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. patent medicines. The proposed internal transcribed spacer 2 (ITS2) is not sufficient to resolve heavily
processed materials. Therefore, a short barcode for the identification of processed materials is urgently
needed. In this study, 265 samples of Angelicae sinensis radix and adulterants were collected. The ITS2
region was sequenced, and based on one single nucleotide polymorphism(SNP) site unique to Angelica
sinensis, a nucleotide signature consisting of 37-bp (5’-aatccgcgtc atcttagtga gctcaaggac ccttagg-3’)
was developed. It is highly conserved and specific within Angelica sinensis while divergent among other
species. Then, we designed primers (DG01F/DGO1R) to amplify the nucleotide signature region from
processed materials. 15 samples procured online were analysed. By seeking the signature, we found
that 7 of them were counterfeits. 28 batches of Chinese patent medicines containing Danggui were
amplified. 19 of them were found to contain the signature, and adulterants such as Ligusticum sinense,
Notopterygium incisum, Angelica decursiva and Angelica gigas were detected in other batches. Thus,
this nucleotide signature, with only 37-bp, will broaden the application of DNA barcoding to identify the
components in decoctions, Chinese patent medicines and other products with degraded DNA.

Angelicae sinensis radix (Danggui) derived from Angelica sinensis (Oliv.) Diels, is a well-known Pharmacopoeia-
recorded material medica in China'. It has been called “female ginseng” due to its superior efficacy in treat-
ing gynaecological conditions®. Used primarily to treat anaemia’, its medicinal value has been demonstrated by
numerous clinical trials, pre-clinical studies and traditional or modern experiments*~. Angelicae sinensis radix
is a commonly used herbal medicine that is found in approximately 100 Chinese patent medicines recorded in
the Chinese Pharmacopoeia'. It lends itself to wide application, as expressed in the adage “Ten prescriptions
nine Danggui”. Due to increasing demand, many adulterants have emerged on the market, including Angelicae
pubescentis radix (Duhuo), derived from Angelica biserrata, whose synonym is Angelica pubescens {. biserrata;
Ligustici rhizoma et radix (Gaoben), derived from Ligusticum sinense or Ligusticum jeholense; Peucedani
decursivi radix (Zihuagianhu), derived from Angelica decursiva, whose synonym is Peucedanum decursivum;
Notopterygii rhizoma et radix (Qianghuo), derived from Notopterygium incisum or Notopterygium franchetii; the
root of Levisticum officinale, A. gigas, A. magaphylla, A. valida, A. acutiloba also can be adulterants with Angelicae
sinensis radix. Among these, A. gigas is used as “Danggui” in Korea and Yanbian, Jilin Province; A. acutiloba is
also a statutory “Danggui” species recorded in the Japanese Pharmacopoeia. Because it has morphological char-
acters that are similar to those of its adulterants, taxonomic identification based on morphology is very difficult,
especially after it has been processed into Chinese patent medicines. Previous studies have reported that ferulic
acid can be used as a chemical marker to detect Angelicae sinensis radix in Chinese herbal decoctions via HPLC?,
but ferulic acid has been commonly found in many related plants®-!'. Microscopy is another primary method of
identification of Chinese patent medicines!?; however, sometimes microscopic characteristics lead to ambiguous
identifications. Moreover, microscopic characteristics are undetectable when herbs are ground into ultrafine pow-
ders with a diameter less than 10 microns. Therefore, a rapid method for the precise analysis of Angelicae sinensis
radix products is highly desired.

DNA barcoding technology uses a standard gene fragment for rapid identification of unknown specimens
to species level. Its accuracy and repeatability have made it successful in species identification'>'. ITS/ITS2
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sequences have been extensively tested and evaluated as candidate DNA barcodes in the plant kingdom'. Our
previous study also showed that ITS2 can be used as a mini-barcode to effectively identify species in a wide vari-
ety of specimens and medicinal materials, based on analyses of 12,861 ITS and ITS2 sequences'®, and ITS2 has
been widely used for herb identification. For instance, Xin et al. used ITS2 to distinguish commercial Rhodiola
products successfully and found that 60% contained adulterants'’; Zhao et al. identified Acanthopanacis cortex
and its adulterants with ITS2'8. He et al. designed specific ITS primers to identify A. sinensis and its adulterants'.
However, ITS is not able to distinguish A. sinensis from Chinese patent medicines or decoctions. Meusnier et al.
proposed a “mini-barcode” sequence to overcome the amplification problem of degraded DNAZ’. They found
that short lengths of 150-bp and 100-bp in the CO1 region could achieve 95% and 90% successful identifica-
tion, respectively. Dubey used a 175-bp region to distinguish 11 endangered snake species of India*'. Shaw et
al. successfully obtained an 88-bp fragment from TCM decoction, but the amplification of the longer fragment
was unsuccessful??. Shokralla et al. designed six mini-barcodes (127~314-bp) to detect processed fish products.
While the 650-bp length (CO1) could distinguish only 20.5% of the species tested, mini-barcoding achieved
88.6% successful identification, indicating that shorter fragment lengths are more likely to be amplified from
degraded DNA?. The phrase “nucleotide signature” refers to one or more nucleotides unique to one species,
and a nucleotide signature has been used in the identification of Aglaia stellatopilosa**. Liu et al. successfully
developed a 23-bp signature for identification of ginseng products and found some adulterants in Chinese patent
medicines?. These studies have inspired us to develop a short nucleotide signature for Angelicae sinensis radix
within the ITS2 region.

