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Arnebia decumbens (Vent.) Coss. et Kralik, A. euchroma (Royle) Johnst and A. guttata Bunge, three commonly used traditional Chinese medicinal plants have been widely used for the clinical treatment of inflammatory diseases caused by fungal, bacterial, oxidation, and other related pathogens. However, precise identification at the similar species level is usually challenging due to the influence of the source of medicinal materials, traditional ethnic medicine and medicinal habits. Here we developed a comprehensive and efficient identification system for three source spices of Arnebiae Radix based on DNA barcoding and HPLC fingerprinting. A total of 599 samples from thirty-five wild populations were collected and identified by using DNA barcodes of ITS2 regions, and the chemotypes of seven naphthoquinoneswere revealed by HPLC quantitative analysis including principal component analysis and hierarchical clustering analysis. Our results showed that the ITS2 sequences can distinguish three source spices of Arnebiae Radix from adulterants. However, it was difficult to identify them by HPLC-specific chromatograms combined with chemometric analysis. These results indicated that DNA barcoding was a more powerful method than HPLC fingerprinting for the identification of related species that were genetically similar. DNA barcoding analysis could be a promising and reliable tool to accurately confirm the identities of medicinal materials, especially for those whose sources are multiple and difficult to be identified by conventional chromatography.
Keywords: Arnebiae Radix, DNA barcoding, ITS2, HPLC, identification
INTRODUCTION
Arnebiae Radix (Zicao in Chinese), a kind of traditional Chinese medicine, is the dried root bark of A. euchroma (Royle) Johnst. and A. guttata Bunge in the Chinese Pharmacopoeia (2020 version). Shikonin and its derivatives, red naphthoquinones, are widely found in the epidermis of the roots of Arnebiae Radix (Zhan et al., 2015) and have been widely demonstrated to possess various biological activities, such as anti-inflammatory (Fu et al., 2016; Sun et al., 2017; Guo et al., 2019), antibacterial (Zhao et al., 2017; Huang et al., 2020), and antiangiogenic (Liu C. et al., 2020) activities. Recently, it was reported that shikonin and its derivatives could induce apoptosis of many types of cancer cells and exhibit anticancer activities and antitumorigenic properties (Liao et al., 2020). Amebia Radix has been widely used in the medicine, printing and dyeing industry, cosmetics and food industries (Xu et al., 2014; Ma et al., 2021).
Furthermore, there are other plants of the genus Arnebia (Boraginaceae) that are also named Zicao in Xinjiang of China, such as A. decumbens (Vent.) Coss. et Kralik and A. tschimganica (Fedtsch.) G. L. Chu (Jia-Xin et al., 2018). The market for Arnebiae Radix is complicated due to the influence of the source of medicinal materials, traditional ethnic medicine and medicinal habits. Thus, it is difficult to identify the authenticity of medicinal Arnebiae Radix, and the identification problem needs to be solved urgently.
Currently, DNA barcoding has emerged as an effective tool for the identification of traditional Chinese medicine due to its species specificity. DNA barcoding has been performed to recognize animals, plants, and fungi (Chen et al., 2014; Gunnels et al., 2020; Behrens-Chapuis et al., 2021; Selva Pandiyan et al., 2020). As a valuable tool for biological identification, DNA barcoding can identify species efficiently and conveniently (Yu et al., 2021). Chen et al. found that the internal transcribed spacer 2 (ITS2) region can potentially be used as a standard DNA barcode to identify medicinal plants and their closely related species (Chen et al., 2010). ITS2 can serve as a novel universal barcoding for the identification of a broader range of plant taxa (Liu et al., 2012; Zhang et al., 2018; Khan et al., 2019). Moreover, high-performance liquid chromatography (HPLC) specific chromatograms, which can effectively determine the content of compounds, are widely used for authenticity confirmation and quality control of traditional Chinese medicines (Hu et al., 2020; Liu B. et al., 2020). Some researchers have indicated that the chemical components of different Arnebiae Radix vary, some of which may have good bioactivities (Feng et al., 2020; Liao et al., 2020; Mei et al., 2020).
