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Emerging process of genetic exchange communities in lactic acid bacteria

In prokaryotes, a major contributor to genomic evolution is the gene exchange
via horizontal gene transfer (HGT). Bacterial populations with a high HGT frequency
are defined as genetic exchange communities (GECs) and often arise in shared
ecological niches, characterized by symbiotic interactions and/or phylogenetic
closeness. Although some phenotypes are known to be associated with specific
ecological niches linked to GECs, little is known about the phenotypic influences on
GECs in a specific taxonomic family with concrete genomic evidence.

Here I investigate the relationship between bacterial evolution and GECs in
ecological niches using phenotypic and genomic data in lactic acid bacteria (LAB). I
focus on information on phenotypic features because they reflect the ecological niche
of bacteria. LAB produces lactic acid by fermenting carbohydrates and inhabits various
ecological niches that are involved in the human industry such as fermented foods. They
inhabit specific ecological niches, such as fermented milk products, meats, cereals, and
vegetables. These are suitable properties as a material for the investigation of GECs in
ecological niches. Since they are involved in human activity, a lot of genomic and
phenotypic data of LAB are accumulated. Therefore, phenotypic and genomic features
in LAB can elucidate the relationships between bacterial evolution and GECs in
ecological niches.

I selected 178 strains of 24 genera from the Lactobacillaceae family to clarify
factors contributing to the formation of GECs. In this family, the genus Lactobacillus
has recently been reclassified into 25 genera and their phenotypes such as sugar

utilization, growth temperature and oxygen tolerance have been well investigated and



documented. Moreover, they exhibit diverse genomic features; while Lactobacillus apis
has small genomes such as 1.70 Mbp, Lactiplantibacillus plantarum subsp. plantarum
has big genomes such as 3.45 Mbp. Therefore, the group that was previously identified
as the genus Lactobacillus provides an adequate sandbox to study the influence of
ecological niches on HGT in relation to phenotypes, ecologies and genotypes.

The way LAB constructed GECs in an ecological niche was investigated to
analyze their phenotypes, habitats, and ortholog networks. I found that phenotypes to
utilize various sugars contribute to forming GECs. The statistical analysis revealed that
sugar utilization influences frequent HGT in LAB. To confirm the association between
sugar utilization and GECs, the concept of the Average number of Sugar Utilization for
the ortholog (ASU) was introduced. Using the ASU, two groups of orthologs were
compared, i.e. the orthologs shared dominantly by strains that were able to use a variety
of sugars (generalist) and those that use only a few sugars (specialist). As a result, while
the networks of orthologs predominantly shared by the specialist groups for sugar
utilization were connected only within the same genera, the networks of the generalist
groups were connected across genera. In addition, the genes in the generalist group
ortholog have encoded not only phenotypes involving sugar utilization, but also the
phenotypes to adapt to various environments: stress responses, bacteriocin production,
antibiotic resistance, survival in the intestinal environment and heavy metal resistance.
The strains in the generalist network are presumed to use these genes for sharing niches
such as vegetables, dairy products and brewing-related environments. This feature is
consistent with the fact that the Lactobacillaceae family contributes to the production
of a wide variety of fermented foods. The results suggest the phenotype to utilize
various sugars contribute to forming GECs in the ecological niche of LAB.

Next, I investigated whether the niche construction and GECs affect the genetic
diversity in a LAB genome. The bacteria with genetic diversity tended to have

opportunities for gene gain events. Gained genes that encode phenotypes for adaptation



to environments contribute to the formation of GECs in various ecological niches.
Through multiplicative events, a higher frequency of gene gain events in generalists
may further broaden their niche breadth compared to specialists.

In conclusion, to reveal the process of forming GECs in the ecological niche, I
investigated phenotypic and genomic factors in 178 strains of 24 genera in
Lactobacillaceae. The results suggested that the capability of utilizing various sugars
cast a large influence to form GECs in ecological niches. In addition, genetic diversity
may contribute to further increasing opportunities for gene gain events in LAB. Thus,
metabolic capabilities associated with ecological niches contribute to form GECs,
which may further promote genetic diversities, balancing against the pressure to reduce

genomes.
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