In this study, we aimed to develop a short gene identifier for the identification of Angelicae sinensis radix and
its Chinese patent medicines. A 37-bp (5'-aatccgegtc atcttagtga getcaaggac ccttagg-3’) nucleotide signature was
found. This exclusive nucleotide signature of Angelicae sinensis radix is completely conserved within the A. sin-
ensis species. The method was also used for analysis of Chinese patent medicines containing Angelicae sinensis
radix.

Results
Development of Nucleotide Signature for A. sinensis. A total of 265 ITS2 sequences of A. sinensis
and closely related species from experimental materials and our previous study were aligned, and the aligned
length was 454-bp long. The results showed that 126 sequences of the A. sinensis species were highly conserved.
Simultaneously, a SNP at position 193 was found to be unique to A. sinensis. Based on this SNP site, we developed
a 37-bp nucleotide signature (5'-aatccgcgtc atcttagtga getcaaggac ccttagg-3’) exclusively specific for A. sinensis.
A total of 105 haplotypes representing the 429 ITS2 sequences of the closely related Angelica species from
GenBank were annotated to this 37-bp nucleotide signature region and were aligned using MEGA 5.0 (Fig. 1). In
this highly conserved region of A. sinensis, other species had 1 to 5 divergent nucleotides. Therefore, this region
was defined as the nucleotide signature of A. sinensis. This regions of all the individuals within A. sinensis species
were completely conserved. No variable sites were found among them.

Verification of the nucleotide signature in decoction and extract powder. We used the decoc-
tion and Danggui extract powder to verify whether the nucleotide signature method functions with processed
materials. We purchased 15 Angelicae sinensis radix products online including 9 batches of “Danggui powder”,
1 batch of “Danggui extract powder”, 2 batches of “Danggui whole roots” and 3 batches of “Danggui slices”. We
also boiled “Danggui powder” to prepare the decoctions. The complete ITS2 region (approximately 450-bp) was
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Figure 2. Two primer pairs amplify different sizes of sequences from decoctions and extract powder. Note:
Except for the first and last lanes (marker), the remaining 12 lanes are divided into two groups for two primer
pairs. Each primer pair occupies six lanes. Lanes from left to right are DG0O1F/DGO1R and ITS2F/3R. The first
lane in each primer pair (lane 1 and 7) is a negative control. The second lane (lane 2 and 8) is a positive control
without boiling. The third to fifth lanes (lane 3, 4, 5, 9, 10 and 11) are PCR products from decoctions with
boiling times of 120 min, 180 min and 240 min, respectively. The sixth lane (lane 6 and 12) is a PCR product
from extract powder.

Sample Latin Name of Latin Name of Collection Identification

No. Original Species | Medicinal Materials | Sample Type Collection Site Approach Result

DGFo01 Angelica sinensis Angehcae'smensm Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGFo03 Angelica sinensis Angelicae sinensis Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGF04 Angelica sinensis Angelicae'sinensis Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGFo05 Angelica sinensis Angehcae'smensm Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGF06 Angelica sinensis Angelicae sinensis Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGF07 Angelica sinensis Angehcae'smensm Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGFo08 Angelica sinensis Angehcae;mensm Powder Anhui Bozhou Herb Online Angelica biserrata
radix Market

DGF02 Angelica sinensis Angelicae'sinensis Powder Anhui Bozhou Herb Online Angelica sinensis
radix Market

DGF09 Angelica sinensis Angehf:giimensm Powder Dingxi, Gansu Online Angelica sinensis

DGTO1 Angelica sinensis Angehf:giimensm Extract Powder Xi'an, Shaanxi Online Angelica sinensis

