
PLASTOME REPORT

A complete chloroplast genome of Sedum lushanense S. S. Lai 2004 
(Crassulaceae: Crassuloideae)

En-Dian Yanga,b, Tong-Jun Lianga, Zi-Yi Leia,b, Jie Zhanga and Xiao-Xing Zhouc 

aJiangxi Provincial Key Laboratory of Ex-Situ Plant Conservation and Utilization, Lushan Botanical Garden, Chinese Academy of Sciences, 
Jiujiang, China; bCollege of Life Science, Nanchang University, Nanchang, China; cAcademy of Agricultural Planning and Engineering, Ministry 
of Agriculture and Rural Affairs, Beijing, China;  

ABSTRACT 
We determined the complete chloroplast genome sequence of Sedum lushanense S. S. Lai 2004. The 
genome was 148,691 bp in length, including a large single copy (LSC; 80,497 bp), a small single copy 
(SSC; 16,620 bp), and two inverted repeats (IR; 25,787 bp) regions. It contained 84 coding gene sequen
ces (CDS), 34 transfer RNA (tRNA) genes, and eight ribosomal RNA (rRNA) genes. A maximum likelihood 
phylogenetic analysis revealed a close relationship between S. lushanense and S. lineare. Therefore, our 
study provided new genetic information on S. lushanense, contributing to a better understanding of its 
relationship with other related species and the evolutionary history of Crassulaceae.
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Introduction

The family Crassulaceae is divided into three subfamilies, 
namely Crassuloideae, Kalanchoideae, and Sempervivoideae 
(Thiede and Eggli 2007). It comprises of approximately 1400 
species and 34 genera worldwide (Carrillo-Reyes et al. 2009). 
Species within this family have adapted to limited water envi
ronments through the photosynthetic pathway of crassula
cean acid metabolism (CAM) (Liu et al. 2023). Sedum 
Linnaeus is the largest genus in the family Crassulaceae and 
encompasses approximately 470 species (Fu and Ohba 2001). 
The genus thrives in temperate and subtropical environ
ments, with primary centers of diversity in the Mediterranean 
Sea, Central America, the Himalayas, and East Asia 
(Stephenson 1994; Thiede and Eggli 2007). In China, 121 
Sedum species have been documented, of which 91 are rec
ognized as endemic (Fu and Ohba 2001). Notably, Sedum 
lushanense S. S. Lai stands out as a species exclusive to 
China, confined to its designated type locality, Mount Lushan 
(Liang et al. 2014). This endemism highlights the unique eco
logical niche and geographic restrictions of this particular 
Sedum species. Recently, parallel situ conservation was pro
posed to integrate the elements of both in-situ and ex-situ 
conservation (Feng et al. 2023). Endemic species, such as S. 
lushanense, are ideal for studying the efficiency of parallel 
situ conservation in plants (Feng et al. 2023). However, the 
scarcity of genetic resources has limited conservation 
research on this species. In the present study, we aimed to 

characterize the complete chloroplast genome of S. lusha
nense and infer its phylogenetic position in the genus Sedum.

Material and methods

Plant material

Sedum lushanense was collected from its type locality, 
Mount Lushan, Jiangxi Province, China (29�33010.1700 N 
115�57042.7000 E). A voucher specimen was deposited in the 
Herbarium of the Lushan Botanical Garden, Chinese Academy 
of Sciences (LBG) (http://lbg.lsbg.cn/, PENG Yansong, 
pengys@lsbg.cn) under voucher number LTJ2023008.

DNA extraction and chloroplast genome assembly

Total genomic DNA was extracted from fresh leaves using a 
modified CTAB-chloroform protocol (Doyle and Doyle 1987). 
We constructed libraries with fragmented DNA, 500 bp in 
size, and subsequently sequenced them on an Illumina HiSeq 
X Ten platform using the PE-150 bp protocol. Raw genomic 
data were deposited in the NCBI Sequence Read Archive 
under the accession number PRJNA1064019. FASTX-Toolkit 
v0.0.14 was used to remove adapter sequences from the raw 
reads and filter out low quality sequences (Q20< 90%). Clean 
reads were used for de-novo assembly of the chloroplast gen
ome using NOVOplasty v4.3.1 (Dierckxsens et al. 2017). 
Bowtie2 and Samtools were used to align the assembly and 
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verify the coverage, and Matplotlib for Python was employed 
to visualize the coverage map (Ni et al. 2023). Genome anno
tation was performed using a combination of GeSeq (Tillich 
et al. 2017) and CPGAVAS2 (Shi et al. 2019). The complete 
chloroplast genome was deposited in GenBank (accession no. 
PP109813).

