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- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Total relative abundance of long-read derived and short-read derived viral populations, and differences between viral population lengths was
tested and plotted with the packages tidyverse, cowplot, and scales, in R (https://www.R-project.org/).

MAGs: mapping of short reads to cellular contigs: CoverM (v0.2.0) (https://github.com/wwood/CoverM); binning: UniteM (v0.0.18) (UniteM;
unpublished https://github.com/dparks1134/UniteM); DAS Tool (v1.1.1) (Sieber et al., 2018); MetaWRAP (v1.0.6) (Uritskiy et al., 2018);
MetaBAT2 (Kang et al., 2019); GroopM2 (Imelfort et al., 2014); MaxBin2 (Wu et al., 2015); Evaluation (completeness, contamination, outliers):
CheckM (v1.0.12) (Parks et al., 2015); RefineM (v0.0.24) (Parks et al., 2017); Taxonomical classification: GTDB-tk18 (Chaumeil et al., 2020)

Virus classification: Prodigal (v2.6.1; (Hyatt et al., 2010)

Viral Genera clustering: vConTACT2 (Bin Jang et al., 2019)

Attempted linkage of viral populations to hosts: prophage BLAST, tRNAscan-SE (v1.23) (Chen et al., 2019), and WIsH (v1.0) (Galiez et al., 2017)

Screening for marker genes: DRAM-v (Shaffer et al., 2020)

Assessment of gene completeness: CheckV v0.3.0 (Nayfach et al., 2020)

TerL genes alignment: MAFFT v7.017 (Katoh & Standley, 2016); trimming of aligned sequences: Trimal v1.4.rev15 (Capella-Gutiérrez, Silla-
Martínez & Gabaldón, 2009) ; manual check for alignment overhangs: Geneious v10.2.6 (Kearse et al., 2012); appropriate substitution model
determination: Model Finder (Kalyaanamoorthy et al., 2017); phylogenetic tree construction: IQ-tree (Nguyen et al., 2015); phylogeny
visualisaiton: iTOL v5 (Letunic & Bork, 2016)

16S rRNA sequences trimmed, dereplicated, chimera checked, and ASV generating using the DADA2 package, version 1.2 (Callahan et al. 2016)
in R (https://www.R-project.org/).

Taxonomy of 16S rRNA ASVs was assigned with the Silva database, version 123 (Quast et al. 2013).

Amplicon datasets were extracted with Phyloseq (McMurdie et al. 2013) and relative contributions were plotted using the ggplot package
(Wickham 2009) in R (https://www.R-project.org/).

Community diversity: Vegan (Oksanen et al., 2020) (https://CRAN.R-project.org/package=vegan) and pracma (https://cran.r-project.org/web/
packages/pracma/index.html) packages, with pairwise comparisons between groups package pairwiseAdonis (Arbizu, 2020) in R (https://
www.R-project.org/).

Presence/absence of Sargasso Sea viral populations in GOV2 dataset and normalised levels of nitrogen and Phosphate were plotted using
ggplot package (Wickham 2009) in R (https://www.R-project.org/). Global distribution of Sargasso Sea samples was visualised with the R
( https://www.R-project.org/) packages Simple Features (Pebesma, 2018) and rnaturalearth (https://github.com/ropensci/rnaturalearth), and
edited with vector editor Inkscape (Inkscape Project, 2024).

Global relative abundance of Sargasso Sea long-read viruses and isolates that infect SAR11 and Prochlorococcus plotted using packages
tydyverse (Wickham et al. 2019), cowplot (Wilke, 2024), scales (Wickham et al. 2023), and ComplexHeatmap (Gu et al. 2016) in R (https://
www.R-project.org/); addition of Ocean and sea regions via editing in Inkscape.

Code for microdiversity bootstrapping analysis from: 'https://raw.githubusercontent.com/btemperton/tempertonlab_utils/master/R/
StatsUtilities.R'

Random subsampling of viromes: bbmap (https://sourceforge.net/projects/bbmap/).

Single nucleotide variants (SNVs) calling: metapop (Gregory et al., 2020)

Per-nucleotide coverage of the top 50 most abundant viruses (for HVR analysis): bedtools2 (https://github.com/arq5x/bedtools2)

Bootstrapping and permutation tests: data manipulation and plotting with packages Tidyverse (Wickham et al. 2019), cowplot (Wilke, 2024),
Colorblindr(https://rdocumentation.org/packages/colorblindr/versions/0.1.0), Colorspace (Ihaka et al. 2016) and Scales (Wickham et al. 2023)
in R (https://www.R-project.org/).

