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Introduction

Like most living organisms, the mosquito microbiota includes resident (i.e. microorganisms that constantly live in or on the insect body) and transient (i.e. microorganisms that are only temporarily found in the insect body) microorganisms.

Environmentally acquired microbes are thus part of the transient/flexible microbiota and are also considered as members of the mosquito microbiota. The recent and extensive scientific research on mosquito microbiota has led to the recognition that mosquito-microbe relationships are important for the host biology and pathogen transmission [START_REF] Minard | Diversity and function of bacterial microbiota in the mosquito holobiont[END_REF]Guégan et al. 2018b;[START_REF] Dada | Considerations for mosquito microbiome research from the Mosquito Microbiome Consortium[END_REF]. Regarding pathogen transmission, many examples demonstrated the ability of bacteria to affect vector competence for pathogens that infect humans [START_REF] Dennison | The mosquito microbiota influences vector competence for human pathogens[END_REF][START_REF] Van Tol | Influences of the mosquito microbiota on vector competence[END_REF]. Some bacteria can negatively affect pathogen development and/or replication by activating immune response [START_REF] Gabrieli | Mosquito trilogy: microbiota, immunity and pathogens, and their implications for the control of disease Transmission[END_REF] or prevent pathogen infection through competition for resources or the secretion of molecules against pathogens [START_REF] Jupatanakul | The insect microbiome modulates vector competence for arboviruses[END_REF]. In contrast, other bacteria as well as fungi can enhance mosquito host susceptibility to pathogen infection [START_REF] Apte-Deshpande | Serratia odorifera mediated enhancement in susceptibility of Aedes aegypti for chikungunya virus[END_REF][START_REF] Angleró-Rodríguez | An Aedes aegypti-associated fungus increases susceptibility to dengue virus by modulating gut trypsin activity[END_REF][START_REF] Wu | A gut commensal bacterium promotes mosquito permissiveness to arboviruses[END_REF].

Besides their influence in vector competence, bacteria were also shown to play important roles in mosquito development, reproduction and nutrition [START_REF] Dong | Implication of the mosquito midgut microbiota in the defense against malaria parasites[END_REF][START_REF] Coon | Mosquitoes rely on their gut microbiota for development[END_REF]Coon, Brown, Strand 2016a and2016b;[START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF][START_REF] Correa | Generation of axenic Aedes aegypti demonstrate live bacteria are not required for mosquito development[END_REF][START_REF] Chen | Multiple factors determine the structure of bacterial communities associated with Aedes albopictus under artificial rearing conditions[END_REF][START_REF] Guégan | Who is eating fructose within the Aedes albopictus gut microbiota?[END_REF][START_REF] Scolari | Exploring changes in the microbiota of Aedes albopictus: comparison among breeding site water, larvae, and adults[END_REF][START_REF] Wang | Riboflavin instability is a key factor underlying the requirement of a gut microbiota for mosquito development[END_REF].

Bacterial microbiota of mosquitoes is a dynamic community that shifts across the insect biological cycle, as previously evidenced across several mosquito species [START_REF] Gimonneau | Composition of Anopheles coluzzii and Anopheles gambiae microbiota from larval to adult stages[END_REF][START_REF] Coon | Mosquitoes rely on their gut microbiota for development[END_REF][START_REF] Duguma | Developmental succession of the microbiome of Culex mosquitoes[END_REF][START_REF] Alfano | Changes in microbiota across developmental stages of Aedes koreicus, an invasive mosquito vector in Europe: Indications for microbiota-Based Control Strategies[END_REF]. In most observations, the microbiota diversity decreases during the development of mosquitoes from larvae to adults. A selective sweep occurs during the pupal stage when a renewal of the gut epithelial layers induces a massive loss of bacterial communities [START_REF] Alfano | Changes in microbiota across developmental stages of Aedes koreicus, an invasive mosquito vector in Europe: Indications for microbiota-Based Control Strategies[END_REF]. Interestingly, a thorough study conducted in artificially reared Ae. albopictus mosquitoes under laboratory conditions highlighted that multiple factors including development stage, adult age and female feeding regimes determine the structure of bacterial microbiota from egg to adult stages [START_REF] Chen | Multiple factors determine the structure of bacterial communities associated with Aedes albopictus under artificial rearing conditions[END_REF]. Overall, multiple intrinsic and extrinsic factors may affect the acquisition and settlement of microbes during early stages. However, the breeding sites and habitats of mosquitoes were previously suggested as the main drivers of adult-associated bacterial communities (Guégan et al. 2018b;[START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF]. As a matter of fact, an important part of the microbiota is environmentally acquired in mosquitoes [START_REF] Coon | Mosquitoes rely on their gut microbiota for development[END_REF]. It was shown that larvae or newly emerged adults harbour microorganisms derived from their aquatic habitats (Guégan et al. 2018b;Mallasigné, Valiente Moro, Luis 2020). This means that environmental determinants strongly influence important traits in the biology of mosquitoes [START_REF] Ranasinghe | Naturally occurring microbiota associated with mosquito breeding habitats and their effects on mosquito larvae[END_REF][START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF].