DG02 Angelica sinensis Angell;::giimensm Medicinal slices Dingxi, Gansu Online Angelica sinensis

DGO3 Angelica sinensis Angehf::ﬁimenms Whole Radix Dingxi, Gansu Online Angelica sinensis

DG04 Angelica sinensis Angehf:giimensm Whole Radix Chengdu, Sichuan Online Angelica sinensis

DGO05 Angelica sinensis Angellf:giimensw Medicinal slices Heze, Shandong Online Angelica sinensis

DG06 Angelica sinensis Angeh::cehimensm Medicinal slices Dingxi, Gansu Online Angelica sinensis

Table 1. Characteristics of the A. sinensis samples used in the study.

amplified and sequenced using the universal primer pair ITS2F/3R. In addition to “Danggui extract powder” and
the decoctions, 13 other products were successfully amplified and sequenced. We designed a specific primer pair
to amplify the signature from the degraded DNA. The results showed that the shorter barcode can still be ampli-
fied and that the length of amplification is 167-bp (Fig. 2). The PCR products were successfully sequenced and
clean trace files were generated. Via analysis of nucleotide signature, seven powders were found to be counterfeit,
which were identified as Angelicae pubescentis Radix (Duhuo) (Table 1).

Validation of the nucleotide signature and specific primers for identification of the decoctions
and Chinese patent medicines. There are many types of Chinese patent medicines containing Angelicae
sinensis radix. Most Chinese patent medicines contain different species, and we selected Huoxue Zhitong
Capsule for the preliminary experiment. Huoxue Zhitong Capsule contains Angelicae sinensis radix and 5 other
ingredients as follows: Notoginseng Radix et Rhizoma (Sangqi), Olibanum (Ruxiang), Borneolum Syntheticum
(Bingpian), Eupolyphaga Steleophaga (Tubiechong) and Pyritum (Zirantong). We tested the availability of the
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specific designed primer pair DGO1F/DGOIR to amplify the nucleotide signature region of Angelicae sinensis
radix from this Chinese patent medicine. The results showed that the targeted nucleotide signature of Angelicae
sinensis radix was successfully amplified and sequenced from the 2 batches of Huoxue Zhitong Capsules.

The other 26 batches of Chinese patent medicines containing Angelicae sinensis radix were also tested, includ-
ing Wuji Baifeng Pills, Deida Pills, Renshen Jianpi Pills. All the Chinese patent medicines contained 8 to 56 ingre-
dients. Details regarding the Chinese patent medicines are shown in Table 2. The PCR and sequencing success
rate of DGO1F/DGO1R was 92.86%, as 2 of 26 Chinese patent medicines were not successfully amplified (Fig. 3).
Among them, Renshen Zaizao Pill, which is a representative Chinese patent medicine recorded in the Chinese
Pharmacopoeia (2015)", shows the most complex ingredients list. In addition to Angelicae sinensis radix, there
are 55 other ingredients in this Chinese patent medicine, including Asian Ginseng (Renshen), Pogostemonis
Herba (Guanghuoxiang), Santali Albi Lignum (Tanxiang). The primer pair DGO1F/DGO1R could preferentially
amplify the nucleotide signature sequence of Angelicae sinensis radix with clean traces from this Chinese patent
medicine. Of the 24 PCR products that were successfully amplified, the nucleotide signature of Angelicae sinen-
sis radix could be detected in 17 batches by direct PCR sequencing, while the other 7 Chinese patent medicines
showed messy and overlapping traces.

To determine what was amplified from the other 7 Chinese patent medicines, we conducted TA cloning exper-
iments. Of the 90 total clone sequences, the 37-bp nucleotide signature could be found in 30 sequences. In addi-
tion, 48 were found to be unlabelled ingredients in the Chinese patent medicine list. For instance, Notopterygii
rhizoma et radix (Qianghuo) was detected in 1 batch of Dingkun Pill and 1 batch of Wuji Baifeng Pill, and A. gigas
was found in 1 batch of Guipi Pill and 1 batch of Duhuo Jisheng Pill. Other adulterants such as Ligustici rhizoma
et radix (Gaoben), Peucedani decursivi radix (Zihuaqianhu) and A. acutiloba, were also detected. Another type of
adulterant Carum carvi, was also found in 2 batches of Niuhuang Qingxin Pills (Table 2). These results indicated
that the designed primers can not only amplify Angelicae sinensis radix, but can also amplify the adulterants.

