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Complex adaptive routes that structure and maintain microbial diversity

Microbial evolution is often 
presented as rapid, flexible, 
and gene-centered, but the 

processes shaping microbial genomes 
are more constrained and context-de-
pendent than that framing suggests. 
This issue examines how evolutionary 
change unfolds across microbiomes, 
pangenomes, mobile genetic elements, 
cultures, and reconstructed genomes.

	 The first dispatch introduc-
es microbiomes as evolving systems, 
where ecological shifts in communi-
ty composition can occur alongside 
changes in allele frequencies, lineage 
structure, recombination, and adapta-
tion. The second focuses on bacterial 
pangenomes, highlighting how core 
and flexible genes reflect the combined 
effects of ecology, phylogeny, gene gain 
and loss, selection, drift, and sampling 
design. The third examines horizon-
tal gene transfer as both a source of 
evolutionary novelty and a process 
constrained by lineage cohesion, fitness 
costs, ecological context, and long-term 
maintenance. The final dispatch turns 
to representation: how culture collec-
tions, marker-gene surveys, and metage-

nome-assembled genomes each reveal 
microbial diversity while also collapsing 
or filtering it through different method-
ological assumptions.

	 Together, these pieces em-
phasize a shared theme: microbial 
evolution cannot be inferred from gene 
presence, genome reconstruction, or 
community composition alone. Evo-
lutionary interpretation depends on 
matching the biological question to 
the right unit of analysis, whether that 
unit is an allele, gene, genome, strain, 
population, mobile element, or ecolog-
ical lineage. Understanding microbial 
diversity requires not only detecting 
variation, but asking how that variation 
arose, whether it is maintained, and 
what it means for microbial function in 
natural communities.

“Microbes can mutate every 20 minutes, 
while humans try to counterpunch with 
genetic evolutionary updates every 10,000 
years or so. They are genetic dynamos, 
running circles around us.”

— SC Anderson. 2017.
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Evolutionary Processes 
in Microbiomes
Microbiomes are often studied as ecological communities, 
but their composition also reflects ongoing evolutionary 
change. Selection, mutation, recombination, clonal inter-
ference, and cryptic genetic variation can reshape microbial 
traits within communities, making ecology and evolution 
difficult to separate.

By Alexander B. Chase, Ph.D.
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 12/04/2019)

Selection, drift, dispersal, and speciation structure microbial diversity across habitats

Microbiomes are typically de-
scribed as ecological commu-
nities: collections of microor-

ganisms competing for space, nutrients, 
and other resources within a shared en-
vironment. Under this view, community 
assembly is shaped by environmental 
filtering, species interactions, dispersal, 
and ecological drift. These processes 
determine which taxa increase, decline, 
or persist in a local community. Yet the 
traits that determine microbial success 
are themselves evolutionary products. 
Microbial communities are therefore 
not only ecological assemblages. They 
are evolving systems in which genetic 
variation, selection, recombination, 
and mutation can reshape the traits that 
govern community dynamics.

	 This creates a difficult bound-
ary problem. When a microbiome 
changes after disturbance, disease, diet, 
climate variation, or resource shifts, the 
response is often interpreted ecologi-
cally: some taxa increase while others 
decline. But evolution is defined as a 
change in allele frequency. If microbial 
populations shift genetically during 

the same interval, then ecological and 
evolutionary processes may be occur-
ring simultaneously. In microbiomes, 
where population sizes are large and 
generation times are short, the separa-
tion between ecological turnover and 
evolutionary change can be especially 
thin.

	 A population genetic view 
of microbiomes provides one route 
through this problem. Rather than 
treating taxa only as units of abundance, 
population genetics asks how genetic 
variants are created, maintained, and 
associated with traits. Metrics such as 

dN/dS, FST, recombination rates, and 
recombination-to-mutation ratios can 
reveal signatures of selection, struc-
ture, and gene flow within microbial 
populations1. The central challenge is 
connecting these genetic patterns to 
phenotypes. Without that connection, 
population genetic signals remain diffi-
cult to interpret ecologically.

	 Adaptation itself is also more 

“To paint a clearer picture of the evolu-
tionary dynamics in the microbiome, we 
need new models that incorporate per-
vasive recombination, ecology–evolution 
interactions, and complex relationships 
between host genetics, highly dynamic mi-
crobiome genetics, and the human body’s 
environment.”

