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ABSTRACT 
Curcuma viridiflora Roxb., a plant species of significant pharmaceutical interest, has been the subject of 
limited chloroplast genomic research. In this study, we present the sequencing and assembly of the 
C. viridiflora chloroplast genome, which is characterized by a circular chromosome spanning 162,212 
base pairs and a GC content of 36.20%. The genome encodes 87 protein-coding genes (PCGs), 38 
transfer RNA (tRNA) genes, and eight ribosomal RNA (rRNA) genes. A phylogenetic analysis was con
ducted, incorporating eight related species, and based on the complete chloroplast genome and pro
tein-coding DNA sequences of six related taxa within the genus. Outgroup species Zingiber zerumbet 
and Zingiber officinale were also included in the analysis. The results indicate a close relationship 
between C. viridiflora and Curcuma phaeocaulis, Curcuma sichuanensis, and Curcuma yunnanensis. This 
study provides the first chloroplast genome of C. viridiflora, thereby contributing a valuable genomic 
resource for future research on medicinal plants within the Curcuma genus.
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Introduction

Curcuma viridiflora Roxb. 1810, native to Sumatra and other 
eastern islands, distributed in Indonesia, Malaysia, and 
Taiwan, China, belonging to genus Curcuma L. of the family 
Zingiberaceae, consists of about 80 species in the world, with 
15 species mostly occurring in China (Roxburgh 1820; 
Valeton 1918; Wu 2000). Known for its diverse applications in 
culinary arts, traditional medicine, and ornamentation, the 
species, particularly its rhizomes and tubers, exhibits a wide 
array of pharmacologically relevant bioactivities – ranging 
from antitumorigenic to anti-fatigue properties – attributed 
primarily to curcuminoids and volatile oils (sesquiterpenes, 
diterpenes, etc.) (Wu et al. 2016).

The genus Curcuma occupied a pivotal role in the tax
onomy of Zingiberaceae, especially a Chinese variant distin
guished by its green flower, serves as a significant 
agricultural export, mainly to Japan. While extant research 
offers substantive insights into its bioactive potential, there 
exists a conspicuous research gap concerning the genetic 
study of its chloroplast genome. The present investigation 
addresses this deficiency by pioneering the assembly of the 
chloroplast genome of C. viridiflora, thus enriching the 

existing corpus of genomic data and providing a founda
tional resource for future research in comparative genomics 
and species identification within the Curcuma genus.

Materials and methods

The fresh leaves of C. viridiflora were meticulously collected 
from a designated location in Xiaoxiang Town, Gaoyao 
District, Zhaoqing, Guangdong Province, China (geographical 
coordinates: 23.1708 N, 112.4191 E, picture see Figure 1). A 
specimen was deposited at the South China Botanical Garden 
Herbarium (website: herbarium.scbg.cas.cn; Curator: Dr. 
Luoshixiao, email: luoshixiao@scbg.ac.cn) under the voucher 
number 1003828. Additional populations of C. viridiflora have 
been cultivated in Shishan Town, Nanhai District, Foshan, 
Guangdong Province, China, at the coordinates 23.1464 N, 
113.0589 E.

The extraction of total genomic DNA was executed utiliz
ing the Blood and Cell Culture DNA Midi Kit (catalog no. 
13343, Qiagen, New York, NY), strictly adhering to the manu
facturer’s protocol. The resultant DNA was employed in the 
creation of a DNA library featuring an insert size ranging 
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from 200 to 400 base pairs, facilitated by the BGISEQ 
sequencing platform (BGI, Shenzhen, China). The raw data 
consisting of 5.80 GB of raw data, comprised a total of 
19,200,779 reads. These reads were subsequently utilized in 
the assembly of a chloroplast genome, employing the 
NOVOPlasty (version 2.7.2) (Dierckxsens et al. 2017). 
Annotation of the assembled genome was conducted 
through the application of CPGAVAS2 (Shi et al. 2019). The 
authenticity of the genome sequence was rigorously corrobo
rated through the alignment of all raw sequence reads 
against the assembled genomic framework, employing the 
BWA software (version 0.7.17) and SAMtools (version 1.9) 
(Rimmer et al. 2014), all within the computational milieu of 
the Genome Information System (GeIS; https://geis.infoboss. 
co.kr/).

