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Fig. S1 Circular genome visualization of phage Bin1.
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Fig. S2 Circular genome visualization of phage Bin4.
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Fig. S3 Linear genome visualization of contig1 of phage Bin2. As the contig1 of Bin2 is too long to be properly visualized, we broke the Contig1 into two parts (Contig1-1 and Contig1-2) for a better display.
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Fig. S4 Linear genome visualization of other short contigs of phage Bin2.
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Fig. S5 Linear genome visualization of phage Bin3.

Binning methods for phage genomes
Metagenomic contigs over 2000bp were selected for genome binning based on the genome differences in GC content, sequencing coverage, taxonomic assignment of prokaryotic essential genes, phage hallmark genes, and tetranucleotide frequency.
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Fig. S6 Binning for the phage Bin1. (A) GC content and coverage plot - colored by taxonomic assignment of bacterial essential genes or phage hallmark genes. (B) Zoom in on the target genome (phage-related contigs). (C) Correspondence analysis on the subset of contigs. (D) Extract contigs using the locator. PC1 and PC3 seem to separate our target phage genome from the other contigs and are therefore used for sequence extraction using the locator function. 
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Fig. S7 Binning for the phage Bin2. (A) GC content and coverage plot - colored by taxonomic assignment of bacterial essential genes or phage hallmark genes. (B) Zoom in on the target genome (phage-related contigs). (C) Correspondence analysis on the subset of contigs. (D) Extract contigs using the locator. PC2 and PC4 seem to separate our target phage genome from the other contigs and are therefore used for sequence extraction using the locator function. 
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Fig. S8 Binning for the phage Bin3. (A) GC content and coverage plot - colored by taxonomic assignment of bacterial essential genes or phage hallmark genes. (B) Zoom in on the target genome (phage-related contigs). (C) Correspondence analysis on the subset of contigs. (D) Extract contigs using the locator. PC2 and PC4 seem to separate our target phage genome from the other contigs and are therefore used for sequence extraction using the locator function. 
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Fig. S9 Binning for the phage Bin4. (A) GC content and coverage plot - colored by taxonomic assignment of bacterial essential genes or phage hallmark genes. (B) Zoom in on the target genome (phage-related contigs). (C) Correspondence analysis on the subset of contigs. (D) Extract contigs using the locator. PC3 and PC5 seem to separate our target phage genome from the other contigs and are therefore used for sequence extraction using the locator function. 
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