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Abstract

Background Ensuring the authenticity of raw materials is a key step prior to producing Chinese patent medicines. Pinellia
ternata (Thunb.) Breit. is the botanical origin of Pinelliae Rhizoma (Banxia), a traditional Chinese medicine used to treat
cough, insomnia, nausea, inflammation, epilepsy, and so on. Unfortunately, authentic Pinelliae Rhizoma is often adulterated
by morphologically indistinguishable plant material due to the insufficient regulatory procedures of processed medicinal plant
products. Thus, it is important to develop a molecular assay based on species-specific nucleotide signatures and primers to
efficiently distinguish authentic Pinelliae Rhizoma from its adulterants.

Methods and results The ITS2 region of 67 Pinelliae Rhizoma and its common adulterants were sequenced. Eight single
nucleotide polymorphisms within a 28—43 bp stretch of ITS2 were used to develop six primer pairs to amplify these species-
specific regions. We assayed 56 Pinelliae Rhizoma products sold on the Chinese market, including medicinal slices, powder
and Chinese patent medicines, which revealed that about 66% of products were adulterated. The most common adulterants
were Pinellia pedatisecta (found in 57% of the assayed products), Arisaema erubescens (9%), Typhonium giganteum (2%)
and Typhonium flagelliforme (2%).

Conclusions A severe adulteration condition was revealed in the traditional medicine market. The species-specific nucleo-
tide assays developed in this study can be applied to reliably identify Pinelliae Rhizoma and its adulterants, aiding in the
authentication and quality control of processed products on the herbal market.

Keywords Pinellia ternata - Chinese patent medicine - Nucleotide signature - Degraded DNA - Identification
Abbreviations ITS  Internal transcribed spacer
CPM Chinese patent medicine TCM Traditional Chinese medicine

SNP  Single nucleotide polymorphism

Introduction

Tianyi Zhang and Fusheng Xu have contributed equally to this

article. Traditional Chinese medicine (TCM) has been used for
health care in China and other countries such as North and
South Korea, and Japan for 1000s of years. According to
the processing method, TCM can be divided into Chinese
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the management of COVID-19, and proposed as adjunctive
and therapeutic option to fight the public health emergency
by national and provincial guidelines in China [3]. However,
it may take many years before medicinal plants, especially
woody ones, can be harvested, so it can be difficult to sat-
isfy the market demand for some Chinese medicinal plant
materials. As the discrepancy between supply and demand is
increasing, so is the temptation to substitute original medici-
nal material with adulterated raw materials [4], affecting the
efficacy and safety of the TCM product.

Traditionally, the authentication of TCM mainly relies
on organoleptic parameters which are an expert-dependent
technique [5]. However, it is difficult to authenticate the raw
materials of CPMs in the form of tablets, capsules or oral
liquids which consist of many different, often highly pro-
cessed, ingredients from plants or animals. In the past few
decades, analytical chemistry techniques such as Thin Layer
Chromatography (TLC), High Performance Liquid Chroma-
tography (HPLC) and Gas chromatography (GC) have been
used for the quality assurance of CPMs [6]. These meth-
ods can complement morphological identification to some
extent, but have limitations as closely related species might
have the same or very similar compounds. For example,
although arginine can be used as the chemical indicator to
distinguish Pinellia ternata from Typhonium flagelliforme,
it is not possible to discriminate between P. ternata and P.
pedatisecta [7]. In such instances, molecular tools like DNA
barcoding can be an effective tool for rapidly and accurately
identifying plants [8, 9]. The non-coding trnL-trnF, trnH-
psbA, psbK-psbl and atpF-atpH plastid intergenic spacers
and the multicopy nuclear internal transcribed spacer (ITS)
are widely used to distinguish authentic plant material from
adulterants [8, 10]. Many studies have shown that ITS2 is a
useful genomic region which can be used to identify herbal
medicines [10-12], although it is difficult to amplify highly
processed samples [13, 14]. For example, ITS2 could not be
amplified from Angelicae Sinensis Radix extracts or decoc-
tions and from some CPMs in the form of oral liquids or
injection samples [1, 15] as it can be very difficult to amplify
fragments more than a few hundred base pairs long from
degraded DNA. Short species-specific nucleotide signatures
[16] could be an alternative tool to detect fraudulent prod-
uct substitutions, adulteration or the inclusion of unlabelled
ingredients.

