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Abstract: The traditional Chinese medicinal material Mugua is derived from the dried fruit of Chaenomeles
speciosa (Sweet) Nakai (Rosaceae). The material produced in Xuancheng, Anhui Province, is regarded as a geo-
authentic medicinal material and is commonly referred to as "Xuan Mugua". C. speciosa is a medicinal and edible
plant with a long history of use in traditional Chinese medicine. In this study, we sequenced and assembled the
complete chloroplast genome of C. speciosa using the Illumina platform and performed comprehensive genome
annotation. Repetitive sequences were analyzed with REPuter and MISA, codon usage bias was evaluated via
relative synonymous codon usage (RSCU), and comparative analyses of inverted repeat (IR) boundaries and
phylogenetic relationships were conducted among closely related Chaenomeles species. The chloroplast genome is
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159 991 bp in length, exhibiting a typical quadripartite structure with a GC content of 36.5%, and encodes 126

genes, including 83 protein-coding genes, 35 tRNAs, and 8 rRNAs. Seventy-six simple sequence repeats (SSRs)

and 55 long repeat sequences were identified, with SSRs primarily consisting of A/T mononucleotides and

predominantly located in the large single copy (LSC) and intergenic regions. Codon usage analysis showed that 30

codons have a preference (RSCU > 1), mostly ending with A/U. Comparative analysis of IR boundaries indicated

high conservation within the genus. Genome variation analysis revealed four highly variable regions in the LSC
(trnR-atpA, petN-psbM, trnT-GGU-psbD, trnV-M). Phylogenetic analysis confirmed that Chaenomeles is
monophyletic, with C. speciosa closely related to C. japonica and C. tibetica. This work provides the first detailed

characterization of the C. speciosa chloroplast genome and phylogeny, and the identified SSRs and highly variable

regions represent valuable resources for germplasm identification and evolutionary studies in Chaenomeles.
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Figure 1 Chloroplast genome map of Chaenomeles speciosa. Genes are color-coded by function as indicated in the legend. Genes inside

and outside the circle are transcribed in clockwise and counterclockwise directions, respectively. The gray region of the inner circle represents

the GC content of the chloroplast genome. LSC: Large single-copy; SSC: Small single-copy; IRa: Inverted repeat A; IRb: Inverted repeat B
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Table 1 Annotation information of the chloroplast genome of Chaenomeles speciosa. (2): Copy Number; #: One intron; ##: Two introns

Category Gene group Gene name Number
Photosynthesis ~ Subunits of photosystem I psad, psaB, psaC, psaJ, psal 5
Subunits of photosystem II psbA, psbK, psbl, psbM, psbD, psbC, psbZ, psbJ, psbF, psbE, psbB, psbT, psbN, psbH 14
Subunits of NADH ndhJ, ndhK, ndhC, ndhB®”, ndhF, ndhD, ndhE, ndhG, ndhl, ndhA*, ndhH 12
dehydrogenase
Subunits of cytochrome b/f  petN, petd, petL, petG, petB’, petD" 6
complex
Large subunit of rubisco rbcL 1
Subunits of ATP synthase atpA, atpF*, atpH, atpl, atpE, atpB 6
Self-replication  Proteins of large ribosomal — rpl33, rpl20, rpl36, rpll14, rpll16°, rpl22, rpl2®*, rpl23®), rpl32 11
subunit
Proteins of small ribosomal — rps12®% rpsi16, rps2, rpsi4, rps4, rps18, rpsll, rps8, rps3, rps19, rps7®, rpsl5 14
subunit
Subunits of RNA polymerase rpoC2, rpoCI”, rpoB, rpoA 4
Ribosomal RNAs rrnl68?, rrn238?, rrn4.55?, rrn55? 8
Transfer RNAs trnH-GUG, truK-UUU", trnQ-UUG, trnS-GCU®, trnR-UCU, trnC-GCA, trnD-GUC, 35
trnY-GUA, trnE-UUC, trnT-GGU, trnS-UGA, trnG-GCC, trnfM-CAU, trnT-UGU, trnL-
UAA®?, truF-GAA, trnV-UAC", trnM-CAU, trnW-CCA, trnP-UGG, trnl-CAU®, trnL-
CAA®, trnV-GAC?, trnl-GAU®", trnA-UGC®”, trnR-ACG®, rnN-GUU®
Other genes Maturase matK 1
Protease clpP* 1
Envelope membrane protein ~ cemA 1
Acetyl-CoA carboxylase accD 1
c-Type cytochrome synthesis  ccs4 1
gene
Conserved open reading yef3™, yefd, yef2?, yefl 5
frames
Total 126