Discussion

The necessity of developing the 37-bp nucleotide signature for market supervision. Due to
the fact that Chinese patent medicine ingredients are extremely complex, no standardization for Chinese patent
medicines has been established. Additionally, because market supervision is not strict and given the lack of regu-
lations in this field, the composition and quality of these medicines and healthcare products are not guaranteed?.
Moreover, in the Chinese Pharmacopoeia (2015), microscopic and physicochemical identification methods are
commonly used, which can detect whether a Chinese patent medicine contains the target species but cannot
determine which species contains adulterants. For example, Guipi Pill contains 11 ingredients, 5 of which can be
detected by microscopic identification; 3 ingredients are detectable via physicochemical identification using thin
layer chromatography. If certain adulterants are present, the identity of the species may not be determinable using
current methods.

Molecular identification can be a powerful complement to traditional identification methods in identifying
Chinese patent medicines. Yuan et al. used it to identify Angelica species and demonstrated that the ITS region
is the most suitable DNA barcode for identification of this genus, with 100% PCR and sequencing success?.
They also found that a processing temperature of approximately 80 °C significantly reduced the efficiency of PCR
and sequencing. Shaw et al.?* found that a 121-bp fragment could not be amplified from TCM material after it
had been boiled for 120 min. Wuji Baifeng Pill is a Chinese patent medicine worthy of discussion. According to
Chinese Pharmacopoeia (2015), the manufacturing process for Angelicae sinensis radix of Wuji Baifeng Pill is
as follows: “Put the broken medicines into a jar, add 1500 g of rice wine, seal the jar with a lid and stew the jar in
water until no wine is left. Then, pick up the powder and dry it at a low temperature and then crush it into a fine
powder”. Using the production process described above, ITS/ITS2 could not be amplified from degraded DNA.
Thus, we searched for a nucleotide signature specific to Angelicae sinensis radix within the ITS2 region.

The ideal nucleotide signature should be completely conserved within a specific species. In this region, even
the closest related species has one locus that differs from the A. sinensis signature. Via Basic Local Alignment
Search Tool (BLAST) analysis, we found that the nucleotide signature was not present in any other species. Thus,
the nucleotide signature developed in this study can be used as a “species-specific marker” for Angelicae sinensis
radix.

The nucleotide signature effectively identifies Angelicae sinensis radix and its products.  Asthe
main adulterant on the market, Angelicae pubescentis radix is another type of Pharmacopoeia-recorded material
medica, and its price is lower than that of Angelicae sinensis radix. The two medicinal components share similar
morphological characteristics but have different pharmacological properties and medicinal values. Angelicae sin-
ensis radix is mainly used to enrich the blood and promote blood circulation as a dietary therapy, while Angelicae
pubescentis radix is known to rheumatism and relieve pain in waist and knee. They should not be used as substi-
tute for the medicine labelled in the patent medicine.

By seeking the nucleotide signature, the percentage of adulterated samples was 26.92% in Chinses patent
medicine and 77.78% in “Danggui powder”. In addition to Angelicae sinensis radix and its adulterants, Carum
carvi, which is not mentioned as a labelled component, was also amplified (169-bp) from 2 batches of Niuhuang
Qingxin Pills. This result indicates that Carum carvi adulterated with target species Saposhnikoviae radix
(Fangfeng) is a very common phenomenon in Chinese patent medicines. In this study, the 167-bp fragment
containing the nucleotide signature was successfully amplified from powder, slices, extract powder, decoctions
and Chinese patent medicines using the new primer DGO1F/DGOIR. Samples with the nucleotide signature were
successfully identified as Angelicae sinensis radix. This nucleotide signature method is a type of absolute identifi-
cation, and it will broaden the applications of DNA barcoding for market supervision.
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Sample | Sample Related species in

