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Metagenomics has revolutionized the study of microbial diversity by enabling the
reconstruction of a rapidly growing number of Metagenome-Assembled Genomes (MAGS).
Despite these advances, a substantial proportion of MAGs remain taxonomically
unclassified, limiting the understanding of their ecological and evolutionary significance
(Parks et al.,, 2017). To address this challenge, we present the development of a
computational tool designed to classify and annotate MAGs of prokaryotic microorganisms,
providing both taxonomic assignments and contextual ecological insights. MAGs can be
categorized into three major groups (Setubal, 2021): (i) SMAGs, which are classified to the
species level; (i) HMAGs, which remain unclassified and lack known orthologs; and (iii)
CHMAGSs, which are unclassified but possess orthologous MAGs likely belonging to the
same unknown species. Two MAGs are considered orthologous if they share 295% average
nucleotide identity (ANI) over 280% of the length of the smaller genome. Thus, classification
depends directly on the presence and type of orthologs. Identifying and contextualizing such
relationships is critical for advancing microbial ecology, as ecosystem metadata often
reveals patterns of microbial cosmopolitanism (Green and Bohanna, 2006). Our pipeline,
developed in Python, integrates several robust bioinformatics components, including
GTDB-Tk, the Entrez database (Baxevanis, 2006), and the Genomes OnLine Database
(GOLD) API (Mukherjee et al., 2023). Given a user-submitted MAG, the tool first computes
ANI and alignment fraction (AF) via GTDB-Tk to classify the MAG as SMAG, CHMAG, or
HMAG. For MAGs classified as SMAGs or CHMAGs, the pipeline proceeds to: (1) identify
orthologous MAGs and isolate genomes; (2) retrieve taxonomic, ecological, and geographic
metadata for each ortholog via Entrez and GOLD; and (3) generate interactive graphical
visualizations that highlight ecological niches and biogeographic distributions. The
preliminary version of the tool was tested using 60 MAGs sourced from the MetaZoo project
(Braga et al., 2021). These results suggest that, in addition to its classification capabilities,
our pipeline offers complementary advantages over existing taxonomic tools (Kutuzova et
al., 2024; Wood, Lu, and Langmead, 2019). Unlike other pipelines, it emphasizes identifying
MAGs likely belonging to the same species using conservative, well-defined criteria (Arahal,
2014; Goris et al., 2007), rather than solely aiming for complete taxonomic assignments. By
integrating ecological and geographic metadata, the pipeline also enables assessment of
microbial cosmopolitanism and characterization of habitats for poorly classified or
uncharacterized species, providing additional ecological insights.
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