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icrobial natural products are

often studied as sources of

new drugs, but they are also
ecological traits that shape how mi-
crobes interact, persist, and adapt. This
issue explores specialized metabolism
from discovery to function, emphasiz-
ing how genomes, metabolites, envi-
ronments, and evolutionary history can
be integrated to understand microbial
chemistry.

The first dispatch introduc-
es modern natural product discovery
through genome mining, metabolomics,
molecular networking, and heterolo-
gous expression. The second examines
extracellular electron transfer, showing
how redox-active metabolites move
electrons beyond the cell in oxygen-lim-
ited environments. The third focuses on
marine sediments as diverse, heteroge-
neous, and selectively filtered systems
where specialized metabolites may
mediate survival, signaling, dormancy,
and geochemical responses. The final
dispatch goes inside our Salinispora
paper, highlighting how vertical inher-
itance and pathway diversification can
structure biosynthetic gene clusters and

Marine sediments and newer approaches to natural product discovery

specialized metabolite profiles.

Together, these pieces frame
microbial chemistry as both molecular
diversity and ecological function.

“Microorganisms have provided abundant
sources of natural products which have
been developed as commercial products
for human medicine, animal health, and
plant crop protection...it is now feasible
to sequence thousands of actinomycete
genomes to identify the “biosynthetic
dark matter” as sources for the discovery
of new and novel secondary metabolites.
Advances in bioinformatics, mass spec-
trometry, proteomics, transcriptomics,
metabolomics and gene expression are
driving the new field of microbial genome
mining for applications in natural product
discovery and development.”

— Katz & Baltz. 2016.
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Finding Natural
Products in Genomes
and Metabolomes

Natural product discovery has shifted from bioassay-guid-
ed isolation toward integrated genomic and metabolomic
approaches. Genome mining reveals biosynthetic potential,
mass spectrometry detects expressed molecules, and heter-
ologous expression helps connect orphan biosynthetic gene

clusters to their chemical products.
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JUNE 9, 2026 (reprinted from blog post on 9/10/2019)

atural products are small mol-

ecules produced by organisms

that often have biological activ-
ities far beyond primary metabolism.
In microbes, these compounds include
antibiotics, siderophores, toxins,
signaling molecules, and many other
specialized metabolites. They have been
central to modern medicine, with many
clinical drugs derived from natural
products or their synthetic derivatives.
Yet after decades of discovery, the rate
of finding structurally novel compounds
has slowed. Many traditional approach-
es repeatedly recover known molecules,
creating a need for methods that can
better identify unexplored chemical
diversity.

Historically, natural product
discovery relied heavily on bioas-
say-guided or chemical signature-guid-
ed isolation. Strains were grown in
culture, crude extracts were tested for
activity, and active fractions were pu-
rified until a molecule could be struc-

turally characterized. This approach
produced many important compounds,
but it is biased toward molecules that
are expressed under laboratory condi-
tions, detectable by available assays,
and abundant enough to isolate. A retro-
spective analysis of natural product dis-
covery emphasized that future progress
will depend on strategies that improve
prioritization and reduce rediscovery.

Genome mining changed the
search space. Many microbial natural
products are encoded by biosynthetic
gene clusters, or BGCs, in which genes
for biosynthesis, tailoring, transport,

mining and

“Whereas the natural environment is
frequently identified as a rich source of
unique chemical diversity for pharma-
ceutical lead-compound discovery, the
rediscovery of known natural product
structures is an increasing challenge for
the field.”

— Pyeetal 2017.

ics connect microbial biosynthetic potential to natural
product discovery

WHY IT MATTERS

Microbial natural products have
shaped modern medicine, but the
discovery of structurally novel com-
pounds has slowed as traditional ap-
proaches repeatedly recover known
molecules. New methods now allow
researchers to search for natural
products before they are purified, ei-
ther by identifying biosynthetic gene
clusters in genomes or by comparing
metabolite profiles across culture
conditions. These approaches move
the field from discovering one com-
pound at a time toward mapping the
relationship among genes, molecules,
and biological activity.

regulation, and sometimes resistance
are physically clustered in the genome.
This organization makes it possible to
scan genomes for biosynthetic po-
tential even when the corresponding
compound has not been observed.
Polyketide synthases and nonribosomal
peptide synthetases are especially use-
ful because their modular architectures
can provide clues about chemical struc-
ture. Tools such as antiSMASH, NaPDoS,
and later comparative approaches such
as BiG-SCAPE allow researchers to
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Finding Natural Products in Genomes and Metabolomes

Number of new natural
products discovered

New natural products
with novel structures
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Number of compounds published per year lead to rediscovery
of known compounds, limiting novel structure discovery.

