. Novel species found in this study
are in red.
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11.6.1.14 Ortervirales phylogeny
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Figure 76: Phylogeny of the order Ortervirales estimated based on the AA sequence of the CDS of the polymerase gene
(selected model of AA substitution: RtREV +G+I+F). An unrooted maximum likelihood tree including genera type species and

unassigned viruses is displayed in a radial view. Bootstrap values and branch length are shown in Figure 77. Novel species
found in this study are in red.
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Figure 77: Phylogeny of the order Ortervirales estimated based on the AA sequence of the CDS of the polymerase gene
(selected model of AA substitution: RtREV +G++F). A maximum likelihood tree of genera type species and unassigned viruses
is displayed in a midrooted rectangular view. Nodes show bootstrap values (bootstrap=1000) and branch length is shown in
the upper left corner. Novel species found in this study are in red.
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11.6.1.14.1 Pseudoviridae
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Figure 78: Phylogeny of the family Pseudoviridae estimated based on the AA sequence of the gag-pol polyprotein, (selected
model of AA substitution: LG +G+I+F). A midrooted maximum likelihood tree including genera representatives from the ICTV
species master list and yet unassigned Pseudo-like viruses is displayed in a rectangular view. Nodes show bootstrap values
(bootstrap=1000) and branch length is shown in the upper left corner. Novel species found in this study are in red.
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11.6.2 Viral genome structures

11.6.2.1 Legend for genomes structures
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Figure 79: Legend for virus genome structures.

11.6.2.2 Bunyavirales genome structures

Bunyavirales
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Figure 80: Genome structures of novel viruses of the order Bunyavirales.

Viruses of the families Phasmaviridae and Phenuiviridae consist of the bunyavirus-typical segmented (-)ssRNA, linear genome
withan L, M, and S segment. Guagua virus was assigned to the genus Feravirus family Phasmaviridae. In a proposal presented
to the ICTV the creation of a new family designated Feraviridae was proposed. Ferak virus, former type species of the family
was assigned to a new genus designated Orthoferavirus (Junglen et al. 7/18/2016). Coredo virus and Culex Phasma-like virus
were assigned to the new genus Orthophasmavirus, family Phasmaviridae with Kigluaik phantom orthophasmavirus being
the former type species of the genus (Junglen 7/18/2016). Visualizations of the Phenuviridae and Phasmaviridae virions and
genomes are available at ViralZone (Hulo et al. 2011),(see links on the right of the figure).
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11.6.2.3 Mononegavirales genome structures

Mononegavirales
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Figure 81: Genome structures of novel viruses of the order Mononegavirales.
Viruses of the family Rhabdoviridae consist of a linear or bisegmented, (-)ssRNA genome with at least 5 genes encoding
structural proteins (N-P-M-Gly-L). ARLV2 and ARLV 2 could not be assigned to any existing genus. Therefore, new genera were
proposed (see 6.2.2.4.1.2.2). Visualizations of the typical Rhabdoviridae virions and genomes are available at ViralZone (Hulo
et al. 2011). A detailed description of the family Rhabdoviridae and the accepted genera is available on the ICTV website (see
links on the right of the figure), (Walker et al. 2018).

11.6.2.4 Jingchuvirales genome structures
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Figure 82: Genome structures of the members of the family Chuviridae, Order lJingchuvirales.
(A) Novel viruses found in our study. It is supposed that Atrato Chu-like virus 1 is bipartite and linear like Chuvirus (former type
species of the genus, not published, KX924630.1), Atrato Chu-like virus 4 (uncomplete) and 5 most probably are unsegmented
and circular (type Ill) and Atrato Chu-like virus 2 is segmented and circular (type 1l). The circular genomic shape was not
confirmed by ‘around-the-genome’ RT-PCR, but the segments show the typical sequence motives found in circular segments
between the N and L ORF (see Li et al. 2015). (B) Three major types of putative Chuvirus genomes (circular, circular and
segmented, and linear) are shown and are annotated with predicted ORFs: putative RdRp genes are shaded blue, putative Gly
genes are shaded orange, and the remaining ORFs are shaded gray (figure from Li et al. 2015).
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11.6.2.5 Tymovirales genome structures
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Figure 83: Genome

of the

order Tymovirales.

Viruses of the family Tymoviridae consist of a monopartite, linear, (+)ssRNA genome encoding an Mt, Pro, Hel, RdRp, and CP.
Gengado virus and Murindo virus could not be assigned to any existing genus. Therefore, new genera were proposed (see
6.2.2.4.2.1.1). Visualizations of the typical Tymoviridae virions and genome structures are available at ViralZone (Hulo et al.
2011). A detailed description of the family Tymoviridae and the accepted genera is available on the ICTV website (see links on

the right of the figure).

