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A panoply of pangenomes

M Check for updates

Pangenomics enables us to trace the
evolutionary history of clades and
offers new perspectives onsources
of genomic variation and adaptation
of organismes.

pangenome comprises several

versions of the genome col-

lected from different individu-

als, and therefore represents

the full genetic repertoire of
aclade. It consists of ‘core’ genes that are
present in all species or strains and ‘acces-
sory’ genes found in only a subset of spe-
cies. Driven by the increasing availability
of next-generation-sequenced genomes
and newly developed computational tools,
pangenomic studies reveal different sources
of genomic variation and can provide com-
prehensive insights into the evolutionary
dynamics of a clade. Here, we highlight
recentapplications of pangenomics that have
advanced our understanding of evolution
and adaptation in prokaryotes and eukary-
otesalike.

Prokaryotes frequently share genetic
information through horizontal gene trans-
fer (HGT) between species and strains'. Along
with introducing genetic variation for selec-
tion to act on, HGT expands the accessory
genome —and therefore the pangenome — of a
clade.Inthisissue, Dmitrijevaetal.explore the
eco-evolutionary factors associated witholder
versus morerecent HGT events in prokaryotes
at global scale. Analysing the pangenomes of
8,790 species, the authors show thatrecently
transferred genes are associated with distinct
functional profiles compared to genes that
were transferred earlier in species’ evolution-
ary history. For example, older transfer events
are enriched in genes related to metabolic
functionwhereasrecent eventsareenrichedin
antimicrobial resistance (AMR) genes, which
raises the question of whether the spread of
AMR genes was congruent with the begin-
ning of widespread antibiotic use. Assessing
global species distributions and relative abun-
dance profilesacross environmental samples,
the authors show that highly abundant and

co-occurring species were morelikely to have
exchanged genes. However, although therole
of HGT in prokaryotic pangenome evolution
is generally accepted, there are some excep-
tions. For example, the pangenomes of proteo-
bacterial symbionts of deep-sea mussels have
evolved primarily via vertical inheritance, with
little evidence of HGT?

Whether prokaryotic pangenomes evolve
under adaptive or neutral evolution is a mat-
ter of some debate. Because these pange-
nomes typically contain a large complement
of accessory genes that are variously shared
within and between populations, it is diffi-
cult to establish a neutral reference to iden-
tify signatures of adaptive evolution. Writing
in this journal, Douglas and Shapiro found
that when a genome contains only one copy
of a functional (intact) accessory gene, it is
typically depleted in nonfunctional (inacti-
vated) pseudogenes of the same functional
category. This hints at an adaptive model of
pangenome evolution, and the authors sup-
ported thisinterpretation using pseudogenes
as a neutral reference across the genomes of
668 prokaryotic species’.

In contrast to prokaryotes, the prevalence
and functional consequences of HGT in eukar-
yotes are still being explored. Nevertheless,
eukaryotes also possess multiple mechanisms
of generating genetic diversity and structural
variation, including gene or genome dupli-
cation, introgressive hybridization and — in
some cases —HGT. As such, recent years have
seen the increasing application of the pange-
nome model to eukaryotes.

In bilaterians, pangenomic studies have
identified structural and gene content varia-
tions associated with domestication in yaks®*,
body size in chickens® and environmental
adaptation in Asian honeybees®. Among
plants, pangenomic analyses have uncovered
genes and structural variations associated
with the domestication of potato’, the origin
andevolution of Citrus® and the adaptive diver-
gence of poplars’, to name a few examples.
Suchstudies help to pinpoint precise genomic
regions under selection due to environmen-
tal or anthropogenic pressure, and may con-
tribute to improvements in crop breeding

(reviewed in ref. 10). A study of phytoplank-
ton pangenomes revealed that HGT from
prokaryotes expanded the gene inventories
ofthese eukaryotes, with potential functional
implications for traits such as polysaccharide
synthesis and cold adaptation®.

Another important application of the
pangenome model is in studying pathogen
and disease evolution, and the spread of
AMR genes. An analysis of 827 wastewater-
and livestock-associated Enterobacteriaceae
genomes indicated that plasmids carry a
relatively higher number of AMR genes than
chromosomes, and that AMR-gene-carrying
plasmids exhibit strong signatures of selec-
tion™. The authors also showed that gene
contentsimilarity betweenisolates was more
strongly determined by geographical prox-
imity than by adaptation to a livestock host,
which suggests that controlling the spread of
AMR genes may require local control strate-
gies even for pathogens that infect the same
host species. Finally, two studies provide
insights into HGT-mediated evolution of
virulence in plant” and human' pathogens.

With the growing availability of prokary-
otic and eukaryotic pangenomes, we hope
to see more studies that elucidate the eco-
evolutionary mechanisms that collectively
shape genomes at higher taxonomic levels.
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