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Figure 1 Citrus organelle genomes and diversity. A—C: Mitochondrial genomes (A, B) and chloroplast genomes (C) of the paternal parent “Pt005”
and maternal parent “CR038”. In the circos plots of all genomes, the features from the outermost to the innermost layers are as follows: genes located
on the positive strand and negative strand, the distribution of GC content, and mitochondria exhibiting the distribution of microsatellite repeats, tandem
repeats, and dispersed repeat sequences. The innermost circle illustrates the connections between dispersed repeat sequences; D: the collinearity of the
seven citrus mitochondrial genomes; E: gene PAV heatmap of non-redundant chloroplast genomes including citrus and its hybrids; F: the gene
diversity of the chloroplast genomes of different citrus species. The x-axis is the gene name, including tRNA and rRNA genes, the y-axis is the species
name, and the z-axis is the diversity value 7
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Figure 2 The nuclear-cytoplasmic evolution divergence during citrus evolution and cytoplasmic genome phylogeny. A: The phylogenetic
relationships based on nuclear genome (left), chloroplast genome (middle), and mitochondrial genome (right) from six citrus species constructed with
Atalantia buxifolia as the outgroup; B: the chloroplast (left) and mitochondrial (right) phylogenetic tree including five hybrid populations. Different

colors represent different populations. The black arrows indicate the phylogenetic positions of citrumelos and citranges
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Citrus is one of the most essential fruit crops worldwide, and it is generally considered that its cytoplasmic information is inherited
from the maternal parent. Recent research has indicated that not all cytoplasmic genomes of citrus hybrids are derived from their
female parent. However, the cytoplasmic inheritance pattern in citrus hybridization remains largely unexplored. In this study, we
characterized the organelle genome diversity, nuclear-cytoplasmic evolutionary divergence and atypical genetic events in organelle
genomes during hybridization in citrus by analyzing the phylogenetic relationship of organelle genomes in a natural citrus population.
An F population was created from the cross with “CR038” (Citrus reticulata) as the maternal parent and “Pt005” (C. trifoliata) as the
paternal parent. The complete organellar genomes (mitochondria and chloroplasts) of the parents were assembled using HiFi reads,
and the draft organellar genomes of the offspring were also assembled using resequencing data. According to the analysis and
identification results on phylogenetic relationship, comparative genome and recombination events, the cytoplasmic inheritance pattern
of citrus could be classified into three types: maternal inheritance, biparental inheritance, and pseudo-paternal inheritance. This study
is the first to reveal the cytoplasmic inheritance pattern in citrus based on the whole genome sequence data, which provides a novel
insight into the genetic breeding in citrus.

citrus, organellar genome, hybrid population, nuclear-cytoplasmic conflict, cytoplasmic inheritance
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