The yellow fever mosquito Aedes aegypti is a main vector for several medically important arboviruses, including dengue, Zika, yellow fever, and chikungunya viruses [START_REF] Powell | History of domestication and spread of Aedes aegypti -A Review[END_REF]. Infections of humans with dengue and yellow fever viruses remain an important public health concern as they infect 390 million and 200,000 people each year, respectively [START_REF] Barrett | Yellow fever: a disease that has yet to be conquered[END_REF][START_REF] Bhatt | The global distribution and burden of dengue[END_REF]. To date, only few publications have explored the overlap between the microbiota of Ae. aegypti larvae and the microbial communities of their aquatic habitat [START_REF] Dada | Comparative assessment of the bacterial communities associated with Aedes aegypti larvae and water from domestic water storage containers[END_REF][START_REF] Ranasinghe | Naturally occurring microbiota associated with mosquito breeding habitats and their effects on mosquito larvae[END_REF][START_REF] Hery | Natural variation in physicochemical profiles and bacterial communities associated with Aedes aegypti breeding sites and larvae on Guadeloupe and French Guiana[END_REF]. Moreover, in comparison to bacteria, fungal communities (also referred to as mycobiota) were largely understudied across mosquito species including Ae. aegypti (Mallasigné, Valiente Moro, Luis 2020). A better understanding of the dynamics involved in microbial acquisition in this mosquito species is therefore needed. In particular, it remains unclear whether the microorganisms acquired from the water of breeding sites constitute a major or negligible proportion of the larval microbiota and whether similar factors drive the acquisition of bacterial and fungal communities. Additional field studies comparing the microbial diversity including both the simultaneous analysis of bacteria and fungi of larvae and their aquatic habitats would provide important knowledge on the role of the environment in modulating the microbiota as a whole. In a previous study in central Gabon, we showed that the bacterial microbiota colonizing the gut of adult mosquitoes is highly correlated with variations in the microbiota of water they emerged from but markedly differed from water in terms of composition [START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF]. Indeed, bacteria found in adult guts are underrepresented in water. This result is consistent with the well-known microbiota reorganization that occurs between immature and adult stages [START_REF] Alfano | Changes in microbiota across developmental stages of Aedes koreicus, an invasive mosquito vector in Europe: Indications for microbiota-Based Control Strategies[END_REF]) and suggests that water may constitute a main source of microbes but that mosquitoes filter most of them out during their development. Considering this observation, we suggest that immature mosquito larvae that did not yet proceed to microbiota filtering during pupation may even be more influenced by the microbial composition of the water they are living in.

The objective of the current study was to investigate to which extent variations of the microbial communities in aquatic habitats influence Ae. aegypti larval microbiota composition and the paired structures of bacterial and fungal communities. For this, we collected larvae and water from various artificial containers within the Lopé village in Gabon.

We hypothesized that similar environmental factors shape the composition of these two communities in the immature stages of mosquitoes. Such knowledge provides new insights into the environmental drivers of mosquito-associated bacterial and fungal communities.

Material and Methods

Study site and sample collection

Field sampling was performed in Gabon during the wet season in November -December 2017 and April -May 2018 in Lopé village (latitude, -0.099221; longitude, 11.600330).

Third-and fourth-instar larvae as well as water were sampled from artificial breeding sites such as small tanks and containers (Table S1). Samples were collected with a sterile plastic pipette into a sterile 50-ml falcon tube with filter-top lid. Water samples were agitated before sampling to mix detritus and the upper surface to a depth of 10cm was collected representing ~ 50 ml per breeding site. In the Station d'Etude des Gorilles et Chimpanzés field station, larvae were separated from the water for each breeding site under a laminar flow cabinet, transferred to a new sterile 50-ml falcon tube and both samples, water and larvae were then snap frozen in a liquid nitrogen tank and subsequently conserved at -80°C. All larvae collected from each sampled breeding site were selected for further sequencing analysis (Table S1).

DNA extraction

Water samples were homogenized after vortexing for 1 min and an aliquot of 1.5 mL was centrifuged for 10 min at maximum speed (13 400 rpm). The supernatant was discarded and a new aliquot of 1.5 mL was added. This step was repeated from 2 to 4 times depending on the volume of water available for each sample. Pooled pellets were resuspended in 500 μL of extraction buffer (10 mM tris-HCl [pH 8.0], 10 mM EDTA, disodium salt [pH 8.0], 100 mM sodium chloride, and 2% (v/v) SDS) and DNA was extracted as previously described [START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF]. The extractions were performed in 6 batches and a negative control (i.e., extraction performed on an empty tube) was made for each batch. Prior to DNA extraction, larvae were surface-sterilized by three washes in sterile water, followed by 5 min soaking in 70% ethanol, and five rinses in sterile water. Each larva was crushed for 10 s using a Mini-beadbeaterTP apparatus (Biospec Products) into a 2-mL Eppendorf tube containing 1-mm diameter beads (Biospec, 1 mm) and 250 µL of CTAB buffer (2% hexadecyltrimethyl ammonium bromide, 1.4 M NaCl, 0.02 M EDTA, 0.1 M Tris pH8, 0.2% 2-β mercaptoethanol). After incubation for 1h at 60°C on a shaker (300 rpm), 4 µL of RNase (100 mg/ml) was added and incubated at 37°C for 5 min. Mixtures of phenol:chloroform:isoamyl alcohol (25 :24 :1) and chloroform:isoamyl alcohol (24 :1) were added and after centrifugation for 30 min at 13 200 rpm, DNA was precipitated using isopropyl alcohol. DNA pellets were rinsed twice with 75% cold ethanol, air-dried under laminar flow and resuspended in 22 to 27 µL of sterile RNase free water. DNA purity and concentration were measured using a NanoDrop™ spectrophotometer for both water and larvae samples.