Investigation of functional encoding within candidate HVRs: tBLASTx

Fragmentation and recovery of long-read derived viral population representatives by short-read derived contigs against their relative
abundances: RPKM values calculated CoverM, v0.2.0 (https://github.com/wwood/CoverM) plotting: packages ggplot (Wickham 2009),
tidyverse (Wickham et al. 2019), cowplot (Wilke, 2024),colorspace (Ihaka et al. 2016) and ggrepel (Slowikowski, 2024), in R (https://www.R-
project.org/).

Analyses to determine whether previously isolated viruses of cyanobacteria and SAR11 were represented in Sargasso Sea viromes (from this
study) and cellular metagenomes (from this study and previous studies): cyanophage and pelagiphage isolate genomes (accession numbers:
Supplementary Dataset 4) viral population representatives generated using ClusterGenomes (Roux et al. 2017); short reads were recruited
using Bowtie2 (Langmead et al. 2012); bam files parsed in CoverM (https://github.com/wwood/CoverM); RPKM calculated as above. Data
manipulation and plotting conducted using packages Tidyverse (Wickham et al. 2019), cowplot (Wilke, 2024) and colorspace (Ihaka et al.
2016) in R (https://www.R-project.org/).

REFERNCES: See paper.

DATA AVAILABILITY

The sequencing data and assemblies generated in this study have been deposited in the National Center for Biotechnology Information (NCBI) database under the
BioProject accession code PRJNA767318 [https://www.ncbi.nlm.nih.gov/bioproject/?term=PRJNA767318].

The amplicon raw SRA data used in this study are available in the NCBI database under the BioProject accession code PRJNA769790 [https://www.ncbi.nlm.nih.gov/
bioproject/?term=PRJNA769790].

The following data generated in this study are provided in the Supplementary Information: PERMANOVA analysis results (Supplementary Dataset 1); ‘BATS-B’ (from
SIMPER analysis) contig abundance (Supplementary Dataset 2); Metagenome Assembled Genomes (MAGs) (Supplementary Dataset 3); Accession numbers of
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Study description

published cyanophage, pelagiphage and T4 genomes used in the production of Supplementary Figure 7 (Supplementary Dataset 4).

The following data generated in this study are provided in the Source Data file:

Alignments of Sargasso Sea long-read derived viral population representatives against short-read derived population members; used as input for the script
calc_breakages.py, towards production of Supplementary Figures 2A and B (alignment_short_members_t0_long_reps.txt);

Areas of Sargasso Sea long-read derived viral population representatives not aligned to short-read population members; output of calc_breakages.py, towards
production of Supplementary Figures 2A and B (LRR_breakages_2023_02_23.csv);

Relative abundance (RPKM) of Sargasso Sea long-read derived viral population representatives in short-read data; towards production of Supplementary Figures 2A
and B (long_read_cluster_rep_rel_abundance_covminzero.txt);

Alignments of Sargasso Sea long-read derived viral population representatives against short-read contigs <1kb in length; used as input for the script
calc_breakages.py, towards production of Supplementary Figure 2C (alignment_shortread_contigs_gr1kb_to_all_LRR-sorted-by-target-name.txt);

Areas of Sargasso Sea long-read derived viral population representatives not aligned to short-read contigs <1kb; Output of calc_breakages.py; towards production of
Supplementary Figure 2C (breakages_all_LRR_contigs_gr_1kb.csv);

Relative abundance (RPKM) of Sargasso Sea long-read derived viral population representatives in short-read data; towards production of Supplementary Figure 2C
(All_long_read_cluster_rep_RPKM.txt);

Abundance tables generated from mapping Sargasso Sea reads and GOV2 reads to Sargasso Sea population representative contigs, plus GOV2 metadata; used in
production of Figures 3 and 5a. (folder figure5a_figure3);

Microdiversity values for Sargasso Sea contigs used to produce Supplementary Figures 9, 10, and 11 (sl_contig_microdiversity.tsv);

Viral population representative contig names, lengths and type; used for production of Figure 1 (length_2301.txt);

