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            Abstract
Horizontal gene transfer (HGT), the acquisition of genetic material from non-parental lineages, is known to be important in bacterial evolution1,2. In particular, HGT provides rapid access to genetic innovations, allowing traits such as virulence3, antibiotic resistance4 and xenobiotic metabolism5 to spread through the human microbiome. Recent anecdotal studies providing snapshots of active gene flow on the human body have highlighted the need to determine the frequency of such recent transfers and the forces that govern these events4,5. Here we report the discovery and characterization of a vast, human-associated network of gene exchange, large enough to directly compare the principal forces shaping HGT. We show that this network of 10,770 unique, recently transferred (more than 99% nucleotide identity) genes found in 2,235 full bacterial genomes, is shaped principally by ecology rather than geography or phylogeny, with most gene exchange occurring between isolates from ecologically similar, but geographically separated, environments. For example, we observe 25-fold more HGT between human-associated bacteria than among ecologically diverse non-human isolates (P = 3.0â€‰Ã—â€‰10âˆ’270). We show that within the human microbiome this ecological architecture continues across multiple spatial scales, functional classes and ecological niches with transfer further enriched among bacteria that inhabit the same body site, have the same oxygen tolerance or have the same ability to cause disease. This structure offers a window into the molecular traits that define ecological niches, insight that we use to uncover sources of antibiotic resistance and identify genes associated with the pathology of meningitis and other diseases.
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                    Figure 1: 
                        Recent HGT is enriched in the human microbiome across all phylogenetic distances.
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Figure 2: 
                        Ecology is the dominant force shaping recent HGT in the human microbiome.
                      [image: ]


Figure 3: 
                        HGT is ecologically structured by functional class and at multiple spatial scales.
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Figure 4: 
                        Gene exchange is ecologically structured by oxygen tolerance and pathogenicity.
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Gene swapping in the human microbiome
Horizontal gene transfer â€” the exchange of genetic material between different species or lineages â€” is an important factor in bacterial evolution. A study of human microbiome data comprising more than 2,000 full bacterial genomes shows that this environment is a hotbed of horizontal gene transfer: pairs of bacteria isolated from the human body are 25-fold more likely to share transferred DNA than pairs from other environments. Thus microbial ecology â€” rather than phylogeny or geography â€” is the most important driver of the patterns of horizontal gene exchange. Further analysis revealed 42 unique antibiotic-resistance genes that had been transferred between human and agricultural isolates, and 43 transfers across national borders.
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