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ABSTRACT

Objective: Xueteng-related herbs include Spatholobi Caulis (Jixueteng in Chinese), Sargentodoxae Caulis
(Daxueteng in Chinese), Kadsurae Caulis (Dianjixueteng in Chinese), and other medicinal plant stems that
release reddish-brown juices after being cut. However, similarity in phonetic spelling and sound leads to
their misuse in clinic or commercial circulation. Accurate labeling is imperative as well as effective for
species identification.

Methods: In this study, the ITS2 sequences of 76 samples of Xueteng-related herbs were obtained and
analyzed to identify them. And then they were converted into QR codes using the open source PHP QR
code. Also, a DNA barcode reference library was established according to these sequences and was used
to authenticate the 25 samples of Xueteng-related herbs collected from the market.

Results: The lengths of the ITS2 sequences of different Xueteng-related herbs ranged from 207 to 235bp
and the GC contents were 57.5%—71.0%. Jixueteng, Daxueteng, and Dianjixueteng were clustered into three
clades respectively in the neighbor-joining (NJ) phylogenetic tree, and the efficiency of the BLAST method
was 100%. The ITS2 sequences of different Xueteng-related herbs were presented vividly and specifically
in QR code. Twenty-two of all 25 commercial samples were consistent with the original labels, whereas
three samples marked “Dianjixueteng” were authenticated as “Jixueteng”.

Conclusion: QR code labeling system based on DNA barcode is an effective labeling system of Xueteng-

related herbs for their circulation regulation.
© 2018 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved.

1. Introduction

Chinese materia medica (CMM) have long historical clinical use
and reliable therapeutic efficacy, which attract a global attention
and widespread use. The regulations defining their proper use,
especially identification of the correct species, are widely recog-
nized, as the use of incorrect species is a threat to consumer
safety due to the similar phonetic spelling and sound. For instance,
Guangfangji (Aristolochia fangchi Y. C. Wu ex L. D. Chow et S. M.
Hwang) was misused for Fangji (Stephania tetrandra S. Moore), and
the toxic Guanmutong (Aristolochia manshuriensis Kom.) was mis-
taken as Mutong (Akebia quinate (Houtt.) Decne.), resulting in se-
rious nephropathies (Lord, Tagore, Cook, Gower, & Pusey, 1999;
Vanherweghem et al., 1993). Therefore accurate labeling of CMM
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is crucial to guarantee their usage, especially for those share simi-
larities in phonetic spelling and sound.

As the labeling system of the traditional Chinese name of CMM
emphasizes on the characteristic of CMM, such as their efficiency,
origin, appearance feature and medicinal parts, different CMM with
similar characteristics may share similar names. Such as Spatholobi
Caulis, the stem of Spatholobus suberectus Dunn releases reddish-
brown juices, which like the color of chicken blood after being cut.
Therefore, it has the Chinese name of “Jixueteng”. Furthermore, Jix-
ueteng is produced in Yunnan Province, China has the trivial name
of “Dianjixueteng”; “Dian” is the abbreviation of Yunnan Province.
However, Dianjixueteng in the Chinese Pharmacopoeia refers to an
another drug Kadsurae Caulis, the stem of Kadsura interior A. C.
Smith. Moreover, stems of other species that release reddish-brown
juices after being cut, such as Sargentodoxa cuneata (Oliv.) Rehd.
et Wils (Daxueteng in Chinese), Kadsura heteroclita (Roxb.) Craib,
Mucuna sempervirens Hemsl.,, Mucuna birdwoodiana Tutch., Millet-
tia dielsiana Harms, and Millettia tsui Metc., which are also called
“Xueteng” in folk (Chen, Xu, Xu, & Jin, 1993a,b; Lin, 2000), leading

1674-6384/© 2018 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. All rights reserved.
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to confusion in commercial circulation. Although Chinese pharma-
copoeia employs both Chinese name and Latin name for individual
drug, the nomenclature is too professional to be used by
non-professionals.