For the elucidation of the phylogenomic affiliations within 
the genus Curcuma, a collection of eight complete chloro
plast genome sequences was acquired from publicly access
ible repositories, which also included two sequences from 
outgroup plant species. The common genes of nine chloro
plast genomes (including C. viridiflora, and outgroup were 
Zingiber zerumbet and Zingiber officinale) were extracted and 
concatenated with PhyloSuite (Zhang et al. 2020). The con
catenated sequences underwent multiple sequence 

alignment facilitated by the MAFFT algorithm (version 7.450) 
(Rozewicki et al. 2019). Subsequently, a phylogenetic tree 
was constructed, leveraging the aligned sequences and the 
maximum-likelihood (ML) algorithm as implemented in the 
IQtree software package (Trifinopoulos et al. 2016).

Results

The assembled genome exhibited average and minimum 
read mapping depths of �2099 and �540, respectively 
(Figure S1). A comprehensive circular map of the chloroplast 
genome, along with a schematic representation of the 
cis- and trans-splicing genes (Figure 2 and Figure S2), was 
visualized through CPGView software (Liu et al. 2023). The 
chloroplast genome of C. viridiflora, designated under the 
GenBank accession number PP234477.1, manifests a total 
length of 162,212 base pairs, accompanied by a GC content 
of 36.20% (Figure 2). Architecturally, this chloroplast genome 
adopts a quadripartite structure, comprising a pair of 
inverted repeats (IRs) spanning 29,737 bp, flanked by a large 
single-copy (LSC) region of 87,008 bp and a small single-copy 
(SSC) region of 15,730 bp. The genomic assembly encodes a 
total of 133 genes, among which 112 are unique. This 

Figure 1. Photographs of C. viridiflora (these photographs were taken by Ling Lin and Prof. Nian Liu). (A) Plant panorama of C. viridiflora. (B) The flowers of C. viridi
flora. (C) Rhizomes of C. viridiflora. (D) Tubers of C. viridiflora.
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includes 87 protein-coding genes (PCGs), eight ribosomal 
RNA (rRNA) genes, and 38 transfer RNA (tRNA) genes. 
Nineteen PCGs had one intron, and four had two introns. The 
phylogenetic analysis revealed that C. viridiflora formed a 
monophyletic clade together with C. phaeocaulis, C. sichua
nensis, and C. yunnanensis (Figure 3). The chloroplast genome 
sequence of C. viridiflora is a valuable resource for genome 
evolution and taxonomy research of the genus Curcuma.

Discussion and conclusions

The present study marks the inaugural sequencing of the 
complete chloroplast genome of C. viridiflora, characterized 
by a length of 162,212 bp. In terms of both genome size and 
gene content, C. viridiflora aligns closely with extant 

chloroplast genomes within the genus Curcuma (Chen 2019; 
Shan et al. 2021). Our empirical findings hold substantive util
ity for the authentication of C. viridiflora and facilitate analyses 
related to genetic diversity and phylogenetic relationships 
within the genus Curcuma. Despite the richness of species 
within the Curcuma genus, the availability of sequenced 
chloroplast genomes in the NCBI database remains limited as 
of the most recent update on 15 October 2023. Consequently, 
to gain a more nuanced understanding of the evolutionary 
history of C. viridiflora, the acquisition of a broader spectrum 
of chloroplast sequences from various Curcuma species is 
imperative. The elucidation of the C. viridiflora chloroplast 
genome in this study constitutes a valuable resource, enrich
ing the existing data pool for phylogenetic and molecular 
identification endeavors concerning Curcuma species.

Figure 2. The circle map of chloroplast genome map of C. viridiflora. Distinctive colored boxes encircling the outer circle depict genes, with clockwise and counter- 
clockwise transcribed genes represented inside and outside the circle, respectively. The inner circle features a gray region indicating the GC content, while the 
quadripartite structure (LSC, SSC, IRA, and IRB) is illustrated on the inner circle accordingly.
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