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Evolution of fruit shape diversity in polyploid cultivated persimmon
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In contrast to animals, plant lineages have repeatedly experienced polyploidization throughout their evolutionary history,
contributing to lineage-specific trait diversification, ecological adaptation, and crop domestication. In fruit tree crops, polyploidization
is thought to have played a key role in the evolution of fruit development, composition, and morphology; however, the underlying
genetic mechanisms remain poorly understood because of genome complexity and non-diploid inheritance. Cultivated oriental
persimmon (Diospyros kaki) is a major fruit tree crop in East Asia and an autohexaploid species (2n = 6x = 90). Hexaploidization in
D. kaki is associated with agriculturally important traits absent from closely related diploid species, including variation in fruit
astringency and extensive intraspecific diversity in fruit shape. Although previous studies suggest that persimmon fruit-shape variation
is regulated by persimmon-specific developmental pathways independent of those identified in tomato, the genetic basis of this
diversity remains largely unresolved. This study aimed to elucidate the mechanisms underlying fruit-shape diversification in hexaploid
persimmon and to establish a genetic framework for polyploid crops by integrating population structure analysis using genome-wide
SNP data, GWAS of fruit traits, construction of a hexaploid reference genome, and comparative transcriptome analysis of bud-sport
mutant lines. Using polyploid-aware analytical approaches, genome-wide quantitative genotypes were obtained from ddRAD-seq data
for 173 cultivars, primarily from Japan. Population structure among Japanese cultivars was highly randomized and showed no clear
associations with most fruit traits except astringency. GWAS accounting for allelic dosage identified several trait-associated loci,
whereas genomic regions inferred to have undergone selective sweeps did not overlap with these loci, suggesting that fruit traits were
established independently following polyploidization. To enable accurate genomic analyses, a high-quality reference genome was
assembled for D. kaki cv. ‘Taishu’ using PacBio HiFi reads. The resulting assembly consisted of chromosome-scale pseudo-molecules
corresponding to the basic chromosome number of Diospyros and contained 36,866 predicted genes, covering 94.5% of the core eudicot
gene set. Furthermore, comparative physiological and transcriptomic analyses between the flat-fruited cultivar ‘Hiratanenashi’ and its
round-fruited bud-sport mutant ‘Koshimaru’ revealed dynamic fruit-shape differentiation during early development. Differential
expression and clustering analyses identified candidate regulatory genes, including a WOX13 homolog, potentially involved in fruit-
shape determination. Finally, population structure analysis of approximately 450 cultivars from China, Korea, and Japan identified five
major genetic groups corresponding to East Asian geography. Strong associations between population structure and fruit traits were
observed only for astringency, while other traits showed region-specific patterns. By integrating population genetics, genome assembly,
GWAS, and comparative transcriptomics, this study provides new insights into the genetic and evolutionary mechanisms underlying

fruit-shape diversification in hexaploid persimmon and establishes a foundation for genomic analysis of complex polyploid crops.
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