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Abstract: Oplopanax elatus Nakai is a deciduous shrub within the Araliaceae family and is classified as a
first-class protected plant in Jilin Province. To elucidate the structural characteristics of its chloroplast genome and
phylogenetic relationships, this study conducted chloroplast genome sequencing of one cultivated individual and
five wild populations of O. elatus, followed by comparative chloroplast genomic and phylogenetic analyses with
published congeneric species of Oplopanax and allied genera of Araliaceae deposited in GenBank. The results
revealed that the chloroplast genomes of the six O. elatus accessions ranged from 156 108156 193 bp in length,
with a uniform GC content of 38.03%. A total of 129-133 genes were annotated, comprising 87-88 protein-coding
genes, 6—8 rRNA genes, and 36-37 tRNA genes. The chloroplast genome of cultivated O. elatus contained one
additional protein-coding gene compared to those of wild accessions. Using the chloroplast genome sequence of
cultivated O. elatus as reference, sequence alignment against wild populations identified 36 single nucleotide
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polymorphism (SNP) loci and 10 insertion-deletion (InDel) loci. SNPs were distributed in both intergenic spacers
and coding sequences (CDS), whereas all InDels were restricted to the large single-copy (LSC) region. Nucleotide
diversity (Pi) analysis of the 13 chloroplast genomes detected two hypervariable regions, cIpPI-exon3 _clpPI-exon?2
and ycf1, which are proposed as candidate DNA barcodes and molecular markers for O. elatus. Analysis of codon
preference indicated that all 13 samples exhibited a preference for codons terminating in A or T. Discrepancies in
codon numbers were observed between cultivated and wild O. elatus chloroplast genomes. A total of 545 simple
sequence repeat (SSR) loci and 498 dispersed repeat sequences were identified within the 13 chloroplast genomes.
Phylogenetic reconstruction based on branch support values and clustering patterns partitioned the eight Araliaceae
genera into four clades. The genus Oplopanax formed a highly supported monophyletic lineage positioned
centrally within the tree, diverging subsequently to Panax and constituting a sister group to the fourth major clade,
with its closest affinity to Schefflera. This investigation advances the understanding of evolutionary dynamics
within Oplopanax and allied genera, with the acquired genomic resources providing a foundation for DNA barcode
screening and germplasm conservation of the genus.
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Table 1 O. elatus sample collection information
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Locality Population Longitude Latitude Altitude/m Habitat type

Dahuangou Village, Tonghua County, Jilin Province cs-01 125°40'45" 42°13'57.32" 308 Mixed broadleaf-conifer forest
Baijifeng National Forest Park, Tonghua County, Jilin BJF 126°06'48.30" 41°33'02.88" 1259 Mixed broadleaf-conifer forest
Province

Banjiegou, Baishan City, Jilin Province BIG 126°26'36.37" 41°35'38.43" 686 Mixed broadleaf-conifer forest
Funan Forest Farm, Baishan City, Jilin Province FN 127°46'09.47" 41°46'41.46" 1202 Mixed broadleaf-conifer forest
Xiaodongshan Forest Farm, Baishan City, Jilin Province XDS1 127°45'53.45"  41°42'47" 1518 Mixed broadleaf-conifer forest
Guanmenshan National Forest Park, Benxi City, GMS 124°05'42.56" 41°07'48.20" 906 Mixed broadleaf-conifer forest