Mitochondrial gene amplification

DNA samples from larvae were used as templates to amplify a 597-base-pair (bp) region of the mitochondrial cytochrome c oxidase subunit I (COI) gene as previously described [START_REF] Raharimalala | Biogeography of the two major arbovirus mosquito vectors, Aedes aegypti and Aedes albopictus (Diptera, Culicidae), in Madagascar[END_REF]. PCR products were sent to sequencing at BIOFIDAL-DTAMB (FR BioEnvironment and Health, Lyon, France). Sequences of each COI haplotype were deposited on European Nucleotide Archive (https://www.ebi.ac.uk/ena/browser/home) under the accession number PRJEB45388.

Library preparation and sequencing

For amplicon sequencing, two-step Nextera PCR libraries were created following the Illumina protocol. First-step PCR were performed in triplicate on the hypervariable V5-V6 regions of the 16S rRNA gene (rrs) of ~ 280 bp and the nuclear ribosomal internal transcribed spacer (ITS2 region) for bacterial and fungal community identification, respectively. The modified primers 784F (5′-AGGATTAGATACCCTGGTA-3′) and 1061R (5′-CRRCACGAGCTGACGAC-3′) for bacteria and gITS7 (5'-GTG AAT CAT CGA RTC TTT G -3') and ITS4 primers (5'-TCC TCC GCT TAT TGA TAT GC-3') for fungi were used.

Each primer pair was associated with the two Illumina overhanging adapter sequences. Primer pair targeting the V5-V6 region was selected as these primers did not match mosquito 18S and mitochondrial 16S rDNA gene sequences and allowed the better coverage of the sequences belonging to the RDP Bacteria domain database [START_REF] Minard | Pyrosequencing 16S rRNA genes of bacteria associated with wild tiger mosquito Aedes albopictus: a pilot study[END_REF]. All PCR amplifications were carried out in triplicates on a Biorad C1000 thermal cycler (Biorad, CA, USA) in a 25 μl reaction. PCR reactions were performed using the 5X BioAmp ® master mix (Biofidal, France) containing 2 µL sample DNA, 5 µL of Mix HotStarTaq 5X, 1X of GC rich Enhancer, 0.5 mg.mL -1 of bovine serum albumin (New England Biolabs, Evry, France) and 1 µM of each primer. For bacteria, amplifications were conducted for 10 min at 96°C followed by 5 cycles at 96°C for 20 s, 65°C for 30 s, 72°C for 60 s, 5 cycles at 96°C for 20 s, 61°C for 30 s, 72°C for 60 s, 5 cycles at 96°C for 20 s, 57°C for 30 s, 72°C for 60 s, 25 cycles at 96°C for 20 s, 54°C for 30 s, 72°C for 60 s and a final extension at 72°C for 10 min. For fungi, amplifications were conducted with one cycle of 3 min at 94°C, followed by 40 cycles at 94°C for 45 s, 55°C for 45 s, 72°C for 30 s, and a final extension step of 5 min at 72°C. The three PCR product replicates from each sample (water or individual larvae) of each gene were pooled, purified and quantified with the Quant-iT Picogreen dsDNA Assay Kit (Life Technologies). A total of 148 amplicon libraries were constructed. A total of 21 (11 for bacteria, 10 for fungi), 115 (57 for bacteria and 58 for fungi) and 12 (6 for bacteria and 6 for fungi) amplicon libraries were generated for water samples, larvae and negative controls respectively. Subsequently, one Illumina MiSeq platform and a v3 600 cycles kit was used to sequence the PCR libraries (second-step PCR) at Biofidal (Vaulx-en-Velin, France). All FastQ files were deposited in the EMBL European Nucleotide Archive (https://www.ebi.ac.uk/ena) under the project accession number PRJEB45062.

