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Ardisia plants have been used as medicinal plants for a long time in China. Traditional 
techniques such as morphological, microscopic, and chemical identification methods all 
have limitations in the species identification of Ardisia. For the sake of drug safety, four 
DNA barcodes (psbA-trnH, ITS, rbcL, and matK) were assessed for Chinese Ardisia plants 
using a total of 121 individuals from 33 species. Four criteria (The success rates of PCR 
amplification, DNA barcoding gap, DNA sequence similarity analysis and NJ tree clustering 
analysis) were used to evaluate the species identification ability of these four DNA barcodes. 
The results show that ITS had the highest efficiency in terms of PCR and sequencing and 
exhibited the most apparent inter- and intra-specific divergences and the highest species 
identification efficiency. There was no significant increase in species identification after 
combining the three cpDNA fragments with the ITS fragment. Considering the cost and 
experimental effectiveness, we recommend ITS as the core barcode for identifying Chinese 
Ardisia plants.

Keywords: Ardisia, DNA barcoding, species identification, ITS fragment, cpDNA fragment

INTRODUCTION

Ardisia, which comprises approximately 500 species worldwide and 65 species, have been 
recorded in the latest publication of “Flora of China” (Chen and Pipoly, 1996). Ardisia species 
have been used as medicine, food and ornamental plants for a long time. Because of their 
high medicinal and aesthetic value, Ardisia species have a sizeable exploratory potential and 
a broad market foreground (Liu et  al., 2013). The dried plants of several Ardisia species have 
been used as Chinese Traditional Medicine for the treatment of ailments such as conjunctivitis, 
bronchitis, pneumonia, tuberculosis trauma, as well as pancreatic and other types of cancer 
(Zhao et  al., 2014; François et  al., 2016; Oliveira et  al., 2018; Sanjeev et  al., 2019). For example, 
the herb Aidicha found in China, the whole dried plant of Ardisia japonica (Thunberg) Blume, 
is officially listed in the Chinese Pharmacopoeia.

Since the 1970s, extensive research on the chemical components and pharmacological 
action of Ardisia has resulted in the discovery of many novel biologically active ingredients. 
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Kobayashi and de Mejía (2005) have reviewed the chemical 
composition, biological activity, and pharmacological effects 
of many Ardisia plants. Ardisia species contain various 
physiologically active compounds, such as peptides, saponins, 
isocoumarins, quinones and alkylphenols I; therefore, it has 
high medicinal value with antitussive, anti-fertility, antiasthmatic, 
anti-inflammatory, antibacterial, anti-viral, anti-tumor and 
insecticidal effects (Newell et  al., 2010; Joaquín-Cruz et  al., 
2015). Based on these pharmacological, now various products 
such as Aidicha Capsules, Compound Aidicha Tablets and 
Zouchuan Guci Ding have already been produced and used 
in clinical applications in China (Xin et al., 2015); in addition, 
extracts of Ardisia colorata Roxb are also commonly used in 
Thailand to treat gastrointestinal infections (Voravuthikunchai 
et  al., 2004).

Despite a long history of its medicinal use in China, the 
taxonomic ambiguities make proper identification and acquisition 
of plant materials of some Ardisia species difficult. Mistaken 
identification is also due to either confusing nomenclature or 
several common terms with transliterated and local names, 
to the extent that some areas have 5 or 6 different names 
for the same species. Besides taxonomic confusion, the safety 
and quality of Ardisia herbal products have been a matter of 
increasing concern (Liu et  al., 2013). Manufacturers may 
be  tempted to label their food products incorrectly and add 
lower-priced ingredients of inferior quality to increase their 
profit because suspect or counterfeit herbal materials have 
been found on sale. Market surveys identified the low-cost 
herbs Rhododendron molle root and Clerodendrum cyrtophyllum 
stem as the primary adulterated materials in the commercial 
products of A. gigantifolia (Dai et  al., 2018). Therefore, the 
safety and quality of Ardisia herbal products need to be urgently 
addressed to protect customer health and maintain the quality 
and authenticity of these herbal products in the drug supply  
chain.

