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Abstract

Background
Lychee fruits are sweet and juicy, yet mitochondrial genomic data for this species remains scarce,
limiting in-depth studies of its genetic and evolutionary characteristics. To address this gap, in this study,
the small-seeded cultivar ‘Xianjinfeng’(XJF) and the large-seeded cultivar ‘Xinqiumili’ (XQML) were
selected for analysis. Using third-generation sequencing technology, we sequenced, assembled, and
annotated their mitochondrial genomes, and compared their structural characteristics and evolutionary
relationships.

Result
Assembly revealed mitochondrial genome sizes of 579,270 bp for XJF and 579,261 bp for XQML, both
with 45.41% GC content. Each genome encoded 62 genes, comprising 22 tRNAs, 3 rRNAs, and 35
protein-coding genes. Further analysis revealed 15 homologous sequences originating from chloroplasts
in both mitochondrial genomes, totaling 12,194 bp (2.11% of the mitochondrial genome). These included
9 tRNA genes, 4 rRNA genes, and partial protein-coding sequences. Additionally, 184 simple sequence
repeats (SSR) were identified in both cultivars, whereas 564 and 563 RNA editing sites were detected in
XJF and XQML, respectively, indicating subtle genetic differences between the cultivars. This study also
analyzed codon usage preferences, nucleotide diversity, and chloroplast-to-mitochondria gene transfer
events. Collinearity and comparative genomics results indicate that lychee is closely related to
Nephelium lappaceum L. and Xanthoceras sorbifolium Bunge within the Sapindaceae family.
Phylogenetic analysis based on the mitochondrial genome further confirmed the evolutionary position of
lychee within this family.

Conclusion
In this study, two high-quality lychee mitochondrial genomes were successfully assembled and
annotated, enriching the mitochondrial genome resources of Sapindaceae plants and laying a foundation
for future lychee phylogenetic and evolutionary studies of closely related species.

Introduction
Lychee (Litchi chinensis Sonn.) is a perennial fruit tree in the Sapindaceae family[1]. It is a significant
tropical and subtropical fruit tree and is widely cherished for its bright red, sweet, and juicy fruit. The
palatable flavor and high sugar content of its fruit[2, 3] confer substantial economic and horticultural
value to this three. Lychee pulp is rich in various bioactive compounds, including polysaccharides,
polyphenols, and gamma-aminobutyric acid (GABA). These components have been reported to exhibit
antioxidant, antiobesity, hepatoprotective, and immunomodulatory effects[4].
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The genome serves as the foundation for any omics analysis. The lychee genome of the Guangdong
cultivated variety Feizixiao was decoded in 2020, significantly advancing the application of other lychee
omics studies[5]. [6]Since the discovery of the genetic material within mitochondria[6], researchers
subsequently identified all the substances required for replication, transcription, and protein translation
within mitochondria, including DNA polymerase, RNA polymerase, transfer RNA, and ribosomal RNA.
These findings collectively demonstrated that mitochondria possess a relatively independent genetic
transcription system[7].