Pinelliaec Rhizoma (Banxia), derived from the dried tuber
of Pinellia ternata (Thunb.) Breit. (Araceae), is a well-
known pharmacopoeia-recorded medicine in China [6].
Pinelliae Rhizoma was first recorded in Shen Nong Ben Cao
Jing (Shen Nong’s herbal classic) 2000 years ago and is now
part of 432 traditional CPMs (Chinese Patent Medicine Pre-
scription Database) and 3036 prescriptions (TCM Prescrip-
tion Database). Modern research has shown that Pinelliae
Rhizoma possesses many pharmacological properties such
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as being antitussive, antiemetic, expectorant and antitumor
[17, 18]. However, as the raw material Pinelliae Rhizoma is
toxic [19], excessive or long-term use of this herbal medi-
cine can cause renal and hepatic injuries [18, 20]. Therefore,
the processed products of Pinelliae Rhizoma, namely Pinel-
liae Rhizoma Praeparatum (Fabanxia), Pinelliae Rhizoma
Praeparatum cum Zingibere et Alumine (Jiangbanxia), and
Pinelliae Rhizoma Praeparatum cum Alumine (Qingbanxia),
are generally used as described in the Chinese Pharmaco-
poeia [6]. Pinelliae Rhizoma is usually applied as powder,
capsule, tablet or decoction in a wide range of clinical appli-
cations. For example, Banxia Houpu Decoction is used for
the treatment of depression-related diseases [21] and Xiao-
Qing-Long-Tang has been widely used for the treatment of
allergic diseases [22].

Although P. ternata naturally occurs across mainland
China except Inner Mongolia, Heilongjiang and Tibet,
the production of P. fernata does not match the market
demand for Pinelliae Rhizoma. Thus, many adulterants
have appeared on the market including two Pinellia spe-
cies (P. pedatisecta Schott and P. cordata N. E. Brown),
three Typhonium species [T. giganteum Engl., T. divarica-
tum (L.) Decne. and T. flagelliforme (Lodd.) Blume], and
three Arisaema species [A. heterophyllum Blume, A. amu-
rense Maxim. and A. erubescens (Wall.) Schott] [23, 24].
P. ternata can be easily distinguished from its adulterants
using leaf and flower morphology, however the medicinally
active underground parts (tubers) are extremely similar. For
example, Pinelliae Rhizoma is spheroidal in shape, while the
dried tuber of P. pedatisecta is also spheroidal with several
small bulbs alongside. If small bulbs of P. pedatisecta are
not yet formed or removed during processing, the tubers
will be very difficult to distinguish from Pinelliae Rhizoma
based on gross morphology. Even microscopic traits such
as the needle-like calcium oxalate crystals in the tubers of
P. ternata are of limited use as these also occur in P. peda-
tisecta and T. flagelliforme [24]. TLC is also insufficient
for identifying Pinelliac Rhizoma reliably because similar
compounds exist within the known adulterant P. pedatisecta
[7, 25]. Therefore, the development of a rapid and reliable
method for the authentication of Pinelliae Rhizoma and its
adulterants is urgently needed to safeguard the quality and
safety of this important CPM.

Zheng et al. [26] employed the plastid spacers psbK-psbl
and atpF-atpH to authenticate P. ternata from related spe-
cies. The results indicated that psbK-psbl had higher identi-
fication success than atpF-atpH. Although Zhang et al. [23]
suggested ITS2 as a DNA barcode for identifying Pinelliae
Rhizoma from its adulterants, CPM often only contain very
small amounts of degraded DNA and it can be very dif-
ficult to carry out PCR amplification of regions >200 bp
in length like psbK-psbI (usually > 400 bp) and ITS2 (usu-
ally > 200 bp) successfully.
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However, several studies have shown that a “mini-bar-
code” with a length ranging from 100 to 200 bp can be used
to amplify degraded DNA [27, 28]. For instance, Lo et al.
[29] successfully PCR amplified target products from TCM
material which had been boiled for 120 min. Shokralla
et al. [30] screened processed fish products using a mini-
barcode and reported a success rate of 88.6% compared to a
20.5% success rate using the full-length DNA barcode CO1
(~650 bp). More recently, nucleotide signatures, which tar-
get one or more nucleotides unique to one species, have been
used [15, 16, 31]. Generally, mini barcodes take the whole
sequencing region (usually > 100 bp) into consideration to
identify differences among species, whereas nucleotide sig-
natures are based on species-level nucleotide polymorphisms
inside shorter regions (commonly <50 bp). Nonetheless, not
all species necessarily have species-specific nucleotides due
to incomplete lineage sorting.