Bioinformatics analysis

Total of 5,311,262 and 4,983,099 reads were obtained for the bacteria and fungi respectively and demultiplexed. Sequence quality control and analysis of sequence data were carried out using the FROGS pipeline [START_REF] Escudie | FROGS: find rapidly OTU with galaxy solution[END_REF] with the previously described parameters (Guégan et al. 2018a;[START_REF] Guégan | Who is eating fructose within the Aedes albopictus gut microbiota?[END_REF]. Taxonomic affiliation was performed against the SILVA database 132 for bacteria [START_REF] Yilmaz | The SILVA and "All-species Living Tree Project (LTP)" taxonomic frameworks[END_REF]) and ITS UNITE database for fungi [START_REF] Kõljalg | Towards a unified paradigm for sequence-based identification of fungi[END_REF] with the Mothur pipeline [START_REF] Schloss | Introducing mothur: Open-source, platform-independent, communitysupported software for describing and comparing microbial communities[END_REF]) at 80% minimum bootstrap using a naïve Bayesian classifier [START_REF] Wang | Naive Bayesian classifier for rapid assignment of rRNA sequences into the new bacterial taxonomy[END_REF]. Contaminants were filtered out using negative control (blank extraction and PCR). OTUs were removed if they were detected in the negative control sample and their relative abundance was not at least 10 times greater than that observed in the negative control [START_REF] Minard | French invasive Asian tiger mosquito populations harbor reduced bacterial microbiota and genetic diversity compared to Vietnamese autochthonous relatives[END_REF]. Sequences were grouped into operational taxonomic units (OTUs) by clustering at 97% similarity. To compare samples, normalization was performed at 21,629 and 18500 sequences for the bacterial and fungal sequences, respectively. A total of 877 and 768 operational taxonomic units (OTUs) were obtained for bacteria and fungi, respectively. Venn diagrams were generated with the Venn Diagrams software from the Van de Peer Lab Bioinformatics and Evolutionary Genomics (http://bioinformatics.psb.ugent.be/webtools/Venn/).

Statistical analysis

Data analysis and statistical tests (Mann-Whitney-Wilcoxon and Adonis-ANOVA) were carried out using R software (R Core Team 2018) with phyloseq (McMurdie and Holmes 2013) and vegan [START_REF] Oksanen | Vegan: community ecology package. R package version 2[END_REF] for diversity analysis as well as ggplot2 (Wickham 2018) for graphical representations. Bacterial and fungal within individual diversity also referred as α-diversity was estimated with the Shannon index (H'). Community similarity between individuals also referred as β-diversity was estimated with the Bray-Curtis index.

Comparisons of α-diversity between larvae and water were performed with an ANOVA.

Correlations between larvae and water microbial communities (either bacteria and fungi) collected in the same habitats were performed with a Spearman rank-based analysis.

Comparisons of microbial communities' β-diversity were performed with the adonis-ANOVA permutational analysis of variance with the package vegan. Spearman correlations between communities associated with water and larvae were computed with the lineup2 package [START_REF] Broman | Lineup2: Lining up two sets of measurements[END_REF]) and heatmap graphs were represented with complexHeatmap [START_REF] Gu | Short-term impacts of anthropogenic stressors on Aedes albopictus mosquito vector microbiota[END_REF].

Ethical statement

Mosquito collections inside Lopé National Park were conducted under permit number AE17012/PR/ANPN/SE/CS/AFKP and the national research authorisation number AR0013/117/MESRSFC/CENAREST/CG/ CST/CSAR.

RESULTS

Diversity and correlations between microbial communities of larvae and larval habitat

OTU diversity. The microbiota of water and Ae. aegypti larvae samples were examined by sequencing of the bacterial 16S rRNA gene and ITS2 region, for bacterial and fungal communities respectively. Sequences of a total of 148 libraries (i.e., 21 water samples; 115 individual larval samples, 6 DNA extraction negative controls for each gene) resulted in 5,311,262 sequence reads for bacteria, ranging from 57,562 to 116,144 (with an average of 73,763 and 78,945 for water and larvae, respectively) and 4,983,099 sequence reads for fungi, ranging from 47,493 to 101,501 (with an average of 61,967 and 75,232 for water and larvae, respectively). Larvae and water exhibited a higher number of OTUs for bacteria than for fungi and the number of OTUs was higher in water than in larvae irrespective of the microbial community (Table S2 andS3). The mean number of OTUs detected in larvae sharing the same breeding site varied from 146 ± 35 to 332 ± 67 for bacteria and from 58 ± 13 to 268 ± 62 for fungi (Table S2 andS3). The average numbers of bacterial and fungal OTUs in water were 202 ± 40 (range 138-266) and 84 ± 47 (range 38-202), respectively (Table S2 andS3).