Mitochondria are ubiquitous, semiautonomous, powerhouse organelles of eukaryotic cells. Their
genomes play pivotal roles in plant evolution, cellular metabolism, and species adaptation. Mitochondrial
genomes synthesize adenosine triphosphate (ATP) through the tricarboxylic acid cycle and oxidative
phosphorylation, providing energy for cellular life activities[8]. Mitochondria play critical roles in cellular
differentiation, programmed cell death, growth, development, and male sterility[9]. Compared with animal
mitochondrial genomes, plant mitochondrial genomes have larger sizes, higher proportions of repetitive
sequences, and more complex structural and dynamic characteristics[10]. Their genome lengths vary
widely, ranging from 66 kb to 11.3 Mb[11, 12], and typically encode 19–41 protein-coding genes
(excluding repeat genes and open reading frames)[11] with extremely low point mutation rates [13, 14].
Plant mitochondrial genomes exhibit high structural diversity, presenting configurations such as single-
stranded, multistranded, linear, or multichromosomal forms, with large variations in gene order and
content across species[15]. This structural complexity primarily stems from intramolecular
recombination mediated by repetitive sequences (such as forward, reverse, and palindromic repeats)[16,
17], the insertion of exogenous sequences, and horizontal gene transfer between chloroplasts and
mitochondria[18]. Furthermore, RNA editing—particularly C→U editing—is a common feature of gene
expression in plant mitochondria. This process can alter start codons, stop codons, and amino acid
sequences, thereby influencing the structure and function of the final proteome[19]. Given the high
sequence and structural variability of plant mitochondrial genomes and their rich phylogenetic
information, they demonstrate significant potential for applications in species identification,
phylogenetic reconstruction, and evolutionary studies[20]. Mitochondrial and chloroplast genomes are
frequently used as models for phylogenetic reconstruction, studying DNA transfer from chloroplasts to
mitochondria, understanding population differentiation, and assessing hybridization in angiosperms
because of their nonrecombining and maternal inheritance[21, 22]. Arabidopsis thaliana was the first
higher plant whose mtDNA was sequenced[21, 22]. However, despite the prominence of lychee in
horticultural and breeding research, studies on its mitochondrial genome remain relatively
underdeveloped. The severe scarcity of lychee mitochondrial genome-related information in public
databases limits an in-depth understanding of the phylogenetic evolution and genetic mechanisms
within this genus.

In recent years, the advancement of high-throughput sequencing technologies, particularly the
widespread application of third-generation sequencing platforms, has enabled the de novo assembly and
annotation of plant mitochondrial genomes. To date, mitochondrial genomes from several woody plants,
including Punica granatum[24], Abies alba Mill[25], Crataegus spp.[26], and Diospyros kaki[27], have been
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successfully sequenced, providing valuable resources for comparative genomics research. However,
systematic investigations into the structural features, gene composition, RNA editing, codon usage
preferences, and organelle-to-organelle gene transfer of the lychee mitochondrial genome remain largely
unexplored.

In this study, PacBio HiFi third-generation sequencing technology was used to sequence, assemble, and
annotate the mitochondrial genomes of the primary lychee cultivars ‘Xianjinfeng’ (XJF) and ‘Xinquimili’
(XQML). By systematically analyzing their genomic structures, repetitive sequences, codon usage
patterns, RNA editing sites, and chloroplast-derived sequence migration, this study further explored the
evolutionary relationships and phylogenetic positions of lychee relative to those of other species through
comparative genomics and phylogenetic analyses. These findings fill a gap in mitochondrial genome
data for lychee plants, providing crucial genetic resources and theoretical foundations for studies on the
systematics, speciation, and adaptation of Sapindaceae plants.

Materials and Methods

Plant Samples and Mitochondrial Genome Sequencing
Two 10-year-old lychee cultivars, ‘Xianjinfeng’ (XJF) and ‘Xinqiumili’ (XQML) were cultivated at the
experimental orchard of Guangxi Academy of Agricultural Sciences, Nanning, Guangxi, China (22.84°N,
108.32°E), under standardized horticultural management. The 'XJF' cultivar was jointly developed by the
Institute of Fruit Tree Research, Guangdong Academy of Agricultural Sciences and Zengcheng
Agricultural Technology Extension Center, and subsequently introduced to Nanning, Guangxi by the
Guangxi Academy of Agricultural Sciences. The 'XQML' cultivar was developed by the Chinese Academy
of Tropical Agricultural Sciences and introduced to Nanning, Guangxi by the Guangxi Academy of
Agricultural Sciences. Young, healthy, fresh leaves were harvested from both cultivars, rapidly frozen in
liquid nitrogen, and stored at − 80°C until mitochondrial genome sequencing. Sequencing was performed
by a commercial biotechnology company using the PacBio Sequel II platform in HiFi sequencing mode.