Liaoning Province
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Table 2 Reference chloroplast genome information
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Species Family Genus Accession
Oplopanax japonicus Araliaceae Oplopanax NC 082542
Oplopanax elatus Araliaceae Oplopanax NC_085753
Oplopanax japonicus var. japonicus Araliaceae Oplopanax OR 346900
Oplopanax japonicus var. japonicus Araliaceae Oplopanax OR 346905
Oplopanax horridus Araliaceae Oplopanax MK943805
Eleutherococcus brachypus Araliaceae Eleutherococcus NC_050832
Eleutherococcus senticoscus Araliaceae Eleutherococcus NC_016430
Eleutherococcus leucorrhizus var. sethchuenensis Araliaceae Eleutherococcus NC 062722
Eleutherococcus gracilistylus Araliaceae Eleutherococcus NC_062721
Eleutherococcus giraldii Araliaceae Eleutherococcus NC_062723
Eleutherococcus eleutheristylus Araliaceae Eleutherococcus NC_062720
Brassaiopsis angustifolia Araliaceae Brassaiopsis NC 065370
Brassaiopsis hainla Araliaceae Brassaiopsis NC_022811
Brassaiopsis tripteris Araliaceae Brassaiopsis NC_088755
Aralia continentalis Araliaceae Aralia NC_041648
Aralia atropurpurea Araliaceae Aralia NC_056999
Aralia cordata Araliaceae Aralia NC_040964
Dendropanax oligodontus Araliaceae Dendropanax NC_053618
Dendropanax morbifer Araliaceae Dendropanax NC_027607
Schefflera actinophylla Araliaceae Schefflera NC_ 049889
Schefflera heptaphylla Araliaceae Schefflera NC_029764
Panax ginseng Araliaceae Panax KF431956
Panax quinquefolius Araliaceae Panax KT028714
Panax japonicus Araliaceae Panax MK308678
Hydrocotyle sibthorpioides Araliaceae Hydrocotyle NC_035502
Hydrocotyle verticillata Araliaceae Hydrocotyle NC 015818
Hydrocotyle sibthorpioides var. batrachium Araliaceae Hydrocotyle NC 082588
Saposhnikovia divaricata Apiaceae Saposhnikovia MW900177
Dendropanax morbifer Araliaceae Dendropanax NC 027607
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Chloroplast genome map of O. elatus. The outer circle shows the positional coordinates of genomic components such as genes

and ncRNAs. The inner circle shows the genomic GC content. LSC: Large single-copy; SSC: Small single-copy; IRa: Inverted repeat a; IRb:

Inverted repeat b

Table 3 Characteristics of chloroplast genomes of O. elatus. GC: Guanine-cytosine; tRNA: Transfer RNA; rRNA: Ribosomal RNA

Genome characteristics 0. elatus-cs01 0. elatus-BJG 0. elatus-FN 0. elatus-XDS1 O. elatus-BJF 0. elatus-GMS
Accession PX970985 PX970987 PX970989 PX970988 PX970986 PX970990
Genome size/bp 156 109 156 193 156 108 156 109 156 111 156 109
LSC length/bp 86 236 86319 86 235 86 236 86 239 86 237
SSC length/bp 18111 18 112 18111 18111 18112 18112
IR length/bp 25 881 25 881 25 881 25 881 25 880 25 880
Total GC content/% 38.03 38.03 38.03 38.03 38.03 38.03
LSC GC content/% 36.24 36.25 36.24 36.24 36.24 36.24
SSC GC content/% 32.11 32.09 32.11 32.11 32.09 32.09
IR GC content/% 43.08 43.08 43.08 43.08 43.08 43.08
Total genes 133 132 132 132 129 132
Protein-coding genes 88 87 87 87 87 87
tRNA genes 37 37 37 37 36 37
rRNA genes 8 8 8 8 6 8
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Figure 2 Analysis of simple sequence repeats in the chloroplast genomes of 13 Araliaceae samples. A: Total number of SSRs detected in

each chloroplast genome and their different types; B: The number of SSR repeats in the IRa, IRb, LSC, and SSC regions of the chloroplast

genome of each sample. SSR: Simple sequence repeat
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Table 4 SNP and InDel site information. SNP: Single nucleotide
polymorphism; InDel: Insertion-deletion; CDS: Coding sequence

Total CDS Intergenic Total CDS . .
Sample Insertion Deletion
SNP SNP SNP InDel InDel
BJF 11 3 8 2 0 1 1
BIG 11 8 0 2 2
FN 3 0 3 1 0 0 1
GMS 11 3 8 1 0 0 1
XDS1 0 0 0 2 0 1 1
B 80 -
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Figure 3  Analysis of scattered repeats sequences in the chloroplast genomes of 13 samples of the Araliaceae. A: Types and numbers of

scattered repeats in the chloroplast genome; B: The number of scattered repeats longer than 30 bp in each chloroplast genome
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Figure 4 Heat map of relative synonymous codon use values in 13 intact chloroplast genomes of the Araliaceae family. Red indicates a

higher RSCU value and blue indicates a lower RSCU value
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shows the identity percentage, ranging from 50% to 100%.
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