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Text S1. Literature Search Strategy
A literature search was conducted using the ISI Web of Science database. Based on the search terms listed in Table S1, a total of 28,781 publications related to cyanobacteria and 2,214 publications related to antibiotic resistance genes (ARGs) were retrieved. Among these, 43 studies addressed both cyanobacteria and ARGs simultaneously.
Text S2. Inclusion Criteria for Literature and Data
Titles and abstracts of the retrieved publications were screened individually. Studies focusing on experimental design, culture-based ARGs detection, or resistance mechanisms were excluded. Only original research articles investigating the occurrence of ARGs in natural environmental media and their association with cyanobacterial-related water quality were included. Review articles, secondary analyses, and duplicate reports were excluded. After screening, a total of 8,953 relevant studies were selected for further in-depth analysis, including 6,829 on cyanobacteria, 2,089 on ARGs, and 35 on the interaction between cyanobacteria and ARGs.

Table S1. Search criteria and Boolean operators applied to Web of Science databases
	Group 1
(Cyanobacteria)
	("cyanobacteria" OR "blue-green algae" OR "HAB" OR "Chlorophyll a" OR "nutrient" OR "nitrogen")

	Group 1
(ARGs)
	("antibiotic resistance gene" OR "antibiotic resistance bacteria" OR "antibiotic-resistant bacteria" OR "antimicrobial resistance" OR "antibiotic resistome" OR "ARGs")

	AND

	Group 2
	("lake" OR "lagoon" OR "pond" OR "freshwater" OR " wetlands " OR "surface waters" OR "river" OR "stream")

	AND NOT

	Group 3
	("shelf" OR "soil" OR "land" OR "sludge" OR "intestine" OR "human tract" OR "mesocosm" OR "microcosm" OR "aquaculture" OR "bench" OR "fouling" OR "sediment")

	AND

	Document Type

	Group 4
	Article


Limit to years: 2014-01-01 to 2024-12-01

Table S2. Summary of Interaction Conclusions Between Cyanobacterial and ARGs.
	Reference
	Research Subjects
	Conclusions

	
	Cyanobacteria
	ARGs
	

	Critical roles of cyanobacteria as reservoir and source for antibiotic resistance genes
	Synechococcus, Synechocystis, Anabaena,
Microcystis, Planktothrix, Raphidiopsis, Oscillatoria, Aphanizomenon
	Sulfonamide, Tetracycline, Quinolone, β-lactam,
	1. sul1, strA, and strB were detected in Planktothrix.

	Cyanobacteria mediate the dissemination of bacterial antibiotic resistance through conjugal transfer
	Microcystis
	Sulfonamide, Tetracycline
	1. Cyanobacteria reduced ARGs abundance by 2% to 18%.

	Investigation of the antimicrobial susceptibility patterns of marine cyanobacteria in Bohai Bay: Cyanobacteria may be important hosts of antibiotic resistance genes in marine environment
	Synechococcus, Synechocystis, Phormidium,
Oscillatoria, Planktothrix
	Sulfonamide, Tetracycline, Multidrug, Aminoglycosides, β-lactam
	1. A positive correlation was observed between Cyanobacteria and sul2 and tetA.
2. ARGs were detected in Synechocystis.

	Cyanobacterial extracellular antibacterial substances could promote the spread of antibiotic resistance: impacts and reasons
	Nodosilinea
	Macrolide, Sulfonamide, Chloramphenicol, Quinolone, Aminoglycoside
	1. At low concentrations (0.01–0.1 μg·mL⁻¹), cyanobacterial extracellular substances (CES) promote the abundance of most ARGs.

	Distribution characteristics of antibiotic resistance genes and microbial diversity in the inshore aquaculture area of Wenchang, Hainan, China
	Cyanobacteria
	Tetracycline, Fluoroquinolone, Sulfonamide, ChloramPhenicol,
	1. Cyanobacteria are potential hosts of ARGs.

	Comprehensive insights into antibiotic resistance gene migration in microalgal-bacterial consortia: Mechanisms, factors, and perspectives
	Cyanobacteria
	ARGs
	1. Cyanobacteria facilitate the dissemination of ARGs.

	Algae blooms with resistance in fresh water: Potential interplay between Microcystis and antibiotic resistance genes
	Microcystis
	ARGs
	1. Cyanobacteria facilitate the dissemination of ARGs.

	Deciphering the role of cyanobacteria in water resistome: Hypothesis justifying the antibiotic resistance (phenotype and genotype) in Planktothrix genus
	Planktothrix
	Trimethoprim, Quinolone, β‑lactam, Tetracycline, Streptomycin, Sulfonamide
	1. A strain was found to carry streptomycin resistance genes.

	Distribution characteristics and controlling factors of typical antibiotics and antibiotic resistance genes in river networks in western area of Wangyu River, China
	Cyanobacteria
	Sulfonamide, Quinolones, Tetracycline, and Macrolide
	1. Cyanobacteria may inhibit sulfonamide.
2. Quinolones are positively correlated with cyanobacteria (n = 56).