While morphological, microscopic, and chemical identification 
methods are primarily used to authenticate herbal materials 
from Ardisia, all of these traditional techniques have limitations. 
Besides the morphological similarity and variation in sample 
profiles, the accuracy of these methods also lies in the assessor’s 
expertise. In addition, convergent evolution and extensive intra-
species morphological variation make it laborious to identify 
and classify Ardisia species. It is also challenging to identify 
the botanical origin when analyzing heavily processed plant 
material. Recent developments in molecular biology and 
molecular genetic techniques have enabled the identification 
and authentication of Ardisia species. DNA-based methods are 
widely used in different research fields because they are rapid 
and sensitive. DNA barcoding, developed by the Centre for 
Biodiversity Genomics at the University of Guelph (Canada), 
is a powerful tool for species identification (Hebert et  al., 
2003a,b). This method is not limited by physiological conditions 
and morphological characteristics of samples, allowing species 
identification even without specialized taxonomic knowledge. 
The method can also be standardized for specific DNA barcodes 
and universal primers, a characteristic that is advantageous 
for building databases and creating a universal standard for 

identification (Chen et  al., 2010; Yao et  al., 2010; Li et  al., 
2011; Poudel et  al., 2011). This method can identify species 
rapidly and accurately from a broad range and variable quality 
of raw materials and has a huge application potential in the 
food and medicine industries, which mainly ensures the use 
of correct, uncontaminated, and unsubstituted herbal ingredients 
(Chen et  al., 2014). DNA barcode has become one of the 
most important tools for medicinal plant taxonomy and is 
used to identify adulterants in commercial herbal products 
(Cui et  al., 2020; Yang et  al., 2020), could regulate the quality 
in raw herbal trade market (Santhosh Kumar et  al., 2015; 
Skjua et  al., 2020).

Variation within a standard region of the genome called 
“DNA barcode” is analyzed using the DNA barcoding approach. 
This short sequence, which is derived from a suitable segment 
of the mitochondrial, chloroplast, or nuclear genome, is used 
to identify organisms at the species level. In 2009, after analyzing 
seven plastid DNA regions, including atpF-atpH, matK, rbcL, 
rpoB, rpoC1, psbA-trnH, and psbK-psbI in 907 samples of 550 
species, a combination of chloroplast Maturase K (matK) and 
ribulose-bisphosphate carboxylase (rbcL) has been recommended 
as the core barcode for land plants (CBOL Plant Working Group, 
2009). Subsequently, the chloroplast psbA-trnH region and the 
internal transcribed spacer (ITS) of nuclear ribosomal DNA 
were also considered for the core barcode of seed plants (Fazekas 
et al., 2008; China Plant BOL Group, 2011; Amritha et  al., 
2020; Zhang and Jiang, 2020). Usually, in plants, while the matK 
region and the intergenic spacer psbA-trnH have evolved rapidly, 
the evolution of the rbcL region has not been so swift. In 
addition, a barcoding locus, the ITS region was more conservative 
than them, and all of them have been effectively used for complex 
plant groups. Although single or combined loci were used for 
candidate barcode sequences for plant identification, the most 
suitable DNA barcode for specific groups must be  chosen by 
sequencing and analysis (Hollingsworth et  al., 2011).

In Ardisia, the development of DNA barcoding is still nascent 
with few studies examining DNA regions to discriminate between 
species. This study used four core DNA barcodes (ITS, matK, 
rbcL and psbA-trnH) to identify Chinese Ardisia plants. In 
this study, we  aimed to assess the utility of these regions in 
Chinese Ardisia species and identify and screen out the best 
sequence suitable for applying DNA barcode technology in 
Chinese Ardisia species discrimination.

MATERIALS AND METHODS

Taxon Sampling
Based on the field investigation, 121 samples from 33 wild 
Chinese Ardisia species were included in this study. For molecular 
analyses, fresh leaves were randomly collected in the squaring 
period and desiccated in silica gel. Embelia laeta, E. rudis and 
Glaux maritima were selected as outgroups. The Ardisia species 
used in this study are listed in Supplementary Table  1. 
We  verified the identity of all of the samples independently 
through consultation with expert Shizhong Mao, who is an 
Associate Researcher at the Guangxi Institute of Botany, Chinese 
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Academy of Sciences. Voucher specimens have been deposited 
in the Guangxi Institute of Botany, Chinese Academy of  
Sciences.