Order NO. Sample Name Collection Site | Amplication Result Identification Result

1 ZCY1 | Huoxue Zhitong Capsule Beijing store Clean traces Angelica sinensis

2 ZCY2 Tianwang Buxin Pill Beijing store Clean traces Angelica sinensis

3 ZCY3 Renshen Yangrong Pill Beijing store Clean traces Angelica sinensis

4 ZCY4 Renshen Zaizao Pill Beijing store Clean traces Angelica sinensis

5 ZCY5 Guipi Pill Beijing store Clean traces Angelica sinensis

6 ZCY6 Shenrong Baotai Pill Beijing store Clean traces Angelica sinensis

7 ZCY7 Dingkun Pill Beijing store Overlapping traces Angelica Sini:lfcl;.ss’ul\'ﬁjwp terygium

8 ZCY9 Wuji Baifeng Pill Beijing store Overlapping traces Angelica Slnﬁ?&f\f:wp terygium

9 ZCY10 | Niuhuang Qingxin Pill Beijing store Overlapping traces | Angelica sinensis, Carum carvi

10 ZCY11 Wuji Baifeng Pill Beijing store Clean traces Angelica sinensis

11 ZCY12 | Huoxue Zhitong Capsule Beijing store Clean traces Angelica sinensis

12 ZCY13 Renshen Jianpi Pill Beijing store Clean traces Angelica sinensis

13 ZCY14 | Niuhuang Qingxin Pill Beijing store Overlapping traces | Angelica sinensis, Carum carvi

14 ZCY15 Buzhong Yiqi Pill Beijing store None -

15 ZCY17 Guipi Pill Guangdong store | Overlapping traces Ange'lica sinensis, Ligusticurm

sinense, Angelica gigas

. . . Angelica sinensis, Ligusticum

16 ZCY18 Wuji Baifeng Pill Guangdong store | Overlapping traces sinense, Angelica decursiva

17 ZCY19 | Huoxue Tongluo Capsule | Guangdong store None -

18 ZCY20 Qixue Shuangbu Pill Beijing store Clean traces Angelica sinensis

19 ZCY21 Baihe Gujin Pill Beijing store Clean traces Angelica sinensis

20 ZCY22 Dubhuo Jisheng Pill Beijing store Overlapping traces Angelica szzf:es’;ss,engustzcum

21 7CY23 Pishen Liangzhu Pill Beijing store Clean traces Angelica sinensis

Qiangli Tianma Lo .

22 ZCY24 Duzhong Capsule Beijing store Clean traces Angelica sinensis

23 ZCY25 Buzhong Yiqi Pill Beijing store Clean traces Angelica sinensis

24 RSJo1 Renshen Jianpi Pill Beijing store Clean traces Angelica sinensis

25 RSJ02 Renshen Jianpi Pill Beijing store Clean traces Angelica sinensis

26 RSJ03 Renshen Jianpi Pill Beijing store Clean traces Angelica sinensis

27 DDO01 Dieda Pill Beijing store Clean traces Angelica sinensis

28 DDO02 Dieda Pill Beijing store Clean traces Angelica sinensis

Table 2. Characteristics of the 28 Chinese patent medicines.

The prospects for nucleotide signatures using an on-site and real-time detection. Because
Angelicae sinensis radix can be identified very accurately and rapidly using the 37-bp nucleotide signature, this
method can be developed to provide on-site and real-time detection technology. In recent years, using gold nan-
oparticles (GNPs) for on-site detection has become a rapidly developing research field. Naoki et al. reported a
novel method for detecting Hg?* using double-stranded DNA-carrying gold nanoparticles (dsDNA-GNP) within
1 minute with the naked eye?. Under the guidance of the basic theory, many scholars have optimized and inno-
vated the above technology, which also inspired us. For instance, Bao et al. developed a SNP microarray with
capture and detection probes to simply, rapidly, and sensitively assay the genotyping of the samples®.

In the future, we can combine GNPs and this 37-bp nucleotide signature method to develop an on-site and
real-time detection technology. With this technology, specific detection probes, complementary target sequences
and oligonucleotides with this 37-bp nucleotide signature sequence can be designed. Due to the high sensitivity
of this technology, its use, with species-specific probes, can be extended to identify degraded DNA samples.
Futhermore, we also aimed to develop an inexpensive and user-friendly biological sensor to detect Angelicae
sinensis radix with a low limit of detection enabling Chinese patent medicines to be identified in a fast, effective
and stable manner.

In conclusion, the nucleotide signature developed in this study provides users with an easy and absolute
authentication method and may make a major contribution to the detection of counterfeit products in the
Chinese patent medicine market.

Materials and Methods

Sample collection and pre-treatment and Data acquisition. A total of 265 samples of A. sinen-
sis and its adulterants were collected from China and Japan. The details regarding these samples are shown in
Supplementary Table S1. Corresponding voucher samples were deposited in the Herbarium of the Institute of
Medicinal Plant Development, Chinese Academy of Medical Sciences, Beijing, China. Fifteen batches of medic-

»

inal materials labelled “Danggui slices”, “Danggui powder” and “Danggui extract powder” were purchased from
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MCK1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17

M 18 19 20 21 22 23 24 25 26 27 28 M

Figure 3. PCR amplifications of the 28 Chinese patent medicines with DGO1F/DGO1R. Note: Except for the
lanes marked M (marker) and CK (positive control), the remaining 28 lanes contain PCR products from the 28
Chinese patent medicines. The order is the same as in Table 2.

internet stores (Table 1). Twenty-eight batches of Chinese patent medicine containing Angelicae sinensis radix
were purchased from stores in Beijing and Guangzhou (Table 2). The ITS2 sequences of Angelica genus were
downloaded from GenBank to verify their nucleotide signatures. A total of 429 complete ITS2 sequences repre-
senting 72 species of Angelica were obtained for further study (see Supplementary Table S2).