The aim of this study is (1) to develop a nucleotide signa-
ture for the reliable identification of adulterants in CPM con-
taining Pinelliae Rhizoma and (2) to authenticate processed
Pinelliae Rhizoma products including tablets, pills, granules
and decoctions (oral liquids) from the Chinese market.

Materials and methods
Reference samples

A total of 67 reference samples including 34 Pinellia ternata
individuals and 33 individuals from six species commonly
found as adulterants of Pinelliae Rhizoma were collected
from botanical gardens, forest reserves and medicinal plant
nurseries in China (Supplementary Table 1). Young leaves
were collected in silica gel for DNA extraction. Vouchers
were deposited at the herbarium of Xi’an Jiaotong University
(Xi’an, China). We also downloaded 284 ITS2 sequences of
the genera Pinellia, Typhonium and Arisaema, and 17 ITS
sequences of Pinellia from GenBank. All samples were used
for the development of a nucleotide signature of Pinelliae
Rhizoma and its adulterants (Supplementary Table 2).

Pinelliae Rhizoma products sold on the Chinese
market

A total of 36 medicinal slices of Pinelliae Rhizoma were
purchased from online stores and brick-and-mortar drug-
stores from Shaanxi, Shanxi, Shandong, Henan, Gansu and
Liaoning provinces of China (Table 1).

Twenty batches of CPM containing Pinelliae Rhizoma,
including Huoxiang Zhengqi pills (capsules or decoc-
tions), Xiaochaihu granules, Baohe pills, Qingfei Huatan
pills, Naoliqing pills, etc. were purchased from different
drugstores (Table 2), and the declared compositions of

different Chinese patent medicines are shown in Supple-
mentary Table 3. All the CPMs contained between 5 and
15 ingredients.

DNA extraction

Total DNA was extracted from silica gel-dried leaves
(30 mg) using the Plant Universal Genomic DNA Kit (Tian-
gen Biotech, Co., Ltd., Beijing, China), according to the
manufacturer’s instructions.

About 150-200 mg of medicinal slices, granules, pills,
capsules, and tablets samples were tested from each product.
DNA of medicinal slices, granules, pills, capsules, tablets
was extracted using a modified CTAB extraction method. All
samples were surface-cleaned with 75% alcohol, and then
grinded into fine powder in liquid nitrogen. The powder was
moved to three Eppendorf tubes which were cycled through
the following steps separately: 700 pL of pre-wash buffer
(1 M Tris—HCI, pH 8.0; 0.5 M EDTA, pH 8.0; 5 M NaCl;
2% PVP-40; 0.4% B-mercaptoethanol) was used to wash the
powder several times until the supernatant was clear and col-
ourless, and a centrifugation was performed at 7500xg for
5 min at room temperature. 800 pL preheated nuclear lysate
(2% CTAB (w/v); 1 M Tris HCI, pH 8.0; 0.5 M EDTA, pH
8.0; 5 M NaCl, 0.4% B-mercaptoethanol) was mixed with the
obtained precipitate in the preceding step. The mixture was
subsequently put into a water bath at 65 °C for 3 h and cen-
trifuged at 7500xg for 5 min at room temperature. Next, 70%
methanol was added to the precipitate and stored at — 20 °C
for 1 h, followed by another centrifugation step at 7500xg
for 5 min at room temperature. Then a second round using
800 pL preheated nuclear lysate was carried out following
the steps above, except that the mixture was kept in the water
bath for 20 min only. At room temperature, the liquid was
mixed with an equal volume of chloroform: isoamylalcohol
(24:1), and centrifuged at 10,000xg for 10 min at 4 °C. This
step was repeated 1-2 times to increase the DNA yield. The
upper aqueous layer was mixed with two volumes of ice-cold
isopropanol, kept at — 20 °C for 1 h and then centrifuged
at 7500xg for 10 min at 4 °C. The precipitate (DNA pellet)
was washed with 70% ethanol twice and air dried. Finally,
the DNA pellet was re-suspended in 100 pl sterilized double
distilled water.