Thus, authenticity assurance is crucial for their quality control. In this study, we intended to use the DNA barcoding technique and HPLC-specific chromatograms to identify three source spices of Arnebiae Radix. The results will facilitate exploring the genetic basis of chemical variations and developing strategies for the utilization and conservation of Arnebiae Radix.
MATERIALS AND METHODS
Plant Materials
A total of 599 samples from thirty-five wild populations were collected and analyzed in this study (Table 1), including A. decumbens (Vent.) Coss. et Kralik (Ad:120 individuals from eight wild populations), A. euchroma (Royle) Johnst (Ae: 227 individuals from 13 wild populations), and A. guttata Bunge (Ag: 252 individuals from 13 wild populations). This study contained most of the Arnebiae radix species in Taiwan and China but did not include C. quinquesecta, because the species is a critically endangered medicinal plant and was not found in the field. Sampling from plantation populations or within short distances was avoided (>50 km). All samples were dried and stored immediately in silica gel after collection. Voucher specimens were deposited at Xinjiang Medical University. The geographic localities of each sampled population were determined using a Garmin GPS unit (Table 1).
TABLE 1 | Sample information of Arnebiae Radix and its adulterants in this study.
[image: Table 1]Chemical Apparatus
Chemical standards including (β,β-dimethylacryl)shikonin (15102821), alkannin (15102721), deoxyalkannin (15062422) and acetylshikonin (15120431) were purchased from Tauto Biotech (Shanghai, China). β-Acetoxyisovalerylalkannin (P05M7F14235) was purchased from Yuanye Biotech (Shanghai, China). Isobutylshikonin (wkq16101302) was purchased from Weikeqi Biotech (Sichuan, China). (2-Methyl-n-nbutyl) shikonin (AV51-LDQR) was purchased from Tokyo Chemical Industry (Tokyo, Japan). The purity of the standards was above 98%. The petroleum ether (60–90°C) was analytically pure. All of the chemicals and reagents used in this study were of HPLC analytical grade.
DNA Extraction, PCR Amplification and DNA Sequencing
The material specimens were dried by natural methods, and 20 mg of dried plant material was used for DNA extraction. Genomic DNA was extracted with a DNA Secure Plant Kit from Tiangen Biotech (Beijing, China). The relative purity and concentration of extracted DNA were estimated by ethidium bromide staining on agarose gels and compared with known DNA concentration markers.
The extracted genomic DNA was amplified by polymerase chain reaction (PCR), using the ITS2 (ITS2F, 5′-ATG​CGA​TAC​TTG​GTG​TGA​AT-3′ and ITS2R, 5′-GAC​GCT​TCT​CCA​GAC​TAC​AAT-3′). PCR amplifications were carried out in a volume of 20 μL using 1 μL of template DNA (50–100 ng), 2 μL of 10 × reaction buffer, 1.6 μL of dNTP mix (2.5 mM), 1.25 μL of 10 μM of each primer, 0.2 μL of Ex-Taq DNA polymerase (Takara Shuzo Co., Ltd., Otsu, Japan), and 12.7 μL of sterile distilled water. Reactions were run on a Veriti thermocycler (Applied Biosystems, United States). The PCR conditions for amplification consisted of one cycle of denaturation at 95°C for 5 min, 35 cycles of 1 min of denaturation at 94°C, 1 min of annealing at 55°C and 1 min 30 s of extension at 72°C, followed by an 8 min extension step at 72°C. PCR products were electrophoresed on 1.5% (w/v) agarose gels and purified through precipitation with 95% ethanol and 3 M sodium acetate (pH 5.2). All the purified PCR products were sequenced directly in both directions on an ABI 3730XL automated sequencer (Applied Biosystem, Foster City, CA, United States).
DNA Barcoding Analysis
Cutting and splicing of all ITS2 sequences, removal of the primer region and low-quality regions, manual correction, and stitching were performed by ContigExpress software. Then, the modified ITS2 sequences were submitted to DNAMAN software to compare the similarities of the samples. Finally, the modified ITS2 sequences were aligned, and the inter/intraspecific genetic distances were measured using MEGAX 10.2.4 software. A phylogenetic tree using GenBank sequences as outgroups was constructed based on standard parameters with bootstrap testing of 1,000 replicates.