11.6.2.6 Martellivirales genome structures
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Figure 84: Genome structures of novel
viruses of the order Martellivirales.
Virgaviridae-like viruses consist of a
monopartite, linear, (+)ssRNA genome
that resembles the genome
components and genome organization
of the family Virgaviridae, in particular
of the genus Tobamovirus. Most
probably these viruses share the same
ancestors as members of the family
Virgaviridae, but belong to yet
unassigned genera (Figure 51 and
Figure 52). Vizualizations of the typical
Tobamovirus virions and genome
structures are available at ViralZone
(Hulo et al. 2011). A detailed
description of the family Virgaviridae
and the accepted genera is available on
the ICTV website (Adams et al. 2017),
(see links on the right of the figure).

Tobamovirus:
https://viralzone.expasy.org/51

Virgaviridae:
https://talk.ictvonline.org/ictv-
reports/ictv_online report/positive-

sense-rna-viruses/w/virgaviridae




11.6.2.7 Picornavirales genome structures

Picornavirales

Iflaviridae
Genome (9.5 kb) Genome (9.4 kb)
. Polyprotein ‘- Polyprotein
Isla virus Sabaleta virus
Genome (>8.4 kb) Genome (9.3 kb)
Atrato Picorna- { Polyprotein -{ Polyprotein

B B S B o = =

Polycipiviridae Cacaos virus Marnaviridae

Genome (12.1kb)

Figure 85: Genome structures of novel members of the order
Picornavirales.

Viruses of the family Iflaviridae have a linear, non-segmented,
(+)ssRNA genome with a single ORF coding a polyprotein (VPs-Hel-Pro-
RpdP). Viruses of the family Polycipiviridae consist of a (+)ssRNA
genome with a long 3’ ORF coding a Pro, Hel, and RdRp and several
small ORFs. APLV1 was not assigned to any family due to low AA
similarity but shares a common ancestor (Figure 55) and similar
genome structure with members of the family Marnaviridae.
Visualization of the typical Iflaviridae, Polycipiviridae, and
Marnaviridae virions and genome structures are available at ViralZone
(Hulo et al. 2011). A detailed description of the families Iflaviridaa,
Polycipiviridae, and Marnaviridae and the accepted genera is available
on the ICTV website (see links on the right of the figure).

11.6.2.8 Tolivirales genome structures
Tolivirales

Hubei mosquito virus 4

Genome (5,0 kb)

? cPf?

Atrato Picorna-
like virus 1

Genome (9.6 kb)

Polyprotein '-

(1) ) - |
| | |

Marnaviridae:

https://viralzone.expasy.org/302

https://talk.ictvonline.org/ictv-

reports/ictv_9th _report/positive-sense-rna-viruses-

2011/w/posrna_viruses/232/marnaviridae

Iflaviridae:
https://viralzone.expasy.org/792

https://talk.ictvonline.org/ictv-

reports/ictv_online report/positive-sense-rna-

viruses/w/iflaviridae

Polycipiviridae:

https://viralzone.expasy.org/8438

https://talk.ictvonline.org/ictv-
reports/ictv_online report/positive-sense-rna-

viruses/w/polycipiviridae

Figure 86: Genome structure of Hubei mosquito virus 4, member of the order Tolivirales.
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11.6.2.9 Amarillovirales genome structures

Amarillovirales

Genome (21.8 kb)

NS3

_JE

Genome (10,8 kb)

Atrato Flavi-like
virus 2 & 3

Figure 87: Genome structure of a novel Flaviviridae-like virus of the order
Amairillovirales.

AFIv1 clusters with other recently discovered Flaviviridae-like viruses that differ
from the typical Flaviviridae genome structure (Figure 61, Figure 62). The
genomes are much longer and the identification of all the coded proteins was
not possible. Most probably AFIvl belongs to a yet undiscovered and
undesignated genus or family. AFlv 2 and 3 cluster with recently discovered
insect-specific Flaviviruses. Visualizations of the typical Flaviviridae virions and
genome structures are available at ViralZone (Hulo et al. 2011). A detailed
description of the family Flaviviridae and the accepted genera is available on the
ICTV website (see links on the right of the figure).

11.6.2.10 Sobelivirales genome structures

Solemoviridae

Atrato Sobemo-like virus 1 Atrato Sobemo-like virus 2

Segment 1(2.7kb) Segment2(1.5kb)  Segment 1 (2.7 kb)
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Figure 88: Genome structure of novel Solemo-luteoviridae-like
viruses.

Flaviviridae:
https://viralzone.expasy.org/43

https://talk.ictvonline.org/ictv-

reports/ictv_online report/positive-sense-rna-

viruses/w/flaviviridae

Atrato Sobemo-like virus 5

Segment 1(2.8kb) Segment 2 (1.6 kb)

dR icp ?b

Atrato Sobemo-like virus 6

Segment 1 (3.0 kb)

Segment 2 (? kb)