Mitochondrial Genome Assembly and Annotation
The HiFi data were aligned to the assembled sequences using minimap2 software. NextPolish was then
applied to refine the results, yielding the final assembled sequences and adjusting the corresponding
gfa. Using BLAST, coding proteins and rRNA were annotated by alignment with published plant
mitochondrial sequences serving as references, followed by manual refinement based on closely related
species. tRNAs were annotated using tRNAscan-SE[28] (http://lowelab.ucsc.edu/tRNAscan-SE/). ORFs
were annotated using Open Reading Frame Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). RNA
editing sites were initially predicted using PmtREP (http://112.86.217.82:9919/#/tool/alltool/detail/336).
Genome maps were generated with OGDRAW. The final annotation results were obtained after reviewing
and manually correcting the initial outputs.
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Codon Usage and Repeat Sequence Analysis
Simple sequence repeats (SSR) were identified using misa software (v1.0, parameters: 1–10 2–5 3–4 4 
− 3 5 − 3 6 − 3). Tandem repeats were identified using trf software (trf409.linux64; parameters: 2 7 7 80
10 50 2000 -f -d -m). Dispersed repeats were identified using blastn (v2.10.1, parameters: -word_size 7,
evalue 1e-5, with redundancy removal and tandem repeat exclusion). Visualization was performed using
Circos v0.69-5.

Phylogenetic Tree Construction
Maximum likelihood phylogenetic trees were constructed using CDSs. Multiple sequence alignment was
performed with MAFFT software (v7.427, --auto mode). The aligned sequences were concatenated end-
to-end. The sequences were trimmed using trimAl (v1.4.rev15) (parameter: -gt 0.7). Model prediction
was performed using jmodeltest-2.1.10 software, confirming the GTR model. RAxML v8.2.10
(https://cme.h-its.org/exelixis/software.html) software was subsequently used with the GTRGAMMA
model and bootstrap = 1000 to construct the maximum likelihood phylogenetic tree.

Sequence Divergence, Ka/Ks Ratio, and Phylogenetic Analysis
First, homologous gene pairs were extracted and then aligned using MAFFT v7.427
(https://mafft.cbrc.jp/alignment/software/). After alignment, the Ka and Ks values for each gene pair
were calculated using KaKs_Calculator v2.0 (https://sourceforge.net/projects/kakscalculator2/) and the
MLWL method. Finally, the Ka/Ks values for each gene pair were summarized, and box plots were
generated.

Chloroplast and Mitochondrial Homologous Sequence
Analysis
BLAST software was used to identify homologous sequences between the chloroplast and
mitochondrial genomes, with E-value set to 1e-5. The results were visualized using Circos v0.69-5.
BLAST with an E value of 1e-5 was used to align the amino acid sequences of the chloroplast genome
against those of the plant mitochondrial genome, clearly demonstrating which chloroplast-encoded
sequences were transferred to the mitochondrial genome.

Results

Structural Organization and Characteristics of the
Mitochondrial Genome
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In this study, the mitochondrial genomes of the major lychee cultivars ‘XJF’ and ‘XQML’ were sequenced,
assembled, and annotated. Through third-generation sequencing data assembly (Table S1), the lychee
mitochondrial genomes were successfully assembled into linear DNA molecules (Fig. 1). The total
lengths of the two mitochondrial genomes were 579,270 bp and 579,261 bp, respectively, with a GC
content of 45.41% (Table 1). The relevant sequences will be submitted to GenBank (GenBank accession
are not yet available).