Rank and abundance values for short-read viral population representatives; used for production of Figure 1 and Figure 5 (‘rank_abundance_2301.csv);

Metadata (including labels) for GOV2 and Sargasso Sea samples; used for production of Figure 3 (BATS_GOV2.0_env.cvs);

Short-read coverage of GOV2 and Sargasso Sea viral populations; used for production of Figure 3 (GOV2.0_BATS_coverage);

Metadata (including labels) for Sargasso Sea samples; used for production of Figure 5 and Supplementary Figures 3, 4 and 5 (BATS_env.csv);

Short-read coverage of Sargasso Sea viral populations; used for production of Figure 5A (BATS_short_reads_2031_coverage_rm2v.csv);

Short-read coverage of Sargasso Sea viral populations; used for production of Supplementary Figure 3A (GOV2.0_BATS_coverage_S3A.csv);

Short-read coverage of Sargasso Sea viral populations; used for production of Supplementary Figure 3B (GOV2.0_BATS_coverage_S3B.csv)

Short-read coverage of Sargasso Sea viral populations from short-read sequencing; used for production of Supplementary Figure 4
(BATS_short_reads_1044_coverage.csv)

Code for analyses and associated data used in the current study are available at:

https://github.com/BIOS-SCOPE/AE1712-viromes

https://doi.org/10.5281/zenodo.10940125118

This study does not involve human research participants; this type of information was not collected.

See above.

See above.

See above.

See above.

Metagenomic samples from pelagic microbial cellular communities and viral assemblages were collected from the Sargasso Sea
(Bermuda Atlantic Time Series: BATS) via rosette-mounted Niskin bottles at 12-hour intervals coinciding with dusk and dawn (two
factors), from depths of 80 m and 200 m (two factors), over a period of four consecutive days. Dusk and Dawn samples from
consecutive days were treated as replicates (n=3) due to water-budget constraints. A continuous variable of time was not considered
in the analyses. In summary, each combination of Dusk/Dawn vs depth had three replicate samples. Each sample comprised cellular
and viral fractions (two factors). Cellular communities were recovered onto 0.22 µm pore Sterivex filters via filtration of 5 L of
seawater per sample. Viral assemblages were obtained via sequential filtration of 20 L seawater per sample, followed by iron chloride
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Research sample

Sampling strategy

Data collection

Timing and spatial scale
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Reproducibility

Randomization
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flocculation (John et al., 2011), with modifications for prevention of DNA degradation and removal of PCR inhibitors (Warwick-
Dugdale et al., 2019b). Short-read Illumina sequencing was performed on all cellular community DNA and viral assemblage DNA. In
addition, long-read sequences were generated from viral metagenomic DNA collected from the depth of 80m (n=3) using the ‘VirION’
pipeline (Warwick-Dugdale et al., 2019b). Samples from 200m did not amplify sufficiently for preparation of long-read sequencing
libraries.

Sargasso Sea metagenomic microbial cellular populations and Sargasso Sea metagenomic viral populations, at depths of 80 m and
200 m, were sampled during summer stratification of the water column. Previous understanding of Sargasso Sea viral community
structure is limited to seasonal patterns in abundances of viral-like particles (Parsons et al., 2012) and genomic analysis of isolated
phages (Sullivan et al., 2005, 2010; Kelly et al., 2013; Zhao et al., 2013; Buchholz et al., 2021a). Here, we used metagenomics to
characterise the viral communities at 80m (depth of maximum viral particle abundance) and 200m (mesopelagic; depth of
recalcitrant carbon specialists ‘SAR202’) in both the cellular and viral fractions of the summer-stratified Sargasso Sea. Long read viral
fraction sequencing was used to overcome assembly fragmentation due to microdiversity and to improve recovery of virally encoded
HVRs to facilitate evaluation of their role in niche-adaptation. After dereplication of identified viral contigs, the global distribution of
Sargasso Sea viruses was investigated using the Global Ocean Virus (GOV) 2.0 dataset (Gregory et al., 2019), which contains 145 viral
metagenomic samples from five distinct global ecological zones, including the Arctic, Antarctic, bathypelagic, temperate and tropical
epipelagic, and mesopelagic. Classification of Sargasso Sea viruses was attempted via genera-level clustering alongside RefSeq
prokaryotic viral genomes (release 88) for reference to known isolates. To identify pelagiphages, terminase (TerL) genes were
identified from published pelagiphage genomes, non-pelagiphages (from NCBI refseq, search term: ‘marine terminase in viruses’),
Pelagibacterales (identified via BLAST hits against terminase from known pelagiphages) and Sargasso Sea viral populations. To
investigate the content of candidate hypervariable regions, functions encoded within HVRs were investigated using a tBLASTx search
against the NCBI NR database.