Phylogenetic analysis

For phylogenetic analysis, we selected 25 Crassulaceae spe
cies, including 10 Sedum species and one outgroup species 
(Penthorum chinense), to construct a phylogenetic tree. All 
sequence data, excluding those of S. lushanense, were 
obtained from GenBank. Sequences of the complete chloro
plast genomes were aligned using MAFFT v7.313 (Katoh et al. 
2002). A maximum likelihood (ML) tree was constructed using 
the IQ-TREE program (Nguyen et al. 2015) based on the 
GTRþFþ R3 model, with 1000 bootstrap replicates. The 
phylogenetic tree was visualized using the iTOL tool (Letunic 
& Bork 2021).

Results

The habitat and basic characteristics of S. lushanense are 
shown in Figure 1A, B, and C. The complete chloroplast gen
ome of S. lushanense was 148,691 bp in length, with a GC 
content of 37.92% (Figure 2). Of the 6,339,590 reads 
obtained, 251,763 (4.0%) contributed to the chloroplast gen
ome assembly. The mean coverage was 1022.64� (Figure S3). 
The chloroplast genome exhibited a typical quadripartite 
structure, including a large single copy (LSC; 80,497 bp), a 
small single copy (SSC; 16,620 bp), and two inverted repeats 
(IR; 25,787 bp) regions. A total of 126 genes were identified, 
comprising of 84 protein-coding genes, 34 tRNA genes, and 
eight rRNA genes (Table 1). The IR regions encompassed all 
the duplicated genes, including six protein-coding genes 
(ndhB, rpl2, rpl23, rps7, rps12, and ycf2), seven tRNA genes 
(trnA-UGC, trnI-CAU, trnI-GAU, trnL-CAA, trnN-GUU, trnR-ACG, 
and trnV-GAC), and four rRNA genes (rrn4.5S, rrn5S, rrn16S, 
and rrn23S). Notably, the ycf1 gene was situated at the 

junction of the IR and SSC regions (Figure 2). The chloroplast 
genome of S. lushanense harbored 20 genes with introns, 16 
containing one intron each, and rps12, clpP, and ycf3 contain
ing two introns (Figure S1, Tables S1 and S2). The trans- 
spliced nature of the rps12 gene, located in the IR (IRa and 
IRb) and LSC regions, was confirmed (Figure S2).

The phylogenetic tree based on protein-coding gene 
sequences provided robust support for studying the relation
ships within the Crassulaceae family, exhibiting high boot
strap values ranging from 88% to 100% (Figure 3). The 
Crassula clade was identified as the basal group of the 
Crassulaceae family. The Kalanchoe clade was sister to 
Adromischus. The Telephium clade comprised of two sub
clades, with Rhodiola and Phedimus forming one subclade, 
and Orostachys and Hylotelephium forming the other. 
Rosularia, Aeonium, and Sempervivum formed a monophyletic 
clade each with high bootstrap values (100%). These three 
clades were sisters to the Acre clade. The phylogeny of 
Crassulaceae identified in this study was consistent with that 
reported previously (Kim & Kim 2020; Liu et al. 2023).

Discussion and conclusion

In this study, we reported the complete chloroplast genome 
of S. lushanense, an endemic species exclusive to Mount 
Lushan. Chloroplast genome sequencing revealed that the IR 
regions included all duplicated genes, which is common for 
chloroplast genomes across various eukaryotic species (Lavi 
et al. 2018). Furthermore, the structure and gene content of 
the S. lushanense chloroplast genome closely resembled 
those of other members in the Crassulaceae family (Chang 
et al. 2020; Chen et al. 2022; Liu et al. 2023). Our phylogen
etic analysis based on protein-coding gene sequences 
revealed the phylogenetic position of S. lushanense within 
the family Crassulaceae. Consistent with previous studies, our 
results supported the classification system of seven clades 
within the family Crassulaceae (Liu et al. 2023).