Decoction: Decoctions were obtained from Angelicae sinensis radix powder. The powdered herb (10 g) was
boiled in 300 mL of double-distilled water for 120 min, 180 min and 240 min, and the decoctions were used for
DNA extraction.

DNA extraction, PCR amplification, Sequencing and Cloning.  Specimens: The samples were ground
into fine powder using a Retsch MM400 laboratory mixer mill (Retsch Co., Germany) at a frequency of 30 Hz.
Then genomic DNA was extracted using a Plant Universal Genomic DNA Kit (Tiangen Biotech Beijing Co.,
China), according to the manufacturer’s instructions. ITS2 was amplified using universal primers's.

Decoctions and Chinese patent medicines: Decoctions were centrifuged at 12000 x g for 3 min to obtain the
precipitate for DNA extraction. Chinese patent medicines were subjected to cryogenic grinding in liquid nitro-
gen using a mortar and pestle. After adding 700 uL of pre-wash buffer (100 mM Tris-HCI, pH 8.0; 20 mM EDTA,
pH 8.0; 700 mM NaCl; 2% PVP-40; 0.4% (3-mercaptoethanol) to wash the Chinese patent medicine powder sev-
eral times until the supernatant was clear and colourless, the mixture was centrifuged at 7500 x g for 5min at
room temperature. Then, genomic DNA was extracted from the precipitate according to the protocol of the Plant
Universal Genomic DNA Kit (Tiangen).

A new primer pair, DGO1F/DGOI1R, for amplification of the degraded DNA was designed using Primer
Premier 6.0 software (Premier Co., Canada). PCR was performed in a 25-pL reaction system containing 12.5pL
of 2x PCR Master Mix (HT-biotech Co., China), 2.0 uL of each primer (2.5uM), and 1 L (about 50 ng) of DNA
templates and filled with double-distilled water. The reactions were performed with a thermal cycler (T100™,
Bio-Rad, Hercules, CA, USA) using the following thermal program: 94 °C for 5 min, followed by 40 cycles of
denaturation (94 °C for 305), annealing (53 °C for 30s), elongation (72 °C for 45s), and a final 10 min extension
at 72°C. The PCR products were examined using 1.5% agarose gel electrophoresis and purified for bidirectional
sequencing using an ABI 3730XL sequencer (Applied Biosystems Co., USA) based on the Sanger sequencing
method, at the National Key Facilities for Crop Genetic Resources and Improvement, the Institute of Crop
Sciences, Chinese Academy of Agricultural Sciences.

TA cloning experiments: PCR products of Chinese patent medicines were tested via agarose gel electropho-
resis, and the desired bands were excised and recovered using a TIANgel Midi Purification Kit (Tiangen). Tag
DNA polymerase can add an A base at the 3’-end of the PCR products in advance, thus enabling them to be
directly ligated to T-vectors. The A-tailed DNA was cloned into E. coli DH5« cells (Tiangen) in a pMD™19-T
Vector (Takara Bio, Otsu, Japan), according to the manufacturer’s protocol. Ampicillin-resistant single colonies
on Luria-Bertani medium were confirmed and selected by PCR with primers DGO1F/DGO1R. The above cultured
clones were used for sequencing at the National Key Facilities for Crop Genetic Resources and Improvement, the
Institute of Crop Sciences, Chinese Academy of Agricultural Sciences.
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Sequence analysis. Sequences were edited and assembled manually using CodonCode Aligner 5.1.4
(CodonCode Co., USA). ITS sequences from GenBank were annotated using the Hidden Markov model (HMM)
to obtain ITS2 sequences®. The haplotypes of Angelica species were selected and aligned using MEGA 5.0
software>.

References

1. Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s Republic of China. (ed. Chen, Z.) 133-134 (China Medical
Science Press, 2015).

2. Upton, R. American herbal pharmacopoeia and therapeutic compendium: Dang Gui root-Angelica sinensis (Oliv.). (ed. Upton, R.) 44
(Diels Scotts Valley, 2003).

3. Yang, M. et al. An herbal decoction of Radix astragali and Radix angelicae sinensis promotes hematopoiesis and thrombopoiesis. J.
Ethnopharmacol. 124, 87-97 (2009).

