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Two publications (one in Current Biology and one in Molecular Biology and Evolution) were published
and two more are in preparation. The results are significant for our understanding of the evolution
of complex symbioses such as mitochondria during the origin of the eukaryotic cell.

Over 15 metagenomes of mealybugs were sequenced, genomes of symbiotic
bacteria were extracted, and analyzed with comparative genomics and phylogenomics methods. Draft
genomes of the insect hosts were analyzed for specific pathways and genes of interest. Confocal
microscopy was used to localize the symbionts. The project allowed us to fully reconstruct the
evolution of symbioses within Pseudococcidae.
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Although most sap-feeding insects house symbiotic bacteria inside their cells, two
of the most extreme examples of highly mosaic and organelle-like insect symbioses are
strikingly found in mealybugs (Coccoidea: Pseudococidae). First, all Pseudococcinae
mealybugs harbor a tripartite nested (bacterium-within-bacterium-within-insect cell)
symbiotic arrangement functioning as an interdependent metabolic patchwork with the
innermost bacterium being repeatedly replaced. Second, one lineage of Phenacoccinae
mealybugs harbors a ‘symbiotic collage’ where two unrelated bacteria (and their genomes)
likely merged into a single organism.

Why do these incredibly mosaic (‘crazy’) symbioses become fixed in mealybugs more
often than in other sap-feeding insects? To answer this question, one has to first establish the
starting point of these symbioses, i.e. to sample deep-branching lineages of mealybugs
(Phenacoccinae and Rhizoecinae). Unfortunately, these mealybugs have been so far mostly
neglected due to their relatively ‘standard’ single-symbiont arrangement, so there is only a
single symbiont genome (and no host genome) available for them. Proper sampling of these
phylogenetically important lineages is therefore crucial to tackle the evolutionary and
cellular mechanisms behind the symbiotic mosaics in mealybugs.

2. WMHEDHM

The purpose of the project was therefore to investigate highly mosaic symbiotic systems of
mealybugs (Coccoidea: Pseudococcidae) with diverse sequencing and imaging data. These
data can then be combined to infer the most likely scenarios that lead to the origin of mosaic
mealybug symbioses and reveal potential implications for the origin of cellular organelles.

3. WHEDTTIE

Insect samples available in our unit’s collections were used for DNA extractions using the
MasterPure DNA kit (Lucigene) and PCR-free DNA library preparations were prepared with
the NEBNext Ultra II kit for Illumina (NEB) and Oxford Nanopore 1D Ligation kits.
Libraries were barcoded and sequenced on the NovaSeq6000 (Illumina) and MinION (Oxford
Nanopore) sequencers. Genome assemblies were binned with a custom pipeline developed in
my group specifically for insect-symbiont metagenomes (unpublished). Genomes of obligate
symbionts (Bacteroidetes, Gammaproteobacteria, Betaproteobacteria) were closed into
circular-mapping molecules, annotated, and used for comparative genomics, metabolic
pathway reconstructions, and phylogenomics. Pseudogenes were analyzed with Pseudofinder
software newly developed in my group specifically for endosymbiont genomes (Syberg-Olsen
et al.; Molecular Biology and Evolution, in press.). Confocal microscopy (FISH) with diverse
probes was used to localize the newly detected symbionts in their insect hosts.

4. WHFERRE

Over 15 Pseudococcidae metagenomes were sequenced in my group during the project.
Sampling of the lineages was phylogeny-informed, so we managed to acquire data from all
the targeted lineages (Rhizoecinae, Rastrococcinae, Phenacoccinae, Pseudococcinae). Five of
the sampled Rhizoecinae and Rastrococcinae species were found to house Bacteroidetes
symbionts from several different lineages. Unexpected findings were fungal symbionts in two
mealybug species. The remaining species were all confirmed to house betaproteobacterial and
gammaproteobacterial symbionts (most, but not all, known from previous studies).
Comparative genomics revealed the metabolic contribution of the different symbionts for the
host and phylogenomics (incl. dating with fossil calibration points) untangled the
evolutionary history of mealybug symbioses (the main goal of the project; Figure 1). Two
publications were already published in the frame of the project and two publications with the
main results are in preparation (Choi & Husnik, in prep.).
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Figure 1. Evolutionary history of mealybug symbioses as reconstructed in the frame of the
project. Brownia, Williamsella, and Greeniella are newly sequenced Bacteroidetes symbionts
that were important missing links for understanding the origin of mosaic symbioses in

mealybugs.
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What can we learn about the origin of mitochondria and plastids from much younger endosymbioses?
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