— Garud & Pollard. 2020.
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WHY IT MATTERS

Microbial communities assemble 
through ecological processes such as 
environmental filtering, competition, 
dispersal, and drift. Yet the traits 
that determine microbial success 
are products of  evolutionary history, 
and microbial populations can evolve 
rapidly because of  large population 
sizes, short generation times, and ex-
tensive genetic variation. This creates 
a central challenge for microbiome 
science: community shifts may reflect 
changes in species abundance, chang-
es in allele frequencies, or both. Un-
derstanding microbiomes as evolving 
systems requires linking ecological 
dynamics to population genetics, trait 
variation, and molecular adaptation.
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complicated than a simple movement 
toward an optimal phenotype. One 
useful framework contrasts generalists 
and specialists. Generalists can occu-
py broader niche space and use more 
resources, but that breadth may come 
at an evolutionary cost. If a general-
ist already performs moderately well 
across many conditions, selection for 
improvement in any single environment 
may be weaker, slowing adaptation to 
changing conditions2. Specialists may 
be less flexible, but they can sit closer 

to local adaptive peaks or respond more 
efficiently when selection is strong in a 
particular niche.

	 Even when beneficial mu-
tations occur, adaptation may stall. 
Different cellular modules can improve 
at different rates, and improvements in 
one module may constrain or delay op-
timization in another3. This is especially 
relevant in microbial populations where 
clonal interference can cause beneficial 
lineages to compete before any one 
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lineage fixes. The result is not a smooth 
trajectory toward perfection, but a shift-
ing landscape of partial improvements, 
tradeoffs, and alternative adaptive 
routes.

	 Cryptic genetic variation adds 
another layer. Genetic variants that are 
neutral or nearly neutral under one con-
dition can become beneficial when the 
environment changes. This hidden vari-
ation can open access to new adaptive 
peaks and allow populations to explore 
trajectories that would otherwise be in-
accessible4. In microbial communities, 
where environmental conditions often 
fluctuate and populations harbor exten-
sive standing variation, cryptic variation 
may be an important reservoir for rapid 
adaptation.

	 The challenge is observing 
these dynamics directly. High-resolu-
tion lineage tracking in laboratory yeast 
has shown that adaptation can proceed 
as a traveling wave: beneficial mutations 
repeatedly arise, expand, compete, and 
are replaced by other beneficial lineag-
es5. This view of adaptation emphasizes 
continuous genetic turnover rather than 
a single sweep to fixation. Although 
such resolution is more difficult in 
complex microbiomes, the conceptual 
lesson is important. Evolution in micro-
bial systems may often involve many 
competing lineages, multiple beneficial 
mutations, and dynamic shifts in the 
genetic composition of populations.

	 For microbiome science, the 
key question is not whether ecological 

Microbiomes can change through shifts in species abundance, invasion by distinct lineages, or evolution within resident lineages 
through mutation, recombination, selection, and drift. Population-genetic patterns such as site-frequency spectra, haplotype struc-

ture, and selective-sweep signatures can distinguish recent mutation, lineage mixture, genome-wide and gene-specific sweeps.
From Garud & Pollard. 2020.
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or evolutionary processes matter more. 
Both operate together. Environmental 
conditions determine which traits are 
favored, while evolutionary process-
es determine how those traits arise, 
persist, and change. A microbiome 
disturbance may alter community 
composition, but it may also shift allele 
frequencies, expose cryptic variation, 
restructure recombination, or favor new 
adaptive trajectories. Understanding mi-
crobiomes as evolving systems requires 
studying not only which organisms are 
present, but how genetic variation with-
in those organisms changes through 
time.
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KEY FINDINGS

•	 Microbiome change can reflect both 
ecological turnover and evolutionary 
shifts in allele frequency.

•	 Population genetic approaches help 
connect microbial traits to the genetic 
variants that maintain them.

•	 Generalist strategies may expand niche 
breadth but reduce evolvability under 
changing conditions.

•	 Adaptation does not necessarily optimize 
all traits; modules can stall, compete, 
or reach suboptimal peaks.

•	 Cryptic genetic variation can open access 
to new adaptive trajectories after 
environmental change.

•	 High-resolution lineage tracking reveals 
adaptation as a dynamic process of  
competing beneficial mutations.