DNA Isolation, Amplification and 
Sequencing
For each sample, 30–40 mg of leaves dried by silica gel were 
used, and genomic DNA was extracted and purified according 
to the Plant Genomic DNA Kit (Tiangen Biotech Co., China). 
The DNA concentration was estimated using BioTek Epoch 
(BioTek, Co., United  States) by standard spectrophotometric 
methods at 260 and 280 nm. DNA integrity was assessed by 
electrophoresis using 1.0% agarose gel. Then, the DNA samples 
were diluted to a working concentration of 50 ng/μl and stored 
at −20°C until further use. According to Zhang et  al. (2012), 
four commonly used DNA barcoding loci (matK, rbcL, psbA-
trnH, and ITS) were used in this study. The steps were carried 
out according to the China Plant BOL Group (2011) and Chen 
et al. (2010) using DNA barcoding standard operating procedures 
(DNA barcoding SOP).

PCR amplification was performed in 25 μl reaction mixtures 
containing 20–50 ng of genomic DNA, 12.5 μl of 2 × Taq PCR 
MasterMix (Beijing Aidlab Biotech Co., Beijing, China), 1 μl 
of 2.5 μM forward and reverse primers, and distilled water up 
to the final volume. PCR products were assessed on 1.0% 
agarose gel, visualized under UV light, purified using a 
Multifunction DNA Purification Kit from Bioteke (China) and 
then sequenced in both directions on a 3730XL sequencer 
(Applied Biosystems, United States) using amplification primers 
listed in Supplementary Table  2 (Chen, 2015).

Sequence Analyses
The sequences were proofread, assembled as contigs and 
consensus sequences were generated using the CodonCode 
Aligner 4.2.1 (CodonCode Co., Dedham, MA, United  States). 
Then, the Basic Local Alignment Search Tool (BLAST, NCBI) 
was used to check the homology of the obtained sequences. 
The CLUSTAL X 2.0 (Larkin et  al., 2007) was applied using 
the default parameters and then manually rectified for multiple 
nucleotide alignment. The base compositions, the genetic 
distances, variable sites and parsimony-informative site values 
were estimated by MEGA5.1 as per the K2P (Kimura 2 parameter) 
model (Tamura et  al., 2011). Barcoding gaps were estimated 
by comparing the distributions of intra- and inter-specific 
divergences of each candidate locus using the program MEGA5.1.

The degree of species resolution (identification) for the four 
DNA barcode regions was evaluated using the NJ tree method. 
For each sequence data set, pairwise genetic distances and all 
possible combinations for the five sequence data sets were 
determined by the K2P (Kimura 2-parameter) method (Kimura, 
1980) using MEGA5.1. Support for clades was evaluated by 
bootstrap analysis with 1,000 replicates. Species discrimination 
was considered successful only when a single clade in NJ 
(Neighbour Joining) trees with a bootstrap value above 50% 
was specifically formed by all conspecific individuals (Zhang 
et  al., 2012).

Based on the analysis of DNA sequence similarity results, 
the Taxon DNA method was used to assess each barcode region 
and their probable combinations to determine the degree of 
species resolution they presented (Meier et al., 2006). Additionally, 
the “best match” and the “best close match” functions and 
the Taxon DNA method were applied to test the individual-
level discrimination rates for each single marker and all possible 
combinations under the K2P-corrected distance model. The 
“best match” was used to search the closest barcode match 
for each query. The identification was deemed successful if 
both sequences were from the same species, whereas mismatched 
names were failures. However, if there were several equally 
valid ‘best matches’ from different species, they were considered 
ambiguous. The “best close match” was used to plot the relative 
frequency of intraspecific distances, and the threshold value 
less than 95% of all intraspecific distances was set. Each query 
that did not have a barcode match below the threshold value 
could not be identified. For the remaining queries, their identities 
were compared with the species identities of their closest 
barcodes. If the name was identical, the query was considered 
successful identification. The query was considered a failure 
when the names were mismatched and ambiguous when several 
equally valid best matches belonged to a minimum of two 
species (Meier et  al., 2006; Zhang et  al., 2012).