From Pye et al. 2017.

identify, compare, and dereplicate BGCs
across genomes.

This approach has been
especially powerful in actinobacteria,
including Streptomyces and Salinispora,
where large portions of the genome can
be devoted to specialized metabolism.
For example, work on salinospora-
mide A in Salinispora tropica connected

biosynthetic logic to the production of a
clinically relevant proteasome inhibi-
tor, illustrating how genome-enabled
studies can reveal the enzymatic steps
underlying natural product biosynthe-
sis?. Genome mining, however, reveals
potential rather than production. Many
BGCs are silent, conditionally ex-
pressed, or regulated by environmental
cues that are difficult to reproduce in
the laboratory.

Mass spectrometry provides
the complementary chemical view.
Liquid chromatography-mass spec-
trometry (LC-MS) can separate complex
extracts and detect many compounds
produced by a strain under a given
condition. Because a single organism
can produce hundreds of detectable
features, computational tools are
essential. MZmine helps process mass
spectrometry data, while GNPS molec-
ular networking groups related mole-
cules based on fragmentation patterns.
These networks can reveal families of
structurally related compounds, help
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dereplicate known molecules, and iden-
tify unexpected chemistry. Integrated
metabolomics has shown that changing
culture conditions can reveal unantici-
pated natural product suites that would
be missed under a single growth condi-
tion®.

This logic is captured by the
“one strain many compounds” ap-
proach, or OSMAC. A strain’s metabo-
lome is not fixed; it changes with media
composition, temperature, salinity,
nutrients, coculture, and other environ-
mental conditions. OSMAC approaches
exploit this plasticity by varying culture
conditions to induce different biosyn-
thetic pathways. For microbial chemical
ecology, this is especially important
because many specialized metabolites
are likely produced in response to envi-
ronmental signals or biotic interactions
rather than constitutively.

A major remaining challenge
is linking BGCs to molecules. Many
genomes contain orphan BGCs whose

—
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The salinosporamide A BGC from Salinispora tropica, a natural product known_for its protesome inhibi-
tion properties and currently in clinical trials.
From Eustdquio et al. 2009.
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Identification of molecules (m/z) from culturing conditions.
Molecular networking based on MS2 spectra (via GNPS).
From Sidebottom et al. 2013.
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products are unknown. Heterologous
expression offers one solution: clone

a BGC into a vector, introduce it into

a compatible host, and identify the
compound produced by the engineered
strain. This approach is technically dif-
ficult because BGC expression depends
on host metabolism, precursor supply,
regulatory compatibility, and pathway
size. However, Salinispora has been
developed as a heterologous host for
expressing large natural product BGCs,
providing a route to connect genomic
predictions with chemical products*.

CITATIONS

Together, genome mining,
mass spectrometry, molecular net-
working, OSMAC experiments, and
heterologous expression have reshaped
natural product discovery. Each method
solves a different part of the problem.
Genomes reveal biosynthetic potential.
Metabolomics reveals what is pro-
duced. Molecular networking organizes
chemical diversity. Expression systems
test gene-molecule relationships. The
future of natural product discovery lies
in integrating these approaches to move
from sequence, to structure, to bioactiv-

ity.

Traditional bioassay-guided discovery
often rediscovers known compounds.

Genome mining identifies biosynthetic
gene clusters that encode natural
product potential.

Mass spectrometry and molecular net-
working help detect, dereplicate, and
compare metabolites.

OSMAC approaches reveal that culture
conditions can strongly affect metabo-
lite production.

Heterologous expression can link orphan
BGCs to their molecular products.

1. Pye CR, Bertin MJ, Lokey RS, Gerwick WH, Linington RG. 2017. Retrospective analysis of natural products provides insights for future discovery
trends. Proceedings to the National Academy of Sciences 114(22): 5601-5606.
2. Eustaquio AS, McGlinchey RP, Liu Y, Hazzard C, Beer LL, Florova G, Alhamadsheh MM, Lechner A, Kale AJ, Kobayashi Y, Reynolds KA, Moore BS.

2009. Biosynthesis of the salinosporamide A polyketide synthase substrate chloroethylmalonyl-coenzyme A from S-adenosyl-l-methionine. Proceedings
to the National Academy of Sciences 106(30): 12295-12300.