For liquid samples, such as Huoxiang Zhengqi Shui,
about 800 pL of the liquid samples were transferred into
2.0 mL tubes adding 700 pL of pre-wash buffer. Extractions
then followed the same steps as solid samples.

DNA of three samples per product was extracted and con-
centrated into one tube. Visual inspection of DNA bands on
a 1.0% agarose combined with an ultraviolet spectropho-
tometer (ND-2000, NanoDrop Technologies, Wilmington,
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Table 1 Identification results of medicinal slices of Pinelliac Rhizoma

Sample No. Sample name Sample type Collection site Identification results

YCO1 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata, Pinellia pedatisecta
YCO02 Jiangbanxia Medicinal slices Xi’an, Shaanxi Pinellia pedatisecta

YCO03 Fabanxia Medicinal slices Xi’an, Shaanxi Pinellia pedatisecta

YC04 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata, Pinellia pedatisecta
YCO05 Jiangbanxia Medicinal slices Xi’an, Shaanxi Pinellia pedatisecta

YCO06 Fabanxia Medicinal slices Xi’an, Shaanxi Pinellia pedatisecta

YCO07 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia pedatisecta

YCO08 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata

YC09 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata

YC10 Qingbanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata

YCI11 Fabanxia Medicinal slices Xi’an, Shaanxi Pinellia ternata

YC12 Jiangbanxia Medicinal slices Huozhou, Shanxi Arisaema erubescens

YC13 Fabanxia Medicinal slices Huozhou, Shanxi Pinellia pedatisecta

YC14 Fabanxia Medicinal slices Jinan, Shandong Pinellia ternata, Pinellia pedatisecta
YCI15 Fabanxia Medicinal slices Xinxiang, Henan Pinellia ternata, Pinellia pedatisecta
YCI16 Jiangbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC17 Qingbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC18 Fabanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YCI9 Qingbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC20 Qingbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC21 Fabanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC22 Jiangbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC23 Qingbanxia Medicinal slices Huozhou, Shanxi Pinellia ternata, Pinellia pedatisecta
YC24 Fabanxia Medicinal slices Taiyuan, Shanxi Pinellia pedatisecta

YC25 Qingbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata

YC26 Jiangbanxia Medicinal slices Taiyuan, Shanxi Pinellia ternata, Pinellia pedatisecta
YC27 Jiangbanxia Medicinal slices Taiyuan, Shanxi Pinellia pedatisecta

YC28 Jiangbanxia Medicinal slices Longnan, Gansu Pinellia pedatisecta, Arisaema erubescens
YC29 Jiangbanxia Medicinal slices Longnan, Gansu Typhonium flagelliforme

YC30 Qingbanxia Medicinal slices Longnan, Gansu Pinellia pedatisecta

YC31 Qingbanxia Medicinal slices Shenyang, Liaoning Arisaema erubescens

YC32 Fabanxia Medicinal slices Shenyang, Liaoning Pinellia ternata, Pinellia pedatisecta
YC33 Qingbanxia Medicinal slices Shenyang, Liaoning Arisaema erubescens

YC34 Fabanxia Powder Shenyang, Liaoning Pinellia ternata

YC35 Qingbanxia Medicinal slices Shenyang, Liaoning Pinellia pedatisecta

YC36 Fabanxia Medicinal slices Shenyang, Liaoning Arisaema erubescens

DE, USA) were used to determine the quality and quantity
of DNA.

PCR amplification of ITS region

Universal ITS or ITS2 primers (Supplementary Table 4)
were used to amplify the corresponding region of all
assayed samples. PCR was performed in a 25 pL reac-
tion system containing 12.5 pL of 2 X PCR Master buffer
(HT-biotech Co., China), 1.0 puL of each primer (2.5 uM),
2 uL (about 50 ng) of DNA templates and filled with
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double-distilled water. The reactions were performed
in a thermal cycler (VeritiTM 96-Well Thermal Cycler,
Applied Biosystems Co., USA) using the conditions as
listed in Supplementary Table 5. PCR products were run
on a 1.2% agarose gel in 0.5 X TBE buffer and visual-
ized by ethidium bromide under ultraviolet light using a
Bio-Rad Gel Documentation System (Universal Hood 11
system, Yuanye Bio Co. Ltd., Beijing, China). Negative
controls (no template DNA added) were included in all
PCR and sequencing experiments. Successful PCR ampli-
fications were sent to Tsingke Biotechnology Co., Ltd.
(Xi’an, China) for Sanger sequencing, and the raw data
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Table 2 Identification results of Chinese patent medicines containing Pinelliae Rhizoma