Finally, the NCBI BLAST program 2.2.29 + (Tao, 2010) was 
used for all sequences analyzed using the “BLASTn” command 
to build local reference databases. Successful species 
discrimination was deemed when all species had the highest 
hit matching only a conspecific individual; for better clarity, 
the query sequence was removed from the list of top hits 
(Meyer and Paulay, 2005).

RESULTS

PCR and Sequence Analysis
Total genomic DNA was extracted from 121 samples representing 
33 Chinese Ardisia species, and then PCR and sequencing 
were carried out. All 468 sequences, including those of 119 
matk, 114 rbcL, 121 ITS, and 114 trnH-psbA sequences, were 
obtained in this study, and submitted to the GenBank database 
(Supplementary Table 1). The efficiency of PCR amplification, 
in descending order, was 100.00% (ITS), 98.35% (matK), 94.21% 
(rbcL), and 94.21% (psbA-trnH). The failed species for matK 
were A. arborescens. The failed species for rbcL and psbA-trnH 
were A. arborescens, A. humilis, and A. obtusa. The sequencing 
for all four loci had a 100.0% success rate (Table  1).

The summary of the sequence characteristics of the four 
regions is presented in Table  1. The ITS sequences were 
599–611 bp long, with 54.9–58.8% GC content and its multiple 
sequence alignment consisted of 619 characters, while 158 of 
229 variable sites were potentially informative of parsimony. 
The matK sequences were 848–856 bp long, with 32.4–34.5% 
GC content and its multiple sequence alignment consisted of 
856 characters, while 39 of 87 variable sites were potentially 
informative of parsimony. The rbcL sequence was 705 bp long 
with 30.9% GC content and its multiple sequence alignment 
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consisted of 705 characters, while 19 of 40 variable sites were 
potentially informative of parsimony. The psbA-trnH sequence 
was 378–454 bp long with 25.6–28.0% GC content and its 
multiple sequence alignment consisted of 533 characters, while 
47 of 85 variable sites were potentially informative parsimony.

Barcoding Gap Test
In an ideal DNA barcode, the bar chart for divergence must 
show an intra-specific variation with the focus on the left side, 
having smaller numerals, while inter-specific variation should 
have the focus on the right side with greater numerals (Priyanka 
et  al., 2015). This study observed obvious gaps between the 
intra- and inter-specific variability of ITS, although there was 
a slight overlap. For the other three loci, no evident barcoding 
gaps were found, and the overlap in the distributions of intra- 
and inter-specific variation was obvious (Table 1 and Figure 1).

Species Discrimination Using NJ Tree 
Method and Local BLAST Method
The NJ tree method was used to assess the identification 
efficiency at the species level for Chinese Ardisia based on 
the four candidate barcodes (individually and in combination). 
If individuals of a species all formed a monophyletic clade, 
it was considered a successful identification at the species level. 
The results showed that species discrimination levels for the 
ITS markers and seven combinations containing ITS sequence 
were 79.3–83.8%, while species discrimination levels for the 
other three markers (matK, rbcL, and psbA-trnH) and four 
combinations without ITS sequence were less than 60%.

In the NJ trees based on ITS markers and the barcodes 
combination containing ITS sequence (individually and in 
combination), four species (including A. crenata, A. crispa, 
A. corymbifera and A. elegans) were completely indistinguishable, 
while the other species were identified to different degrees 
(Figures  2, 3). In NJ tree based on ITS marker, A. quinquegona 
could not be  identified at the species level (Figure  2A). In NJ 
trees based on ITS + psbA-tmH, ITS + psbA-tmH + rbcL and 
ITS + matK + psbA-tmH + rbcL, A. corymbifera var. tuberifera 
could not be  identified (Figures 2B, 3A,D). In the NJ tree based 
on ITS + matK, A. omissa could not be  identified (Figure  2C). 
In the NJ tree based on ITS + rbcL, A. corymbifera var. Tuberifera 
and A. omissa could not be  identified (Figure  2D). In the NJ 

tree based on ITS + matK + psbA-tmH, A. corymbifera var. 
tuberifera and A. mamillata could not be  identified (Figure  3B). 
In the NJ tree based on ITS + matK + rbcL, A. corymbifera 
var. tuberifera and A. omissa could not be identified (Figure 3C). 
These results suggest that the different combinations of ITS and 
the other three chloroplast markers could only increase the species 
discrimination ability for a few species. ITS was the most suitable 
barcode for species identification in Chinese Ardisia, and chloroplast 
markers were supplementary barcodes. The results of the local 
BLAST method were consistent with those of the NJ method 
(Table  2).

