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Fig.S1 Differential Viral Populations and Their Environmental Correlates. a. Heatmap of differential vOTUs identified using the ANCOM-BC2 trend test (p < 0.05). The log2 fold change values represent the relative abundance changes of vOTUs compared to each other and p-values are from ANCOM-BC2 pairwise directional test. Significant differences are indicated by asterisks (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001). b. Spearman correlation analysis of differential vOTUs with various environmental parameters (salinity (5.1-34.3PSU), temperature (9.8-29.5°C), dissolved oxygen (3.60-19mg L-1), and nutrient concentrations (NO3-: 0.320-20.956 μM; NO2-: 0.000-2.023 μM; silicate: 0.259-40.879 μM; PO43-:0.026-4.876 μM).), with color-coded font indicating the strength and direction of the correlations: red for positive correlations and blue for negative correlations. The color represents the correlation coefficient, which ranges from -1 to 1 with a gradient from blue to red. Deeper colors indicate stronger correlations. The size of the circle represents the p-value, with smaller p-values corresponding to larger circles.
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Fig.S2 Functional distribution of Ulva-associated bacterial phage AMGs based on KEGG Orthologs (KO).
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[bookmark: _GoBack]Fig.S3 Structural models of phage‑encoded AMGs. Three‑dimensional ribbon representations of nine AMGs (glmS, glf, preT, DHFR, queE, DNMT1, DNMT3A, dfrB, rhnA‑cobC) are shown. Blue indicates the protein structures derived from the phage genomes, while pink denotes the highly similar homologous proteins from bacterial sources.
image1.png
vOTU_19327
VOTU_19053
VOTU_06184.
VOTU_21875
VOTU_20176
VOTU_07114.
VOTU_07553
VOTU_06548
VOTU_19055
VOTU_21758
VOTU_20175
VOTU_19318
VOTU_19062
VOTU_21857
vOTU_21823
VOTU_05853
VOTU_19677
VOTU_19462
VOTU_06029
VOTU_19450
VOTU_06966
VOTU_21872
vOTU_19029
VOTU_06969
VOTU_07628
vOTU_21219
VOTU_07298
VOTU_19074
VOTU_06186
VOTU_20393
VOTU_21893
VOTU_19457
VOTU_06756
VOTU_21195
VOTU_19466
VOTU_06100
VOTU_20168
VOTU_07125
VOTU_06052
VOTU_20995
VOTU_20194
VOTU_21863
VOTU_06412
VOTU_21414
VOTU_20419
VOTU_07414.
vOTU_07412
VOTU_21690
VOTU_07526

Log2FC

vOTU_21893
vOTU_21875

vOTU_21872

VOTU_21863 o0
vOTU_21857

vOTU_21823

VOTU_21758

VOTU_21690 ©

vOTU_21414

vOTU_21219

vOTU_21195

vOTU_20995 @&
vOTU_20419

VOTU_20393

VOTU_20194

VOTU_20176

vOTU_20175 © O
vOTU_20168

vOTU_19677 ~ &
VOTU_19466

VOTU_19462

vOTU_19457

vOoTU_18450 © © o
vOTU_19327

voTU_19318 © &
VOTU_19074

vOTU_19062 &
vOTU_19055

vOTU_19053

VOTU_19029 ®
VOTU_07628

voTu_07553 @
VOTU_07526

voTu_o7414 © ®
voTU_07412 © ]
vOTU_07298
vOTU_07125
votu_o7114 © ©
VOTU_06969
VOTU_06966
VOTU_06756

voTu 06548~ ©
votu_oe412 ©©
VOTU_06186
VOTU_06184
vOTU_06100
vOTU_06052
vOTU_06029
VOTU_05853

Lifestyle
o Virulent
o Temperate




image2.png
Chloroalkane and chloroalkene degradation §
Chlorocyclohexane and chlorobenzene degradation
Lysosome

Efferocytosis

. Peroxisome

Aminoacyl-tRNA biosynthesis

DNA replication

_Purine metabolism

_ . Pyrimidine metabolism

Polyketide sugar unit biosynthesis

. _Terpenoid backbone biosynthesis
Biosynthesis of vancomycin group antibiotics
D-Amino acid metabolism

Glutathione metabolism

Phosphonate and phosphinate metabolism
beta-Alanine metabolism

_ . Folate biosynthesis

Nicotinate and nicotinamide metabolism

orphyrin metabolism

One carbon pool by folate

o . _Biotin metabolism
Ubiquinone and other terpenold—?lﬂl,none biosynthesis

iamine metabolism =

Sulfur cycle

Folate transport and metabolism
Riboflavin metabolism

Pantothenate and CoA biosynthesis
att¥|a<;n:_| blos%'nth Sis
Glycerophospholipid metabolism
Sphingolipid metabolism

. i Ether lipid metabolism
Biosynthesis of various nucleotide sugars
. Peptldo%lyqan biosynthesis
Lipopolysaccharide biosynthesis

. Exopolysaccharide biosynthesis
Arabinogalactan biosynthesis - Mycobacterium
arious types of N-glycan biosynthesis

_ Teichoic acid biosynthesis

O-Antigen repeat unit biosynthesis

Other glycan degradatlo_n

Mannose type O-glycan biosynthesis
Glycosaminoglycan degradation

. Biosynthesis of Cofactors
Biosynthesis of nucleotide sugars
Biosynthesis of amino acids

Carbon metabolism

Pathway

atty aci ism
2-Oxocarboxylic acid metabolism
Sulfur relay system

Sulfur metabolism

Methane metabolism

Other carbon fixation pathways
___..__Photosynthesis

Carbon fixation by Calvin cycle

Vancomycin resistance

- Osteoclast differentiation

Biofilm formation - Vibrio cholerae

L . Quorum sensing
Biofilm formation - Pseudomonas aeruginosa
Amino sugar and nucleotide sugar metal
Fructose and mannose metabolism

Pyruvate metabolism

Galactose metabolism

Glycolysis / Gluconeogenesis

Pentose and glucuronate interconversions
Glyoxylate and dicarboxylate metab

Starch and sucrose metabolism

Pentose phosphate Pathway

Inositol phosphate metabolism

Streptomycin biosynthesis

. _ Acarbose and validamycin biosynthesis
Biosynthesis of various plant secondary metabolites
Biosynthesis of various antibiotics

Prodigiosin biosynthesis

. Phenazine biosynthesis

. Cysteine and methionine metabolism

Alanine, aspartate and glutamate metabolism
Glycine, serine and threonine metabolism

) . Tryt:to han metabolism
Phenylalanine, tyrosine and tryptophan biosynthesis
Arginine and proline metabolism

Phenylalanine metabolism &

Lysine biosynthesis &

0

10
Total Amgs

Subcategory

[ Xenobiotics biodegradation and metabolism

[ Transport and catabolism

ranslation R

1 Replication and repair

1 Nucleotide metabolism )

[ Metabolism of terpenoids and polyketides
etabolism of other amino acids

iosynfhesis of other secondary metabolites
[ Amino acid metabolism




image3.png
DNMT3A dfrb rhna-cobC