Microbial communities comparison between water samples and larvae. Larvae belonging to the same breeding site showed a relatively conserved microbiota for both bacteria (Fig 1A) Comparison analysis performed with the Shannon index indicated no significant difference in the α-diversity of bacterial communities between larvae and water (ANOVA, F = 0.305, p = 0.582). However, significant differences were observed between larvae and water in the mycobiota diversity, the fungal microbiota being more diverse in larvae than in water (ANOVA, F = 4.345, p = 0.04). Furthermore a positive correlation was detected between the Shannon index of the water and the Shannon index of larvae for fungi (Spearman correlation ρ = 0.74, p = 3.379 x 10 -7 ; Fig. 3B) but not for bacteria (Spearman correlationρ = -0.22, p = 0.18; Fig. 3A). A total of 542 bacterial OTUs and 375 fungal OTUs (i.e. 61.8 % and 48.8 % of the total OTUs) were shared between larvae and water (Fig. 4A and Fig. 4B). Larvaespecific bacterial and fungal OTUs counted for 251 and 346, respectively while that of waterspecific OTUs was lower with 27 and 21 respectively for bacteria (Fig. 4A) and fungi (Fig. 4B).

Correlation between the microbial composition of larvae and water.

A clear correlation of the microbiota of larvae and water was detected for individuals belonging to the same breeding site for both bacteria (Fig. S1) and fungi (Fig. S2). The same analysis performed at the scale of OTUs showed that OTUs split into different groups highlighting some patterns of positive correlations between larval and water microbiota composition (Fig. 5 and6).

Regarding bacteria, one group consisted of 5 OTUs in larval samples (Clostridium sensu stricto, Camelimonas, Candidatus_Protochlamydia, Bosea and Vogesselia) that showed correlated abundances with 4 OTUs in water samples (Chryseobacterium, Legionella, Camelimonas and Bosea) (Fig. 5). The identification of Camelimonas and Bosea OTUs in the two groups of both categories of samples, suggests that water of breeding sites was a major determinant of bacterial microbiota composition in larvae of these two taxa. Another group harbouring the OTUs Chromobacterium, Arcicella and one unclassified taxa in larvae samples was positively correlated with the OTUs Novosphingobium, uncultured Chlamydiales (CvE6_ge) and uncultured Beijerinckiaceae (FukuN57) in water samples. Finally, a third group of OTUs composed of Microbacterium, Phreatobacter and 2 unclassified taxa were positively correlated with the OTUs Leifsonia, Rudanella and 5 other unclassified taxa.

Regarding fungi, 5 groups of positive correlations were highlighted (Fig. 6). All together these results indicate that water of breeding sites is a strong driver of microbial assemblages in larvae, for both bacterial and fungal communities.

Composition of microbial communities in Aedes aegypti larvae and their associated aquatic habitats

Bacterial taxonomic composition. A total of 877 OTUs belonging to 11 bacterial phyla and 254 genera were identified across all the samples. The percentage of unclassified bacterial sequences represented less than 1% irrespective of the sample type except for one larval sample, which exhibited 21% of unclassified sequences (Fig. 7). In larvae, 11 bacterial phyla were identified and 3 of them (Actinobacteria, Proteobacteria and Firmicutes) were prevalent and abundant (taken together range 47.07% -99.97% of relative abundance, average 89.69%).

Their relative abundance was variable among larval samples between breeding sites ranging from 3.34% to 88.11% for Actinobacteria, 10.25% to 56.54% for Proteobacteria and 1.19% to 85.26% for Firmicutes. For water samples, only Proteobacteria and Actinobacteria were retrieved in all samples. Taken together, the mean abundance of the three phyla (Actinobacteria, Proteobacteria and Firmicutes) per larval habitat is more than 67.68 % (average 88.59%). The relative abundance of Proteobacteria ranged from 34.01% to 95.44% (average 76.73%) and was higher compared to that of Actinobacteria (range 0.82% -35.49%, average 10.99%). When comparing water and larval samples, the proportion of Proteobacteria was more important in water compared to larvae (76.73 ± 19.93 vs 32.32 ± 16.79) while higher proportions of Actinobacteria were reported in larvae compared to water (34.55 ± 25.78 vs 10.99 ± 13.52) (Fig. 7). A total of 62 bacterial genera out of 254 (24.4%) were specific to larvae (among which the most abundant were Ralstonia and Candidatus_Protochlamydia) and 8 genera (3.1%) were specific for water (among which the most abundant were unclassified Sporichthyaceae, Pseudarcicella and Rudanella). A combined analysis of prevalence and abundance was also performed. Prevalence refers to the overall infection rate of a given OTU overall samples (number of samples, i.e. larvae or water, in which the OTU was detected / total number of samples). Abundance refers to proportion occupied by an OTU within a sample among either the bacterial or fungal community (number of normalized reads assigned to the OTU in a given samples / total number of normalized reads). This analysis revealed the 5 OTUs Mycobacterium, Clostridium sensu stricto, unclassified Peptostreptococcaceae, unclassified Burkholderiaceae and unclassified Microbacteriaceae were the most prevalent (>75%) and abundant (>10 2 ) across larvae (Fig. 8A). In water, 2 OTUs identified as unclassified Rhizobiales were identified as the most prevalent (100%) with high abundance (>10 2 ) (Fig. 8B).

Fungal taxonomic composition.

A total of 668 OTUs belonging to 9 sub-phyla and 49 order were identified in Ae. aegypti larvae. Compared to bacterial communities, the percentage of unclassified fungal sequences was important and variable across samples. It was comprised between 6.65% and 99.79% in larvae or between 12.58% and 99.94% in water (Fig. 9).