4. Wang, H. C. et al. The aqueous extract of a popular herbal nutrient supplement, Angelica sinensis, protects mice against lethal
endotoxemia and sepsis. J. Nutr. 136, 360-365 (2006).

5. Kupfersztain, C., Rotem, C., Fagot, R. & Kaplan, B. The immediate effect of natural plant extract, Angelica sinensis and Matricaria
chamomilla (Climex) for the treatment of hot flushes during menopause. A preliminary report. Clin. Exp. Obstet. Gynecol. 30,
203-206 (2002).

6. Tsai, N. M. et al. The antitumor effects of Angelica sinensis on malignant brain tumors in vitro and in vivo. Clin. Cancer Res. 11,
3475-3484 (2005).

7. Kan, W. L. T., Cho, C. H,, Rudd, J. A. & Lin, G. Study of the anti-proliferative effects and synergy of phthalides from Angelica sinensis
on colon cancer cells. J. Ethnopharmacol. 120, 36-43 (2008).

8. Dong, T. T. et al. Chemical and biological assessment of a Chinese herbal decoction containing Radix Astragali and Radix Angelicae
Sinensis: determination of drug ratio in having optimized properties. J. Agric. Food Chem. 54, 2767-2774 (2006).

9. Yi, L. Z,, Liang, Y. Z., Wu, H. & Yuan, D. L. The analysis of Radix Angelicae Sinensis (Danggui). . Chromatogr. A 1216, 1991-2001
(2009).

10. Li, S. L. et al. Simultaneous analysis of seventeen chemical ingredients of Ligusticum chuanxiong by on-line high performance liquid
chromatography-diode array detector-mass spectrometry. Planta Med. 69, 445-451 (2003).

11. Kwon, Y. S. et al. Antimicrobial constituents of Angelica dahurica roots. Phytochemistry 44, 887-889 (1997).

12. Zhao, Z. Z. et al. Application of microscopy in authentication of Chinese patent medicine-Bo Ying compound. Microsc. Res. Tech.
67,305-311 (2005).

13. Schmidt, S., Schmid-Egger, C., Moriniére, J., Haszprunar, G. & Hebert, P. D. DNA barcoding largely supports 250 years of classical
taxonomy: identifications for Central European bees (Hymenoptera, Apoidea partim). Mol. Ecol. Resour. 15,985-1000 (2015).

14. Leray, M. & Knowlton, N. DNA barcoding and metabarcoding of standardized samples reveal patterns of marine benthic diversity.
Proc. Natl. Acad. Sci. 112, 2076-2081 (2015).

15. Chen, S. L. et al. Validation of the ITS2 region as a novel DNA barcode for identifying medicinal plant species. PloS one 5, 8613,
10.1371/journal.pone.0008613 (2010).

16. Han, J. P. et al. The short ITS2 sequence serves as an efficient taxonomic sequence tag in comparison with the full-length ITS.
BioMed Res. Int. 2013, 741476, 10.1155/2013/741476 (2013).

17. Xin, T. Y. et al. Survey of commercial Rhodiola products revealed species diversity and potential safety issues. Sci. Rep. 5, 8337,
10.1038/srep08337 (2015).

18. Zhao, S., Chen, X. C,, Song, J. Y., Pang, X. H. & Chen, S. L. Internal transcribed spacer 2 barcode: a good tool for identifying
Acanthopanacis cortex. Front. Plant Sci. 6, 840, 10.3389/fpls.2015.00840 (2015).

19. He, X. J., Feng, T. & Liu, S. Molecular authentication of the traditional Chinese medicinal plant Angelica sinensis based on internal
transcribed spacer of ntDNA. Electron. J. Biotechnol. 13, doi: 10.2225/vol13-issuel-fulltext-13 (2010).

20. Meusnier, I. et al. A universal DNA mini-barcode for biodiversity analysis. BMC genomics 9, 214; 10.1186/1471-2164-9-214 (2008).

21. Dubey, B., Meganathan, P. R. & Haque, I. DNA mini-barcoding: an approach for forensic identification of some endangered Indian
snake species. Forensic Sci. Int.: Genet. 5, 181-184 (2011).

22. Lo, Y. T., Li, M. & Shaw, P. C. Identification of constituent herbs in ginseng decoctions by DNA markers. Chin. Med. (London, UK)
10, 1, doi: 10.1186/s13020-015-0029-x (2015).

23. Shokralla, S., Hellberg, R. S., Handy, S. M., King, I. & Hajibabaei, M. A DNA Mini-Barcoding System for Authentication of Processed
Fish Products. Sci. Rep. 5, 15894, doi: 10.1038/srep15894 (2015).