	Short-Term Warming Induces Cyanobacterial Blooms and Antibiotic Resistance in Freshwater Lake, as Revealed by Metagenomics Analysis
	Microcystis
	Multidrug, Tetracycline, Peptide, Aminoglycoside, Carbapenem, Macrolide
	1. The interaction between Microcystis and ARGs is influenced by climatic conditions.
2. Climate warming enhances cyanobacterial ARG promotion.

	Mobile Genetic Elements Drive the Antibiotic Resistome Alteration in Freshwater Shrimp Aquaculture
	Cyanobacteria
	Multidrug, Vancomycin, Sulfonamide, Bacitracin, MLS
	1. Cyanobacteria facilitate the dissemination of ARGs.

	Cyanobacterial blooms contribute to the diversity of antibiotic-resistance genes in aquatic ecosystems
	Planktothrix, Microcystis
	Aminoglycoside, β‑lactam, Multidrug, Fluoroquinolone, Tetracycline, Vancomycin
	1. Cyanobacteria-mediated interactions between bacteria and fungi may be key factors influencing the abundance of ARGs during cyanobacterial blooms.
2. Planktothrix secretes antifungal compounds that may promote the emergence and dissemination of ARGs.

	Effects of eutrophication on the horizontal transfer of antibiotic resistance genes in microalgal-bacterial symbiotic systems
	Cyanobacteria
	ARGs
	1. Cyanobacteria are potential hosts of ARGs.

	The antibiotic resistome of free-living and particle-attached bacteria under a reservoir cyanobacterial bloom
	Cyanobacteria
	Multidrug, β‑lactam, Aminoglycoside
	1. The abundance and composition of ARGs respond differently to cyanobacterial blooms depending on microbial lifestyle.
2. Cyanobacterial blooms exert a stronger influence on the composition of ARGs in particle-attached (PA) bacterial communities compared to free-living (FL) bacteria.

	Distribution of Antibiotic Resistance Genes and Their Associations with Bacterial Communities and Water Quality in Freshwater Lakes
	Cyanobacteria
	Sulfonamides, Tetracyclines, Vancomycin, Streptogramin
	1. Cyanobacteria are negatively correlated with the vanA and vanR genes.
2. The tetG gene is positively correlated with cyanobacteria.
3. The interactions between cyanobacteria and ARGs are influenced by certain physicochemical factors and bacterial community composition.

	Microbial succession and enrichment of antibiotic resistance genes during algal-bacterial biofilm purification of aquaculture wastewater
	Cyanobacteria
	Multidrug, Bacitracin, Aminoglycoside, Glycopeptid
	1. Cyanobacteria are potential hosts of ARGs.

	Prevalence, source, and risk of antibiotic resistance genes in the sediments of Lake Tai (China) deciphered by metagenomic assembly: A comparison with other global lakes
	Cyanobacteria
N=36
	Multidrug, MLS, Bacitracin, Quinolone, Mupirocin, Trimethoprim
	1. No specific conclusions were provided regarding the interactions between cyanobacteria and ARGs.

	Antibiotic resistance genes and microcystins in a drinking water treatment plant
	Microcystins (MCs)
	β-lactam, Sulfonamide, MLS
	1. MCs can facilitate the dissemination of ARGs.

	Beyond cyanotoxins: increased Legionella, antibiotic resistance genes in western Lake Erie water and disinfection-byproducts in their finished water
	Microcystis
	Sulfonamide, Tetracycline, Carbapenem
	1. Abundance of ARGs (tetQ and sul1) and mobile genetic elements (MGEs) was also significantly higher at the bloom site.

	Mutual impacts and interactions of antibiotic resistance genes, microcystin synthetase genes, graphene oxide, and Microcystis aeruginosa in synthetic wastewater
	Microcystis
	Sulfonamide, Tetracycline
	1. Graphene oxide (GO) affects the abundance of Microcystis and ARGs; its presence within algal cells influences ARG abundance, thereby promoting their dissemination.

	Antibiotic resistance genes in integrated surface ice, cryoconite, and glacier-fed stream in a mountain glacier in Central Asia
	Phormidesmis
	β-lactam, Multidrug, Glycopeptide, and MLS
	1. Cyanobacteria are potential hosts of ARGs.

	Dynamic microbiome and mobile resistome are revealed in river biofilms from a multi-use watershed through long-read sequencing
	Cyanobacteria
	Multidrug, Glycopeptide, Bacitracins, β-lactam, Tetracycline, MLS, and Aminoglycosides
	1. Cyanobacteria are potential hosts of ARGs.
2. Cyanobacteria facilitate the dissemination of ARGs.
3. The roles of cyanobacteria in ARGs dynamics are not yet fully understood.