In order to avoid confusion of Xueteng-related herbs (Fig. 1),
it is necessary to label them using DNA barcoding before circu-
lation. ITS2 sequence has been used as a universal DNA barcode
for plants (Chen et al., 2010; Yao et al.,, 2010), especially for the
sliced, shredded, dried, or simply processed CMM with degraded
DNA (Ma et al., 2017; Xin et al., 2015; Zhao et al., 2015). The DNA
barcoding identification system for CMM has been established and
recorded in Chinese Pharmacopeia (Pharmacopoeia Committee of
P. R. China, 2015; Zhang, Huang, & Yan, 2017). As the 2D barcode
is amenable to information storage, recognition, and retrieval, and
QR code is the most appropriate symbology for biological genetic
information in practical applications (Liu et al., 2012). The label-
ing system of QR code that consisted of biological genetic informa-
tion and Latin names can produce genetic ID cards, which reduce
nomenclature confusion in CMM market circulation. Here, we es-
tablished unique genetic ID for Xueteng-related herbs using ITS2
barcode and QR code image.

Spatholobus suberectus

Sargentodoxa cuneata

Kadsura interior 1cm

Fig. 1. Morphology of Spatholobus suberectus (Jixueteng in Chinese), Kadsura inte-
rior (Dianjixueteng in Chinese) and Sargentodoxa cuneata (Daxueteng in Chinese)
recorded in Chinese Pharmacopoeia. They all presented with circular, elliptical or
irregularly inclined section, taupe external and red-brown transverse section.

2. Materials and methods
2.1. Sample collection

A total of 67 experimental samples belonging to eight species,
namely, Spatholobus suberectus Dunn (40 samples), Sargentodoxa
cuneata (Oliv.) Rehd. et Wils (four samples), Kadsura interior A.
C. Smith (seven samples), Kadsura heteroclita (Roxb.) Craib (two
samples), Mucuna sempervirens Hemsl. (six samples), Mucuna bird-
woodiana Tutch. (one sample), Millettia dielsiana Harms (six sam-
ples), and Millettia tsui Metc. (one sample), were used in this
study. Sixty-five plant samples were collected from different lo-
cations in China and identified according to their morphological
characteristics by Professor Yulin Lin from the Institute of Medici-
nal Plant Development (IMPLAD), Chinese Academy of Medical Sci-
ences. Two samples were purchased from the Chinese Food and
Drug Inspection Institute. The remaining nine ITS2 sequences were

downloaded from GenBank. In total, 76 sequences were used to es-
tablish the DNA barcode library. The haplotypes of the ITS2 regions
of these eight species were submitted to GenBank, and the acces-
sion numbers were shown in Table 1. All corresponding voucher
samples were deposited in the Herbarium of IMPLAD.

2.2. Genomic DNA extraction, amplification, and sequencing

The surfaces of raw drug from market samples were first
scraped off and then wiped with 75% ethanol. Genomic DNA was
extracted from 25—-30mg of fresh plant samples or 40—45mg of
caulis using the Plant Genomic DNA Kit (Tiangen Biotech Co., Bei-
jing, China). The primers, polymerase chain reaction (PCR) condi-
tions, and sequencing were previously described (Chen et al, 2010;
Pharmacopoeia Committee of P. R. China, 2015).

2.3. Sequence analysis and QR code generation

Raw trace files were trimmed to remove the primer and low-
quality areas and then assembled. The Hidden Markov model
(HMM) was used to remove the 5.8S and 28S sections in or-
der to annotate the ITS2 region (Keller et al, 2009). On the
basis of the Kimura-two-parameter (K2P) model, the intra- and
inter-specific genetic distances were calculated with MEGA 6.0
(Tamura, Stecher, Peterson, Filipski, & Kumar, 2013). All the ITS2
sequences were used to calculate genetic distances, whereas the
phylogenetic neighbor-joining (NJ) tree was constructed according
to the haplotypes of Jixueteng, Daxueteng, Dianjixueteng and other
“Xueteng” herbs. Bootstrap tests were performed using 1000 repli-
cates to assess the confidence of the phylogenetic relationships via
MEGA 6.0.

The QR code images were obtained by encoding the ITS2 se-
quences of the Xueteng-related herbs, as well as their correspond-
ing Latin names, using the open source PHP QR Code. Mobile
terminals (such as iPhone and Android devices) can be used as
QR code scanners to read the information. Finally, the scanned
information can be submitted to DNA barcode identification sys-
tem (http://www.tcmbarcode.cn) to identify and analyze ITS2 se-
quences (Chen et al., 2014).

