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Abstract

To identify suitable DNA barcode sequences for authenticating the botanical
origins of the Chinese medicinal material Curcumae Rhizoma (Ezhu) and to ex-
plore novel methods for its rapid and efficient identification, this study first eval-
uated seven DNA barcode sequences (ITS, ITS2, matK, psbA-trnH, trnL-trnF,
rpoB, and atpB-rbcL) across three source plants and nine samples based on am-
plification and sequencing success rates. The obtained high-quality sequences
were subsequently assessed through variable site analysis, genetic distance cal-
culation, and phylogenetic tree analysis using MEGAG6.0 software. Finally, the
selected DNA barcode sequences were applied to identify the botanical origins
of unknown test samples. The results demonstrated that barcode sequences
such as ITS, ITS2, and matK exhibited low amplification or sequencing success
rates in Ezhu source plants, limiting their practical application. Conversely,
psbA-trnH, trnL-trnF, and rpoB barcode sequences contained insufficient vari-
able site information to differentiate among the three distinct botanical origins
of Ezhu. Only the atpB-rbcL barcode sequence showed high amplification and
sequencing success rates, enabling facile acquisition of high-quality sequences
with an ideal length (642645 bp) and numerous variable sites (11), thus per-
mitting discrimination among the three different botanical origins. The test
sample was identified as Curcuma wenyujin based on the phylogenetic tree con-
structed from the atpB-rbcL sequence. These experimental results indicate that
the chloroplast atpB-rbcL sequence can accurately identify different botanical
origins of Ezhu and may serve as a DNA barcode sequence for authenticating
the source plants of this Chinese medicinal material.
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Abstract: To identify suitable DNA barcode sequences for authenticating the
original plant species of Curcumae Rhizoma (a traditional Chinese medicine)
and explore a rapid and efficient identification method, this study first evaluated
seven candidate DNA barcoding sequences (ITS, ITS2, matK, psbA-trnH, trnL-
trnF, rpoB, and atpB-rbcL) across three original plant species and nine samples
based on PCR amplification and sequencing success rates. The high-quality se-
quences were then further assessed using MEGAG6.0 software through variable
site analysis, genetic distance calculation, and phylogenetic tree construction.
Finally, the selected barcode sequence was used to identify unknown test sam-
ples. The results showed that ITS, ITS2, and matK had low amplification or
sequencing success rates in Curcumae Rhizoma original plants, making them
unsuitable for practical identification. Meanwhile, psbA-trnH, trnL-trnF, and
rpoB contained insufficient variable site information to distinguish among the
three different original species. Only the atpB-rbcL barcode sequence demon-
strated both high amplification and sequencing success rates, enabling easy
acquisition of high-quality sequences with ideal length (642-645 bp) and abun-
dant variable sites (11 sites), thus allowing differentiation of the three original
species. Test samples were identified as Curcuma wenyujin based on phyloge-
netic tree analysis. These findings demonstrate that the chloroplast atpB-rbcL
sequence can accurately identify different original plant species of Curcumae
Rhizoma and serves as a suitable DNA barcode for this purpose.

Keywords: Curcumae Rhizoma, DNA barcode, screening, atpB-rbcL, species
identification

Curcumae Rhizoma is processed from the rhizomes of three species: Curcuma
kwangsiensis S. G. Lee et C. F. Liang, C. phaeocaulis Val., and C. wenyujin Y. H.
Chen et C. Ling. It is a commonly used traditional Chinese medicine in China
with functions of promoting qi circulation, breaking blood stasis, and reliev-
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ing pain by dissipating accumulations (Chinese Pharmacopoeia, 2015). Modern
research indicates significant differences in chemical composition and pharma-
cological effects among Curcumae Rhizoma from different sources (Wu and Li,
2012). The contents of major active compounds—including curdione, curcumol,
germacrone, and [S-elemene—vary markedly among samples from different ori-
gins (Mao et al., 2013). Pharmacological studies have shown that C. wenyujin
exhibits the best therapeutic effects against gastric and liver cancers (Tang et
al., 2013; Zang et al., 2014), and the primary component of the gynecological
drug Baofukang suppository, curcuma oil, is mainly derived from C. wenyujin
(Zhang and Yang, 2010). With increasing market demand for Curcumae Rhi-
zoma both domestically and internationally, artificial cultivation has become
the main source of medicinal material (Wu and Zhao, 2003). To ensure correct
cultivar selection and safe, effective clinical use, accurate identification of the
original plant species is urgently needed.