Taxon DNA Method to Analyze the 
Identification Result
The Taxon DNA software used two standards, namely “Best 
match” and “Best close match,” to evaluate the species identification 
rate of four single gene fragments and 11 combinations of multiple 
gene fragments (Supplementary Table  3). The ITS fragment 
yielded the highest rate of species identification, successfully 
identified 115 samples at the species level, with a success rate 
of 95.04%. The species identification rate of the three cpDNA 
fragments and their combination were low. The success rates of 
species identification of the ITS fragment and three cpDNA 
combined fragments could not be  significantly improved. The 
results were consistent with the analyses based on the NJ tree 
and the local BLAST method. The identification rate of the ITS 
fragment in Chinese Ardisia species was the highest. Hence, ITS 
could be  used as the standard barcode for the genus Ardisia. 
Finally, the cpDNA gene fragments were used to compensate 
when individual species could not be  identified by ITS.

DISCUSSION

The Efficiency of PCR and Sequencing
A fundamental function of DNA barcode is to determine 
appropriate barcode sequences. After comprehensive screenings 
of gene regions of the plant genome, one nuclear (ITS) gene 
and three chloroplast genes (rbcL, matK, and trnH-psbA) regions 
have been considered the core barcode in most plants (China 
Plant BOL Group, 2011; Hollingsworth et al., 2011). The efficiency 
of PCR amplification and the success rate of sequencing are 
important indicators for evaluating DNA barcode. In this study, 

TABLE 1 | Success rates for PCR amplification and sequencing, and sequence characteristics of each single candidate barcodes.

ITS matK rbcL psbA-trnH

Number of samples (individuals) 121 119 114 114
Success rates for PCR amplification (%) 100 98.35 94.21 94.21
Success rates for sequencing (%) 100 100 100 100
Length range (bp) 599–611 848–856 705 378–454
Aligned sequence length (bp) 619 856 705 533
GC content (%) 54.9–58.8 32.4–34.5 43.0–43.7 25.6–28.0
No. variable sites 229 87 40 85
No. parsimony information variable sites 158 39 19 47
Mean inter-specific distance (range), % 0.09 (0–1.93) 0.03 (0–0.59) 0.08 (0–0.85) 0.11 (0–6.56)
Mean intra-specific distance (range), % 3.43 (0–7.59) 0.39 (0–1.59) 0.37 (0–1.41) 1.49 (0–7.56)
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the efficiency of PCR amplification, from high to low, was 
100.0% (ITS), 98.35% (matK), 94.21% (rbcL), and 94.21% (psbA-
trnH). Three cpDNA fragments could not be successfully amplified 
in A. arborescens, A. omissa, and A. obtusa samples. The result 
might be caused by poor DNA template quality or any nucleotide 
variation in the primer binding region of the species.

Species Identification Efficiency Using 
Three Chloroplast Regions
Plants of Ardisia were used as medicinal plants in China for 
a long time, but their similar morphological characteristics made 
them very difficult to differentiate. Liu et  al. (2013) analyzed 
four markers (psbA-trnH, ITS2, rbcL, and matK) in 54 samples 
representing 24 species of the genus Ardisia to choose suitable 
DNA markers for authenticating and differentiating Ardisia at 

species level. But the sample numbers were limited to research, 
and most species had no repeated sampling. A small sample 
size of species may lead to underestimating intraspecific variation 
or overestimating interspecific differences without analysis of 
sister groups, which resulted in high validity and accuracy of 
DNA barcode identification in DNA barcode analysis results 
(Zhang et  al., 2012; Yan et  al., 2015). In this study, to identify 
suitable DNA markers, the sample size was increased to 121 
samples representing 33 Ardisia species from China, with most 
species having two or three replicate samples.

