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Editorial on the Research Topic

Grass Genome Evolution and Domestication

Since their last common ancestor more than 100 million years ago, the grasses (Poaceae) have
experienced a complex evolutionary history (Prasad et al., 2011). Whole genome duplications
(WGDs), inter-species hybridization events, and large-scale rearrangements driven by mobile
elements have all contributed to the enormous diversification of grass genomes (Qiao et al.,
2019). At the end of this process, edible plant domestication through selection for important food
production traits created new phenotypes and arguably new species. Grasses are one of the largest
families within flowering plants, including the cereals which are crucial for food security.

The availability of long-read sequencing protocols and bioinformatic tools for genome assembly
allows the reconstruction of entire genomes for a large number of species. In addition, the low
cost of short-read sequencing allows researchers to acquire knowledge on large data sets, ranging
from thousands of accessions of the same species to several dozen species of different genera.
Together these data provide novel resources to study the evolution of genomes and genes across
phylogenetic groups.

The articles collected in this Research Topic report new developments with relevance to genome
evolution for Poaceae species in three major clades. Seetharam et al. present a chromosome-level
assembly and annotation of the Streptochaeta angustifolia genome. Sister to all other major clades
of grasses, the genome assembly of this species is an important tool that can serve as an outgroup
within grasses for the research on evolution and diversification. The manuscript shows how the
genome has a large collinearity with the rice genome, and that the rho WGD event was basal to
grasses, including the Anomochlooideae subfamily, to which S. angustifolia belongs. Independent
evolution, including several gene losses, appear to have produced the characteristic inflorescences
in this species.

Two articles provide novel information on the evolution and domestication of Oryza species, to
which the critical food crop, rice, belongs. Taking advantage of next-generation sequencing (NGS)
data, He et al. describe the analysis of 1,464 plastid genomes from cultivated andwild rice accessions
(O. sativa and O. rufipogon, respectively), thus providing an important resource for understanding
the history and evolution of rice domestication, molecular dating, phylogeographic analyses and
reconstruction of population historical dynamics. The analysis of the plastid genomes suggests a
single domestication event for the japonica rice subspecies, and multiple events for the indica rice
subspecies. In Pabuayon et al. parental and recombinant inbred lines of rice were analyzed through
a multiomics approach to identify mechanisms of transgressive segregation for salinity tolerance.
This study generates hypotheses for how synergy between phenotypes could lead to the genetic
structure of cultivated species during the domestication process.
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Using a low-depth short read sequencing strategy, Chalopin
et al. present a comprehensive analysis of plastome and
mobile element information for 51 bamboo species representing
the three tribes of the Bambusoideae subfamily. Evidence
of ancient hybridization and allopolyploidy explains previous
disagreements between the analysis based on separate nuclear
and plastid sequences. The authors propose biased fractionation
and diploidization as important factors in the evolution of
Bambusoideae species.

The role of polyploidy in the evolution and diversification
of grass genomes is evident from the fact that most Poaceae
are polyploid (Levy and Feldman, 2002). The allohexaploid
genus Kengyllia, within the tribe Triticeae, to which wheat
belongs, is a well characterized system for deciphering grass
evolution through polyploidization. The Kengyllia species arose
from hybridization of three ancestral diploid species with distinct
genomes: St, P, and Y. The maternal lineages of Kengyilia
species remained unresolved due to low sequence divergence
in chloroplast and mitochondrial sequences. Chen et al. report
a high-resolution phylogenetic analysis from 56 sequenced
plastomes comprising 11 Kengyilia species and 45 related
tetraploid and diploid Triticeae taxa. The genetic divergence
pattern suggests both Roegneria and Agropyron tetraploids as
maternal donors for Kengylia, supporting the independent origin
of Kengyilia polyploid species.

Studying another genus within the tribe Triticeae, Xiong
et al. report a complete Elymus sibiricus mitogenome assembly
using long read sequencing data. The authors then use
this in combination with other mitogenomes to reconstruct
phylogenetic relationships and identify horizontal gene transfer
events within flowering plant genomes.

Finally, two manuscripts describe new findings on the
evolution of two important crop species within the Panicoideae
subfamily, sorghum and sugarcane. First, Burgarella et al. present
the sequencing and comparative analysis of the transcriptomes
of 11 domesticated and 9 wild accessions of Sorghum. The study

identified genes and pathways differentially expressed between
wild and cultivated accessions. The patterns of expression suggest
that the domestication process not only affects the variability
of a few genes, but also produces an important rewiring of the
transcriptome. Trujillo-Montenegro et al. present the genome
assembly of a hybrid commercial variety of sugarcane. This
species is particularly complex because it has an allodecaploid
genome with Saccarum spontaneous and Saccarum officinarum as
parental species. Ortholog identification, synteny and nucleotide
evolution analyses across the gene space inform about genome
evolution within the Saccharum genus and the divergence
with Sorghum. Analysis of RNA-seq data revealed differentially
expressed genes related to tolerance to drought and flood.

The manuscripts included in this Research Topic not only
provide a significant amount of new information on the
major clades of Poaceae, but also highlight the wide range of
species that need to be covered to more fully understand the
evolution of genomes within grasses. Genome-scale sequencing
data for many taxa has begun to decipher the origin and
reticulate evolution of grass genomes. Data from the huge
and complex polyploid nuclear genomes, as well as from
the transcriptomes, help to infer genetic divergence due to
domestication and its impact on rewiring of genetic networks
and consequent metabolic pathways, respectively. On the
other hand, non-recombinant organellar genomes, due to their
relative simplicity, uniparental inheritance, and evolutionary
significance, continue to be primary targets for resolving
lineage relationships across taxa. The studies reported in this
Research Topic also demonstrate that integrating nuclear and
organellar genomes can further enhance our ability to reconstruct
evolutionary histories.
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