All three original species belong to the genus Curcuma. Traditional identifica-
tion of this genus relies primarily on morphological characteristics of flowers and
leaves (Zéveska et al., 2012; Shen et al., 2014; Flora of China, 2004). However,
the three original species of Curcumae Rhizoma share highly similar morpho-
logical features that are easily confused, making traditional identification and
classification difficult (Flora of China, 2004; Xiao et al., 2004). Factors such
as artificial cultivation and mutual introduction across regions further compli-
cate classification. Therefore, it is necessary to clarify the original species and
germplasm of cultivated Curcumae Rhizoma to ensure proper planting. Re-
searchers have employed various methods including microscopic identification,
physicochemical analysis, RAPD analysis, and chemical fingerprinting (Yang et
al., 2005; Shen et al., 2014; Xiao et al., 2000/2001; Liu et al., 2016), but these
approaches face practical difficulties or excessive sequence length that greatly
increases application difficulty (Cao et al., 2010).

This study screened multiple DNA barcode sequences to establish a DNA bar-
coding identification method suitable for the three original species of Curcumae
Rhizoma, while also providing a reference for the classification and identification
of Curcuma plants.

1.1 Materials

A total of 14 materials were collected, including 9 test samples and 5 samples
for identification. Curcuma phaeocaulis, C. kwangsiensis, and C. wenyujin were
collected from authentic production regions including Wenzhou, Guangxi, and
Sichuan, while test samples were collected from introduction sites in Hainan
and Jiangxi. Detailed information is provided in Table 1 . All materials were
identified by Professor Zhu Ping from the Hainan Branch of the Institute of
Medicinal Plant Development, Chinese Academy of Medical Sciences.
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1.2 Methods

1.2.1 DNA Extraction, Amplification, and Sequencing For each sam-
ple, 100 mg of fresh leaf tissue was used for DNA extraction following the
OMEGA HP Plant DNA Kit protocol (OMEGA, USA). Extracted total DNA
quality was assessed using a micro-volume spectrophotometer (Thermo, USA).
PCR primers and amplification protocols followed published references (Table
2 ). The 25 L PCR reaction contained 12.5 L 2x EcoTaq PCR SuperMix
(Transgen, China), 1 L each of forward and reverse primers, and 20 ng DNA
template. PCR products were detected by 1% agarose gel electrophoresis. Suc-
cessfully amplified products were purified and bidirectionally sequenced by BGI.

1.2.2 Data Processing Sequencing chromatograms were proofread and as-
sembled using CodonCode Aligner V2.0 (CodonCode Co., USA) to remove low-
quality sequences and primer regions. Similarity searches (BLAST) were per-
formed for error checking, and validated sequences were registered in GenBank
with new accession numbers (Table 1). MEGAG6.0 software was used for multiple
sequence alignment, calculation of intra- or inter-specific Kimura 2-parameter
(K2P) genetic distances, and construction of NJ phylogenetic trees.

2.1 PCR Amplification and Sequencing

Although ITS and ITS2 sequences achieved 100% PCR success, their sequencing
chromatograms showed irregular multiple peaks, preventing acquisition of accu-
rate single sequences. The average amplification success rate for matK was only
18.75%. In contrast, psbA-trnH, rpoB, trnL-trnF, and atpB-rbcL all achieved
100% PCR amplification and sequencing success. Sequence lengths ranged from
325 bp to 645 bp, with psbA-trnH and rpoB showing 0 variable sites, trnL-
trnF showing 1 variable site, and atpB-rbcL showing 11 variable sites across 14
samples (Table 3 ).

2.2 Sequence Characteristic Analysis

Comparative analysis of atpB-rbcL sequences revealed that C. phaeocaulis had
a sequence length of 642 bp, while both C. kwangsiensis and C. wenyujin had
645 bp. Compared with C. wenyujin, C. kwangsiensis showed only a C-to-T
transition at position 550, but differed from C. phaeocaulis at 8 base positions,
including a C-to-T transition at position 76, T insertion at position 259, C-to-T
transition at position 310, C-to-T transition at position 397, and a 4-base T
deletion at position 430. Among test samples, the atpB-rbcL sequences from
Xinyu (Jiangxi) and Chengmai/Lingao (Hainan) showed 100% identity with
Wenzhou C. wenyujin, while Qiongshan (Hainan) differed by a single base.
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2.3 Genetic Distance Calculation and Phylogenetic Tree Based on
atpB-rbcL

Using MEGAG.0 software and the K2P distance model, genetic distances among
different original species were calculated. Intra-specific genetic distances were 0
for C. kwangsiensis, 0.0004 for C. wenyujin, and 0.0063 for C. phaeocaulis. Inter-
specific average distances were 0.0018 between C. wenyujin and C. kwangsien-
sis, 0.0081 between C. wenyujin and C. phaeocaulis, and 0.0095 between C.
kwangsiensis and C. phaeocaulis. For test samples, genetic distances between
Hainan samples and Wenzhou C. wenyujin ranged from 0 to 0.0016 (average
0.0005), while distances between Jiangxi samples and Wenzhou C. wenyujin
were all 0.