HPLC Conditions
The medicinal powder precisely was weighed to approximately 1 g and placed in an Erlenmeyer flask; 50 ml of petroleum ether (60–90°C) was added. Then, the sample was accurately weighed and extracted with 30 min ultrasonication steps. After cooling and adding petroleum ether (60–90°C) to compensate for the decrease in weight, the sample was filtered. The resulting filtrate was measured (10 ml of A. euchroma, 30 ml of A. guttata Bunge, 30 ml of A. tschimganica, and 30 ml of A. decumbens (Vent.) Coss. et Kralik), evaporated to dryness, dissolved the residue in acetonitrile, transferred to a 10 ml volumetric flask, and dissolved in acetonitrile. The sample was then transferred to a 10 ml volumetric flask, diluted with acetonitrile to scale, shaken to mix well and prepared for analysis. HPLC chromatographic conditions were conducted as described by Ding et al. (Ding et al., 2019).
Chemometric Analysis
The reference chromatogram was generated using a Similarity Evaluation System for Chromatographic Fingerprint of TCM (Version 2012). Principal component analysis (PCA) and hierarchical clustering analysis (HCA) were performed by the professional software SIMCA 14.1 to demonstrate the variability of the relative peak areas of bioactive compounds. Outliers were identified and removed by DmodX.
RESULTS
Genetic Divergence Determination
The length of the aligned ITS2 sequences was 399 bp, and the number of variable sites was 71 (Table 2). We used four parameters to characterize divergence. The intraspecific distance of ITS2 was 0.0025–0.006, and the interspecific distance was 0.0745–0.0915. Additionally, after grouping samples according to locality, the genetic distance within a group was 0–0.0494, and the genetic distance between groups was 0–0.0941. The analysis of the distribution of genetic distance (Figure 1) showed obvious barcoding gaps between samples, indicating that the ITS2 sequence has a strong ability to identify Arnebia genus samples at the species level.
TABLE 2 | Variable sites of the ITS2 region of the three Arnebiae Radix species.
[image: Table 2][image: Figure 1]FIGURE 1 | Genetic divergence of the ITS2 region of the three Arnebiae Radix species.
Identification of Arnebiae Radix by DNA Barcoding
To identify the species of the 599 Arnebiae Radix samples more accurately and visually, we constructed a neighbor-joining tree based on the ITS2 sequences obtained from the samples and four ITS2 sequences of Boraginaceae downloaded from NCBI (Supplementary Table S1). The ITS2 sequences were divided into mutually exclusive monophyletic clades. A. guttata Bunge clustered into one subgroup, A. euchroma (Royle) Johnst could be clustered into one group, and A. decumbens (Vent.) Coss. et Kralik could be clustered into one group (Figure 2). The pairwise distance analysis supports this interpretation, revealing that ITS2, as a barcode, is able to distinguish between the three species of Arnebiae Radix.
[image: Figure 2]FIGURE 2 | Results of the neighbor-joining tree based on ITS2 sequences of the 599 Arnebiae Radix samples. Supporting values (>50%) are indicated above or below the relevant branches. Some subtrees are compressed to show the samples completely in a picture. Ad, A. decumbens (Vent.) Coss. et Kralik; Ae, A. euchroma (Royle) Johnst; Ag, A. guttata Bunge. Ad1:17 samples of Ad(FK),18 samples of Ad(KLMY),nine samples of Ad(SHW) and 15 samples of Ad(SHZ); Ad2:11 samples of Ad(BEJ),14 samples of Ad(MQ),one samples of Ad(SHW), and one sample of Ad(FK);Ae1:19 samples of Ae(WQ), 14 samples of Ae(WLMQ), 19 samples of Ae(HJ), 16 samples of Ae(NLT),15 samples of Ae(XY), 20 samples of Ae(JH), 21 samples of Ae(HCH), 19 samples of Ae(GK) and 20 samples of Ae(ATSH);Ae2: six samples of Ae(TSHKEG);Ae3: five samples of Ae(ML) ,20 samples of Ae(BCH) and 19 samples of Ae(AKS);Ag1: nine samples of Ag(NLK), and 17 samples of Ag(XY);Ag2: four samples of Ag(TL), 14 samples of Ag(HJ), three samples of Ag(SHSH), and one samples of Ag(TSHKEG).
