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Phylogenomic resolution of the eriophyoid position among Acari and symbiotic
bacteria of the gall-inducing mite Fragariocoptes setiger (Eriophyoidea)*
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Eriophyoid mites are ancient and widely distributed microscopic plant symbionts, with 4,400 nominal species. Some
eriophyoid mites can induce galls in their plant hosts, but the mechanism of gall induction is not well understood. One
hypothesis suggests that associated bacteria may enhance the production of phytohormones by gall-inducing arthropods.
The phylogenetic position of Eriophyoidea is also a contentious issue. In the literature, eriophyoids have been placed
near Nematalycidae (Acariformes: Endeostigmata) or within Eupodina (Trombidiformes) (Bolton et al., 2017; Zhang
et al., 2011). Here, we sequenced and assembled the whole genome of the gall-inducing mite Fragariocoptes setiger
and characterized its microbiome composition from two independent samples. We then inferred a phylogenomic tree of
acariform mites, including Nematalycidae and Eupodoidea. To identify a potential bacterial gall-inducer, two independent
metagenomes of F. setiger were analyzed using Gall-ID (comparison with known gall-inducers), Kraken (k-mer-based
classification using nearly the entire GenBank nucleotide data), SingleM (comparison with 14 single-copy bacterial genes),
and BLAST (classification of the intersection of the two metagenomic assemblies). Our metagenomic results suggested
that Wolbachia supergroup Q was the only abundant OTU shared across the two samples. The substantial abundance of
this bacterium points to its functional importance for its mite, however, Wolbachia is not known to induce galls. Another
symbiotic bacterium, Agrobacterium tumefaciens, was also detected, however, it lacked the complete Ti plasmid and,
therefore cannot be responsible for gall-formation. We also detected an array of plant pathogens that may be vectored by
the mite (e.g., Xanthomonas campestris) and a mite pathogenic virus, Betabaculovirus, a double-stranded DNA virus, that
may have a potential use in the control of agricultural pests. The mite genomic assembly was 40.9 Mb in size, had 3,581
contigs (N50=31,600) and 3,056 predicted genes. Our phylogenomic analysis showed strong support for Eriophyoidea
being part of Endeostigmata (SH-aLRT support=100%, bootstrap support=99%). Particularly, Eriophyoidea was sister
to Nematalycidae (100, 100%), a group of deep-soil, vermiform mites belonging to Endeostigmata. This result provides
nearly decisive evidence for the long-standing controversy about the phylogenetic position of Eriophyoidea, providing the
stability for the higher-level classification of acariform mites (Klimov ef al., 2022).
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