
single host, range from relatively dissimilar (two co-isolated cyanophages9

shared four-fifths of their genes at ,83% average amino acid identity
(AAI)) to nearly identical (five roseophages18 with ,97% average nucle-
otide identity (ANI)19). Genome sequences of hundreds of mycobacterio-
phages isolated using a single host have revealed ‘rampant mosaicism’
such that individual viral genomes are composed of assemblages of mod-
ules that challenge notions of demarcated populations and hierarchical,
genome-based taxonomy (for example, see refs 20–23). Nonetheless, the
mycobacteriophage sequences can be clustered into groups by nucleotide
similarity, with within-group ANIs ranging from 63–99% (refs 6, 22). As
in the marine case, whether these groups denote viral ‘species’ (that is,
discrete ecological and evolutionary units) cannot be discerned given
such broad ANI ranges and with only one or two phages sampled per site.
Isolate-based genomics could be informative if scaled up, but a single
viral-tagging experiment provides the opportunity, now, to explore this
question and make four key inferences from its first field application.

First, dsDNA cyanophage genome sequence space is not a genetic
continuum in nature, at least not for this particular phage type, host and
site. Here, genome-wide genetic relatedness proxies19 from conserved
regions of the dominant T4-like cyanophages (Extended Data Fig. 4)
generated a ‘population genome landscape’, revealing statistically sig-
nificant discrete clustering of the viral-tagging sequences (Fig. 1) that are
robust to variations in recruitment parameters (Extended Data Fig. 5).
Such clustering is consistent with globally sampled mycobacteriophage
groups6,22 (see earlier), as well as population structure inferred in cyanoph-
ages using marker genes at single sites24 and globally sampled genomes25

(Extended Data Fig. 6), and in single-stranded (ss)DNA phages using
genomes assembled from pooled natural samples interrogated by feature
frequent profile analysis26. Yet, the viral-tagging data expand these find-
ings by large-scale analysis at a single site to reveal discrete dsDNA viral
clusters—that is, non-overlapping ‘clouds’ of metagenome-derived cya-
nophage sequence space—herein termed ‘populations’. Whether these
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Figure 1 | Population genome landscape plot
showing the genetic relationship of cultivated
and viral-tagged T4-like phages of
Synechococcus WH7803 from a single seawater
sample and all available marine cyanophage
genomes. Principal component (PC) projection of
population-level variation within randomly
resampled metagenomic data for each Candidatus
genome (CG) recovered from the viral-tagged (VT)
metagenome (the coloured ‘clouds’; cloud colours
are arbitrary to aid in discriminating populations).
Candidatus genomes (phylogenetically
informative contig, larger than 30 kb) were derived
from the viral-tagging metagenome; accuracy of
read assignation Q 5 0.9926, Z-score 5 142.2;
Dunn index 5 0.26, Z-score 5 1,829.

Table 1 | Relative abundance of T4-like myovirus populations in Pacific Ocean sea water
Rank Name Size (kb) Percentage finished No. of reads mapped

(3 1,000)
Percentage of viral-tagged
metagenome

Mean coverage Percentage of isolates
(PCR)

1 CG-05 108 59 2,313 18.20 1,019.0 22
S-MbCM6/25* 176 NA

2 CG-24 43 8 329 2.58 964.4 ND
3 CG-07 67 40 488 3.84 916.0 ND
4 CG-03 185 95 1,016 7.99 687.6 ND
5 CG-01 197 94 1,038 8.16 658.4 ND
6 CG-02 180 97 656 5.16 456.6 7.3
7 CG-09 83 57 201 1.58 304.3 ND
8 CG-06 117 37 149 1.18 159.1 ND
9 S-MbC100* 170 NA 127 1.00 93.4 17.1
10 CG-11 37 39 133 1.05 72.1 7.3

S-MbCM7* 189 NA
11 CG-04 114 36 65 0.51 71.4 ND
12 CG-19 44 6 25 0.20 69.8 ND
13 CG-12 33 5 18 0.14 69.6 ND
14 CG-13 42 6 21 0.17 63.9 ND
15 CG-10 68 11 29 0.23 53.1 12.2
16 CG-25 40 25 8 0.06 24.4 ND

Percentage finished refers to the estimated percentage of the complete genome captured, calculated as the fraction of the 65-gene T4 core genome observed in the resulting contig. Percentage of viral-tagging
metagenome refers to the fraction of the viral-tagging metagenome reads present in the Candidatus genome or isolate genomes. Mean coverage refers to the average depth of coverage per Candidatus genome.
Percentage of isolates (PCR) refers to the percentage of 41 isolates for which g23 sequences can be mapped to the Candidatus genomes or isolate genomes (identity .95%, only 41 of 97 g23 products of isolates
were sequenced). CG, Candidatus genome (phylogenetically informative contig larger than 30 kb derived from the viral-tagging experimental data); NA, not applicable; ND, not detected; PCR, polymerase chain
reaction.
* Isolates.
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