2.4. Species identification of commercial samples

A total of 25 commercial samples, including 16 samples of Jix-
ueteng, six samples of Daxueteng, and three samples of Dianjix-
ueteng, were randomly collected from markets and drug stores,
and the ITS2 sequences of these commercial samples were tested
by the reference library using BLAST method. Moreover, all 25 se-
quences and the haplotypes of the vouchers were used to construct
the N] tree.

3. Results
3.1. Analysis of sequence characteristics

Sequence analysis was performed on 76 samples. After anno-
tation, the ITS2 sequence lengths of the 40 Jixueteng samples, 11
Daxueteng samples, and seven Dianjixueteng samples were 207,
234-235, and 231bp, respectively, and their corresponding GC
contents were 69.6%—71.0%, 66.8%—67.7%, and 59.7%—60.2%, re-
spectively. A total of six nucleotide variation sites were found in
Jixueteng sample sequences and nine were found in Daxueteng
samples. Moreover, only one C-T variation at the 212bp was
found in the ITS2 regions of Dianjixueteng. Based on the variable
sites, these three species generated seven, eight, and two haplo-
types. Additional details about the sequence characteristics of other
Xueteng-related herbs were in Table 2.
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Table 1
Xueteng-related herbs used in this study.
Names Species Families Haplotype Voucher No. GenBank Sources
(Number) No.
Spatholobi Caulis Spatholobus Leguminosae H1 (19) FDC354, YCO001MTO09*, MF416925 Chinese Food and Drug Inspection Institute,
(Jixueteng) suberectus 15, 17, 20, 32, 36-38, 40, Beijing; Guilin, Nanning, Chongzuo, Guangxi;
42-44, 46, 48-49, 52, 65, Meizhou, Herbal Garden of Guangzhou
67 University of Chinese Medicine, Guangdong;
Vietnam
H2 (9) YCO001MT13*—14, 30, MF416926 Guangxi Branch Institute of Medicinal Plant
39, 53, 63-64, 66, 68 Development, Mount Dragon and Tiger, Nanning,
Guangxi; Herbal Garden of Guangzhou
University of Chinese Medicine, Guangdong
H3 (7) YCO001MTO7*, 16, 18-19, MF416927 Meizhou, Guangdong
29, 45, 51
H4 (2) YC0001MTO8*, 50 MF416928  Meizhou, Guangdong
H5 (1) YCO0001MT33* MF416929 Shenzhen, Guangdong
H6 (1) YC0001MT31* MF416930  Jinxiu, Guangxi
H7 (1) YC0001MT47* MF416931 Meizhou, Guangdong
Sargentodoxae Sargentodoxa Lardizabalaceae Al (4) - EF076045, GenBank
Caulis (Daxueteng) cuneata 49-50, 53
A2 (1) YC0279MT18* MF416932 Baoding, Hebei
A3 (1) YC0279MT17* MF416933 Baoding, Hebei
A4 (1) - EF076051 GenBank
A5 (1) YC0279MT19* MF416934 Wuhan, Hubei
A6 (1) YC0279MT20* MF416935 Wuhan, Hubei
A7 (1) - EF076047 GenBank
A8 (1) - EF076054 GenBank
Kadsurae Caulis Kadsura interior Magnoliaceae B1 (5) FDC346, MF416942 Chinese Food and Drug Inspection Institute,
(Dianjixueteng) YC0699MT01*-02, 04, 06 Beijing; Gengma, Yunnan
B2 (2) YC0699MTO03*, 05 MF416943 Gengma, Yunnan
Other herbal Kadsura heteroclita Magnoliaceae C1(2) YC0723MT01*-02 MF416944 South China Botanical Garden, Guangdong
medicine called
Xueteng
Mucuna Leguminosae D1 (5) YC0724MTO01*-04, 06 MF416936 Wuhan Botanical Garden, Hubei; Hanzhong,
sempervirens Shaanxi
D2 (1) YC0724MTO05* MF416937 Wuhan Botanical Garden, Hubei
Mucuna Leguminosae E1 (1) YC0726MTO1* MF416938 South China Botanical Garden, Guangdong
birdwoodiana
Millettia dielsiana  Leguminosae F1 (4) YC0725MT02*-05 MF416940 Kunming, Yunnan
F2 (1) YC0725MTO01* MF416941 Kunming, Yunnan
F3 (1) PS0309MTO1* GQ434376 Kunming, Yunnan
F4 (1) - GQ246022  GenBank
F5 (1) - GQ434376 GenBank
Millettia tsui Leguminosae G1 (1) YC0727MTO1* MF416939 South China Botanical Garden, Guangdong
*ITS2 sequences were submitted to GenBank.
Table 2 o ) N]J tree constructed by the 27 ITS2 sequence haplotypes, Jixueteng,
ITS2 sequence characteristics of eight Xueteng-related herbs. Daxueteng, and Dianjixueteng can be respectively clustered into
Species Sequence  Sequence GC Number of one clade with a high bootstrap value and be efficiently distin-
number  length /bp content /% variable sites guished from other species (Fig. 2). Thus, the NJ tree results indi-
Spatholobus suberectus 40 207 696-710 6 cated that the ITS2 barcode can correctly identify different kinds
Sargentodoxa cuneata 11 234-235  668-67.7 9 of “Xueteng”. Moreover, the inter-specific sequence similarity of
Kadsura interior 7 231 59.7-602 1 ITS2 of K. interior (Dianjixueteng in Chinese) and K. heteroclita
ﬁj:;‘:; ?::ﬁ;‘:;‘l:itfens é ;g 2;’,3,70_3 (]) was 97.8%—98.3%, and their inter-specific K2P genetic distance was
Mucuna birdwoodiana 1 212 68.4 / 0.018—0.022. They formed a single branch with a high bootstrap
Millettia dielsiana 8 219 -221 57.5-588 6 value in the N] tree. These results showed that these two species
Millettia tsui 1 233 67.0 / might have a close genetic relationship. However, further evidence