Solemoviridae:

https://viralzone.expasy.org/8460

Most probably ASIVV 1-6 belong to a yet unassigned family of
viruses that share a common ancestor with members of the
families Solemoviridae and Luteovirida (Figure 63, Figure 64)

https://talk.ictvonline.org/ictv-

reports/ictv_online report/positive-sense-rna-

but have a different genome composition. The members of the
families Solemoviridae and Luteoviridae typically consist of a
(+)ssRNA, linear, monopartite genome, whereas ASLV1-6 and
their close relatives bear a bipartite genome. Visualizations of
the typical Solemovirida and Luteoviridae virions and genome

viruses/w/solemoviridae

Luteoviridae

https://viralzone.expasy.org/45

structures are available at ViralZone (Hulo et al. 2011).
Detailed descriptions of the families Luteoviridae and
Solemoviridae and the accepted genera are available on the
ICTV website (see links on the right of the figure).
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11.6.2.11 Durnavirales genome structures
11.6.2.11.1 Partitiviridae

Partitiviridae
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Figure 89: Genome structure of novel Partiti-like viruses.
Visualizations of the typical Partitiviridae virions and genome structures are available at ViralZone (Hulo et al. 2011). A
detailed description of the family Partitiviridae and the accepted genera is available on the ICTV website (see links on the right
of the figure).

11.6.2.12 Ghabrivirales genome structures
11.6.2.12.1 Chrysoviridae

Chrysoviridae
Segment 1(3.5kb) Segment2(3.2kb) Segment3(3.0kb) Segment 4 (3.1kb)
. Chrysoviridae

Salado virus - Pro r Ge { CP https://viralzone.ex

asy.org/166

Figure 90: Genome structures of novel members of the family Chrysoviridae. https://talk.ictvonline

Viruses of the family Chrysoviridae consist of a multipartite, dsRNA genome, usually 4 monocistronic -orgficty-
segments. Visualizations of the typical Chrysoviridae virions and genome structures are available at reports/ictv_online_r

ViralZone (Hulo et al. 2011). A detailed description of the family Chrysoviridae and the accepted genera
is available on the ICTV website (Kotta-Loizou et al. 2020), (see links on the right of the figure).
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11.6.2.12.2 Totiviridae

Figure 91: Genome structures of novel

Totiviridae members of the order Ghabrivirales.
Viruses of the family Totiviridae consist of Totiviridae:
Genome (6.2 kb) a linear, dsRNA genome with two ORFs https://viralzone.expasy.or

coding for an RdRp and a CP. Embera g/161
virus, Murri virus, and Atrato virus belong
to yet unassigned new genera of the

Genome (7.0 kb) family  Totiviridae (see 6.2.2.4.3.2.2) lctv-
reports/ictv 9th report/ds

Visualizations of the typical Totiviridae -
Murri virus '{En virions and genome structures are rha-viruses-
2011/w/dsrna viruses/19

available at ViralZone (Hulo et al. 2011). A

Embera virus

https://talk.ictvonline.or

Genome (7.1 kb) detailed description of the family 1totiviridae
Totiviridae and the accepted genera is
Atrato virus = ‘ Rak ' available on the ICTV website (see links on
the right of the figure).

11.6.2.13 Reovirales genome structures- Reoviridae

Reoviridae Atrato Reo-like virus 1 Phytovirus:
https://viralzone.expasy.org/628

Reoviridae:
Segment 1 (4.2 kb) Segment 2 (3.8kb)  Segment 3 (3.1kb) Segment 4 (2.5 kb) https://talkictvonline.org/ictv-

“ 4 RbP 4 macp miCP reports/ictv_9th report/dsrna-viruses-
2011/w/dsrna _viruses/188/reoviridae

Figure 92: Genome structure of a novel member of the order Reovirales.
Viruses of the family Reoviridae consist of 9-12 segments of linear dsRNA, depending on the genus. ARLV1 was assigned to
the genus Phytoreovirus and most probably has 12 segments (see Table 13), but only segments 1-4 are shown here, as no
similar sequences are available at NCBI GenBank for proper identification of the proteins coded on the other segments.
Visualization of the typical Phytoreovirus virion and genome structure is available at ViralZone (Hulo et al. 2011). A detailed
description of the family Reoviridae and the accepted genera is available on the ICTV website (see links on the right of the

figure).

11.6.2.14 Piccovirales genome structures - Parvoviridae

Parvoviridae
Genome (5.3 kb) Genome (4.9 kb)

Atrato Denso-like virus 1 Atrato Denso-like virus

Figure 93: Genome structures of novel members of the order Piccovirales.

Viruses of the family Parvoviridae consist of a linear ssDNA genome with terminal Parvoviridae:
hairpins. Atrato Denso-like virus and Atrato Denso-like virus 1 were assigned to the  https://viralzone.expasy.org/103
subfamily Densovirinae. Due to low AA similarity with other viruses a new genus

was proposed (see Figure 71 and Figure 72). Visualizations of the typical  https://talk.ictvonline.org/ictv-
Parvoviridae virions and genome structures are available at ViralZone (Hulo et al.  reports/ictv_online_report/ssdna
2011). A detailed description of the family Parvoviridae and the accepted genera -viruses/w/parvoviridae

is available on the ICTV website (Cotmore et al. 2019), (see links on the right of the

figure).
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11.6.2.15 Ortervirales