Table 1
Table of Assembly Results Summary

ID Type Length GC%

Litchi_chinensis_XJF-1 linear 579270 45.41

Litchi_chinensis_XQML-1 linear 579261 45.41

A total of 62 genes were annotated, including 35 protein-coding genes, 22 tRNA genes, and 3 rRNA
genes (rrn5, rrn18, and rrn26). The protein-coding genes were classified into the following 10 functional
categories: ATP synthase genes (atp1, atp4, atp6, atp8, and atp9), NADH dehydrogenase genes (nad1–
nad9), cytochrome c synthesis-related genes (ccmB, ccmC, ccmFC, and ccmFN), cytochrome c oxidase
genes (cox1, cox2, and cox3), a mature enzyme-encoding gene (matR), a membrane transporter gene
(mttB), and a pantothenol-cytochrome c reductase gene (cob). The variable genes included four large-
subunit ribosomal protein genes (rpl10, rpl16, rpl2, and rpl5), five small-subunit ribosomal protein genes
(rps1, rps10, rps12, rps4, and rps13), and two succinate dehydrogenase genes (sdh3 and sdh4)
(Table 2).
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Table 2
Genes identified in the two lychee mitochondrial genomes

Group of genes Gene name

ATP synthase atp1 atp4 atp6 atp8 atp9

Cytohrome c
biogenesis

ccmB ccmC ccmFc* ccmFn

Ubiquinol cytochrome
c reductase

cob

Cytochrome c oxidase cox1 cox2* cox3

Maturases matR

Transport membrane
protein

mttB

NADH dehydrogenase nad1**** nad2**** nad3 nad4*** nad4L nad5**** nad6 nad7**** nad9

Ribosomal proteins
(LSU)

rpl10 rpl16 rpl2* rpl5

Ribosomal proteins
(SSU)

#rps14 #rps3 rps1 rps10* rps12 rps13 rps4

Succinate
dehydrogenase

sdh3 sdh4

Ribosomal RNAs rrn18 rrn26 rrn5

Transfer RNAs trnC-GCA(2) trnD-GTC trnE-TTC trnF-GAA trnG-GCC trnH-GTG trnI-TAT*
trnK-TTT trnK-TTT* trnM-CAT(3) trnN-GTT trnP-TGG(2) trnQ-TTG trnS-
GCT(2) trnS-TGA trnW-CCA trnY-GTA

Identification of RNA Editing Sites in Protein-Coding
Regions of Mitochondrial Genes
Using online prediction tools, a total of 564 and 563 potential RNA editing sites were identified in the 32
protein-coding genes of XJF and XQML, respectively, all of which were C→U edits. The nad4 gene
contained the greatest number of editing sites (44), followed by ccmFn (41 sites), while nad3 had the
lowest number (1 site) (Fig. 2).

Codon Preference and Analysis of Repeat Structures in the
Mitochondrial Genomes of Two Lychee Species
Among the two lychee varieties, leucine (Leu), serine (Ser), and arginine (Arg) were the most frequent
amino acids, whereas tryptophan (Trp) and methionine (Met) appeared least frequently.
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Relative Synonymous Codon Usage (RSCU)analysis revealed that 4,989–5,072 codons (58.12%–59.87%
of total codons) in the XJF and XQML mitochondrial genomes exhibited RSCU values greater than 1,
indicating stronger usage preferences for these codons relative to their synonymous counterparts. Most
codons ending in A or U had RSCU values greater than 1, suggesting that their usage frequency
exceeded random expectations. Conversely, codons ending in C or G generally had RSCU values less
than 1, indicating a significant preference for A/U-terminated codons in the lychee mitochondrial
genome (Fig. 3).

Multiple types of repetitive sequences, including forward, palindromic, reverse, and complementary
repeats, were identified in each lychee mitochondrial genome. Overall, 396 repetitive sequences were
identified, comprising 47 tandem repeats and 165 dispersed repeats (Table 3). SSR lengths ranged from
10 to 20 bp, with the vast majority concentrated between 10 and 14 bp (78.3–81.6%). The 12-bp repeat
unit was the most common in both cultivars, and 46 pairs of homologous SSRs with ≥ 90% similarity
were identified, spanning lengths from 10 to 16 bp (Figure S1).