The family Crassulaceae most likely originated in South 
Africa and Madagascar, with species in the Acre clade (pri
marily Sedum species) dispersed from the Mediterranean 

Figure 1. Photographs of Sedum lushanense. A, whole plant; B, leaves; C, flowers. Wildlife photos were taken by En-dian Yang in the Chinese city of jiujiang, Jiangxi 
Province (29�33010.1700 N 115�57042.7000 E).
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Figure 2. Map of the chloroplast genome of Sedum lushanense. Genes with different functional groups are colored and designated. The genes inside and outside of 
the outer circle are transcribed in clockwise and counterclockwise directions, respectively. The line chart in gray shows the GC content along the genome. LSC: large 
single copy region; SSC: small single copy region; IRa and IRb: inverted repeat regions.

Table 1. The list of genes in the chloroplast genome of Sedum lushanense.

Function (number) Gene names

CDS (84)
Subunits of photosystem I (5) psaA, psaB, psaC, psaI, psaJ
Subunits of photosystem II (14) psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbI, psbJ, psbK, psbL, psbM, psbN, 

psbT
Subunits of NADH dehydrogenase (12) ndhA�, ndhB� (�2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhI, ndhJ, ndhK
Subunits of cytochrome b/f complex (6) petA, petB�, petD�, petG, petL, petN
Subunits of ATP synthase (6) atpA, atpB, atpE, atpF�, atpH, atpI
Large subunit of rubisco (1) rbcL
Proteins of large ribosomal subunit (10) rpl14, rpl16�, rpl2� (�2), rpl22, rpl23 (�2), rpl32, rpl33, rpl36
Proteins of small ribosomal subunit (14) rps11, rps12�� (�2), rps14, rps15, rps16�, rps18, rps19, rps2, rps3, rps4, rps7 

(�2), rps8
Subunits of RNA polymerase (4) rpoA, rpoB, rpoC1�, rpoC2
Other genes (6) matK, clpP��, cemA, accD, ccsA, infA
Proteins of unknown function (6) lhbA, ycf1, ycf2 (�2), ycf3��, ycf4
Transfer RNAs (34) trnA-UGC� (�2), trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-UCC, trnH-GUG, 

trnI-CAU (�2), trnI-GAU� (�2), trnK-UUU�, trnL-CAA (�2), trnL-UAG, trnM- 
CAU, trnN-GUU (�2), trnP-UGG, trnQ-UUG, trnR-ACG (�2), trnR-UCU, trnS- 
GCU, trnS-GGA, trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC (�2), trnW-CCA, 
trnY-GUA, trnfM-CAU

Ribosomal RNAs (8) rrn16S (�2), rrn23S (�2), rrn4.5S (�2), rrn5S (�2)

Gene�: gene with one intron; Gene��: gene with two introns; Gene (�2): duplicated gene.
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region to Asia, where they subsequently diversified (Liu et al. 
2023). S. lushanense is primarily distributed in the Lushan 
Mountains in China, where it has adapted to the alpine envir
onment. A similar alpine adaptive evolutionary pattern has 
been observed in other plants within the Crassulaceae family. 
For instance, the genus Rhodiola has been shown to undergo 
rapid radiation on the Qinghai-Tibet Plateau and its neigh
boring regions (Zhang et al. 2014). The phylogenetic tree 
indicated that S. lushanense clustered closely with S. lineare, 
with strong bootstrap support (100%). S. lushanense, S. line
are, and S. oryzifolium formed monophyletic groups in the 
Acre clade. This genetic information would be considerably 
significant for advancing conservation efforts and facilitating 
phylogenomic studies on S. lushanense. In future, we plan to 
expand the chloroplast genome data to include additional 
Sedum species to enhance our understanding of the genus. 
Our findings underscored the significance of the ongoing 
exploration and genetic characterization of plant biodiversity.
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