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Microsporidia are a large group of obligate intracellular eukaryotic parasites. Recent studies suggest that their diversity can be huge in freshwater lake ecosystems especially in the <150 µm size fraction. However, little is known about their hosts and therefore their impact on the trophic food web functioning. In this study, single cell analysis and fluorescence microscopy were used to detect new host-parasite association within rotifer communities in lake Aydat (France). Our analysis showed the existence of a potential new species belonging to the Crispospora genus able of infecting the rotifer Kellicottia with a high prevalence (42.5%) suggesting that Microsporidia could have a great impact on the rotifer populations regulation in lakes.

Microsporidia are obligate intracellular eukaryotic parasites related to Fungi. They are mostly known to parasitize a broad range of hosts among the animal kingdom in different environments [START_REF] Murareanu | Generation of a Microsporidia Species Attribute Database and Analysis of the Extensive Ecological and Phenotypic Diversity of Microsporidia[END_REF]. Recent metabarcoding studies revealed an unexpected diversity in lake ecosystems especially in the <150 µm size fraction suggesting that Microsporidia could have an impact on the planktonic communities at the base of the food web [START_REF] Dubuffet | A phylogenetic framework to investigate the microsporidian communities through metabarcoding and its application to lake ecosystems[END_REF][START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF]. However, they have rarely been described as parasites of protists and microzooplankton. In marine environments, they are mainly known to parasite gregarines (e.g. [START_REF] Mikhailov | Genomic Survey of a Hyperparasitic Microsporidian Amphiamblys sp. (Metchnikovellidae)[END_REF]), but they were also shown in association with Paramyxea [START_REF] Stentiford | Hyperspora aquatica n.gn., n.sp. (Microsporidia), hyperparasitic in Marteilia cochillia (Paramyxida), is closely related to crustacean-infecting microspordian taxa[END_REF]. In freshwaters, only a few observations showed Microsporidia parasiting ciliates with only two microsporidian species characterized by morphological and molecular approaches (Euplotespora binucleata and Globosporidium paramecii parasitizing the ciliates Euplotes woodruffi and Paramecium aurelia, respectively [START_REF] Fokin | Euplotespora binucleata n. gen., n. sp. (Protozoa: Microsporidia), a parasite infecting the hypotrichous ciliate Euplotes woodruffi, with observations on microsporidian infections in ciliophora[END_REF][START_REF] Yakovleva | The first case of microsporidiosis in Paramecium[END_REF]). Among microzooplankton, Microsporidia have been observed in the rotifers Brachionus calicyflorus as well as in Asplanchna priodonta and A. brightwellii in both river and freshwater lakes [START_REF] Gorbunov | Parasites in rotifers from the Volga delta[END_REF][START_REF] Wolska | Parasites of zooplankton and periphyton assemblages in the littoral zone of lakes in Drawa National Park, Poland[END_REF] however these observations (no molecular data) remain sporadic and for most at low prevalence.

Moreover, with co-occurrence network and microscopic observations, a more recent study suggested that Microsporidia could infect a broader range of rotifers [START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF]. We therefore used, in this study, single cell analysis as well as Tyramide Signal Amplification -Fluorescent In Situ Hybridization (TSA-FISH) to detect new host-parasite association within microzooplankton communities in a lake ecosystem (lake Aydat, Massif Central, France) and especially (i) confirm the hypothesis raised about the broader range of rotifers parasitized by Microsporidia and (ii) characterize by molecular information and microscopic observation both partners.

Zooplankton was sampled with vertical tows of 20 µm-mesh plankton net at the central point of the lake (depth = 14 m) on the 18/05/2021 (see Supplementary Material). 17 rotifers, identified morphologically as probably belonging to the genera Kellicottia (n = 13) and Keratella (n = 4), were isolated by micromanipulation and individually placed in a 96 wells plate before Whole Genome Amplification (WGA) (see Supplementary Material). The Single Amplified Genomes (SAGs) were then screened for the presence of Microsporidia by the amplification of the V1-V3 region of the microsporidian gene coding for the SSU rRNA according to Chauvet et al. [START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF]. The sequences obtained after cloning and sequencing were compared to those available in public databases and included in a phylogenetic tree (see Supplementary Material). This analysis showed that on the 17 isolated rotifers, 6 Kellicottia had a positive PCR amplification signal with Microsporidia primers however no Microsporidia amplification was recorded in Keratella. All Microsporidia sequences were affiliated to the genus Crispospora (Fig. 1) which is affiliated to the clade IV2; Arlequin group (defined in Dubuffet et al. [START_REF] Dubuffet | A phylogenetic framework to investigate the microsporidian communities through metabarcoding and its application to lake ecosystems[END_REF]), and well represented (~ 50% of the total OTUs) in metabarcoding studies conducted in lake Aydat [START_REF] Dubuffet | A phylogenetic framework to investigate the microsporidian communities through metabarcoding and its application to lake ecosystems[END_REF][START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF]. With 97% identity with Crispospora chironomi (the only known species of the genus so far) these sequences could represent a new species of the Crispospora genus (Fig. S2a). Indeed, although thresholds for species delineation may vary, an identity close to 100% is suggested for taxa separation at the species level for Microsporidia [START_REF] Dubuffet | A phylogenetic framework to investigate the microsporidian communities through metabarcoding and its application to lake ecosystems[END_REF][START_REF] Tokarev | A formal redefinition of the genera Nosema and Vairimorpha (Microsporidia: Nosematidae) and reassignment of species based on molecular phylogenetics[END_REF].