Table 3
Repetitive Sequences in Two Lychee Genomes

Sample SSR nu Tandem nu Dispersed nu Total

Litchi_chinensis_XJF 184 47 165 396

Litchi_chinensis_XQML 184 47 165 396

Phylogenetic and Collinearity Analysis
A phylogenetic tree constructed on the basis of 15 conserved mitochondrial protein-coding genes
(PCGs) indicated that lychee is closely related to rambutan(Fig. 4). Collinearity analysis further
supported the presence of numerous homologous blocks between the two species (Figure S2). Litchi is
relatively close to rambutan and Chinese cornel, revealing that mitochondrial protein-coding genes serve
as ideal materials for elucidating phylogenetic relationships among different plant species.

Ka/Ks Analysis
Amino acid changes caused by base mutations are termed nonsynonymous mutations, whereas those
causing no change are synonymous mutations. Nonsynonymous mutations are typically subject to
natural selection. The ratio of the nonsynonymous mutation rate (Ka) to the synonymous mutation rate
(Ks) indicates the type of selection pressure. A Ka/Ks ratio greater than 1 indicates positive selection,
whereas a ratio less than 1 indicates purifying selection. We aligned protein-coding genes from two
lychee mitochondrial genomes with those from other species and calculated Ka/Ks values (Table S2). As
shown in Fig. 5, 35 genes underwent negative selection during evolution, indicating that most protein-
coding genes in the mt genome are relatively conserved. The protein-coding genes ccmB, rpl10, mttB,
and rps13 all exhibited Ka/Ks ratios greater than 1, suggesting that these genes may have undergone



Page 10/20

positive selection. Genes with Ka/Ks > 1 likely play crucial roles in species adaptation to environments,
functional differentiation, or coevolution.

Migration of chloroplast DNA in the mitochondrial genome
Among the two lychee varieties, 15 homologous segments of chloroplast origin were identified, totaling
12,194 bp in length and accounting for 2.11% of the mitochondrial genome. These segments included 9
tRNA genes, 4 rRNA genes, and partial protein-coding sequences. This finding indicates frequent gene
transfer between chloroplasts and mitochondria (Table S3).

Discussion

Structure and Characteristics of the Lychee Mitochondrial
Genome
The diversity of plant mitochondrial genome structures is among their most distinctive features. In this
study, the mitochondrial genomes of XJF and XQML were successfully assembled as linear DNA
molecules. This differs from the circular structure of hawthorn[26], the multilinear structure of the
pomegranate “Taishan Hong[26],” and the typical circular structure of the persimmon “Taishu[27],”
potentially reflecting a unique genomic organization characteristic of Sapindaceae plants. Notably, the
mitochondrial genome of Aquilegia amurensis has a hybrid configuration of one circular chromosome + 
two linear chromosomes (total length 538.7 kb)[29], whereas Fagopyrum dibotrys has a more complex
structure comprising seven circular chromosomes (total length 370 kb)[30]. These findings indicate that
medium-sized (370–580 kb) mitochondrial genomes exhibit significant structural plasticity in
angiosperms and that the presence of linear segments is not unique to lychee. Compared with the
genomes of conifers, the lychee genome is smaller but has a more compact repetitive sequence
structure: the Abies alba mitochondrial genome spans 1.43 Mbp across 11 scaffolds, with repetitive
elements constituting 0.168% of its sequence[25]. It contains nine giant repeats exceeding 10 kb, directly
driving genome expansion and multiconformation transitions. The396 repeat units in lychee (accounting
for approximately 68.4% of the genome) exhibit higher density but lack such megamatches. This
explains its relatively simple structure while maintaining high genetic variability potential.