Larvae and water samples exhibited similar communities dominated by the sub-phylum Pezizomyctotina (from 9% to 91.59% in larvae and from 4.94% to 83.67% in water) and followed by the sub-phylum Agaromycotina (from 0,14% to 15,34% in larvae and from 0,37% to 20,29% in water). The Zygomycota incertae sedis phylum was absent from water but present in 3 out of 17 samples of larvae while conversely the phylum Chytridiomycota was absent from larvae but identified in one sample of water. At the order level, similar fungal compositions were observed between larvae and their associated aquatic habitats within the phyla Ascomycota and Basidiomycota (Fig. S3 andS4). Within the phylum Ascomycota, the majority of reads of water samples was assigned to the order Pleosporales (33.73%) followed by Capnodiales (27.02%) and Hypocreales (10.04%) (Fig. S3). For larvae samples (at least one larva of the breeding site), it was Pleosporales (27.64%), Trichosphaeriales (13.46%), Eurotiales (13.39%) and Capnodiales (10.46%) (Fig. S3). Reads assigned to Pleosporales were detected in all of the water and mosquito samples (Fig. S3).

Within the Basidiomycota, the majority of reads were associated with the order Tremellales (46.87%) followed by Rhyzophydiales (20.19%) (Fig. S4). For larvae samples, it was Tremellales (32%), Polyporales (12.78%) and Wallemiales (11.92%) (Fig. S4). A combined analysis of prevalence and abundance revealed two OTUs (one unclassified Trichosphaeriales and another OTU identified as unclassified) as being the most prevalent and abundante (>60% and 10 2 , respectively) across larvae followed by the OTU Penicillium citrinum (>50% and 10 2 ) (Fig. 8C). In water, one OTU identified as unclassified Pleosporales was found to be the most prevalent (>80%) and abundant (5.10 2 ) followed by the two OTUs Toxidocladosporium irritans and Aureobasidium (70%, 10 1 ) (Fig. 8D).

Discussion

In a previous study, we demonstrated that larval exposure to different bacteria drive variation in Ae. aegypti vector competence [START_REF] Dickson | Carryover effects of larval exposure to different environmental bacteria drive adult trait variation in a mosquito vector[END_REF]. Such a result underlines the importance to better characterize the microbial composition of mosquito larvae in relation with their breeding sites since larvae acquire the major part of their microbiota from water habitats [START_REF] Xia | Larval sites of the mosquito Aedes aegypti formosus in forest and domestic habitats in Africa and the potential association with oviposition evolution[END_REF]. Despite growing information on the composition and diversity of bacterial communities associated with Ae. aegypti at the adult stage, in comparison limited data are available on larvae and their water habitats as well as on other associated microbes.

To fill this gap, we used high-throughput sequencing to compare bacterial and fungal communities between water samples and Ae. aegypti larvae collected from various breeding sites in the Lopé village (Gabon).

Overall, our study showed that there was higher similarity in microbial structure, for both bacterial and fungal communities, between larvae and water in which larvae develop than between larvae and water from different breeding sites. This correlation in the microbial composition between larvae and their surrounding environment could reflect either an influence of larval microbiota on water microbial communities (through the release of microbial community from larvae feces or during molting as well as larval predation of microorganisms) or on the opposite, an influence of the water microbial communities on larval microbiota (through acquisition by filtration, nutrition, limited microbial vertical transmission). Interestingly, our results also support the fact that larval microbiota is highly similar to the microbial communities found in larval habitats contrary to what was observed for adult mosquitoes. Since it is known that a massive loss of bacterial communities occurs during the pupal stage, this suggests that the mosquitoes select the microbiota in late stages (most likely between pupation and emergence) or that some bacteria are quickly able to recolonize newly-emerged adult mosquitoes. The first hypothesis would explain why adults have a microbiota that varies symmetrically to the larval breeding site they originated from but have a different microbiota composed of sub-dominant species in water.

While no significant differences were detected for bacteria, a more diverse microbiota in larvae than in water was observed for fungal communities, associated with a positive correlation between the Shannon indices of the water and the larvae. This higher diversity could be explained by biotic and abiotic differences between both environments (i.e. difference in pH, oxygen, immunity …) and / or differences in fungi acquisition mode (i.e. vertical transmission in insects, nutrition…). The hypoxia in the gut of larvae is a factor limiting the growth of particular aerobic bacteria but little is known for fungi [START_REF] Coon | Bacteria-mediated development of mosquitoes[END_REF]. [START_REF] Muturi | Microbial communities of container aquatic habitats shift in response to Culex restuans larvae[END_REF] also demonstrated that mosquito larvae are highly selective of the bacterial taxa from the larval environment that colonize their bodies. Interestingly, a recent study also demonstrated that amount of larval diet in the breeding water that proportionally increase with bacterial loads in breeding water, has a significant effect on Ae. aegypti mosquito microbiota size and composition and that these effects last into adulthood (MacLeod, Dimopoulos, Short 2021). Microbial interactions such as competition, amensalism, mutualism, cross-feeding or predation occur among microbial species in the mosquito microbiota and may also impact in structuring microbial communities (Gusmao et al. 2010). Thus, it is possible that bacteria or fungi already present in larvae limit the colonization by new microorganisms referred to as priority effects. This was observed in a recent study where the development of fungi was correlated with a reduction of bacterial numbers by antibiotics in field-caught mosquitoes [START_REF] Hyde | Antibiotic resistant bacteria and commensal fungi are common and conserved in the mosquito microbiome[END_REF].