24. Ng, B. L., Omarzuki, M., Lau, G. S., Pannell, C. M. & Yeo, T. C. A nucleotide signature for identification of Aglaia stellatopilosa
Pannell. Mol. Biotechnol. 56, 671-679 (2014).

25. Liu, Y. et al. A Nucleotide Signature for the Identification of American Ginseng and Its Products. Front. Plant Sci. 7, 319, 10.3389/
fpls.2016.00319 (2016).

26. Wang, J., Zhang, G. E, Hong, L. U. & Jin, D. Investigation and Analysis of 240 Package Inserts of Chinese Patent Medicine. Eval.
Anal. Drug Use Hosp. China 11, 277-280 (2011).

27. Yuan, Q.. et al. Identification of species and materia medica within Angelica L. (Umbelliferae) based on phylogeny inferred from
DNA barcodes. Mol. Ecol. Resour. 15, 358-371 (2015).

28. Kanayama, N., Takarada, T. & Maeda, M. Rapid naked-eye detection of mercury ions based on non-crosslinking aggregation of
double-stranded DNA-carrying gold nanoparticles. Chem. Commun. (Cambridge, UK) 47, 2077-2079 (2011).

29. Bao, Y. P. et al. SNP identification in unamplified human genomic DNA with gold nanoparticle probes. Nucleic Acids Res. 33, el5,
10.1093/nar/gni017 (2005).

30. Keller, A. et al. 5.85-28S rRNA interaction and HMM-based ITS2 annotation. Gene 430, 50-57 (2009).

31. Tamura, K. et al. MEGAS5: molecular evolutionary genetics analysis using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Mol. Biol. Evol. 28, 2731-2739 (2011).

Acknowledgements

This work was supported by grants from the National Natural Science Foundation of China (No. 81673552)
and the Major Scientific and Technological Special Project for “Significant New Drugs Creation” (No.
20147X09304307001). We thank our colleagues who helped with sample collection, identification, laboratory
work and manuscript preparation, including Hui Yao, Tianyi Xin, Sthao Zheng, and Baosheng Liao, among
others.

Author Contributions

J-H. and S.C. conceived the study and participated in its design. X.W. and Y.L. contributed samples and performed
the experiments. X.W. and L.W. took the photographs and analysed the data. ].H. drafted the manuscript. All
authors have read and approved the final manuscript.

SCIENTIFIC REPORTS | 6:34940 | DOI: 10.1038/srep34940 7



www.nature.com/scientificreports/

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Wang, X. et al. A Nucleotide Signature for the Identification of Angelicae Sinensis
Radix (Danggui) and Its Products. Sci. Rep. 6, 34940; doi: 10.1038/srep34940 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

TEE o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFICREPORTS | 6:34940| DOI: 10.1038/srep34940 8


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	A Nucleotide Signature for the Identification of Angelicae Sinensis Radix (Danggui) and Its Products

	Results

	Development of Nucleotide Signature for A. sinensis. 
	Verification of the nucleotide signature in decoction and extract powder. 
	Validation of the nucleotide signature and specific primers for identification of the decoctions and Chinese patent medicin ...

	Discussion

	The necessity of developing the 37-bp nucleotide signature for market supervision. 
	The nucleotide signature effectively identifies Angelicae sinensis radix and its products. 
	The prospects for nucleotide signatures using an on-site and real-time detection. 

	Materials and Methods

	Sample collection and pre-treatment and Data acquisition. 
	DNA extraction, PCR amplification, Sequencing and Cloning. 
	Sequence analysis. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ The alignment of the 37-nucleotide conserved region.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Two primer pairs amplify different sizes of sequences from decoctions and extract powder.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ PCR amplifications of the 28 Chinese patent medicines with DG01F/DG01R.
	﻿Table 1﻿﻿. ﻿  Characteristics of the A.
	﻿Table 2﻿﻿. ﻿  Characteristics of the 28 Chinese patent medicines.



 
    
       
          application/pdf
          
             
                A Nucleotide Signature for the Identification of Angelicae Sinensis Radix (Danggui) and Its Products
            
         
          
             
                srep ,  (2016). doi:10.1038/srep34940
            
         
          
             
                Xiaoyue Wang
                Yang Liu
                Lili Wang
                Jianping Han
                Shilin Chen
            
         
          doi:10.1038/srep34940
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep34940
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep34940
            
         
      
       
          
          
          
             
                doi:10.1038/srep34940
            
         
          
             
                srep ,  (2016). doi:10.1038/srep34940
            
         
          
          
      
       
       
          True
      
   