3. Sidebottom AM, Johnson AR, Karty JA, Trader DJ, Carlson EE. 2013. Integrated metabolomics approach facilitates discovery of an unpredicted natu-
ral product suite from Streptomyces coelicolor M145. ACS Chemical Biology 8: 2009-2016.

4. Zhang JJ, Moore BS, Tang X. 2018. Engineering Salinispora tropica for heterologous expression of natural product biosynthetic gene clusters. Applied
Microbiology and Biotechnology 102(19): 8437-8446.
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Extracellular electron transfer shows that microbial metabo-
lites are not only antibiotics, signals, or toxins. Redox-active
molecules such as phenazines, quinones, and flavins can
move electrons beyond the cell, linking microbial physiol-
ogy to minerals, biofilms, sediments, and community-scale
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By Alexander B. Chase, Ph.D." & Douglas Sweeney, Ph.D.*?

‘I)(*p;u‘lmvm of Earth Sciences, Southern Methodist University, Dallas, TX
*Scripps Institution of Oceanography, UC San Diego, CA

JUNE 9, 2026 (reprinted from blog post on 11/20/2019)

icrobial life is organized

around electron flow. Cells

extract energy by moving
electrons from donors to acceptors,
regenerating cofactors such as NAD+
and maintaining redox balance. In
textbooks, the electron transport chain
often ends with oxygen as the terminal
electron acceptor. Yet many microbi-
al communities live where oxygen is
scarce, transient, or absent. Sediments,
soils, biofilms, host-associated habitats,
and particle-rich environments all cre-
ate redox gradients that require alterna-
tive strategies for energy conservation.

These strategies are not minor
physiological details. Global metage-
nome comparisons have shown that
oxidoreductase gene profiles distinguish
anoxic, aquatic, and soil-associated
microbiomes, suggesting that redox
metabolism is a major functional axis
organizing microbial lifel. Different
environments impose different elec-
tron-transfer problems, and microbial

communities carry different enzymatic
repertoires to solve them.

One solution is extracellular
electron transfer. Instead of transferring
electrons only within the cell mem-
brane, some microbes move electrons
to external acceptors, including miner-
als such as iron and manganese oxides.
This allows cells to couple intracellular
metabolism to extracellular redox
reactions. In mineral-rich soils and sed-
iments, extracellular electron transfer
connects microbial energy metabolism
to geochemical cycling, influencing
the fate of metals, organic matter, and
nutrients®.

“Microorganisms that have extracellular
electron transfer capability can be used for
biotechnological applications, including
bioremediation, biomining and the produc-
tion of biofuels and nanomaterials.”

— Shietal. 2016.

Microbial life depends on electron
flow. Cells must move electrons from
donors to acceptors to maintain
redox balance, regenerate cofactors,
and conserve energy. In oxygenated
environments, oxygen often serves
as the terminal electron acceptor. In
anoxic sediments, soils, biofilms, and
host-associated systems, microbes
must use alternative strategies. Ex-
tracellular electron transfer expands
the chemical ecology of microbes by
showing how secreted or extracel-
lular molecules can mediate energy
metabolism, mineral interactions,
and survival under redox stress.

Redox-active metabolites pro-
vide a chemical route for this process.
Molecules such as phenazines, qui-
nones, and flavins can shuttle electrons
between cells and external acceptors.
These compounds differ from many
classical natural products because their
function is not primarily antagonism
or signaling, but electron movement.
Phenazines are especially important
in this context. They are colorful,
redox-active metabolites that can
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Redox Chemistry as Microbial Chemical Ecology

influence biofilm physiology, oxygen
limitation, and anaerobic survival. In
biofilms, phenazines can interact with
extracellular DNA and other compo-
nents, helping stabilize redox reactions
and support cellular viability when
electron acceptors are spatially separat-
ed from donors®.

This perspective expands the
meaning of chemical ecology. A secret-
ed metabolite can alter competition,
communication, or resource acquisi-
tion, but it can also solve a bioenergetic
constraint. Under oxygen limitation,
cells must regenerate NAD+ to main-
tain metabolism. If NADH accumulates
because electrons cannot pass efficient-
ly to a terminal acceptor, core cellular

processes stall. Extracellular electron
transfer releases that bottleneck by
coupling intracellular reducing power to
extracellular acceptors.