Note: “|” single sequence cannot be used to analyse intraspecific variations

3.2. Intra- and inter-specific genetic distances and NJ Tree

In this study, all 76 ITS2 sequences were analyzed to calcu-
late genetic distances. Based on the K2P model, the intra-specific
genetic distance of Jixueteng varied from O to 0.015, with an
average of 0.008. Moreover, the maximum intra-specific genetic
distances of Daxueteng and Dianjixueteng were 0.017 and 0.004,
respectively. Furthermore, the minimum inter-specific K2P genetic
distances of Jixueteng, Daxueteng, and Dianjixueteng were 0.271,
0.594, and 0.018, respectively, which were all larger than their
maximum intra-specific genetic distances (Table 3). Based on the

is needed as the sequences are scarce.

3.3. Genetic ID card——QR code based on DNA barcode

The ITS2 sequences of Xueteng-related herbs were converted
into colored barcode images based on the open source PHP QR
code and the coding program (Xin et al., 2015; Chen, 2015). These
QR codes included two sections: multicolor barcode in the left and
QR code in the right. Different colors represented different bases
in the multicolor barcode, and the sequence lengths were numer-
ical (Fig. 3). In this way, the DNA barcode sequences of different
kinds of “Xueteng” were presented vividly and specifically in QR
code, achieved cross-platform conversion of DNA barcode informa-



H. Zhou et al./Chinese Herbal Medicines 11 (2019) 52-59 55

Table 3
Intra- and inter-specific genetic distances between S. suberectus, S. cuneata, K. interior, and other
Xueteng-related herbs.

K2P genetic distances Relationship Range of genetic distances (mean)

0-0.015 (0.008)
0-0.017 (0.008)
0-0.004 (0.002)
0.271 — 0.697 (0.510)
0.594 — 0.809 (0.673)
0.018 — 0.943 (0.696)

S. suberectus

S. cuneata

K. interior

S. Suberectus and other Xueteng
S. cuneata and other Xueteng
K. interior and other Xueteng

{ Millettia dielsiana F1
Millettia dielsiana F2

100 Millettia dielsiana F5

Intra-specific distances

Inter-specific distances

89 Millettia dielsiana F3

Millettia dielsiana F4

Millettia tsui G1

Mucuna birdwoodiana E1
99 100 —|: Mucuna sempervirens D1
86 Mucuna sempervirens D2