Sample No. Sample name Sample type Batch No. Identification result

1 Xiaochaihu Keli Granule ZEA1854 Pinellia ternata, Pinellia pedatisecta

2 Huoxiang Zhengqi Shui Oral liquid 180621 Pinellia ternata, Pinellia pedatisecta

3 Guilong Kechuannning Pian Tablet 180403 Pinellia ternata, Pinellia pedatisecta

4 Erchen Wan Pill 1808 Pinellia ternata, Pinellia pedatisecta

5 Baohe Wan Pill 18030 Pinellia ternata, Pinellia pedatisecta

6 Qingfei Huatan Wan Pill 281317 Pinellia ternata

7 Juhong Wan Pill 160901 Pinellia ternata, Pinellia pedati-
secta, Typhonium giganteum

8 Huoxiang Zhengqi Koufuye Oral liquid 17040443 Pinellia ternata, Pinellia pedatisecta

9 Naoliging Wan Pill 181007 Pinellia ternata, Pinellia pedatisecta

10 Huoxiang Zhengqi Wan Pill 201610042 Pinellia ternata, Pinellia pedatisecta

11 Xiangsha Yangwei Wan Pill 16A25 Pinellia ternata, Pinellia pedatisecta

12 Zhike Wan Pill 280073 Pinellia ternata

13 Huoxiang Zhengqi Diwan Droplet pill 170311 Pinellia pedatisecta

14 Qingfei Huatan Wan Pill 291480 Pinellia ternata

15 Huoxiang Zhengqi Shui Oral liquid 180602 Pinellia pedatisecta

16 Qingfei Huatan Wan Pill 271779 Pinellia ternata

17 Baohe Wan Pill 18E57 Pinellia pedatisecta

18 Naoliging Wan Pill 181010 Pinellia ternata

19 Huoxiang Zhengqi Shui Oral liquid 180445 Pinellia pedatisecta

20 Huoxiang Zhengqi Jiaonang Capsule ZFB1708 Pinellia ternata

were edited and assembled manually using Geneious v10.1
(Biomatters Ltd., Auckland, New Zealand).

Development of primers for species-specific regions

All available ITS2 sequences of Pinellia ternata and its
adulterants, i.e. species of the genera Pinellia, Typhonium
and Arisaema, consisting of our sequenced reference sam-
ples as well as samples downloaded from GenBank (Sup-
plementary Table 2), were annotated and delimited using
the Hidden Markov Model (HMM)-based method [32] to
eliminate the 5.8 S and 28 S rDNA regions.

The remaining ITS2 regions were then aligned using
MEGA 7.0 via the MUSCLE alignment method [33, 34]
to identify species-specific nucleotide signatures and to
design primers which amplify the identified species-spe-
cific regions. Pinellia ternata samples showed great indi-
vidual variation and the complete ITS region was therefore
aligned.

Species identification for each sequence was executed uti-
lizing Basic Local Alignment Search Tool (BLAST) against
GenBank and a local nucleotide signature library for a spe-
cific species with a minimum BLAST cutoff of 98% identity
for a top match.

Six primer pairs for species-specific regions, i.e. HZ-F/
HZ-R, DIL-F/DJL-R, LTJ-F/LTIJ-R, BYJ-F/BYJ-R, TNX-F/
TNX-R and BX-F/BX-R were designed via Primer Premier

6.0 software (Premier Co., Canada) to amplify Pinellia ter-
nata and its adulterants (Supplementary Table 4). PCR con-
ditions are listed in Supplementary Table 6.

Authentication of Pinelliae Rhizoma products sold
on the Chinese market

All reference samples were screened with all newly devel-
oped primers to test their species-specific nature. PCR con-
ditions were the same as that in Supplementary Table 6 and
amplicons were sent to Tsingke Biotechnology Co., Ltd
(Xi’an, China) for Sanger sequencing.