Codon Preferences and Repetitive Sequence Analysis
Codon usage preferences are influenced by natural selection and other factors. In both lychee varieties,
leucine (Leu), serine (Ser), and arginine (Arg) are high-frequency amino acids, whereas tryptophan (Trp)
and methionine (Met) are less frequent. This pattern resembles the amino acid usage characteristics of
hawthorn, reflecting the shared protein synthesis requirements among closely related genera and
species. RSCU analysis revealed that 58.12%-59.87% of codons in both varieties presented RSCU values
exceeding 1, predominantly ending in A/U. Conversely, C/G-terminated codons frequently fell below 1,
aligning with preferences observed in pomegranate and persimmon. This may stem from greater tRNA
availability for A/U-terminated codons, facilitating efficient protein synthesis. With respect to repetitive
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sequences, the two varieties share 396 repeats (47 tandem and 165 scattered). SSRs predominantly
cluster within 10–14 bp (78.3–81.6%), with 12-bp repeats being the most common, comprising 46 pairs
of highly similar homologous SSRs. This differs markedly from that in hawthorn (222–447 repeats, 65–
112 SSRs) and pomegranate (188 pairs of scattered repeats, 141 SSRs), likely because of variations in
repeat sequence generation and amplification rates. Homologous SSRs may serve as markers for
genetic analysis.

Characteristics of RNA Editing Sites
RNA editing is a crucial post-transcriptional modification in plant mitochondria. Among the 32 protein-
coding genes in the two lychee cultivars, 564 and 563 C→U editing sites were identified, which is
consistent with the editing patterns observed in hawthorn, pomegranate, and persimmon[25]. This
finding indicates that C→U editing represents a conserved key mechanism. There were significant
differences in gene editing site counts: nad4 (44 sites) had the greatest number, followed by ccmFn (41
sites), while nad3 (1 site) had the lowest. This pattern resembles the high number of nad4 editing sites in
pomegranate, likely because the involvement of nad4 in energy metabolism requires more editing to
ensure function, whereas nad3 sequences are more conserved. Among editing types,
hydrophilic→hydrophobic substitutions were most prevalent (44.15%-44.23%), followed by
hydrophobic→hydrophobic substitutions (35.52%-35.64%), mirroring the distribution pattern observed in
pomegranate. This distribution may alter protein conformation and interactions, facilitating
environmental adaptation.

Gene Transfer between Chloroplasts and Mitochondria
The transfer of genes from chloroplasts to mitochondria is a common phenomenon. The two lychee
varieties share 15 homologous chloroplast fragments (12,194 bp, accounting for 2.11% of the
mitochondrial genome), including 9 tRNAs, 4 rRNAs, and partial protein-coding sequences. Compared
with hawthorn (12–19 fragments), pomegranate (22 fragments, 5.20%), and persimmon (5.71%),
differences in fragment numbers and proportions reflect varying frequencies of organelle gene exchange
among species. Transferred genes predominantly consist of tRNAs and rRNAs, as seen in hawthorn and
pomegranate. These genes may increase mitochondrial protein synthesis efficiency; some protein-
coding sequences may have become pseudogenes because of mutations, providing raw material for
genomic evolution. Gene transfer may also alter mitochondrial genome structure and influence
evolutionary rates.

Phylogenetic and Collinearity Analysis
A phylogenetic tree constructed on the basis of 15 PCGs revealed that lychee is most closely related to
rambutan, which is consistent with the phylogenetic clustering logic observed in hawthorn and
pomegranate. These findings indicate that conserved mitochondrial PCGs reliably reflect evolutionary
relationships among species. The limited phylogenetic resolution between the two cultivated lychee
varieties stems from differences of only 9 bases and 1 RNA editing site. Collinearity analysis revealed
extensive homologous blocks shared between lychee, rambutan, and Chinese cornel, indicating that
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conserved genomic regions potentially harbor core functional genes. Similar collinearity patterns
observed among closely related species such as hawthorn and pomegranate, along with minor gene
rearrangements, reflect independent evolutionary trajectories following speciation. These findings
provide a foundation for lychee systematics and origin/divergence studies while advancing the
understanding of mitochondrial evolutionary patterns in fruit trees.

