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Prochlorococcus and Synechococcus are the two most abundant
and widespread phytoplankton in the global ocean. To better under-
stand the factors controlling their biogeography, a reference database
of the high-resolution taxonomic marker petB, encoding cytochrome
b6, was used to recruit reads out of 109 metagenomes from the Tara
Oceans expedition. An unsuspected novel genetic diversity was
unveiled within both genera, even for the most abundant and
well-characterized clades, and 136 divergent petB sequences
were successfully assembled from metagenomic reads, significantly
enriching the reference database. We then defined Ecologically Sig-
nificant Taxonomic Units (ESTUs)—that is, organisms belonging
to the same clade and occupying a common oceanic niche. Three
major ESTU assemblages were identified along the cruise transect
for Prochlorococcus and eight for Synechococcus. Although
Prochlorococcus HLIIIA and HLIVA ESTUs codominated in iron-
depleted areas of the Pacific Ocean, CRD1 and the yet-to-be cul-
tured EnvB were the prevalent Synechococcus clades in this area,
with three different CRD1 and EnvB ESTUs occupying distinct eco-
logical niches with regard to iron availability and temperature.
Sharp community shifts were also observed over short geographic
distances—for example, around the Marquesas Islands or between
southern Indian and Atlantic Oceans—pointing to a tight correla-
tion between ESTU assemblages and specific physico-chemical pa-
rameters. Together, this study demonstrates that there is a
previously overlooked, ecologically meaningful, fine-scale diver-
sity within some currently defined picocyanobacterial ecotypes,
bringing novel insights into the ecology, diversity, and biology
of the two most abundant phototrophs on Earth.
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The ubiquitous marine picocyanobacteria Prochlorococcus and
Synechococcus are major contributors to global chlorophyll

biomass, together accounting for a quarter of global carbon fix-
ation in marine ecosystems, a contribution predicted to further
increase in the context of global change (1–3). Thus, determining
how environmental conditions control their global distribution
patterns, particularly at a fine taxonomic resolution (i.e., suffi-
cient to identify lineages with distinct traits), is critical for under-
standing how these organisms populate the oceans and in turn
contribute to global carbon cycling. The availability of numerous
strains in culture and sequenced genomes make picocyanobacteria
particularly well suited for cross-scale studies from genes to the
global ocean (4). Physiological studies of a range of Prochlorococcus
strains isolated from various depths and geographical regions no-
tably revealed the occurrence of genetically distinct populations
exhibiting different light or temperature growth optima and
tolerance ranges (5, 6). These observations are congruent, on the
one hand, with the well-known depth partitioning of genetically
distinct Prochlorococcus populations in the ocean, with high light-
adapted (hereafter HL) populations in the upper lit layer and low

light-adapted (hereafter LL) populations located further down the
water column, and on the other hand, with the latitudinal parti-
tioning between Prochlorococcus HLI and HLII clades that are
adapted to temperate and tropical waters, respectively (5, 7, 8).
For Synechococcus, although no clear depth partitioning (i.e.,
phototypes) has been observed so far, the occurrence of different
“thermotypes” has been clearly demonstrated among strains iso-
lated from different latitudes (9, 10). This latter finding agrees well
with biogeographical patterns of the most abundant Synecho-
coccus lineages, with members of clades I and IV restricted to cold
and temperate waters, whereas clade II populations are mostly
found in warm, (sub)tropical areas (11–13). Recently, several
studies have shown that iron could also be an important parameter
controlling the composition of picocyanobacterial community
structure, as Prochlorococcus HLIII/IV ecotypes (14, 15) and Syn-
echococcus clade CRD1 (16, 17) were shown to be dominant within
high nutrient–low chlorophyll (HLNC) areas, where iron is limiting.
Most of these studies considered members of the same clade—that
is, Prochlorococcus clades HLI–VI and LLI–VI or Synechococcus
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Metagenomics has become an accessible approach to study
complex microbial communities thanks to the advent of high-
throughput sequencing technologies. However, molecular ecol-
ogy studies often face interpretation issues, notably due to the
lack of reliable reference databases for assigning reads to the
correct taxa and use of fixed cutoffs to delineate taxonomic
groups. Here, we considerably refined the phylogeography of
marine picocyanobacteria, responsible for about 25% of global
marine productivity, by recruiting reads targeting a high-reso-
lution marker from Tara Oceans metagenomes. By clustering
lineages based on their distribution patterns, we showed that
there is significant diversity at a finer resolution than the cur-
rently defined “ecotypes,” a diversity that is tightly controlled by
environmental cues.
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