Spatholobus suberectus H7

Spatholobus suberectus H5

Spatholobus suberectus H6

99 Spatholobus suberectus H1 Spatholobus suberec

Spatholobus suberectus H2
{ Spatholobus suberectus H3
54 Spatholobus suberectus H4 |
Kadsura interior B1
—88: Kadsura interior
100 Kadsura interior B2

Kadsura heteroclita C1

Sargentodoxa cuneata A3
—mi: Sargentodoxa cuneata A5
Sargentodoxa cuneata A6

Sargentodoxa cuneata A7

100

Sargentodoxa cuneata

Sargentodoxa cuneata A4

68

Sargentodoxa cuneata A2

Sargentodoxa cuneata A1

Sargentodoxa cuneata A8

Fig. 2. Phylogenetic NJ tree based on 27 ITS2 sequence haplotypes of eight Xueteng-related herbs (Haplotype No. followed Latin name. Bootstrap scores (>50%) were shown
for each branch. Different Xueteng-related herbs can be efficiently distinguished).

tion and might be applied in resource monitoring, accurate species
identification, and quality control of “Xueteng” (Fig. 4).

3.4. Authenticity of commercial samples of Xueteng-related herbs

To investigate the authenticity of commercially available
Xueteng-related herbs, we used the BLAST method to identify
the species of 25 commercial samples from markets and drug
stores. The results in Table 4 showed that 22 (88%) out of the 25
tested samples were identified as the labeled species. The remain-
ing three samples (sample No. CMMO023-025) marked “Dianjix-
ueteng” (K. interior) were authenticated as Jixueteng (S. suberectus).
Moreover, the NJ tree (Fig. 5) showed the same results. A total
of 16 samples (sample No. CMMO001-016) marked “Jixueteng” were
clustered into group A, and six samples (sample No. CMMO017-022)

marked “Daxueteng” were clustered into group B, indicating that
these samples were authentic. CMM023, CMM024, and CMMO025
were grouped with Jixueteng in group A rather than group C, in-
dicating that these three commercial samples marked “Dian Jix-
ueteng” were proved to be “Jixueteng”.

4. Discussion
4.1. Different nomenclature systems of CMM

The traditional Chinese name of CMM contains extensive and
profound thoughts and theories of traditional Chinese medicine
(TCM), and it emphasizes on the characteristic of CMM, such as
their origin, appearance feature and officinal parts (He, 2014). This
nomenclature system has deep cultural connotations but the dif-
ferences recorded in previous generations of classic herbal works
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Part 1 Part2
(Multicolor barcode) (QR code)
A

[b] Sargentodoxa cuneata (Daxueteng)

[a] Spatholobus suberectus(Jixueteng)

20 130 140

|c] Kadsura interior (Dianjixueteng)

Fig. 3. 2D DNA barcode images of three Xueteng-related herbs recorded in Chinese Pharmacopoeia (A HT HC HG)
A labeling included two parts such as multicolor barcode in left and QR code in right. A, T, C and G were marked green, red, blue and black in multicolor barcode, respectively.

Sequence lengths were numerical.

Spatholobus suberectus
- A 4 CACATCGTTGCCCTCCCGC
> [ Latin name + DNA sequence | => | AacccTeGTTCCGCAGGG
Rl il M CGTGTGCTGGCTTCCCG...
T
N J
-
<€ - l DNA barcode database | ===
N
=
§E 1@ [eachiost ]
v Nearest match:Spatholobus subsrectus.

http //www.tcmbarcode.cn/en/
v

—_— e ——— | Obtain identification result |_>

Accession Species Similarity

Spatholobus suberectus. 1000%

Spatholobus suberectus. 1000%

Fig. 4. Usage of 2D DNA barcode in circulation regulation.

and the medication habits of different regions resulted in the phe-
nomenon that some different herbs share the similar phonetic
spelling and sound, or one herb has different names, which re-
strict its usage in international exchanges and market circulation.
Since the Binominal nomenclature created by Linnaeus, the sci-
entific name of species is commonly used in plant taxonomy. It
is universal in the world and is not limited by the state or lan-

guage. While, the labeling system of scientific name cannot ex-
press the characteristics of CMM effectively, as medicinal mate-
rials do not equal to the medicinal plants. Therefore, the label-
ing system of Latin names of crud drugs was formulated and
recorded in Chinese Pharmacopoeia. This labeling system combines
the Latin name of species and medicinal material characteristics
(Chen, 2009). For example, S. suberectus is the original plant of Jix-
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Table 4