A striking example comes
from Listeria monocytogenes, where a
flavin-based extracellular e-transfer
pathway supports anaerobic metabo-
lism*. Under aerobic conditions, e-flow
can proceed through familiar respirato-
ry routes. Under anaerobic conditions,
a parallel pathway uses a demethylated
quinone and membrane-associated
proteins to move electrons from NADH
toward extracellular flavins and external
acceptors such as Fe(III). This system
shows that extracellular electron trans-
fer is not limited to specialized miner-
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al-respiring bacteria; related strategies
may be widespread among diverse
Gram-positive organisms.

The broader implication is
that redox-active metabolites link NP
chemistry to ecosystem function. These
molecules allow microbes to maintain
energy metabolism, persist in biofilms,
interact with minerals, and occupy
anoxic microenvironments. Their im-
portance depends on spatial structure:
whether cells, electron donors, electron
acceptors, and extracellular matrices
are positioned in ways that allow elec-
tron flow. In sediments and biofilms es-
pecially, microbial chemistry is not only
about killing competitors or signaling
partners; it is also about moving elec-
trons through complex environments.

KEY FINDINGS

Redox traits can distinguish microbial communi-
ties across major biomes.
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From Light et al. 2018.
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* Many microbes use alternative electron acceptors
when oxygen is unavailable.

¢ Extracellular electron transfer allows cells to
move electrons outside the cell.

* Phenazines, quinones, and flavins can act as
extracellular electron shuttles.

* Redox-active metabolites can support survival in
biofilms and anoxic environments.

¢ Electron transfer strategies link microbial physiol-
ogy to ecosystem-scale redox processes.

1. Ramirez-Flandes S, Gonzalez B, Ulloa O. 2019. Redox traits characterize the organization of global microbial communities. Proceedings to the National

Academy of Sciences 116(9): 3630-3635.

2. Shi L, Dong H, Reguera G, Beyenal H, Lu A, Liu J, Yu HQ, Frederickson JK. 2016. Extracellular electron transfer mechanisms between microorgan-

isms and minerals. Nature Reviews Microbiology 14: 651-662.

3. Glasser NR, Saunders SH, Newman DK. 2017. The colorful world of extracellular electron shuttles. Annual Review of Microbiology 71: 731-751.
4. Light SH, Su L, Rivera-Lugo R, Cornejo JA, Louie A, Iaverone AT, Ajo-Franklin CM, Portnoy DA. 2018. A flavin-based extracellular electron transfer

mechanism in diverse Gram-positive bacteria. Nature 562: 140-144.
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Marine sediments contain highly diverse and spatially het-
erogeneous microbial communities. Their low-energy con-
ditions, steep chemical gradients, dormancy strategies, and
long-term survival pressures make them promising systems
for studying specialized metabolites as ecological traits.

IMPACT.

A BETTER TOMORROW —o

MICROBIAL PLANET

| EST.2019 |

DISPATCH -

High beta-diversity

Specialized metabolite roles

N

Shallow

Deep
sediments

vz
\ : diverse, dynamic, —
\ A/ promising reservoirs of specialized metabolites as ecological traits.

Marnine sediments link microbial dwersity, survival strategies, and specialized metabolite function

By Alexander B. Chase, Ph.D.

Department of Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 10, 2026 (modified from a seminar on 10/20/2019)

arine sediments are com-

pelling systems for natural

product discovery because
they combine high microbial diversity
with strong ecological filtering. They are
not simply repositories of uncultivated
organisms; they are spatially structured,
chemically complex environments
where microbes experience steep gra-
dients in oxygen, redox state, organic
matter, electron acceptors, and burial
history. These conditions create an
ecological context in which specialized
metabolites may have functions that
differ from the classical antibiotic-cen-
tered view of natural products.

Across global habitats, sed-
iments stand out for their diversity
at broad spatial scales. Walters and
Martiny found that soils contained the
highest bacterial richness within indi-
vidual samples, but sediments showed
the highest gamma-diversity and strong
variation in community composition
among geographic locations!. This
matters for natural product discovery

because high beta-diversity implies

that different sediment locations may
contain distinct microbial lineages,
metabolic capacities, and biosynthetic
repertoires. In other words, sediments
are not one habitat; they are a mosaic of
local communities shaped by fine-scale
environmental heterogeneity.