Ortervirales
Metaviridae Pseudoviridae
Chibugado virus Atrato Retro-like virus Metaviridae:
Genome (6.9 kb) Genome (4.3 kb) https://talk.ictvonline.org/ictv-
reports/ictv_online report/reverse-
|ORF1H ORF2 ORF3F Gag-Pol i transcribing-dna-and-rna-

viruses/w/metaviridae
et

Figure 94: Genome structures of novel viruses of the order Ortervirales (formerly Retrovirales).
Viruses of the family Metaviridae consist of a (+)ssRNA genome with one to three ORFs encoding a CP, N, P, RT, ribonuclease
H, and integrase enzymes. ARIv could not be assigned to any existing genus. A detailed description of the family Metaviridae
and the accepted genera is available on the ICTV website (see link on the right of the figure), (Llorens et al. 2020).

11.7 Sequences associated to non-viral agents found in mosquito and blood
sample pools

Table 20: Contigs of non-viral agents derived from mosquito and blood sample pools.

NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy

pool | species length Id.
(bps)
1731 | Wyeomyia 2296 | Wolbachia endosymbiont of | CP011148.1 99% Bacteria; Proteobacteria;
Drosophila incompta strain Alphaproteobacteria;
winc Cu genome Rickettsiales; Anaplasmataceae;
Wolbachieae; Wolbachia
2048 | Trypanosoma culicavium HQ909083.1 97% Eukaryota; Discoba; Euglenozoa;
isolate CUL24 18S ribosomal Kinetoplastea;
RNA gene, partial sequence Metakinetoplastina;

Trypanosomatida;
Trypanosomatidae; Trypanosoma

1738 | Ma. titillans | 1361 | Wolbachia endosymbiont of | AB772263.1 99% Bacteria; Proteobacteria;

Philaenus maghresignus gene Alphaproteobacteria;
for 16S ribosomal RNA, Rickettsiales; Anaplasmataceae;
partial sequence Wolbachieae; Wolbachia

1740 | An.darlingi | 1663 | Acinetobacter baumannii CP059479.1 99% Bacteria; Proteobacteria;
strain 17-84 chromosome, Gammaproteobacteria;
complete genome Pseudomonadales;

Moraxellaceae; Acinetobacter;
Acinetobacter
calcoaceticus/baumannii

complex
1741 | Ps. funiculus | 2605 Rickettsia sp. MEAM1 CP016305.1 96% Bacteria; Proteobacteria;
(Bemisia tabaci), complete Alphaproteobacteria;
enome Rickettsiales; Rickettsiaceae;

Rickettsieae; Rickettsia
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NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy
pool | species length Id.
(bps)
1743 | Ps. albipes 2528 | Blechomonas keelingi isolate | KF054130.1 90% Eukaryota; Discoba; Euglenozoa;
B07-22 18S small subunit Kinetoplastea;
ribosomal RNA gene, partial Metakinetoplastina;
sequence Trypanosomatida;
Trypanosomatidae; Blechomonas
1501 Providencia rettgeri strain CP027418.1 99% Bacteria; Proteobacteria;
FDAARGOS 330 Gammaproteobacteria;
chromosome, complete Enterobacterales;
genome Morganellaceae; Providencia
1155 | Trypanosoma theileri OSK-16 | LC618031.1 90% Eukaryota; Discoba; Euglenozoa;
genes for 18S rRNA, ITS1, Kinetoplastea;
5.8S rRNA, ITS2, 28S rRNA, Metakinetoplastina;
ITS3, ITS4, partial Trypanosomatida;
Trypanosomatidae; Trypanosoma
922 Providencia alcalifaciens CP023536.1 99% Bacteria; Proteobacteria;
strain FDAARGOS 408 Gammaproteobacteria;
chromosome, complete Enterobacterales;
enome Morganellaceae; Providencia
712 Providencia rettgeri strain CP027418.1 100% | Bacteria; Proteobacteria;
FDAARGOS 330 Gammaproteobacteria;
chromosome, complete Enterobacterales;
genome Morganellaceae; Providencia
1802 | Spiroplasma diabroticae 16S | GU908490.1 97% Bacteria; Tenericutes; Mollicutes;
ribosomal RNA gene, partial Entomoplasmatales;
sequence; 165-23S ribosomal Spiroplasmataceae; Spiroplasma
RNA intergenic spacer, 23S
ribosomal RNA gene, and
23S-5S ribosomal RNA
intergenic spacer, complete
sequence; and 5S ribosomal
RNA gene, partial sequence
1745 | Ps. albipes 2776 | Spiroplasma monobiae MQ-1 | CP025543.1 98% Bacteria; Tenericutes; Mollicutes;
chromosome, complete Entomoplasmatales;
genome Spiroplasmataceae; Spiroplasma
1746 | An.darlingi | 1912 | Crithidia otongatchiensis KC205989.1 97% Eukaryota; Discoba; Euglenozoa;
isolate ECU-08 small subunit Kinetoplastea;
ribosomal RNA gene, partial Metakinetoplastina;
sequence Trypanosomatida;
Trypanosomatidae;
Leishmaniinae; Crithidia
1758 | Crithidia fasciculata Y00055.1 96% Eukaryota; Discoba; Euglenozoa;
ribosomal DNA repeat Kinetoplastea;
(complete) Metakinetoplastina;
Trypanosomatida;
Trypanosomatidae;
Leishmaniinae; Crithidia
1699 Rickettsiella tipulae strain JF288933.1 98% Bacteria; Proteobacteria;
BBA296/BUR-D/1961 23S Gammaproteobacteria;
ribosomal RNA (rrl) gene, Legionellales; Coxiellaceae;
partial sequence Rickettsiella
1440 | Spironema culicis 16S AF166259.1 98% Bacteria; Spirochaetes;
ribosomal RNA gene, partial Spirochaetales; Spirochaetaceae;
sequence Entomospira
1319 Rickettsiella grylli 16S U97547.1 98% Bacteria; Proteobacteria;

