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Insects harbor diverse assemblages of bacterial and fungal symbionts, which play crucial roles in host life history. Insects
and their various symbionts represent a good model for studying host—microbe interactions. Phylosymbiosis is used to
describe an eco-evolutionary pattern, providing a new cross-system trend in the research of host-associated microbiota.
The phylosymbiosis pattern is characterized by a significant positive correlation between the host phylogeny and microbial
community dissimilarities.
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| 1. Introduction of Phylosymbiosis

Host—microbe symbioses play a crucial role in the ecological and evolutionary history of animals 2. Recent advances in
the field of host-microbe interactions have demonstrated the influence of host phylogeny and ecological factors on
microbial community assembly BI4IE! phylosymbiosis occurs when host-associated microbiota relationships are positively
associated with host phylogenetic relatedness.

Phylosymbiosis is defined as “microbial community relationship parallels the host phylogeny”, in which “phylo” refers to
host lineage and “symbiosis” refers to the coexistence of hosts and microbes (Figure 1) B4, |n other words, microbial
community composition dissimilarities are positively associated with the accumulation of host genetic variation.
Phylosymbiosis studies focus on the entire microbiota rather than individuals within the microbiota. The persistent and
intimate association between microbes and their host is not the necessary assumption of this eco-evolutionary pattern &,
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Figure 1. Phylosymbiotic versus stochastic microbial community assemblages. Branches in the same color indicate the
host and associated microbial community.

Pioneering studies on phylosymbiosis were performed on the parasitoid wasp genus Nasonia under rearing conditions [,
in which species-specific phylosymbiotic gut bacterial communities caused lethality in interspecific hybrids . Afterward,
Brooks et al. 19 revealed phylosymbiosis in other animals, including deer mice (Peromyscus), fruit flies (Drosophila), and
mosquitoes (i.e., Anopheles, Aedes, and Culex). To date, interspecific phylosymbiotic structures of microbiota have been
widely reported in insects, birds, fishes, and mammals BIZQILUI2LSIA4]ISAG]A7II8]  However, phylosymbiosis remains
poorly understood at the intraspecific level. Intraspecific phylosymbiosis has only been substantiated in the microbial
communities from the American pika Ochotona princeps 12 and the aphid Mollitrichosiphum tenuicorpus 29, The host
taxa in insect phylosymbiosis studies to date cover orders, families, genera, and species, and the evolutionary history of
hosts spans approximately 0.3—300 million years B2l The strength of the phylosymbiotic signals between the host and
microbiota varies across host taxa [, and the phylosymbiotic relationships can be weakened with an increasing host
evolutionary history (=121,

Phylosymbiosis analyses typically employ 16S rRNA gene amplicon sequencing data as the input data of the microbial
community. Multiple beta diversity distance metrics are usually required for the robustness of the results &, Furthermore,



a reliable host phylogenetic tree is essential for the determination of phylosymbiosis patterns. The key to measuring
phylosymbiosis is to assess the significant correlation between host phylogeny and microbiota beta diversity. Principal
methods for quantifying phylosymbiosis are as follows: (1) topological congruency tests 19 utilizing the Robinson—Foulds
metric 22 or matching cluster metric 23, or (2) a matrix correlation-based approach, e.g., the Mantel test 24 and
Procrustean superimposition 22!,

| 2. Phylosymbiosis in Insects

Insects constitute the most diverse group of animals and play crucial roles in terrestrial ecosystems [28]. Insects harbor a
great variety of symbionts, which contribute significantly to the survival, growth, and fecundity of the host [2I271[28]
Additionally, symbionts could facilitate host adaptation to new ecological niches and potentially drive speciation in insects
29 1nsect microbial community structures have been found to be correlated with environmental habitat, diet, sex, life
stage, and host insect identity and phylogeny BYBLE2] some studies highlighted the strongest impact of insect species
on the associated microbial communities BYE3l, Currently, phylosymbiosis research in insects remains in its infancy, and
phylosymbiosis has been confirmed in the orders Blattodea, Coleoptera, Diptera, Isoptera, Hemiptera, and Hymenoptera
(Table 1).

Table 1. Summary of phylosymbiosis patterns in insects.

No. of
) ) Evolutionary ) ) Obligate
Insects Examined Species ) Diet Core Microbe ) References
Time (Mya) Symbiont
Sampled
Blattodea Bacteroidetes,
19 >300 Omnivory Firmicutes, and _ [21]
Proteobacteria
Coleoptera Dendroctonus
. ) Phloem o [34][35]
frontalis species 7 12 I Ceratocystiopsis —
ce
complex
Diptera Anopheles,
Aedes, and 8 100 Blood Proteobacteria — [101(36]
Culex
] Decaying . [10]
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rui
Hemiptera Phloem Buchnera
P Greenideinae 53 83 — - [27](38]
sap aphidicola
Phloem Buchnera
Mollitrichosiphum 8 18-19 — o (23]
sap aphidicola
Mollitrichosiphum 1(26 1 Phloem i Buchnera 20]
tenuicorpus colonies) sap aphidicola
Phloem Carsonella
Psylloidea 102 350 — .. (3911400
sap ruddii
Hymenoptera Pollen and
y P Cephalotes 13 46 — Cephaloticoccus 21
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No. of

. . Evolutionary . . Obligate
Insects Examined Species ) Diet Core Microbe ) References
Time (Mya) Symbiont
Sampled
Ceratosolen 6 60 Fig Wolbachia — [42]143]
Wolbachia,
Lactobacillus
Honeydew '
Formica 14 30 Y [44]145]
and nectar Liliensternia, and
Spiroplasma
Proteobacteria,
Fl —
Nasonia 4 <1 y Firmicutes, . 1ol
puparium
and Actinobacteria
Lepidoptera Acinetobacter,
Apibacter, Asaia,
Commensalibacter,
Pollen, Enterobacter,
Heliconiini 23 20-30 nectar, — [ela7]
and fruit Enterococcus,
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