Characteristics and identification of 25 commercial crude drug samples from three herbs recorded in Chinese

Pharmacopoeia.
Sample No. No. of samples  Sources Market label Barcode ID
CMMO001-003 3 Anguo Medicine Market, Hebei Jixueteng S. suberectus
CMMO004-005 2 Bozhou Medicine Market, Anhui Jixueteng S. suberectus
CMMO006 1 Drug Store I, Beijing Jixueteng S. suberectus
CMMO007-008 2 Drug Store II, Beijing Jixueteng S. suberectus
CMMO009-011 3 Drug Store III, Guangdong Jixueteng S. suberectus
CMMO012-014 3 Drug Store IV, Guangdong Jixueteng S. suberectus
CMMO015-016 2 Drug Store V, Guangdong Jixueteng S. suberectus
CMMO017-018 2 Anguo Medicine Market, Hebei Daxueteng S. cuneata
CMMO019-021 3 Drug Store I, Beijing Daxueteng S. cuneata
CMMO022 1 Chugimen Medicine Market, Chongqing  Daxueteng S. cuneata
CMMO023-025 3 Drug Store VI, Yunnan Dianjixueteng  S. suberectus

Sargentodoxa CuneataA7 @

Sargentodoxa cuneata A6 @

o018 @

o

97

@ Spatholobus suberectus H2

oot

1a suaaiaradwas eundnpy

o
o0 C
® =
@02 o
54 >
@cmmoo1

[ ) Spatholobus suberectus H1

nonii @

1a eugypoompata Y

Fig. 5. NJ tree for all haplotypes of database and commercial Xueteng samples (Bootstrap scores (> 50%) were shown for each branch). Twenty-seven ITS2 sequence hap-
lotypes of eight Xueteng-related herbs marked with Latin name and haplotype No. using for database construction, and 25 ITS2 sequences of commercial Xueteng samples
marked with “CMM". Jixueteng, Daxueteng and Dianjixueteng were clustered into group A, B and C, respectively. Based on the tree, three commercial samples marked

“Dianjixueteng” (CMMO023-025) were proved to be “Jixueteng”.

ueteng, and Spatholobi Caulis is the Latin name of Jixueteng as its
medicinal part is caulis. These two labeling systems are too profes-
sional to be used by non-professionals. The QR code labeling sys-
tem is based on the molecular identification system, which give
each CMM a unique genetic ID card. The users can efficiently and
quickly get the accurate name of CMM just with a phone. It will
not be restricted by nationality, expertise, time, and place. Each of
these four labeling systems has their own features, and they are
suitable for various situations. And the QR code labeling system
may show superiority in commercial circulation and regulation of
CMM.

4.2. Application of ITS2 sequence in species identification
of Xueteng-related herbs

The stability and accuracy of the ITS2 sequence has been veri-
fied by many studies (Ma et al., 2017; Song et al., 2012; Xin et al.,
2015; Xin et al., 2013; Zhao et al., 2015). In this study, we have suc-
cessfully amplified and sequenced the ITS2 sequences of 67 sam-
ples that included Jixueteng, Daxueteng, Dianjixueteng, and other
Xueteng-related herbs. Sequencing efficiency of the 25 commercial
samples was 100% as well. Huang, Ma, Zhan, and Chen (2015) en-
countered problems in sequencing and did not obtain qualified
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ITS2 sequences after repeated tests. They ascribed the failure to the
existence of multiple copies of ITS in the nuclear gene. However,
multiple copies actually favor sequence amplification, especially for
samples with partially degraded DNAs (Coleman, 2007; Gao et al.,
2010). Moreover, we and Yu, Xie, Wu, Tao, and Xu (2016) success-
fully amplified and sequenced the ITS2 region. We suppose that
the overlapping peaks in Huang’s research may be caused by the
fungal contamination. ITS2 fragments are widely found in plants
and fungi (Kress, Wurdack, Zimmer, Welgt, & Janzen, 2005), and
the sequencing quality may be negatively affected when the CMM
are contaminated with ITS2 sequences from fungi. In our study, we
scraped off the surfaces of raw drug market samples and wiped
them with 75% ethanol to prevent fungal ITS sequences from inter-
fering with our results. Other compounds, such as polysaccharides
and polyphenols, that existed in Xueteng-related herbs could co-
precipitate with the DNA and form insoluble sticky jelly-like sub-
stances, which may seriously affect DNA extraction and PCR am-
plification. To improve the quantity and quality of DNA, 1% PVP
(polyvinylpyrrolidone) and beta-mercaptoethanol were added to
the samples before they were crushed, and simultaneously the ex-
traction step by wash buffer were increased 3 times. The water
bath time was extended to 8—12h (Li, Wang, Yu, Wang, & Zhou,
2013).