ribosomal RNA gene, partial
sequence

Gammaproteobacteria;
Legionellales; Coxiellaceae;
Rickettsiella
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NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy
pool | species length Id.
(bps)
938 Rickettsiella tipulae strain JF288933.1 99% Bacteria; Proteobacteria;
BBA296/BUR-D/1961 23S Gammaproteobacteria;
ribosomal RNA (rrl) gene, Legionellales; Coxiellaceae;
partial sequence Rickettsiella
1185 | Arcobacter suis CECT 7833 CP032100.1 99% Bacteria; Proteobacteria;
chromosome, complete Epsilonproteobacteria;
enome Campylobacterales;
Campylobacteraceae; Arcobacter
group; Arcobacter
1061 | Wolbachia endosymbiont of | KT273261.1 98% Bacteria; Proteobacteria;
Mycopsylla fici isolate Syd Alphaproteobacteria;
23S ribosomal RNA gene, Rickettsiales; Anaplasmataceae;
partial sequence Wolbachieae; Wolbachia
1162 | Vorticella sp. 4 JG-2011 clone | JX178934 90% Eukaryota; Sar; Alveolata;
34 18S ribosomal RNA gene, Ciliophora; Intramacronucleata;
partial sequence; internal Oligohymenophorea; Peritrichia;
transcribed spacer 1, 5.8S Sessilida; Vorticellidae; Vorticella
ribosomal RNA gene, and
internal transcribed spacer 2,
complete sequence; and 28S
ribosomal RNA gene, partial
sequence
1748 | Ps. albipes 2701 | Wolbachia endosymbiont of | NR 076253.1 |99% Bacteria; Proteobacteria;
Culex quinquefasciatus Pel Alphaproteobacteria;
strain wPip 23S ribosomal Rickettsiales; Anaplasmataceae;
RNA, complete sequence Wolbachieae; Wolbachia
1750 | An.darlingi | 1425 | Spironema culicis 16S AF166259.1 98% Bacteria; Spirochaetes;
ribosomal RNA gene, partial Spirochaetales; Spirochaetaceae;
sequence Entomospira
1149 | Brachiola algerae 16S rRNA AM422905.1 96% | Eukaryota; Fungi; Fungi incertae
gene, ITS1 and 23S rRNA sedis; Microsporidia;
gene, strain Undeen Tubulinosematoidea;
Tubulinosematidae; Anncaliia.
397 Visvesvaria algerae small AF024656.1 99% | Eukaryota; Fungi; Fungi incertae
subunit ribosomal RNA gene, sedis; Microsporidia; Visvesvaria
complete sequence
1751 | Ps. albipes 1763 | Gilliamella apicola strain NR 122000.1 |95% Bacteria; Proteobacteria;
wkB1 23S ribosomal RNA, Gammaproteobacteria; Orbales;
complete sequence Orbaceae; Gilliamella
1550 | Vittaforma corneae ATCC XR_552275.1 94% Eukaryota; Fungi; Fungi incertae
50505 28S ribosomal RNA sedis; Microsporidia;
rRNA Nosematidae; Vittaforma
1158 | Microsporidium sp. 1199 FN610845.1 94% Eukaryota; Fungi; Fungi incertae
partial ssu gene for small sedis; Microsporidia;
subunit ribosomal RNA, Microsporidium
isolate 1199
593 Gilliamella apicola strain CP007445.1 98% Bacteria; Proteobacteria;
wkB1, complete genome Gammaproteobacteria; Orbales;
Orbaceae; Frischella
1752 | Cq. lynchi 2143 | Wolbachia endosymbiont of | LK055284.1 99% Bacteria; Proteobacteria;
Drosophila simulans wAu Alphaproteobacteria;
genome assembly, Rickettsiales; Anaplasmataceae;
chromosome: 1 Wolbachieae; Wolbachia
1383 Rickettsia limoniae strain AF322442.1 99% Bacteria; Proteobacteria;