Conclusion
In this study, the mitochondrial genomes of the lychee cultivars XJF and XQML were successfully
assembled and annotated using third-generation sequencing technology, providing critical foundational
data for genetic and evolutionary research in the genus Litchi. The mitochondrial genomes of XJF and
XQML are linear DNA molecules measuring 579,270 bp and 579,261 bp, respectively, with identical GC
content (45.41%). A total of 62 genes were annotated, comprising 35 protein-coding genes, 22 tRNA
genes, and 3 rRNA genes (rrn5, rrn18, and rrn26). The protein-coding genes included core functional
categories such as ATP synthase and NADH dehydrogenase, similar to the core gene composition of
fruit tree mitochondrial genomes, including hawthorn (Crataegus spp.), pomegranate (Punica granatum),
and persimmon (Diospyros kaki). It also exhibits species-specific gene distribution patterns, such as
variations in the number of specific tRNA genes. These findings suggest that while the lychee
mitochondrial genome maintains fundamental physiological functions, it has developed unique genetic
characteristics adapted to its own growth and development. A total of 396 repetitive sequences (47
tandem repeats and 165 scattered repeats) and numerous SSR loci were identified. Among these, 46
pairs of highly similar homologous SSRs provide abundant candidate loci for genetic diversity analysis
and molecular marker development in lychee. RNA editing sites were exclusively C→U substitutions,
totaling 563–564 instances primarily distributed in genes such as nad4 and ccmFn.
Hydrophilic→hydrophobic edits accounted for the greatest proportion, indicating that RNA editing plays
a crucial role in optimizing mitochondrial gene function in lychee. Both lychee varieties presented 15
chloroplast-derived homologous fragments in their mitochondrial genomes (total length of 12,194 bp,
accounting for 2.11% of the mitochondrial genome), including 9 tRNA genes, 4 rRNA genes, and partial
protein-coding sequences. These findings confirm frequent gene transfer between lychee chloroplasts
and mitochondria, providing direct evidence for understanding the evolution of lychee organelle
genomes. Phylogenetic and colinearity analyses based on 15 conserved mitochondrial protein-coding
genes revealed a close relationship between lychee and Nephelium lappaceum. Colinearity analysis
further confirmed extensive homologous blocks between the two species, clarifying the evolutionary
position of lychee within the plant taxonomic system. In summary, this study elucidates the structural
features, genetic element patterns, and evolutionary relationships of the lychee mitochondrial genome. It
not only enriches the plant mitochondrial genome database but also provides crucial theoretical support
and data references for germplasm resource conservation, genetic breeding, and systematic
classification studies of Litchi species.
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Figure 1

Two lychee linear mitochondrial genome maps; forward-encoding genes are positioned above the circle,
while reverse-encoding genes are located below the circle.
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Figure 2

RNA editing sites in the two lychee mitochondrial genomes
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Figure 3

RSCU bar chart of the two lychee mitochondrial genomes. The lower blocks represent all codons
encoding each amino acid, while the height of the upper bars indicates the total RSCU value for all
codons.
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Figure 4

Mitochondrial Evolutionary Analysis. Evolutionary branch length, also known as genetic variation or
evolutionary distance, represents the degree of branch variation; the shorter branch length represents a
smaller difference and closer evolutionary distance. Distance scale: unit length of numerical differences
between organisms or sequences, equivalent to the scale of the evolutionary tree. Bootstrap value is
marked at the node position and used to evaluate the credibility of the branch
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Figure 5

KaKs Box Plot Analysis Across Species. The horizontal axis represents gene names, and the vertical axis
represents Ka/Ks values. In the box plot, the upper and lower endpoints of the vertical line within the
rectangle represent the upper and lower boundaries of the data, respectively. The thick line inside the
rectangle represents the median, the upper and lower edges represent the upper and lower quartiles,
respectively, and the dots beyond the upper and lower boundaries of the data represent outliers