1. Garud NR, Pollard KS. 2019. Population genetics in the human microbiome. Trends in Genetics
2. Bono LM, Draghi JA, Turner PE. 2019. Evolvability costs of niche expansion. Trends in Genetics 
3. Venkataram S, Monasky R, Sikaroodi SH, Kryazhimskiy S, Kacar B. 2019. Evolutionary stalling and a limit on the power of natural selection to im-
prove a cellular module. Proceedings to the National Academy of Sciences
4. Zheng J, Payne JL, Wagner A. 2019. Cryptic genetic variation accelerates evolution by opening access to diverse adaptive peaks. Science 365: 347-353.
5. Nguyen Ba AN, Cvijovic I, Rojas Echenique JI, Lawrence KR, Rego-Costa A, Liu X, Levy SF, Desai MM. (2019). High-resolution lineage tracking reveals 
travelling wave of adaptation in laboratory yeast. Nature 575: 494–499.
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How cryptic genetic variation can accelerate adaptation and 
provide access to diverse adaptive peaks.

From Zheng et al. 2019.



DISPATCH MICROBIAL EVOLUTION•

•MICROBIAL PLANET DISPATCH VOL. 1 • ISSUE 2 MICROBOMICS.COM

Why Do Bacteria Have 
Pangenomes?
Bacterial genomes contain both conserved genes shared 
across related strains and flexible genes that vary among 
them. This pangenome structure raises a central evolution-
ary question: are flexible genes mostly neutral, deleterious, 
adaptive, or context-dependent?

By Alexander B. Chase, Ph.D.1 & Linh Anh Cat, Ph.D.2

1Department of  Earth Sciences, Southern Methodist University, Dallas, TX
2National Parks Service, Honolulu, HI

JUNE 8, 2026 (reprinted from blog post on 10/11/2019)
Pangenome paradox? Gene content is shaped by ecology, evology, and stochastic processes

The rapid accumulation of bacte-
rial genome sequences revealed 
a striking pattern: even closely 

related strains can differ substantial-
ly in gene content. Some genes are 
conserved across nearly all members of 
a group and form the core genome. Oth-
ers are present in only some strains and 
collectively form the flexible genome. 
As more genomes are sampled, the 
estimated core genome often shrinks 
while the total pangenome continues 
to expand. This pattern raises a basic 
evolutionary question: why do bacte-
ria maintain so much variable gene 
content?

	 One explanation is horizontal 
gene transfer. Bacteria can acquire 
genes from other lineages, potentially 
gaining new metabolic functions, resis-
tance traits, surface structures, or eco-
logical capabilities. Under this view, the 
flexible genome represents a reservoir 
of adaptive potential. Yet not every ac-
quired gene is useful. Many transferred 
genes may be neutral, weakly deleteri-
ous, poorly expressed, or maladapted 

to the recipient genome. A neutral 
model predicts that many flexible genes 
persist transiently without strong fitness 
effects, while adaptive models predict 
that some flexible genes are maintained 
because they provide advantages in 
specific environments1.

	 This distinction is difficult to 
resolve because pangenome analyses 
often combine genomes from different 
habitats, hosts, regions, or evolutionary 
backgrounds. If strains are sampled 
without ecological context, it becomes 
difficult to know whether variable genes 
reflect adaptation, historical divergence, 
neutral turnover, or biased sampling. 
Population-level theory is also difficult 
to apply because pangenomes do not 
have obvious boundaries. Gene transfer 
can occur across populations, species, 

genera, or broader taxonomic scales, 
so the definition of the group being 
analyzed strongly affects the size and 
interpretation of the pangenome4.

	 The pangenome paradox 
centers on this tension. If flexible genes 
are often adaptive, then beneficial genes 
should sweep through populations 
and reduce variation. Yet many bacte-
ria maintain large pangenomes with 
numerous low-frequency genes. One 

“Pangenome composition is entirely 
dependent on where you subjectively draw 
a line defining what taxa to include in the 
analysis...Just saying.”