Gent 16S ribosomal RNA
gene, partial sequence

Alphaproteobacteria;
Rickettsiales; Rickettsiaceae;
Rickettsieae; Rickettsia
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NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy
pool | species length Id.
(bps)
1753 | Cq. 2946 Erwinia amylovora CFBP1430 | FN434113.1 97% Bacteria; Proteobacteria;
venezuelens complete genome Gammaproteobacteria;
is Enterobacterales; Erwiniaceae;
Erwinia
2822 Helicobacter himalayensis CP014991.1 94% Bacteria; Proteobacteria;
strain YS1, complete genome Epsilonproteobacteria;
Campylobacterales;
Helicobacteraceae; Helicobacter
2600 | Wolbachia sp. wRi, complete | CP001391.1 99% Bacteria; Proteobacteria;
genome Alphaproteobacteria;
Rickettsiales; Anaplasmataceae;
Wolbachieae; Wolbachia
1754 | Ma. titillans | 1587 | Paratrypanosoma confusum | KF963538.1 95% Eukaryota; Discoba; Euglenozoa;
isolate CUL13 small subunit Kinetoplastea;
ribosomal RNA gene, partial Metakinetoplastina;
sequence Trypanosomatida;
Trypanosomatidae;
Paratrypanosoma
1551 | Wolbachia endosymbiont of | AM999887.1 95% Bacteria; Proteobacteria;
Culex quinquefasciatus Pel Alphaproteobacteria;
strain wPip complete Rickettsiales; Anaplasmataceae;
genome Wolbachieae; Wolbachia
1465 | Wolbachia endosymbiont of | AB772260.1 98% Bacteria; Proteobacteria;
Aphrophora quadrinotata Alphaproteobacteria;
gene for 16S ribosomal RNA, Rickettsiales; Anaplasmataceae;
partial sequence Wolbachieae; Wolbachia
1291 | Wolbachia endosymbiont of | NR 076253.1 |99% Bacteria; Proteobacteria;
Culex quinquefasciatus Pel Alphaproteobacteria;
strain wPip 23S ribosomal Rickettsiales; Anaplasmataceae;
RNA, complete sequence Wolbachieae; Wolbachia
1755 | Ma. titillans | 1684 | Gilliamella apicola strain NR 122000.1 |94% Bacteria; Proteobacteria;
wkB1 23S ribosomal RNA, Gammaproteobacteria; Orbales;
complete sequence Orbaceae; Gilliamella
1405 | Wolbachia endosymbiont of | AB772260.1 99% Bacteria; Proteobacteria;
Aphrophora quadrinotata Alphaproteobacteria;
gene for 16S ribosomal RNA, Rickettsiales; Anaplasmataceae;
partial sequence Wolbachieae; Wolbachia
1756 | Ma. titillans | 1748 | Helicobacter sp. 'Seymour AY596231.1 93% Bacteria; Proteobacteria;
B52 Bird-C' 23S ribosomal Epsilonproteobacteria;
RNA gene, partial sequence Campylobacterales;
Helicobacteraceae; Helicobacter
1107 | Wolbachia endosymbiont of | NR 076253.1 |99% Bacteria; Proteobacteria;
Culex quinquefasciatus Pel Alphaproteobacteria;
strain wPip 23S ribosomal Rickettsiales; Anaplasmataceae;
RNA, complete sequence Wolbachieae; Wolbachia
868 Frischella perrara strain CP009056.1 96% Bacteria; Proteobacteria;
PEB0191, complete genome Gammaproteobacteria; Orbales;
Orbaceae; Frischella
742 Gilliamella apicola strain CP007445.1 98% Bacteria; Proteobacteria;
wkB1, complete genome Gammaproteobacteria; Orbales;
Orbaceae; Gilliamella
1757 | Ps. albipes 2442 Blechomonas keelingi isolate | KF054130.1 89% Eukaryota; Discoba; Euglenozoa;