An NJ phylogenetic tree based on atpB-rbcL sequences was constructed for C.
kwangsiensis, C. wenyujin, and C. phaeocaulis (Figure 1 [Figure 1: see original
paper]). The tree showed that three populations of C. wenyujin, four popu-
lations of C. kwangsiensis, and two populations of C. phaeocaulis each formed
monophyletic clades. Curcuma wenyujin and C. kwangsiensis clustered together
as one major branch, while C. phaeocaulis formed a separate branch, indicating
that the NJ tree based on atpB-rbcL clearly distinguished the three species,
with C. wenyujin and C. kwangsiensis being more closely related than either is
to C. phaeocaulis. All test samples clustered with Wenzhou C. wenyujin (Figure
1).

Since its proposal in 2003, DNA barcoding has become a global hotspot and
direction in taxonomic research (Chen et al., 2013). Due to lower nucleotide
evolution rates in plants compared to animals, and the prevalence of hybridiza-
tion and polyploidization events, no single plant region functions as efficiently
and universally as the animal COI gene. Therefore, screening one or more suit-
able DNA barcode sequences for plant classification has become an important
research focus (Chen et al., 2010; Group et al., 2011). This study evaluated
seven candidate DNA barcode sequences (ITS, ITS2, atpB-rbcL, matK, psbA-
trnH, trnL-trnF, and rpoB) and identified atpB-rbcL as suitable for identifying
original species of Curcumae Rhizoma based on PCR amplification difficulty,
sequencing success rate, and degree of variation.

Nuclear genes ITS and ITS2 showed very low sequencing success in Curcuma
plants, which Chen et al. attributed primarily to polyploid hybridization and
long-term artificial cultivation (Chen et al., 2014). Although ITS2 sequences
could be obtained through cloning, this increases cost and complexity while pro-
viding only 46.7% resolution within Curcuma (Chen et al., 2014). matK is one
of the core plant DNA barcode sequences (Leister et al., 1998), but showed the
lowest PCR amplification efficiency (18.75%) in this study, a problem frequently
reported in other plants (Chen et al., 2014; Sass et al., 2007; Hollingsworth et
al., 2009). Chen (2014) improved matK amplification success to 85.4% in Cur-
cuma through multiple primer pairs and optimization, yet found no barcode
gap in Curcuma matK sequences (Chen et al., 2014). Our analysis revealed
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that matK sequences could not differentiate the original species of Curcumae
Rhizoma. Based on PCR amplification and sequencing success, we conclude
that matK, ITS, and ITS2 are unsuitable candidates for identifying original
species of Curcumae Rhizoma.

The four sequences psbA-trnH, rpoB, trnL-trnF, and atpB-rbcL all achieved
100% amplification and sequencing success in this study. However, the first
three were extremely conserved with slow evolution rates, showing zero or mini-
mal inter-specific differences, while atpB-rbcL exhibited rich variation, making
it suitable for differentiating original species. Based on atpB-rbcL sequences,
this study clearly distinguished the three original species listed in the Chinese
Pharmacopoeia through genetic distance calculation and NJ tree construction,
while identification results confirmed that samples introduced to Hainan and
Jiangxi were all C. wenyujin.

With increasing cultivation of Curcumae Rhizoma in Hainan in recent years,
this study applied DNA barcoding technology to identify the introduced species
as C. wenyugjin, providing assurance for its rational development and utilization.
This study provides a preliminary exploration of DNA barcoding identification
for Curcumae Rhizoma original plants. The selected atpB-rbcL sequence is sig-
nificant for rapid and accurate identification of different original species, though
further sampling expansion is necessary given the numerous cultivated varieties
and wide distribution range. This research aims to provide a feasible method
for cultivar selection and introduction cultivation of Curcumae Rhizoma original
plants, while offering reference for classification and identification of Curcuma
plants.
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