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Abstract

Over the decades, evolutionists and ecologists have shown intense interest in the role of polyploidization in plant evolution. Without
clear knowledge of the diploid ancestor(s) of polyploids, we would not be able to answer fundamental ecological questions such as
the evolution of niche differences between them or its underlying genetic basis. Here, we explored the evolutionary history of two
Fragaria tetraploids, Fragaria corymbosa and Fragaria moupinensis. We de novo assembled five genomes including these two tetraploids
and three diploid relatives. Based on multiple lines of evidence, we found no evidence of subgenomes in either of the two tetraploids,
suggesting autopolyploid origins. We determined that Fragaria chinensis was the diploid ancestor of F. corymbosa while either an extinct
species affinitive to F. chinensis or an unsampled population of F. chinensis could be the progenitor of F. moupinensis. Meanwhile,
we found introgression signals between F. chinensis and Fragaria pentaphylla, leading to the genomic similarity between these two
diploids. Compared to F. chinensis, gene families related to high ultraviolet (UV)-B and DNA repair were expanded, while those that
responded towards abiotic and biotic stresses (such as salt stress, wounding, and various pathogens) were contracted in both tetraploids.
Furthermore, the two tetraploids tended to down-regulate defense response genes but up-regulate UV-B response, DNA repairing, and
cell division gene expression compared to F. chinensis. These findings may reflect adaptions toward high-altitude habitats. In summary,
our work provides insights into the genome evolution of wild Fragaria tetraploids and opens up an avenue for future works to answer
deeper evolutionary and ecological questions regarding the strawberry genus.

Introduction
Polyploidization (also known as whole-genome duplication) refers
to the possession of more than two copies of each chromosome
[1]. Polyploidization is widespread across eukaryotes, especially
in plants [2, 3]. For instance, all extant species of vascular plants
have experienced two ancient polyploidization events (ζ and ε),
while monocots and dicots have undergone the other two (τ and γ,
respectively) after their divergence [4]. Therefore, polyploidization
is acknowledged to be one of the key factors promoting the
evolution of higher plant genomes, the generation of new species,
and the emergence of adaptive evolution [2, 5, 6].

Historically, some researchers have argued that polyploidiza-
tion may lead to ‘evolutionary dead-ends’ [7]. Shortly after
the polyploidization events, polyploids would exhibit lower
rates of speciation and higher rates of extinction compared to
their diploid relatives, further losing evolutionary potential [8].
However, mounting evidence has shown that polyploid species
show stronger evolutionary advantages in the long term [6, 9].

Compared to their diploid relatives, polyploids tend to show
stronger adaptability and a broader ecological niche, especially
with respect to harsh environments (such as drought and extreme
temperature) [10–13]. Nevertheless, due to the biased research
interests (mainly cultivated plants, e.g., cotton [14]; sugarcane
[15]; banana [16]) and the lack of sufficient genomic data, diploid
ancestors of many wild polyploids await discovery. In addition,
whether and how polyploids show differential responses to
extreme habitats compared to their diploid relatives remains an
open but intriguing question.

Harboring about 25 species with diverse ploidy levels (ranging
from diploid [2×], to tetraploid [4×] and above [5×, 6×, 8×, 10×]),
strawberries (Fragaria L., Rosaceae) are not only important food
plants but also serve as a promising system to study the above-
mentioned issues [17, 18]. To date, the diploid ancestors of the
octoploid cultivated strawberry (Fragaria × ananassa) have been
intensively studied [19–26]. Lines of evidence indicate that one
F. × ananassa subgenome is most closely related to the extant
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process’ category were focused and only those with Fisher’s exact
test (with Benjamini and Hochberg FDR correction) p-value <0.05
were kept (hereafter).

Differentially expressed genes between
tetraploids and their relatives
To explore whether the pattern of DEGs was partly correlated with
gene family expansions or contractions between the tetraploids
and their relatives, we used RNA sequencing data generated
in aiding genome annotation (four tissues; Table S6, see online
supplementary material) to investigate DEGs between F. corymbosa
and F. chinensis, and between F. moupinensis and F. chinensis. Clean
reads were mapped to the primary haplotype of each tetraploid
respectively using HISAT2 (v. 2.2.1) [83]. Then, we analysed the
expression levels of genes using StringTie (v. 2.2.1) [84]. The read
count information was extracted using the prepDE.py script avail-
able in StringTie. Next, the DEGs were identified using the R
package DESeq2 (v. 1.34.0) [85] based on the criteria of |log2FC| > 1
and padj < 0.05. Subsequently, these putative DEGs were annotated
and enriched against A. thaliana using KOBAS-i. The GO terms
under the ‘biological process’ category were focused.
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