Metagenomic samples were collected aboard the RV Atlantic Explorer at the Bermuda Atlantic Time Series (BATS; http://
bats.bios.edu/) station (31°40’N, 64°10’W) via rosette-mounted Niskin bottles during dusk (~19:00 local time) and dawn (~06:00 local
time), from depths of 80 m and 200 m, over a period of four consecutive days from the 8th-11th July 2017. Cellular communities (n =
12) were obtained from 5 L of seawater per sample transferred immediately to clean polycarbonate bottles; the cellular fraction was
recovered onto 0.22 µm pore Sterivex filters via positive pressure filtration. Viral assemblages (n = 12) were obtained via sequential
filtration of 20 L seawater per sample, followed by iron chloride flocculation (John et al., 2011); Briefly, peristaltic pumps and 142 mm
rigs were used to remove the cellular fraction via sequential filtering through glass fibre (GF/D: pore size 2.7 µm) then
polyethersulfone (pore size 0.22 µm) filters, before flocculation and precipitation of viruses via iron chloride. Iron-bound viral particle
flocculate was recovered onto 1.0 µm polycarbonate filters (within 4 hours of collection). Sample sizes were chosen to provide
sufficient DNA for sequencing of microbial and viral communities, and agree with previously published methods (e.g. Roux at al,
2016). Sequencing depth also effects the sample size, so samples from this study and Global Ocean samples were subsampled to the
same depth for analyses of abundance.

Environmental samples and associated environmental data (e.g. sampling depth) was collected via CTD probes attached to a Niskin
rosette by members of the ‘BIOS-SCOPE’ project, including Joanna Warwick-Dugdale, during cruise sampling procedure. The
Sequencing data was collected via sequencing software (e.g. Nanopore: ‘MinKnow’), and was curated as described in the ‘Methods’
and ‘Supplemental Methods’ of the manuscript.

Sampling took place over a period of four consecutive days during the BIOS-SCOPE Summer Cruise of 2017; Data collection start: 8th-
July 2017; data collection finish: 11th July 2017. Timing of data collection: dusk (~19:00 local time) and dawn (~06:00 local time),
chosen to investigate possible signal of diurnal cycles (none recorded; data not shown). Spatial scale: samples collected on the
Bermuda Atlantic Time Series (BATS; http://bats.bios.edu/) station (31°40’N, 64°10’W), at depths of 80 m and 200 m.

One viral sample (collected July 8th from 200m) was excluded from further investigation due to a lack of viral sequence detection,
the result of very low sequencing depth (29.6 Mbp, 100 times smaller than that of other samples; exclusion criteria not pre-
estabilished). Long-reads were excluded from analysis to avoid potential artefacts associated with the sequencing technology in the
following: clustering and number of viruses based on sample fraction type (i.e. cellular; free-particulate).

No attempts have been made to repeat the experiment at this time.

Samples were not allocated into groups beyond the environmental parameters of their collection (e.g. depth; sample fraction).

Blinding was not relevant to this study as all samples were processed uniformly, according to sample type, and the sequencing data
acquired is automatically collected via sequencing software. Software parameters and data curation were applied uniformly for the
different data types (e.g. all short-read data underwent the same QC pipeline; all viral data was passed through VirSorter for
identification of putative viral contigs).

Study conditions were typical for summer on the Sargasso Sea at the BATS station: zero precipitation; seawater surface temperature:
>25 degrees Celsius. More information is available from http://bats.bios.edu

Bermuda Atlantic Time Series (BATS; http://bats.bios.edu/) station (31°40’N, 64°10’W); sampling at depths of 80 m and 200 m.

The samples were collected during the Summer 2017 BIOS-SCOPE cruise. The BIOS ‘Collection, Export and Experimental Policies
(CEEP)’ sates: “BIOS is committed to preserving Bermuda’s natural environment. In consultation with the Bermuda Government, BIOS
has established detailed protocols for the collection, export and experimental manipulation of materials (plants, animals, geological).