Number of SSR

12 1

10 11 12 13 14 15 16

17 18 20 21

I Mononucleotide
Bl Dinucleotide
B Tetranucleotide

A

Type of SSR

C G AT TA TAAA

Figure 2 Types and numbers of SSRs in the chloroplast genome of Chaenomeles speciosa
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7. RSCU analysis

RSCU

Ala Arg Asn Asp Cys GIn Glu Gly His 1Ile Leu Lys Met Phe Pro Ser Ter Thr Trp Tyr Val

Figure 3 Codon content of the 20 amino acids in all protein-coding genes of the chloroplast genome of Chaenomeles species. Different
colors in the bars correspond to the codons displayed in the same colors below the figure. RSCU: Relative synonymous codon usage; Ala:
Alanine; Arg: Arginine; Asn: Asparagine; Asp: Aspartic acid; Cys: Cysteine; Gln: Glutamine; Glu: Glutamic acid; Gly: Glycine; His:
Histidine; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; Phe: Phenylalanine; Pro: Proline; Ser: Serine; Thr: Threonine; Trp:

Tryptophan; Tyr: Tyrosine; Val: Valine

Chaenomeles speciosa
Chaenomeles japonica
Chaenomeles thibetica
Chaenomeles cathayensis

Chaenomeles sinensis

0k 4k 8k 12k 16k 20k 24k 28k 32k 36k 40k
atpB

tmT UGU trnF GAA ndthmM Cxl

rbcL  accD  psal  cemA CA _ 1pl20 clpP  clpP psbB psb]
— ) B mp g 4

mEEy
(¢l
g
=]

40k 44k 48k 52k 56k 60k 64k 68k 72k 76k 80k
rp123 thf tmN GUU  ndhF

ACG ~G—
rpsllrps& s3rps19 rplZ yef2 trnV-GACtrnI-GA m:;A -UGC rm4 55 ycfl mpl32  ccsA
> ‘#4)‘ m&'m fr R\ — A g > -

petD

ndhH

ccsAndhD ndhE ndhl ndhA  rpsl5 trnA-! th GAC xpz
e
sal nﬁ}m - < 1A-] GC mn rpﬁZ

120k 124k 128k 132k 136k 140k 144k 148k 152k 156k 160k
Figure 4 Comparison of chloroplast genome sequence identity between Chaenomeles speciosa and four other Chaenomeles species. The
horizontal axis represents genome size, while the vertical axis denotes sequence similarity ranging from 50% to 100%. Coding regions, non-

coding regions, and tRNA or rRNA genes are distinguished in the graph using different colors
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Figure 5 Nucleotide diversity of the five Chaenomeles species chloroplast genomes. Window length: 600 bp; Step size: 200 bp. Pi:

Nucleotide diversity
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Figure 6 Boundary comparison of IR and SC regions of chloroplast genomes in five Chaenomeles species. Gene names and their sequence

lengths are displayed in boxes and above the boxes, respectively. JLB: LSC/IRb boundary; JSB: IRb/SSC boundary; JSA: SSC/IRa boundary;

JLA: IRa/LSC boundary
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Figure 7 Phylogenetic tree based on common genes of the 13 complete chloroplast genomes using maximum likelihood (ML)
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