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            Abstract
Most current approaches for analyzing metagenomic data rely on comparisons to reference genomes, but the microbial diversity of many environments extends far beyond what is covered by reference databases. De novo segregation of complex metagenomic data into specific biological entities, such as particular bacterial strains or viruses, remains a largely unsolved problem. Here we present a method, based on binning co-abundant genes across a series of metagenomic samples, that enables comprehensive discovery of new microbial organisms, viruses and co-inherited genetic entities and aids assembly of microbial genomes without the need for reference sequences. We demonstrate the method on data from 396 human gut microbiome samples and identify 7,381 co-abundance gene groups (CAGs), including 741 metagenomic species (MGS). We use these to assemble 238 high-quality microbial genomes and identify affiliations between MGS and hundreds of viruses or genetic entities. Our method provides the means for comprehensive profiling of the diversity within complex metagenomic samples.
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                    Figure 1: Overview of co-abundance clustering and the MGS-augmented assembly.[image: ]


Figure 2: Size distributions of co-abundance gene groups (CAGs).[image: ]


Figure 3: Benchmarking sensitivity and specificity of the co-abundance clustering across a range of sequencing depths or sample numbers.[image: ]


Figure 4: Comparison of the MGS:337 augmented assembly and the B. animalis reference genome.[image: ]


Figure 5: Dependency associations among MGS and CAGs.[image: ]


Figure 6: Gut persistence probability for B. adolescentis.[image: ]
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