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Ontheorigin of strawberries
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High-quality genomes of the cultivated
strawberry’s progenitors provide the
strongest evidence to date for the identity
and chromosomal composition of the four
subgenomes of octoploid strawberry.

The origin of the cultivated strawberry Fragaria x ananassa from
two wild species brought together in the famous strawberry growing
region of Brest, France in the first decades of the eighteenth century
is well-known (Fig. 1). In the 1760s, the French botanist Antoine Nico-
las Duchesne elucidated the parentage and recreated the cultivated
strawberry by crossing Fragaria virginiana and F. chiloensis'. At the
age of 19, he published his results in an expansive 460-page strawberry
monograph. The evolutionary history of the two wild octoploid species,
which, like the cultivated strawberry, have four subgenomes, has been
an open question ever since Duchesne first proposed that the wood-
land strawberry F. vesca was their progenitor. High-quality genomes of
F.virginiana andF. chiloensis are published in this issue of Nature Plants.
Jinetal. provide compelling evidence for how to resolve the diploid
ancestry and chromosomal composition of the four subgenomes of
the octoploid strawberries®.

Origin of octoploid strawberries
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Fig.1|Map showing the ancient (-1.5 million years ago) hybrid origin of the
octoploid strawberry (eight-pointed star, dashed arrows are presumed
extinct), therecent (300 years ago) hybrid origin of the cultivated
strawberry, and the natural distribution of the progenitor species (circles,
diploid; squares, octoploid). Jin et al. provide strong support for an octoploid

The octoploid nature of F. x ananassa and its wild progenitors
was discovered nearly 100 years ago by counting chromosomes®*,
but the small size of strawberry chromosomes limited what could
be inferred about their subgenome composition. Cytogenetic and
early Sanger sequencing studies provided evidence for F. vesca as a
contributor to the octoploid genome, but further progress was slow.
It was not until 2009 that F. iinumae (restricted toJapan and Sakhalin
Island) was identified as a second diploid progenitor on the basis of the
phylogenetic analysis of two low-copy nuclear genes’. A further refine-
ment published in 2012 was the use of chloroplast genome sequences
toidentify F. vescasubsp. bracteata (northwest North America) as the
direct source of the A subgenome®.

The hypothesis that F. iinumaeis also the closest living ancestor of
the two remaining subgenomes was first proposed’ in 2014. Limitations
ofthat study were the relatively small number (317-902) of informative
markers per chromosome and the absence of an octoploid genome
to validate the results. The landmark 2019 publication® of the first
chromosome-scale F. x ananassa ‘Camarosa’ genome confirmed the
F. vesca and F. iinumae subgenomes but proposed that the remaining
two subgenomes originated with the diploid species F. nipponica and
F. viridis. While this four-species hypothesis has been widely cited, it
has not been recovered in subsequent independent analyses of the
F.xananassa ‘Camarosa’ genome. Studies based on the phylogenetic
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origininvolving Fragariavesca subsp. bracteata, F. iinumae, and one or two
presumed extinct species related to F. iinumae. Also shown are the locations
where F. chiloensis and F. virginiana were collected and brought to France and
thelocation of their hybridization in northern France (Brittany) to create the
cultivated strawberry, F. x ananassa.
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analysis of diploid genomes and octoploid subgenomes’, short read
mapping'® and identification of subgenome-specific k-mers''* con-
sistently resolve F. iinumae as the closest living relative to three of the
four subgenomes.

Jinetal.combineallthree of these approaches and present the first
analysestoinclude boththe F. viridis and F. nipponica genomes together
with octoploid genome sequences outside F. x ananassa ‘Camarosa’.
Their comprehensive analyses provide compelling evidence against
F.viridisand F. nipponica ancestry of the octoploid strawberries. Inaddi-
tion, the clustering of subgenome-specific k-mers conducted here, and
in two previous studies of F. x ananassa ‘Camarosa’™'?, reassign three
pairs of homeologous chromosomesbetween the C and D subgenomes.
This represents an important advance in our understanding of the
octoploid strawberry genome and will serve as a strong foundation
for future comparative (sub)genomics.

What was the source of the evidence for F. viridis and F. nipponica
ancestry? The original PhyDS algorithmrequired that each subgenome
have a different diploid ancestor, since whenever multiple octoploid
genes resolved as sister to the same diploid it was considered to be
a case of ambiguous orthology’. This limitation was addressed with
PhyDSv.2.1(ref.13). However, the reanalysis only tabulated gene trees
inwhichthe Cand D subgenomes aresister to F. iinumae, excluding the
B subgenome™. Thus, the most common phylogenetic resolution, as
presented byJin etal., was not considered. In other words, the evaluated
models of subgenome ancestry®* excluded what multiple independ-
ent analyses** ™ conclude is the most likely evolutionary history of
octoploid ancestry.

Howimportantisitto know the identity of the diploid ancestors of
apolyploid? Plant breeders have long looked to crop wild relatives as
critical sources of useful genetic variation. Inthe case of the cultivated
strawberry, theseresults should encourage focused efforts to collect,
preserve and characterize accessions of F. vesca subsp. bracteata and
F.iinumae.

Several questions remain about the evolutionary details of the
octoploid origin.Jinet al. describe the C and D subgenomes as “closely
related yet still distinguishable”. The pattern of shared k-mers is con-
sistent with an initial tetraploid combining these two subgenomes'.
Wasthisanautotetraploid or anallotetraploid? How long did it persist

as anindependent lineage? The same k-mer evidence suggests the
existence of a hexaploid comprising the B, C and D subgenomes. This
hexaploid is estimated to have originated -3 million years ago, while
the octoploid originated -1.5 million years ago™. This late Neogene
or early Pleistocene timing and current species distributions lead
to the hypothesis that these polyploidy events occurred in Beringia
(Fig. 1), which at that time was covered in mixed coniferous forests
with a diverse herbaceous understory”. Advances in environmental
DNA sequencinghave recovered over 100 different plant genera from
a2-million-year-old ecosystemin northern Greenland'®; perhapsin the
future eDNA will confirm the presumed extinct diploid, tetraploid and
hexaploid ancestors of the cultivated strawberry.
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