HPLC Fingerprint of Arnebiae Radix Samples
The results of the determination of seven naphthoquinones in the roots of three species of Arnebiae Radix from different habitats in Xinjiang are shown in Table 3. Naphthoquinones were found in the roots of all three Arnebiae Radix species, and there were differences among different species. The total amount of naphthoquinones in Ae was the highest (43.3505 mg/g), followed by that in Ag (11.4042 mg/g), and the lowest amount (6.0462 mg/g) was found for Ad. It was assumed that Ad was an annual herb, the rest were perennial herbs, and the accumulation of each component in plants was different. Ag and Ae both contain seven components, while β-acetoxyisovaleryl acarnin β and β'-dimethylacrylamine were not detected in Ad. According to the Chinese Pharmacopoeia (2020 edition), the content of β,β'-dimethylacrylamine in Arnebiae Radix should not be less than 0.30%. This study found that this component in Ae and Ag met the pharmacopoeia requirements. This study will provide a reference basis for exploring new drug sources.
TABLE 3 | Content of seven bioactive components of the 35 Arnebiae Radix samples. (mg/g).
[image: Table 3]To establish the chromatographic fingerprint, 35 Arnebiae Radix samples from different species were analyzed under the optimized chromatographic analysis conditions. All chromatograms were matched through multipoint correction and free matching, and the bottom sample was the reference sample (Supplementay Figures S1, S2). The representative HPLC fingerprints were so similar that it was difficult to separate the three spaces visually (Figure 3).
[image: Figure 3]FIGURE 3 | Representative HPLC fingerprints of three Arnebiae radix species. Ad, A. decumbens; Ae, A. euchroma (Royle) Johnst; and Ag, A. guttata Bunge.
Principal Component Analysis of HPLC Fingerprint of Arnebiae Radix Samples
PCA, a multivariate method, is widely used in data analysis to summarize variation, and is implemented as a data-reduction technique to generate a visual scatter plot for the qualitative evaluation of similarities and differences within multivariate data. To differentiate all the Arnebiae Radix samples clearly, we carried out PCA according using the data for the seven common characteristic peaks. The score plot was structured based on the first three principal components, which accounted for more than 94.3% of the total variability. We discarded the other principal components because they had little effect on the model. The results showed that all samples were divided into six groups according to their different sources (Figure 4). Group 1 contained two samples belonging to Ag, Group 2 contained four samples belonging to Ae, and Group 3 contained four samples belonging to Ae. Group 4 included five samples belonging to Ae, Group 5 included two samples belonging to Ad, and Group 6 included 12 samples belonging to Ag and six samples belonging to Ad. The results were consistent with the HPLC fingerprint analysis. The results of the HPLC-specific chromatograms combined with PCA were not as accurate as those of DNA barcoding.
[image: Figure 4]FIGURE 4 | Score plot of PCA of the 35 Arnebiae Radix samples. Ad, A. decumbens; Ae, A. euchroma (Royle) Johnst; Ag, A. guttata Bunge.
Hierachical Cluster Analysis of HPLC Fingerprint of Arnebiae Radix Samples
HCA is one of the most commonly used unsupervised pattern recognition methods, and is a useful multivariate statistical technique. It can create a cluster tree to assign a data set into groups according to similarity. To show the degree of similarity and difference among the 35 Arnebiae Radix samples more clearly, HCA was performed based on the results of PCA of all common characteristic peaks. As shown in Figure 5, all samples were divided into two main clusters according to their similarities and differences. Cluster one included three groups: Group 1 contained two samples belonging to Ag, Group 2 contained four samples belonging to Ae, and Group 3 contained four samples belonging to Ae. Cluster two was divided into three groups: Group 4 included five samples belonging to Ae, Group 5 included two samples belonging to Ad, and Group 6 included 12 samples belonging to Ag and six samples belonging to Ad. Group 4 merged with Group 5 to form a larger branch. All samples in the branch were gathered from Ad, Ae, and Ag. The results of the HPLC-specific chromatograms combined with HCA were not as accurate as those of DNA barcoding.
[image: Figure 5]FIGURE 5 | The results of HCA of the 35 Arnebiae Radix samples. Calculated with Ward and stored by size. Ad, A. decumbens; Ae, A. euchroma (Royle) Johnst; and Ag, A. guttata Bunge.