Moreover, previous studies also reported that water with or without mosquito larvae as well as larval density influence the bacterial community composition in water that in turn may have consequences on larvae microbiota composition [START_REF] Nilsson | Presence of Aedes and Anopheles mosquito larvae is correlated to bacteria found in domestic water-storage containers[END_REF][START_REF] Muturi | Microbial communities of container aquatic habitats shift in response to Culex restuans larvae[END_REF].

However, such an impact remains to be investigated for fungal communities.

In agreement with other studies, Proteobacteria, Firmicutes and Actinobacteria were the most abundant phyla found in field-collected Ae. aegypti larvae representing on average 89% of the total number of reads [START_REF] Dada | Comparative assessment of the bacterial communities associated with Aedes aegypti larvae and water from domestic water storage containers[END_REF][START_REF] Hery | Natural variation in physicochemical profiles and bacterial communities associated with Aedes aegypti breeding sites and larvae on Guadeloupe and French Guiana[END_REF]). These phyla were also very abundant and common in water habitats but contrary to what was previously observed [START_REF] Hery | Natural variation in physicochemical profiles and bacterial communities associated with Aedes aegypti breeding sites and larvae on Guadeloupe and French Guiana[END_REF], not all bacterial taxa identified in Ae. aegypti larvae were found in the corresponding breeding sites. This difference could potentially be due to the difficulty of sampling all microorganisms from a water source given that small volumes were sequenced or differences in the total biomass and the DNA extraction protocols between the two samples. Distinct patterns were observed for Proteobacteria and Actinobacteria. While the proportion of Proteobacteria was more important in water compared to larvae, the contrary was observed for Actinobacteria in which a higher proportion in larvae was obtained.

However, at the genus level the bacterial composition diverged between larvae and water samples, with heterogeneity in the taxonomic profiles. The genus Mycobacterium was found to be the most prevalent and abundant in larvae while it was an OTU belonging to an unclassified Rhizobiales in water samples. Interestingly, the genus Mycobacterium was recently shown to dominate in Ae. japonicus larvae and this genus with an unclassified Rhizobiales occurred in disproportionally higher abundance in Ae. japonicus samples from used tires [START_REF] Juma | The larval environment strongly influences the bacterial communities of Aedes triseriatus and Aedes japonicus (Diptera: Culicidae)[END_REF]. Moreover, the distribution of the other most abundant and prevalent genera varied considerably among water and larvae except for an OTU belonging to an uncultured Burkholderiaceae which was highly abundant and prevalent in both samples.

Interestingly, Wolbachia was identified in 4 individual larvae belonging to different breeding sites with low number of sequences per larvae. Analysis of the V5-V6 sequences showed 99% identity GenBank accession number MN046789) with Wolbachia previously identified in field-collected Ae. aegypti mosquitoes in Philippines [START_REF] Carvajal | Detection of Wolbachia in field-collected Aedes aegypti mosquitoes in metropolitan Manila, Philippines[END_REF]). This result confirms recent studies highlighting the presence of this bacterium in Ae. aegypti [START_REF] Thongsripong | Mosquito vector-associated microbiota: Metabarcoding bacteria and eukaryotic symbionts across habitat types in Thailand endemic for dengue and other arthropod-borne diseases[END_REF][START_REF] Balaji | Evidence for the natural occurrence of Wolbachia in Aedes aegypti mosquitoes[END_REF][START_REF] Carvajal | Detection of Wolbachia in field-collected Aedes aegypti mosquitoes in metropolitan Manila, Philippines[END_REF][START_REF] Kulkarni | Wolbachia pipientis occurs in Aedes aegypti populations in New Mexico and Florida, USA[END_REF], Inacio da Silva et al. 2021) while the absence of natural infection of Wolbachia in Ae. aegypti mosquitoes had long been put forward (Gloria-Soria, [START_REF] Chiodo | Lack of evidence for natural Wolbachia Infections in Aedes aegypti (Diptera: Culicidae)[END_REF]). We can not exclude the possibility that the detection of the bacterium could be explained either by the infection of larvae by nematodes or parasitoids that carry Wolbachia themselves or the ingestion by larvae of arthropods infected with Wolbachia. However, further studies are needed to confirm the presence of naturally occurring Wolbachia in A. aegypti as the scientific consensus is that sequencing data alone is not enough to establish this (Chrostek et al. 2019;Ross et al. 2020). Screening on a larger number of individuals by using additional markers such as the Wolbachia outer surface protein gene wsp and the GroE operon would be performed in combination with a phylogeny of Wolbachia strains originating from other arthropod hosts and mosquitoes.