Crispospora chironomi is known to parasite chironomids eggs [START_REF] Tokarev | Life cycle, ultrastructure, and molecular phylogeny of Crispospora chironomi g.n. sp.n. (Microsporidia: Terresporidia), a parasite of Chironomus plumosus L. (Diptera: Chironomidae)[END_REF] that can be found in aquatic environments especially when they are eutrophic and anthropized [START_REF] Langdon | Assessing lake eutrophication using chironomids: understanding the nature of community response in different lake types[END_REF].

On the Microsporidia positive SAGs, rotifers were characterized by amplification of the COI using the 30F and 885R primers set according to Zhang et al. [START_REF] Zhang | A new set of highly efficient primers for COI amplification in rotifers[END_REF] with some modifications (see Supplementary Material). The rotifer affiliation analysis revealed that this potential new species of Crispospora is able to parasite the genus Kellicottia (Fig. S1). Even though Kellicottia sequences grouped into two clades in the phylogenetic analysis, species determination is challenging due to high intraspecific variation of identity percent which can be higher than 20% for rotifers (Fig. S2b) [START_REF] Zhang | Application of COI Primers 30F/885R in Rotifers to Regional Species Diversity in (Sub)Tropical China[END_REF].

To visualize and quantify Microsporidia-rotifer associations, TSA-FISH was performed on the rest of the plankton net sample, using a Microsporidia specific probe (USP01) according to Chauvet et al. [START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF] (see Supplementary Material). Positive signals were obtained in Kellicottia rotifers with a surprisingly high prevalence (42.5%, total rotifers observed = 73) (Fig. 2).

Microsporidia were so far recorded in a small number of rotifers [START_REF] Gorbunov | Parasites in rotifers from the Volga delta[END_REF][START_REF] Wolska | Parasites of zooplankton and periphyton assemblages in the littoral zone of lakes in Drawa National Park, Poland[END_REF]. Microsporidium sp. and Microsporidium asperospora have been observed in Brachionus calicyflorus, and Microsporidium polygona in Asplanchna priodonta and A. brightwellii in freshwater ecosystems most of the time at low prevalence (e.g. Brachionus calyciflorus by Microsporidium sp. on 1.2% of the host population, [START_REF] Wolska | Parasites of zooplankton and periphyton assemblages in the littoral zone of lakes in Drawa National Park, Poland[END_REF]). However, these descriptions were only morphological and neither the site of infection nor the microsporidian spore or intracellular form were described. Here, we identified an infection which could be in the rotifer's stomach or pseudocoelom. The intracellular forms of the Microsporidia were on average 1.53 μm long, most being oval, some spherical. These findings were consistent with the described shape of the only known Crispospora species (i.e. Crispospora chironomi), with two shapes identified: short oval and spherical, with a size of 1.5 x 2.5 μm and 1.5 x 2 μm, respectively [START_REF] Tokarev | Life cycle, ultrastructure, and molecular phylogeny of Crispospora chironomi g.n. sp.n. (Microsporidia: Terresporidia), a parasite of Chironomus plumosus L. (Diptera: Chironomidae)[END_REF]. This finding is highly relevant since Microsporidia, along with hyphomycetes and oomycetes [START_REF] Barron | A New Genus of the Hyphomycetes Endoparasitic in Rotifers[END_REF][START_REF] Thomas | The ecology and phylogeny of oomycete infections in Asplanchna rotifers: Oomycete infections in Asplanchna[END_REF] could be an important regulator of these populations in lakes. Rotifers are indeed an important component of plankton in aquatic ecosystems playing fundamental role in both microbial loop and classical food web and as a link in energy flow between primary producers (algae, cyanobacteria) and higher trophic levels (zooplankton, shellfish, fish) [START_REF] Rico-Martínez | Rotifers as Models in Toxicity Screening of Chemicals and Environmental Samples[END_REF]. Kellicottia can reach 600 ind./l in lake Aydat and is the most abundant rotifers along with Keratella [START_REF] Lair | Grazing and assimilation rates of natural populations of planktonic rotifers Keratella cochlearis, Keratella quadrata and Kellicottia longispina in a eutrophic lake (Aydat, France)[END_REF].

Microsporidia sequences retrieved during this study had an identity >99% with an highly abundant OTU identified in the same lake in a previous study where the temporal dynamic of the Microsporidia diversity was analyzed over one year [START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF] (Fig. S2a). This Crispospora OTU and the only OTU affiliated to Kellicottia presented the same pattern of temporal variations (data not shown). This co-variation and the high prevalence of this association suggest an impact on the dynamic of Kellicottia in the lake however this needs to be confirmed for example We included in this phylogeny several sequences from undescribed microsporidian species (found through BLAST search) and a sequence found extensively in a previous study (in italic, [START_REF] Chauvet | Temporal variations of Microsporidia diversity and discovery of new host-parasite interactions in a lake ecosystem[END_REF]), in addition to described species, all belonging to the Arlequin group (clade IV2). 

Fig. 1

 1 Fig. 1 Maximum Likelihood phylogeny of microsporidian sequences.

  Sequences from this study are given in bold. Outgroup species are representative species of other groups belonging to clade IV2. Numbers next to branches indicate the ML bootstrap support (100 replicates).
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 2 Fig. 2 Microsporidia (targeted by TSA-FISH with the USP01 probe, [3]) infecting a rotifer
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by the culture of both partners which will also allow the characterization of the developmental cycle of this potential new species of Microsporidia.
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