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Abstract: This review summarizes the applications and future prospects of metagenomics in studying antibiotic resistance pollution
in marine environments. Results demonstrate that metagenomic analysis enables comprehensive characterization of genetic
composition in marine microbial communities, particularly regarding the distribution, diversity, and spatiotemporal dynamics of
antibiotic resistance genes (ARGs). The analysis reveals that ARGs are ubiquitously present in marine waters, sediments, and
organisms, influenced by multiple factors including pollution sources, environmental conditions, and anthropogenic activities.
Metagenomics not only elucidates ARG dissemination mechanisms but also provides scientific foundations for ecological risk
assessment and pollution mitigation; however, limitations persist in functional validation and interpretation of environmental driving
mechanisms. Future research should leverage multi-omics integration, third-generation sequencing technologies, and advanced
bioinformatics tools to enhance the depth and precision of marine ARG pollution studies. Concurrently, integration with big data,
machine learning, and artificial intelligence technologies will establish metagenomics as an irreplaceable tool in marine antibiotic
resistance research, offering critical insights for combating the global antibiotic resistance crisis.

Key words: metagenomics; marine environment; antibiotic resistance; transmission mechanism; environmental driving factors
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Fig.1 Mechanisms, pathways, and factors of antibiotic

resistance gene transmission in marine environments
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