— Dave Baltrus (@surt_lab)

5

WHY IT MATTERS

Pangenomes reveal that closely 
related bacteria can differ substan-
tially in gene content. Some genes are 
found across nearly all members of  
a group, forming the core genome, 
while others occur in only a subset of  
strains, forming the flexible genome. 
This variation is often attributed to 
horizontal gene transfer, but gene 
presence alone does not explain 
whether flexible genes affect fitness. 
Interpreting pangenomes requires 
connecting gene content to ecology, 
phylogeny, population structure, and 
sampling design.
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Why Do Bacteria Have Pangenomes?

proposed resolution is that free-living 
bacteria encounter many micro-niches, 
so different genes are beneficial under 
different ecological conditions2. In this 
model, pangenome expansion is linked 
to ecological opportunity. By contrast, 
organisms restricted to narrow habitats, 
such as obligate intracellular bacte-
ria, often have reduced pangenomes 
because they experience fewer niche 
opportunities and stronger genome 
streamlining.

	 A competing view emphasizes 
neutral processes. Genome fluidity can 
correlate with effective population size, 

6

DISPATCH MICROBIAL EVOLUTION•

suggesting that much pangenome varia-
tion may arise through neutral or nearly 
neutral gene gain and loss3. These two 
views are not mutually exclusive. Large 
pangenomes may contain many rare 
genes with little measurable fitness 
effect, alongside a smaller number of 
genes that are strongly beneficial in par-
ticular habitats. Whether flexible genes 
are adaptive depends on environmental 
context, genetic background, and the 
frequency at which relevant niches are 
encountered.

	 Separating habitat effects from 
phylogenetic effects is especially chal-

lenging. Closely related strains tend to 
share more genes because of common 
ancestry, but they may also occupy sim-
ilar environments because ecological 
traits are phylogenetically conserved. 
Thus, gene content can appear habi-
tat-associated simply because related 
strains live in similar habitats, or appear 
phylogenetically constrained because 
related strains share similar ecological 
preferences. Disentangling these effects 
requires sampling designs that include 
closely related strains across habitats 
and multiple lineages within similar 
habitats6.

KEY FINDINGS

•	 Bacterial pangenomes contain both 
conserved core genes and variable 
flexible genes.

•	 Flexible genes may be neutral, delete-
rious, adaptive, or beneficial only in 
specific environments.

•	 Large pangenomes are often associated 
with free-living bacteria that occupy 
diverse micro-niches.

•	 Habitat and phylogeny can both struc-
ture pangenome composition, making 
them difficult to separate.

•	 Broad pangenome comparisons can be 
misleading without ecological context 
or population-level sampling.

•	 Horizontal gene transfer plays a major 
role in generating and maintaining 
genetic diversity within pangenomes.

•	 The size and composition of  a pange-
nome can change as additional 
genomes are sampled, especially in 
highly diverse species.

•	 The pangenome paradox likely has no 
single explanation; gene gain, gene 
loss, selection, drift, and niche diversi-
ty all contribute.

Total number of  conserved (core) genes and total (pan) genes observed in Curtobacterium 
isolates (N=75). As you sample more and more genomes, a general trend is a decreasing core 

and increasing flexible genome.
Recreated from Chase et al. 2018.8
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	 Theoretical models help clarify 
why different pangenome patterns 
can emerge. If most genes are weakly 
deleterious or neutral, pangenomes 
may be dominated by low-frequency 
accessory genes. If multiple niches exist 
and different genes are beneficial in dif-
ferent contexts, adaptive flexible genes 
can persist through genotype-by-en-
vironment interactions. Rates of gene 
gain and loss further shape how much 
variation accumulates and how quickly 
it turns over7. In this sense, the most bi-
ologically realistic answer is that pange-
nome evolution depends on ecology, 
demography, and genetic architecture.

	 Pangenomes are therefore not 
just catalogs of genes. They are records 
of how bacterial lineages interact with 
variable environments, acquire and lose 
functions, and maintain diversity across 
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1. Rocha EPC. 2018. Neutral Theory, microbial practice: Challenges in bacterial population genetics. Molecular Biology and Evolution 35(6): 1338-1347.
2. McInerney JO, McNally A, O’Connell MJ. 2017. Why prokaryotes have pangenomes. Nature Microbiology 2: 17040.
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7. Domingo-Sananes MR, McInerney JO. 2019. Selection-based model of prokaryote pangenomes. bioRxiv
8. Chase AB, Gomez-Lunar Z, Lopez AE, Li J, Allison SD, Martiny AC, Martiny JBHM. 2018. Emergence of soil bacterial ecotypes along a climate gradi-
ent. Environmental Microbiology 20: 4112–4126.
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ecological scales. To interpret them, 
genome comparisons need to be paired 
with habitat information, population 
structure, trait data, and careful sam-
pling of closely related strains. The cen-
tral question is not simply how large a 

pangenome is, but which flexible genes 
matter, under what conditions, and for 
which populations.