The evolutionary and physio-
logical pressures in sediments are also
unusual. In deeply buried marine sedi-
ments, organic carbon is limited, energy
flux is low, and microbial growth may
approach geological timescales. Bradley
and colleagues modeled microbial per-
sistence through deep time and argued
that survival in oligotrophic sediments

“Together, these biomolecules suggest a
complex and interactive ecosystem that
uses multiple mechanisms to subsist at
near-zero growth over long-term burial in
anoxic marine sediments.”

— Bud etal. 2019.

WHY IT MATTERS

Natural product discovery often
focuses on finding novel compounds
from unusual organisms or under-
explored environments. Marine
sediments offer both. They contain
some of the most diverse microbial
communities on Earth, but they are
also structured by strong energy
limitation, redox gradients, burial,
dormancy, and limited dispersal.
These conditions may favor special-
ized metabolites involved not only
in antagonism, but also in signaling,
survival, sporulation, defense, pre-
dation, dispersal, and responses to
changing geochemical conditions.

requires a shift toward dormancy, main-
tenance, minimal biomass production,
and catabolic metabolism?. Similarly,
Bird and colleagues used metagenom-
ics, single-cell genomics, metatran-
scriptomics, and enzyme assays from
Baltic Sea sediments to similarly infer
that many organisms are geared toward
maintenance activities rather than
growth, subsisting at near-zero growth
over long-term burial in anoxic sedi-
ments®.
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Marine Sediments as Natural Product Discovery Systems

Log depth (mbsf)

High oxygen and organic

matter deposition could select for
hugher growth and horizontal
gene transfer for advantageous
traits in the top layers of deep
sediments.

From Orsi. 2018.

Growth, higher cell
concentrations
and recombination?

Subsistence and selection
of pre-adapted groups

Dormant
spores

Potential roles of specialized
metabolism on ecological inter-
actions in marine sediments.

From Jensen. 2016.
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These conditions change how
we might think about evolution and
biosynthesis in sediment systems. If
cells divide rarely, mutation supply may
be low, generation times may be long,
and the emergence of new advanta-
geous traits may be slowed. Indeed,
Starnawski and colleagues found that
nucleotide diversity in subseafloor
sediment lineages was uniformly low
and did not change with sediment age
or depth, with no detectable change in
mutation rates or efficacy of selection®.
Their results support a model in which
deeper sediment communities assemble
largely through selective survival of sur-
face populations rather than extensive

diversification after burial.

Depth therefore matters. Orsi’s
review of seafloor and subseafloor
microbial communities emphasizes
that shallow and deep sediments likely
differ in the processes that structure
microbial life®. Surface and near-sur-
face sediments may experience greater
resource input, higher activity, stronger
dispersal, more frequent horizontal
gene transfer, and sharper environ-
mental turnover. Deeper sediments, by
contrast, select for organisms already
capable of long-term subsistence under
severe energy limitation. This frame-
work suggests that natural product dis-

covery in sediments should consider not
only which taxa are present, but where
in the sediment column they occur and
what ecological pressures dominate at
that depth.

From this perspective, special-
ized metabolites may be especially im-
portant in shallow and transition-zone
sediments, where cells encounter fluc-
tuating redox conditions, competitors,
predators, viruses, public goods, and
particulate organic matter. Secondary
metabolites could mediate signaling,
sporulation, dispersal, defense, preda-
tion, redox chemistry, or responses to
environmental cues®. In deeper sed-
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iments, specialized metabolites may
instead be associated with maintenance,
stress tolerance, slow interactions, or
rare but consequential transitions be-
tween active and dormant states.

A useful example comes from
manganese oxidation. Francis and Tebo
showed that metabolically dormant
spores from coastal marine sediments
could enzymatically oxidize soluble
Mn(II) to insoluble Mn(IV) oxides’.
This finding illustrates that dormant or
low-activity microbial forms can still
influence their chemical environment.
For natural product discovery, it also
points to a broader principle: microbial
metabolites and enzymes in sediments
may not always support rapid growth,

CITATIONS

| EST.2019 |

but they may mediate persistence, geo-
chemical transformation, or survival in
highly constrained environments.

Marine sediments therefore
make a strong case for ecologically
guided natural product discovery. Their
microbial communities are diverse, het-
erogeneous, energy-limited, and struc-
tured by long-term selection. These
features suggest that their specialized
metabolites may be tied to ecological
strategies that are underrepresented in
standard discovery pipelines. Studying
sediments through paired metage-
nomics, metabolomics, cultivation,
geochemistry, and spatial sampling can
reveal not only new molecules, but new
functions for microbial chemistry.
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KEY FINDINGS

Marine sediments exhibit high gam-
ma-diversity and strong beta-diversity
across locations.