B07-22 18S small subunit
ribosomal RNA gene, partial
sequence

Kinetoplastea;
Metakinetoplastina;
Trypanosomatida;
Trypanosomatidae; Blechomonas
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NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy
pool | species length Id.
(bps)
1583 | Spiroplasma floricola 23-6 CP025057.1 99% Bacteria; Tenericutes; Mollicutes;
chromosome, complete Entomoplasmatales;
genome Spiroplasmataceae; Spiroplasma
1530 | Encephalitozoon hellem CP002718.1 99% Eukaryota; Fungi; Fungi incertae
ATCC 50504 chromosome VI, sedis; Microsporidia;
complete sequence Unikaryonidae; Encephalitozoon
1063 | Trypanosoma theileri OSK-16 | LC618031.1 92% Eukaryota; Discoba; Euglenozoa;
genes for 18S rRNA, ITS1, Kinetoplastea;
5.8S rRNA, ITS2 Metakinetoplastina;
Trypanosomatida;
Trypanosomatidae; Trypanosoma
1759 | Cq. 1685 | Wolbachia sp. wRi strain wRi | NR_076629.1 | 99% Bacteria; Proteobacteria;
venezuelens 23S ribosomal RNA, complete Alphaproteobacteria;
is sequence Rickettsiales; Anaplasmataceae;
Wolbachieae; Wolbachia
1761 | Ps. albipes 2521 Providencia rettgeri strain CP027418.1 98% Bacteria; Proteobacteria;
FDAARGOS 330 Gammaproteobacteria;
chromosome, complete Enterobacterales;
genome Morganellaceae; Providencia
1059 Asaia siamensis gene for 23S | AB255430.1 99% Bacteria; Proteobacteria;
rRNA, partial sequence, Alphaproteobacteria;
strain: BCC 12268 Rhodospirillales;
Acetobacteraceae; Asaia
1053 Leuconostoc ficulneum 23S AM773715.1 94% Bacteria; Firmicutes; Bacilli;
rRNA gene, ITS2 and 5S rRNA Lactobacillales; Lactobacillaceae;
gene, type strain CECT 5747T Fructobacillus
1767 | An.darlingi | 2069 Rickettsia sp. MEAM1 CP016305.1 99% Bacteria; Proteobacteria;
(Bemisia tabaci), complete Alphaproteobacteria;
genome Rickettsiales; Rickettsiaceae;
Rickettsieae; Rickettsia
1768 | Oc. serratus | 2409 Serratia marcescens strain CP012685.1 96% Bacteria; Proteobacteria;
SmMUNAMS836, complete Gammaproteobacteria;
genome Enterobacterales;Yersiniaceae;
Serratia
1113 Helicobacter trogontum AY596250.1 94% Bacteria; Proteobacteria;
strain ATCC 43966 23S Epsilonproteobacteria;
ribosomal RNA gene, partial Campylobacterales;
sequence Helicobacteraceae; Helicobacter.
1024 | Vorticella sp. FG-2015 KM222177.1 93% Eukaryota; Sar; Alveolata;
voucher $72010101001 large Ciliophora; Intramacronucleata;
subunit ribosomal RNA gene, Oligohymenophorea; Peritrichia;
partial sequence Sessilida; Vorticellidae; Vorticella
1769 | An.darlingi | 2092 Bifidobacterium adolescentis | CP028341.1 99% Bacteria; Actinobacteria;
strain 1-11 chromosome, Bifidobacteriales;
complete genome Bifidobacteriaceae;
Bifidobacterium
1770 | An.darlingi |2279 | Arcobacter suis strain MG196029.1 96% Bacteria; Proteobacteria;
CECT7833T 23S ribosomal Epsilonproteobacteria;
RNA gene, partial sequence Campylobacterales;
Campylobacteraceae; Arcobacter
group; Arcobacter
1955 Rickettsiella tipulae strain JF288933.1 98% Bacteria; Proteobacteria;

BBA296/BUR-D/1961 23S
ribosomal RNA (rrl) gene,
partial sequence

Gammaproteobacteria;
Legionellales; Coxiellaceae;
Rickettsiella
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NGS Mosquito contig | NCBI blastn Hit Description | Accession Hit | Per. Taxonomy
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1315 Rhodoferax ferrireducens NR 076409.1 |98% Bacteria; Proteobacteria;
strain T118 23S ribosomal Betaproteobacteria;
RNA gene, complete Burkholderiales;
sequence Comamonadaceae; Rhodoferax
1661 | Tetracyclus sp. TN-2014 KJ577873.1 87% Eukaryota; Sar; Stramenopiles;
isolate B16Tetracyclus 18S Ochrophyta; Bacillariophyta;
small subunit ribosomal RNA Fragilariophyceae;
gene, partial sequence Fragilariophycidae; Tabellariales;
Tabellariaceae; Tetracyclus
719 Rhodoferax saidenbachensis | CP019239.1 99% Bacteria; Proteobacteria;
strain DSM 22694, complete Betaproteobacteria;
genome Burkholderiales;
Comamonadaceae; Rhodoferax
1771 | An. 1423 Spironema culicis 16S AF166259.1 98% Bacteria; Spirochaetes;
nuneztovari ribosomal RNA gene, partial Spirochaetales; Spirochaetaceae;
sequence Entomospira
1189 | Acinetobacter bereziniae CP018259.1 99% Bacteria; Proteobacteria;
strain XH901, complete Gammaproteobacteria;
genome Pseudomonadales;
Moraxellaceae; Acinetobacter
1184 | Polaromonas NR 076475.1 |97% Bacteria; Proteobacteria;
naphthalenivorans strain CJ2 Betaproteobacteria;
23S ribosomal RNA gene, Burkholderiales;
complete sequence Comamonadaceae; Polaromonas
1772 | Cq. 2627 | Wolbachia sp. wRi, complete | CP001391.1 99% Bacteria; Proteobacteria;
venezuelens genome Alphaproteobacteria;
is Rickettsiales; Anaplasmataceae;
Wolbachieae; Wolbachia
1773 | Culex 2740 | Gilliamella apicola strain CP007445.1 96% Bacteria; Proteobacteria;
wkB1, complete genome Gammaproteobacteria; Orbales;
Orbaceae; Gilliamella
1900 | Spiroplasma floricola 23-6 CP025057.1 99% Bacteria; Tenericutes; Mollicutes;
chromosome, complete Entomoplasmatales;
genome Spiroplasmataceae; Spiroplasma
1774 blood 1184 | 1S4-like element ISAbal WP_ 07978578 | 100% | Bacteria; Proteobacteria;
samples family transposase 1.1 Gammaproteobacteria;
[Acinetobacter baumannii] Pseudomonadales;
Moraxellaceae; Acinetobacter;
Acinetobacter
calcoaceticus/baumannii
complex
947 hypothetical protein CAB5352905.1 | 100% | Bacteria; Proteobacteria;
IST4103 06878 [Burkholderia Betaproteobacteria;
cenocepacia Burkholderiales;
Burkholderiaceae; Burkholderia;
Burkholderia cepacia complex.
1775 | Psorophora | 5769 | Spiroplasma floricola 23-6 CP025057.1 93% Bacteria; Tenericutes; Mollicutes;
chromosome, complete Entomoplasmatales;
genome Spiroplasmataceae; Spiroplasma
1174 | Wolbachia endosymbiont of | LK055284.1 99% Bacteria; Proteobacteria;
Drosophila simulans wAu Alphaproteobacteria;
genome assembly, Rickettsiales; Anaplasmataceae;
chromosome: 1 Wolbachieae; Wolbachia
1128 | Spiroplasma floricola 23-6 CP025057.1 99% Bacteria; Tenericutes;