I) Simulated set of  100 genomes from a single niche (1000 genes with varying fitness effects). 
II) Simulated set of  1 genome from 100 niches with 100 mostly-deleterious genes. 

A) P/A of  genes in simulated pangenome 
B) Heatmap of  sampled fitness effects 

C) Density plots of  gene pool for theoretical (blue) and fitness effect of  genes in pangenome (orange)
From Domingo-Sananes & McInerney. 2019.
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Horizontal Gene Transfer 
and the Boundaries of 
Microbial Evolution
Horizontal gene transfer (HGT) can move genes across dis-
tant lineages, rapidly altering microbial traits and ecological 
potential. Yet HGT also complicates microbial evolution: 
it can blur lineage boundaries, create mosaic genomes, and 
obscure the difference between recent adaptive transfer and 
ancient evolutionary history.

By Alexander B. Chase, Ph.D
Department of  Earth Sciences, Southern Methodist University, Dallas, TX

JUNE 8, 2026 (reprinted from blog post on 09/03/2019) HGT shapes microbial evolution through gene movement, constraint, and lineage persistence

Horizontal gene transfer occu-
pies a central place in microbial 
evolution because it allows 

genes to move outside the boundaries 
of vertical descent. A beneficial allele, 
resistance gene, metabolic pathway, 
or mobile element can enter a genome 
from another lineage and alter the 
ecological potential of the recipient. 
This capacity makes HGT one of the 
major reasons microbial genomes 
often appear mosaic. At the same time, 
bacteria and archaea also form cohesive 
lineages with recognizable evolutionary 
histories. Microbial evolution therefore 
reflects a persistent tension between 
genetic exchange and phylogenetic 
continuity.

	 It is useful to distinguish HGT 
from homologous recombination. Ho-
mologous recombination usually occurs 
between closely related organisms and 
depends on sufficient sequence simi-
larity. As genetic divergence increases, 

recombination becomes less likely, 
creating a mechanism that can rein-
force population boundaries. HGT, in 
contrast, often refers to the movement 
of genes across deeper phylogenetic 
distances, including genes carried 
by plasmids, phages, transposons, or 
other mobile elements. Both processes 
exchange DNA, but they differ in scale, 
mechanism, and evolutionary conse-
quence1.

	 The adaptive potential of HGT 
is clear. Microbial populations can ac-
quire genes that expand niche breadth, 
alter metabolism, increase resistance, 
or enable colonization of new environ-

ments. However, transferred genes are 
not automatically beneficial. Foreign 
DNA must be integrated, regulated, ex-
pressed, and maintained. It may disrupt 
existing genome organization, impose 

“Although there have been comparatively 
few direct tests of the costs of HGT, studies 
from a variety of research fields suggest 
that every transfer event carries potential 
fitness costs.”

— DA Baltrus. 2013.
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WHY IT MATTERS

Bacterial evolution is shaped by both 
shared ancestry and genetic ex-
change. Homologous recombination 
usually occurs among close relatives 
and declines with increasing se-
quence divergence, whereas horizon-
tal gene transfer can introduce genes 
across deeper phylogenetic distances. 
These processes create a tension be-
tween lineage cohesion and genomic 
flexibility. HGT can provide adaptive 
alleles, metabolic pathways, resis-
tance traits, and mobile elements, but 
transferred DNA can also be costly, 
maladaptive, or transient. Under-
standing HGT therefore requires ask-
ing not only whether genes moved, 
but when they moved, how they were 
maintained, and whether they altered 
fitness in natural populations.
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metabolic costs, or produce maladap-
tive phenotypes. For a transferred gene 
to persist, its benefits must exceed the 
costs imposed by expression, regula-
tion, incompatibility, and drift3. This is 
why HGT is both powerful and biologi-
cally constrained.

	 Phages provide one route 
for gene movement. In a mouse gut 
colonization model, phage-mediated 
gene transfer allowed an invading E. 
coli strain to acquire genetic material 
from resident microbes, and recombi-
nation had a stronger effect than point 
mutation during early adaptation4. This 
example shows how HGT can rapidly 
shape evolutionary trajectories in a 
naturalistic community context. At the 
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same time, phage-mediated transfer 
is not uniform across gene categories. 
Virome studies of antibiotic resistance 
genes found that many apparent resis-
tance genes in phage datasets were false 
positives and that phages rarely encode 
antibiotic resistance genes5. Phages can 
mediate HGT, but the ecological and 
evolutionary importance of that transfer 
depends on what is being moved.