The rbcL fragment is easily amplified and sequenced, and 
was chosen to identify flowering plants by Kress et  al. (2005). 
The amplification rate of the rbcL primer for Chinese Ardisia 
species was almost 94% in this study, but the species identification 
rates in the three analysis methods were less than 20%. This 
result was consistent with the previous results according to which 

FIGURE 1 | “Barcoding Gap” of each single candidate barcode.

https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles


Xiong et al. Ardisia Species Molecular Identification

Frontiers in Plant Science | www.frontiersin.org 6 April 2022 | Volume 13 | Article 860778

rbcL showed the lowest discrimination rate in seed plants (Lahaye 
et  al., 2008; Ning et  al., 2008). The rbcL sequences were not 
suitable as the DNA barcode sequences in Chinese Ardisia.

Non-coding regions have their advantages in the study of 
barcodes. For example, psbA-trnH is one of the fastest evolving 
segments in chloroplast fragments and is convenient for primer 
design (Hollingsworth et al., 2011). Although the length variation 
of psbA-trnH sequences was large, the species identification 
rate of this fragment in the NJ tree and local Blast method 
was less than 30%. Thus, psbA-trnH sequences were not suitable 
as the DNA barcode sequences in Chinese Ardisia.

Previous studies suggested that the species discrimination rate 
would drop significantly when matK sequences were used to 

distinguish between closely related species or an extensively 
sampled genus (Ren et  al., 2010; Yan et  al., 2011). When 54 
samples of 24 species from the genus Ardisia were analyzed, 
the results indicated that the matK region was a promising DNA 
barcode, with the highest species identification efficiency at 91.7% 
by the nearest distance method and 98.1% using the basic local 
alignment search tool method. When 121 samples of 33 Chinese 
Ardisia species were used in our study, the amplification and 
sequencing success rate of matK sequences for Chinese Ardisia 
species was 98.35%. Still, species identification rates obtained 
through the three analysis methods were less than 50%. However, 
the performance of matK was overestimated when insufficient 
samples were used. The discrimination ability of matK for Chinese 

A B

C D

FIGURE 2 | The NJ tree based on four sequences. Successfully identified species are with bootstrap values above 60%. The dotted line indicates unsuccessful 
identified species. (A) The NJ tree based on ITS sequences, (B) the NJ tree based on ITS + psbA-trnH sequences, (C) the NJ tree based on ITS + matK sequences, 
(D) the NJ tree based on ITS + rbcL sequences.

https://www.frontiersin.org/journals/plant-science
www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles


Xiong et al. Ardisia Species Molecular Identification

Frontiers in Plant Science | www.frontiersin.org 7 April 2022 | Volume 13 | Article 860778

Ardisia was low, and it was also not suitable as a barcode for 
the identification of Chinese Ardisia species.

When the identification rate of a single fragment failed to 
satisfy the requisites of their purpose, DNA barcode combinations 
could improve the species identification efficiency (CBOL Plant 
Working Group, 2009; Li et  al., 2015; Yan et  al., 2015). In 
this study, the effects of using a combination of chloroplast 
fragments gave limited improvement, consistent with the results 
in Lysimachia (Myrsinaceae) and Codonopsis (Campanulaceae) 
(Zhang et al., 2012; Wang et al., 2017). The species identification 
rates using the three cpDNA fragment combinations were less 
than 50%. Therefore, they are not suitable DNA barcodes for 
Chinese Ardisia species identification.

Species Identification Efficiency of ITS
Internal transcribed spacer exhibited high species resolution 
and was proposed as the core barcode for seed plants (Li 
et  al., 2015). While the cpDNA sequences in 5–10% of 
angiosperms were not easily amplified, the ITS sequences could 
be  amplified more easily. This study obtained the same result 
that the amplification success rate of ITS was high, reaching 
100%. In flowering plants, ITS sequences perform efficiently 
as molecular markers, with 3–4 times higher variation sites 
than cpDNA fragments (Zhang et  al., 2012). Our results were 
consistent with those of previous studies. Compared to matK, 
rbcL, and psbA-trnH the number of variation sites of ITS  
was almost four, nine, and four times higher, respectively. 