DISCUSSION
Arnebiae Radix, a commonly used herbal medicine in China, is also widely used in the food and cosmetics industries. As the ecological environment has been constantly destroyed, the wild resources of Arnebiae Radix have been sharply reduced, and cultivation is very difficult. There is a serious shortage of Arnebiae Radix supplies, leading to a complex and confusing market. The traditional classification method is based on the roots, leaves, flowers, fruits, and other organs of plants. Due to the lack of accurate identification characteristics, the processed commodities only retain the root, which creates great difficulties in the identification of Arnebiae Radix. However, the accuracy of the original medicinal materials is required to ensure the effectiveness and safety of clinical medication. DNA barcoding technology techniques are not influenced by organs, growth conditions, tissue differences or the external environment, among other factors (Bhargava and Sharma 2013; Mohammed Abubakar et al., 2017). In this study, the DNA barcoding technique showed the ability to scientifically and accurately identify the species. In the preliminary experimental stage, another three sequences, matK, rbcL, and ITS, were also considered, but it was found that there were many nested peaks within ITS, and the variable sites measured by matK and rbcL were not obvious. The established PCR-RFLP method based on the ITS2 sequence can identify A. euchroma (Royle) Johnst and A. guttata Bunge, as well as other plants also named Zicao in China (Qian et al., 2019). Thus, we examined the ITS2 sequence similarity, genetic distance and phylogenetic tree by using DNA barcoding technology based on its ability to differentiate Arnebiae Radix species. Our results suggested that ITS2 can discriminate A. euchroma (Royle) Johnst, A. guttata Bunge and A. decumbens (Vent.) Coss. et Kralik (Figure 2). As one of the most important markers in molecular phylogenetic research, the ITS2 sequence has obvious sequence variation at the species level or subspecies level, and it is an important candidate barcode for identification at the species level or subspecies level (Sickel et al., 2015; Cheng et al., 2016).
HPLC-specific chromatograms were established, and the contents of six hydroxyl naphthoquinones can be used to distinguish the different origins of Arnebiae Radix herbs (Ke et al., 2016). Therefore, we utilized HPLC methods to differentiate the three Arnebiae Radix species. Our results indicated that this method allows for the simultaneous discrimination of the seven main naphthoquinones in these samples. The lichen A. euchroma (Royle) Johnst shows high intraspecific chemical variations in Xinjiang, while A. guttata Bunge and A. decumbens (Vent.) Coss. et Kralikshow relatively less variation (Table 3). This result could partly be explained by the limited distribution of Ag and Ad, resulting in less variation. Ag and Ad have restricted geographic distributions in western and northern Xinjiang, whereas Ae has a rather wide distribution around Xinjiang. However, the samples could not be distinguished based on HPLC fingerprint (Figure 3), PCA (Figure 4) and HCA methods (Figure 5). Ecological factors, especially altitude, may be responsible for this result. Additionally, other environmental factors, such as light, temperature, air, soil, and moisture, also affect the content of the chemical components of plants. To further develop and utilize the plant resources of Arnebiae Radix, it is necessary to study more about the how genetic and environmental factors influence the metabolites of Arnebiae Radix.
In summary, this study has established a system for identifying the three Arnebiae Radix species based on DNA barcoding and chemical analysis methods. The results revealed that although the HPLC method cannot differentiate these samples, DNA barcoding can transcend the limitations of HPLC methods to ensure effective and universal proof of medicinal plants from different species. Similar results showed that DNA barcoding was a promising and reliable tool for the identification of three kinds of Plumeria flowers compared to HPLC-specific chromatograms, which are generally used (Zhao et al., 2018). Thus, DNA barcoding is more powerful than HPLC fingerprinting for species traceability in related species that are genetically similar. Our findings may be useful for the determination of naphthoquinones of Arnebiae Radix and provide a reference for the identification of traditional Chinese medicine based on DNA barcoding. Due to the narrow distribution of A. tschimganica (Fedtsch.) G. L. Chu, no sample was used in this experiment. It is necessary to expand the sample size and investigate the corresponding response of different growth periods and growing environments to provide a reference for the quality control and expansion of new drug sources of Arnebiae Radix.
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