Sediment microbes often persist under
low-energy conditions with minimal
biomass growth.

Deeply buried communities may be
shaped by selective survival rather
than rapid diversification.

Shallow sediments may support stronger
turnover, gene exchange, and envi-
ronmental filtering.

Dormancy, maintenance metabolism,
and public-goods dependence may
shape microbial interactions.

Specialized metabolites may mediate
survival, signaling, defense, and geo-
chemical responses in sediments.

1. Walters KE & Martiny JBH. 2020. Alpha-, beta-, and gamma-diversity of bacteria varies across habitats. PLOS ONE 15, 0233872
2. Bradley JA, Amend JP, & LaRowe DE. 2019. Survival of the fewest: Microbial dormancy and maintenance in marine sediments through deep time.

Geobiology

3. Bird JT et al. 2019. Uncultured microbial phyla suggest mechanisms for multi-thousand-year subsistence in Baltic Sea sediments. mBio 10, e02376-18
4. Starnawski P et al. 2017. Microbial community assembly and evolution in subseafloor sediment. PNAS 114, 2940-2945

5. Orsi WD. 2018. Ecology and evolution of seafloor and subseafloor microbial communities. Nature Reviews Microbiology 16, 671-683

6. Jensen PR. 2016. Natural products and the gene cluster revolution. Trends in Microbiology 24, 968-977
7. Francis CA & Tebo BM. 2002. Enzymatic manganese(II) oxidation by metabolically dormant spores of diverse Bacillus species. Applied and Environ-

mental Microbiology 68, 874-880
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Inside the Paper: Specialized Metabolism
and Species Diflerentiation in Salinispora

Salinispora is a rare marine sediment bacterium and model
system for natural product discovery. Comparative genomics
across nine species showed that biosynthetic gene clusters
and metabolite profiles are structured more strongly by ver-
tical inheritance than by frequent horizontal transfer.

By Alexander B. Chase, Ph.D.

Department of Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 10, 2026 (modified from a seminar on 04/02/2020)

alinispora has long been an im-

portant model for marine natural

product discovery. It is an obligate
marine actinobacterial genus recovered
from sediments around the world, yet
its described species share more than
99% 16S rRNA gene identity. This combi-
nation is unusual: a globally distributed,
recently diverged lineage that is rare in
the biosphere, but chemically prolific.
At the time of this study, nine species
had been described, and the genus had
already produced a wide range of spe-
cialized metabolites with pharmaceuti-
cal and ecological relevance.

The question behind the paper
was how closely related sediment bac-
teria differentiate ecologically. Marine
sediments are often energy-limited
environments where growth can be
slow, mutation supply may be reduced,
and long-term persistence may depend
on a small number of key traits. If
Salinispora species recently diverged in
this context, then species boundaries
might be maintained by relatively few
traits that affect survival, interaction, or

Vertical inheritance and pathway diversification structure Salinispora BGCs and specialized metabolites

habitat preference. Specialized metabo-
lism was an obvious candidate because
prior work had shown that Salinispora
species differ in metabolite production
and biosynthetic potential'?.

This idea was also supported
by broader microbial ecology. Choudoir
and colleagues showed that volatile or-
ganic compound profiles in soil bacteria
can carry taxonomic and phylogenetic
signal®, suggesting that microbial chem-
istry can reflect evolutionary history
rather than only immediate environ-
mental conditions. Earlier Salinispora
studies similarly reported species-spe-
cific metabolite differences, including
work by Jensen and colleagues and
Penn and colleagues that linked special-

WHY IT MATTERS

Natural product biosynthesis is often
described through a “plug-and-play”
model in which biosynthetic gene
clusters move horizontally among
microbial lineages and are retained
when locally useful. Salinispora
offered a strong test of this idea
because it is globally distributed,
recently diverged, rare in sediments,
and known for species-specific spe-
cialized metabolites. By comparing
genomes and metabolite profiles
across all nine described species,
this study asked whether specialized
metabolism evolves mainly through
frequent horizontal transfer or
through vertical inheritance followed
by gene loss, recombination, pathway
modification, and molecular diversi-
fication.

“specialized metabolites, and their cognate BGCs, can represent phylogenetically

conserved functional traits with chemical diversification proceeding in species-specific

. . 9
patterns over evolutionary time frames.

— Chase et al. 2019.
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