A B

C D

FIGURE 3 | The NJ tree based on other four sequences. Successfully identified species are with bootstrap values above 60%. The dotted line indicates 
unsuccessful identified species. (A) The NJ tree based on ITS + psbA-trnH + rbcL sequences, (B) the NJ tree based on ITS + matK + psbA-trnH sequences, (C) the 
NJ tree based on ITS + matK + rbcL sequences, (D) the NJ tree based on ITS + psbA-trnH + matK + rbcL sequences.
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Fu et  al. (2011) demonstrated that the identification rate of 
Vitaceae species was 93.8%. Wilcoxon signed-rank tests reveal 
that ITS was stronger than other core barcodes regardless of 
interspecific or intraspecific variations. Our results also suggested 
that the ITS fragment’s identification rate using three analysis 
methods in Chinese Ardisia species was higher than 80%, but 
closer to 100%. ITS showed the highest number of variation 
sites and the most efficient amplification, sequencing, and 
identification among the core barcodes. After combining three 
cpDNA fragments with ITS, the corresponding rate of species 
identification did not increase significantly using three analysis 
methods. Therefore, considering cost and experimental 
effectiveness, we  recommend only ITS to identify Chinese 
Ardisia plants.

Classification of Chinese Ardisia Species
Except for A. crispa and A. corymbifera, the other species 
were completely resolved by single or combination markers. 
Because the sequences of the two species are identical, samples 
of A. crispa and A. corymbifera formed a monophyletic clade 
in the NJ trees (Figures  2, 3), and these two species were 
not resolved. Other DNA barcoding loci should further analyze 
the unresolved species.

Samples of A. crenata and A. linangensis, formed a 
monophyletic clade in NJ trees based on ITS + matK, ITS + psbA-
tmH，ITS + matK + psbA-tmH and ITS + matK + psbA-tmH + rbcL 
combination sequences. Two A. linangensis samples always 
formed a monophyletic clade in the NJ tree analysis. The results 
were consistent with the findings of Wang and Xia (2012, 2013). 
Therefore, we  also did not support the idea that A. crenata 
var. bicolor should be  merged with A. crenata to form the 
A. crenata complex. However, the samples were limited, and 
more samples should be  collected and analyzed to determine 
the A. crenata complex.

CONCLUSION

Ardisia plants have been mostly used for medicinal purposes in 
China for a long time, with good effects on rheumatism, phthisis 
and various kinds of inflammation. Due to the high degree of 
similarity in morphology and the phenomenon of homonymy, 
the traditional identification methods can not accurately identify 
the species. For the sake of drug safety, the species identification 
ability of four DNA barcodes (psbA-trnH, ITS, rbcL, matK) in 
Ardisia plants in China was evaluated in this study. The results 
showed that ITS showed the highest number of variation sites 
and the most efficient amplification, sequencing and identification. 
Using three cpDNA fragments alone, combined with each other 
or combined with ITS fragments, the efficiency of species 
identification did not significantly increase. Considering the cost 
and experimental effect, we  recommend ITS as the core barcode 
for plant identification of Ardisia in China.
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TABLE 2 | Identification success rates obtained using NJ tree and local blast 
analysis methods for each single candidate barcodes and combinations of them.

Single candidate barcodes 
and combinations of them

NJ tree Similarity-based

Method* Method (BLAST)

ITS 84.85% (28/33) 84.85% (28/33)
matK 31.25% (10/32) 31.25% (10/32)
psbA-tmH 33.33% (10/30) 33.33% (10/30)
rbcL 16.67% (5/30) 16.67% (5/30)
ITS + matK 84.38% (27/32) 84.38% (27/32)
ITS + rbcL 80.00% (24/30) 80.00% (24/30)
ITS + psbA-tmH 83.33% (25/30) 83.33% (25/30)
matK + psbA-tmH 46.67% (14/30) 46.67% (14/30)
matK + rbcL 33.33% (10/30) 33.33% (10/30)
psbA-tmH + rbcL 33.33% (10/30) 33.33% (10/30)
ITS + matK + psbA-tmH 80.00% (24/30) 80.00% (24/30)
ITS + matK + rbcL 80.00% (24/30) 80.00% (24/30)
ITS + psbA-tmH + rbcL 83.33% (25/30) 83.33% (25/30)
matK + psbA-tmH + rbcL 43.33% (13/30) 43.33% (13/30)
ITS + matK + psbA-tmH + rbcL 83.33% (25/30) 83.33% (25/30)

*Based on the proportion of monophyletic species with > 60% bootstrapping.
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