	 Plasmids and other mobile el-
ements add another layer. Some mobile 
elements are not simply passive vectors 
but evolving genomic entities with their 
own histories. Large megaplasmids 
in Pseudomonas, for example, show 
evidence of shared replication and 
maintenance functions, conservation of 
synteny, and divergence consistent with 
independent evolution from common 
ancestral plasmids7. Their persistence 
suggests selection can act on mobile 
elements themselves, not only on the 
host genes they carry.

	 HGT can even cross kingdom 
boundaries. A bacterial siderophore 
operon was acquired and maintained 
in a fungal lineage, where it underwent 
structural and regulatory changes 
compatible with eukaryotic gene ex-
pression8. This case illustrates both the 
reach and the difficulty of HGT. Transfer 
alone is not enough; the acquired path-
way must be integrated into a different 
genomic architecture, regulatory sys-
tem, and cellular context.

	 The most difficult question 
is not whether HGT occurs, but how 
often it matters in natural populations. 

Comparative genomics can infer HGT 
from patchy gene distributions, atypical 
sequence composition, phylogenetic 
incongruence, or shared genes among 
distant taxa. Yet these signals can be 
overinterpreted. Ancient transfers, 
differential gene loss, incomplete 
sampling, broad homology thresholds, 
and comparisons across ecologically 
disparate genomes can all inflate in-
ferred transfer rates. In Actinobacteria, 
HGT has been invoked to explain the 
movement of large biosynthetic gene 
clusters and other genomic islands9, 
but studies of Streptomyces suggest that 
maintained lateral gene transfer may 
be much rarer than broad comparative 
patterns imply10.

	 The broader lesson is that HGT 
should be treated as an evolutionary 
hypothesis, not a default explana-
tion. It is most convincing when gene 
movement can be placed in ecological, 
phylogenetic, and population-level 

The rate of  homologous recombination decreases quickly 
with the divergence between sequences.
From Rocha. 2018.

Phage-mediated HGT is followed by complex clonal evolu-
tion in host and phage lineages.
From Frazao et al. 2019.

Proposed origins of  CRESS-DNA viruses from plas-
mid-derived replication systems. CRESS-DNA viruses 

likely emerged multiple times through recombination between 
bacterial rolling-circle plasmids encoding Rep proteins and 
independently acquired jelly-roll capsid protein genes, illus-

trating how mobile genetic elements can generate viral novelty 
across deep evolutionary timescales.

From Kazlauskas et al. 2019.6
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context. Which organisms exchanged 
DNA? Were they co-occurring? Was the 
transferred gene expressed? Did it alter 
fitness? Was it maintained long enough 
to matter? These questions distinguish 
adaptive HGT from transient acquisition 
or ancient evolutionary relics.

	 Horizontal gene transfer 
remains one of the defining features 
of microbial evolution. It can acceler-
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KEY FINDINGS

•	 Homologous recombination and HGT 
operate across different scales of  
genetic relatedness.

•	 HGT can accelerate adaptation by intro-
ducing new alleles or functions into 
microbial populations.

•	 Foreign DNA can impose costs, so 
adaptive transfers must be tolerated, 
expressed, and maintained.

•	 Phages, plasmids, and other mobile 
elements can mediate gene exchange, 
but the genes they move vary widely.

•	 Cross-kingdom HGT can occur, but inte-
gration of  complex pathways requires 
substantial genomic and regulatory 
accommodation.

•	 Claims of  rampant HGT require caution 
because ancient inheritance, gene 
loss, and broad homology can mimic 
transfer.
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ate adaptation, generate novelty, and 
reshape genomes across large evolu-
tionary distances. But its importance 
depends on scale. At short timescales, 
HGT may introduce adaptive variation 
into local populations. Across deeper 
timescales, it may leave mosaic histories 
that are difficult to interpret. Under-
standing microbial evolution requires 
holding both perspectives together: 
genes move, but lineages persist.

Inferred number of  HGT events 
in representative members of  the 
Actinobacteria phyla.
From Park et al. 2019.