In fungal taxonomy and community ecology, the most studied DNA barcode is the nuclear ribosomal RNA intergenic spacer locus [START_REF] Schoch | Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA barcode marker for Fungi[END_REF]. Due to a lack of references in public databases, many of those sequences remained unassigned. Despite this issue, we found that the sub-phyla Pezizomyctotina and Agaromycotina were the most abundant phyla found in Ae. aegypti larvae and their associated aquatic habitats. Within the phylum Ascomycota, OTUs in the fungal orders Pleosporales were shared across all water and larvae samples as previously observed in Ae. albopictus [START_REF] Tawidian | Host-environment interplay shapes fungal diversity in mosquitoes[END_REF]). In addition, some specific patterns were observed between larvae and water as the majority of reads was assigned to the orders Capnodiales and Hypocreales for water samples and Trichosphaeriales, Eurotiales and Capnodiales for larvae samples. Within the Basidiomycota, the majority of reads were associated with the order Tremellales that contrasts with previous observations that showed a dominance and prevalence of the order Agaricales in all of the water and Ae. albopictus mosquito samples [START_REF] Tawidian | Host-environment interplay shapes fungal diversity in mosquitoes[END_REF]. Interestingly, we showed that P. citrinum was one of the most abundant and prevalent species across larvae. Russel et al (2001) reported P. citrinum parasitizing eggs of Ae. aegypti in Australia by the production of mycotoxins that inhibit the complete development of the eggs during the dry season, thereby diminishing the incidence of mosquitoes during the rainy season. The fact that this species was highly prevalent and abundant in larvae raises the question of its impact on this mosquito species. Two OTUs belonging to the class Microbotryomycetes were found to be conserved fungal OTUs between adult female mosquito species Coquillettidia perturbans and Ochlerotatus canadensis collected at disparate sites [START_REF] Hyde | Antibiotic resistant bacteria and commensal fungi are common and conserved in the mosquito microbiome[END_REF]. OTUs belonging to this class were also detected in Ae. aegypti larvae and aquatic habitats but they were not among the most abundant and prevalent suggesting specific associations according to the mosquito species or the stage.

The strong homogeneity between the breeding sites samples did not allow to group them by type and to assess the role of differences in aquatic habitats on larval microbiota/mycobiota composition and structure. To date, there have been no studies on the influence of the type of habitat on both these communities among water and larvae. While different habitats may result in location-driven variability in microbial composition, further studies with replicates of habitats corresponding to each category would help to evaluate whether the type of habitat determine the presence of specific microbial communities in water and larvae. It means that the variation of some bacterial or fungal communities are linked between the water and the larvae. More globally, the nature of breeding sites as well as 

  and fungal communities(Fig 1B). Permutational analysis of variance showed that bacterial and fungal microbiota of larvae differed among individuals belonging to different breeding sites (adonis-ANOVA, F = 5.137, R 2 = 0.678, p = 0.001; F = 7.249, R 2 = 0.73, p = 0.001 for bacteria and fungi respectively) suggesting a strong impact of the larval breeding site on larval microbial communities. Water samples and larvae significantly differ from each other in terms of bacterial (adonis-ANOVA, F = 4.871, R 2 = 0.033, p = 0.001) and fungal communities (adonis-ANOVA, F = 1.386, R 2 = 0.02, p = 0.001)(Fig 2A and Fig 2B).
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physicochemical factors are important factors that need to take into account to explain the dynamics of microbial communities. Despite investigating the impact of spatial and temporal variability of abiotic properties of Ae. aegypti breeding sites on immature abundance and adult body size [START_REF] David | Influence of larval habitat environmental characteristics on Culicidae immature abundance and body size of adult Aedes aegypti[END_REF], no studies have yet disentangled their direct impact on the microbial communities and their indirect consequences on larvae development and physiological characteristics of the adult mosquito.

While many previous studies have examined the bacterial composition between larvae and the water in which they are developing, this study is the first to examine the bacterial and fungal composition of Ae. aegypti larval habitats in relation to that of their associated larvae.

To our knowledge, this is the first characterization of the mycobiota from field-collected individual Ae. aegypti larvae and their associated aquatic habitats. We showed that larvae and water share microbial communities whose diversity and richness are driven by the breeding site. Further studies are needed to evaluate whether some fungi or bacteria detected in larvae are transstadially passed to the adult and how the natural variability of breeding sites shapes adult trait variation and vector competence.
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Samples were collected with a sterile plastic pipette into a sterile 50-ml falcon tube with filter-top lid. Water samples were agitated before sampling to mix detritus and the upper surface to a depth of 10cm was collected representing ≈ 50 ml per breeding site. In grey are indicated samples that were succesfully sequenced and in white those for which sequencing failed.
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