The ITS2 sequence has already been used to identify some
Xueteng species (Guo et al., 2017; Yu et al., 2016); however, the
sources of the experimental samples in these studies were lim-
ited. Yu's study (Yu et al., 2016) merely included six samples of Jix-
ueteng and three samples of Dianjixueteng, which were limited for
assessing the intra-specific genetic distance. Moreover, the samples
in Guo’s (Guo et al., 2017) study only came from Schisandraceae. In
contrast, by using 67 experimental samples including eight species,
we covered three families in this study. The abundant samples pro-
vided robust support to the results, and the ITS2 sequences can
effectively distinguish different Xueteng species. Additionally, 22 of
the commercial samples of Xueteng-related herbs were found to be
consistent with their labels, whereas three samples marked with
“Dianjixueteng” were authenticated as “Jixueteng”. Yu's research
also found “Jixueteng” mislabeled as “Dianjixueteng” (Yu et al.,
2016).

4.3. Power and challenges of genetic ID card——QR code
for circulation regulation of CMM

The term “DNA barcode” has been proposed by Hebert 15 years
ago (Hebert, Ratnasingham, & deWaard, 2003). But DNA barcode
sequences are not amenable to information storage, recognition
and retrieve, which limit its practical applications (Liu et al., 2012).
Therefore, researchers have given efforts to the practical applica-
tions of DNA barcoding technologies, especially in the digital in-
formation age. QR code has the largest coding capacity, and it has
a relatively high compression ratio, enabling it to display and re-
trieve DNA barcode information efficiently, thereby making it a
new format to represent DNA barcode sequences (Liu et al., 2012).
The prevalent use of web servers and mobile terminals (such as
iPhone and Android devices) will allow users to capture and an-
alyze DNA sequence information anywhere or anytime. Moreover,
combining DNA sequences and QR code will make DNA barcoding
applications highly practical. Some studies have been conducted to
convert the DNA sequences of medicinal materials into QR code
images to monitor the quality of CMM and regulate its circulation
(Ma et al., 2017; Xin, Li, Yao, & Chen, 2015). In this study, we ap-
plied the QR code technology in Xueteng-related herbs and gave
each of them a genetic ID card. Other types of metadata such as
producing area etc, can be encoded in the QR code. Our study may
provide a convenient method for the non-professionals to recog-
nize and purchase appropriate Xueteng-related herbs.

Except for the above advantages, the genetic ID card has its
limitations in quality supervision of CMM. As it is a DNA-based
method, the detection of DNA sequence from medicinal materi-
als does not necessarily indicate the presence of enough bioactive
compounds, that is DNA sequence can just distinguish the au-
thenticity of CMM, rather than evaluate their qualities. Besides,
the mineral drugs have no DNA, and the DNA of highly process
CMM were severely degraded, we could not acquire the genetic
information from these CMM. As DNA sequences in all tissues of
one species are the same, the consumers were unable to iden-
tify whether the DNA sequence comes from the medicinal parts
without the morphological information. Thus, DNA barcode need
to synergize with traditional methods for species identification. It
is a complement rather than substitute to traditional methods.

5. Conclusions

This study gave the genetic ID cards to Xueteng-related herbs
and established a method for the identification of the original
species of the homonymous CMM Xueteng. Our results showed
that mislabeled Xueteng-related herbs are sold in medicine mar-
kets, and that the QR code is an effective labeling system for
Xueteng-related herbs. Furthermore, our method may be used to
rapidly check the authenticity of commercial samples of Xueteng-
related herbs.
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