	Insights into the microalgae-bacteria consortia treating swine wastewater: Symbiotic mechanism and resistance genes analysis
	Cyanobacteria
	ARGs
	1. Microalgae-bacteria consortia inhibit ARGs.

	A watershed impacted by anthropogenic activities: Microbial community alterations and reservoir of antimicrobial resistance genes
	Cyanobacteria
N=24
	β-lactam, Sulfonamide, Tetracycline, Aminoglycoside, Quinolone, MLS
	1. Cyanobacteria influence community composition, thereby affecting the distribution of ARGs.
2. The effects of cyanobacteria on ARGs are not yet fully understood.

	Occurrence and fate of antibiotics, antimicrobial resistance determinants and potential human pathogens in a wastewater treatment plant and their effects on receiving waters in Nanjing, China
	Cyanobacteria
	Fluoroquinolone, Sulfanilamide, Tetracycline, Chloramphenicol
	1. Cyanobacteria influence community composition, which in turn affects the distribution of ARGs.

	Metagenomic insights into microbial community, functional annotation, and antibiotic resistance genes in Himalayan Brahmaputra River sediment, India
	Cyanobacteria
	Multidrug, Aminoglycoside, β-lactam, Fluoroquinolone, Rifampicin, Sulfonamide, and Tetracycline
	1. Further research is needed as the presence of ARGs in rivers indicates multiple antibiotic resistance genes associated with anthropogenic activities. With increasing reports of antibiotic resistance, it is imperative to properly regulate the discharge of untreated wastewater into rivers. Emphasis should be placed on investigating key microorganisms and ARGs to better understand their interactions within aquatic ecosystems and to promote sustainable management of river health.

	Analysis of Bacterial Communities and Antibiotic Resistance Genes in the Aquaculture Area of Changli County
	Cyanobacteria
	Aminoglycoside, β-lactam
	1. ARGs influence changes in cyanobacterial community composition.

	Removing high-strength lincomycin in pharmaceutical wastewater by a bacterial microalgae consortium co-immobilized filter
	Cyanobacteria
	ARGs
	1. Microalgae–bacteria consortia inhibit ARGs.

	Identification of potential microbial risk factors associated with fecal indicator exceedances at recreational beaches
	Cyanobacteria
	β-lactam, Multidrug, Aminoglycoside, MLS, Tetracycline
	1. Further research is needed: study samples have shown the co-occurrence of cyanobacteria and ARGs.

	Abundance and Diversity of Phages, Microbial Taxa, and Antibiotic Resistance Genes in the Sediments of the River Ganges Through a Metagenomic Approach
	Microcystis
	β-lactam, Multidrug, MLS, Fosmidomycin
	1. Further research is needed: the prevalence of ARGs varies among different microbial groups.






Table S3. Search criteria and Boolean operators applied to Web of Science databases
	Mechanism category
	Representative processes
	Primary evidence level
	[bookmark: OLE_LINK2]Key references

	Carrier
	ARGs detected in cyanobacterial genomes, eDNA/iDNA
	Laboratory / culture-based / molecular
	[1],[2]

	
	Detection of ARGs (e.g., tet, sul) within cyanobacterial genomes
	Metagenomic analysis/ Field observation
	[3]

	
	Phage-mediated acquisition of ARGs by cyanobacterial taxa (e.g., Synechococcus, Phormidium)
	Laboratory experiments
	[4]

	
	ARGs detected in cultured cyanobacterial isolates from reservoirs
	Culture-dependent PCR screening
	[2]

	Promoter
	Enhanced HGT during blooms, QS regulation
	Mesocosm / Field observation
	[5],[6]

	
	Enrichment of ARG-hosting bacteria via cyanobacteria-derived dissolved organic matter
	Experimental
	[7]

	
	Co-occurrence of high ARG and MGE abundance in Microcystis-dominated blooms
	Field observation
	[6]

	Inhibitor
	Reduced ARGs abundance, plasmid suppression
	[bookmark: OLE_LINK3]Field observation/modeling
	[8],[9]

	
	Stronger suppression of ARGs in particle-attached bacteria compared to free-living bacteria
	Field observation
	[8]

	
	Quantification of cyanobacteria-bacteria interference effects on ARG dynamics
	Microbial interaction modeling
	[9]

	Feedback regulator
	ARG-mediated cyanobacterial resilience
	Experimental / Field observation
	[10-15]

	
	High antibiotic concentrations inhibit photosynthesis and cyanobacterial growth
	Laboratory experiments
	[8],[16], [17]

	
	Antibiotic-resistant cyanobacteria outcompete susceptible algal species
	Laboratory experiments
	[14], [18], [19]
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Fig.S1. Proportional breakdown of studies by interaction type between cyanobacteria and ARGs.
[image: ]
Fig.S2. Focus distribution of current studies on cyanobacteria-ARGs interactions across different taxonomic and mechanistic levels.
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