chromosome, complete
genome

Mollicutes; Entomoplasmatales;
Spiroplasmataceae; Spiroplasma
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1777 blood 1294 | Cylindrotheca closterium AF289049.1 94% Eukaryota; Sar; Stramenopiles;
samples internal transcribed spacer 1, Ochrophyta; Bacillariophyta;
5.8S ribosomal RNA gene, Bacillariophyceae;
internal transcribed spacer 2, Bacillariophycidae; Bacillariales;
and 28S ribosomal RNA gene, Bacillariaceae; Cylindrotheca
complete sequence
1201 Arcobacter suis CECT 7833 CP032100.1 100% | Bacteria; Proteobacteria;
chromosome, complete Epsilonproteobacteria;
genome Campylobacterales;
Campylobacteraceae; Arcobacter
group; Arcobacter
1040 | Acinetobacter johnsonii CP010350.1 99% Bacteria; Proteobacteria;
XBB1, complete genome Gammaproteobacteria;
Pseudomonadales;
Moraxellaceae; Acinetobacter
1778 blood 2506 | Acidovorax sp. JS42, CP000539.1 97% Bacteria; Proteobacteria;
samples complete genome Betaproteobacteria;
Burkholderiales;
Comamonadaceae; Acidovorax
2372 Diaphorobacter sp. JS3050 CP053553.1 100% | Bacteria; Proteobacteria;
chromosome, complete Betaproteobacteria;
genome Burkholderiales;
Comamonadaceae;
Diaphorobacter
1944 | Arcobacter suis CECT 7833 CP032100.1 100% | Bacteria; Proteobacteria;
chromosome, complete Epsilonproteobacteria;
genome Campylobacterales;
Campylobacteraceae; Arcobacter
group; Arcobacter
1744 | Plasmodium vivax isolate LV1 | JQ627143.1 99% Eukaryota; Sar; Alveolata;
28S ribosomal RNA gene, Apicomplexa; Aconoidasida;
partial sequence Haemosporida; Plasmodiidae;
Plasmodium
1534 | Xanthomonas campestris pv. | CP025750.1 100% | Bacteria; Proteobacteria;
campestris strain 3811 Gammaproteobacteria;
chromosome, complete Xanthomonadales;
genome Xanthomonadaceae;
Xanthomonas
1332 | Acidovorax sp. JS42, CP000539.1 100% | Bacteria; Proteobacteria;
complete genome Betaproteobacteria;
Burkholderiales;
Comamonadaceae; Acidovorax
1230 Cruoricaptor ignavus strain CP063145.1 98% Bacteria; Bacteroidetes;
M1214 chromosome, Flavobacteriia; Flavobacteriales;
complete genome Weeksellaceae; Cruoricaptor
1205 Diaphorobacter sp. JS3050 CP053553.1 96% Bacteria; Proteobacteria;
chromosome, complete Betaproteobacteria;
genome Burkholderiales;
Comamonadaceae;
Diaphorobacter
1167 | Acinetobacter baumannii CP050388.1 100% | Bacteria; Proteobacteria;
strain VB473 chromosome, Gammaproteobacteria;
complete genome Pseudomonadales;
Moraxellaceae; Acinetobacter
1117 | Acinetobacter sp. NEB 394 CP055277.1 99% Bacteria; Proteobacteria;

chromosome, complete
genome

Gammaproteobacteria;
Pseudomonadales;
Moraxellaceae; Acinetobacter
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