Results

Development of nucleotide signatures and primer
pairs of species-specific regions for Pinelliae
Rhizoma and its adulterants

PCR amplification of ITS2 for all 67 reference samples was
successful. Aligned ITS2 sequences of P. pedatisecta were
258 bp long (Supplementary Fig. 1a). Sequence analyses
of P. pedatisecta and its closely related species uncovered
two single nucleotide polymorphism (SNP) sites which were
used to define a P. pedatisecta-specific 28 bp nucleotide
signature (5'-ACAGGACCGA CCGTGAAGAA CCCAGT

@ Springer



7758

Molecular Biology Reports (2022) 49:7753-7763

(a)

Pinellia pedatisecta nucleotide signature
S |

194 221
Pinellia pedatisecta PP-XA 01 CGCCCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC
Pinellia pedatisecta PP-XJ 01 CGCCCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC
Pinellia pedatisecta KM236606.1 CGCCCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC
Pinellia pedatisecta  KM2366181  CGCCCGCGCACAAGGACAGGACCGACCGT GAAGAACCCAGTCGTCCGAGAGAACGGCAC 5.8S i«— ITS2 (252bp) — 28S
Pinellia cordata PC-SH 01 CGCCCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC AGATAAC CAC | H :I 1 I
Pinellia cordata PC-SH 02 CGCCCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC AGATAAC CAC =
Pinellia cordata MF589471.1 CGCCCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC A AAC CACA 0 -
Pinellia cordata KM236622.1 c ccc c CACAA AT ACC ATC CA - - = - - o - s e s ol e el s e e nuCIeOtlde SIgnature 194 ~ 221 bp
Pinellia ternata TB 01 CGCCCGCGCACAA AC ACCGACCGCGAAGAACCCAGCCGTC AGATAAC CAC
Pinellia ternata YS 01 CGCCCGCGCACAA AC ACCGACCGCGAAGAACCCAGCCGTC AGCATAAC CAC
Pinellia ternata KF913352.1 cGecceT CGCACAA AT ACCGACCGCGAAGAACCCAGCCATC AGATAAC CAC
Pinellia ternata KF913372.1 CGCCCGCGCACTA AC ACCGACCGCGAAGAACCCATCCGTC AGATAAC CAC
b Pinellia cordata nucleotide signature
( ) 193 = 227
Pinellia cordata PC-SH 01 CCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC A AAC CACAGCC
Pinellia cordata PC-SH 02 CCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC A AAC CACAGCC
Pinellia cordata MF589471.1 CCGCGCACAA AT ACCGATCGCAAAGAACCCAGTCGTC A AAC CACAGCC i H
Pinellia cordata  KM236622.1 CCGCGCACAA AT ABCCEATBEBAcccccococcocccoccooccoccocoocooso 58S — ITS2 (250 bp) — 28S
Pinellia pedatisecta PP-XJ 01 CCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC cc | i :I I
Pinellia pedatisecta PP-XA 01 CCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC cc ~
PI:HE”I:II[H.’”{III:XE(‘I{I ]SXIZJGGOGJ CCGCGCACAA ACA ACCGACCGTGAAGAACCCAGTCGTCCGAGAGAAC CAC cc nucleoﬁde signature 193 ~ 227 bp
Pinellia pedatisecta  KM236618.1 CCGCGCACAAGGACAGGACCGACCGTGAAGAACCCAGT CGTCCGAGAGAACGGCACGGCC
Pinellia ternata B 01 CCGCGCACAAGGAC ACCGACCGCGAAGAACCCAGCCGTCGGAGATAACGGCAGCGGCGE
Pinellia ternata Y'S 01 CCGCGCACAAGGAC ACCGACCGCGAAGAACCCAGCCGTCGGAGATAACGGCACGGCGE
Pinellia ternata KF913352.1 CcT CGCACAA AT ACCGACCGCGAAGAACCCAGCCATC AGATAAC CACGACC
Pinellia ternata KF913372.1 CCGCGCACTA AC ACCGACCGCGAAGAACCCATCCGTC AGATAAC CAC cc
Typhonium giganteum nucleotide signature
(© 176 218
Typhonium giganteum TG-XJ 01 T CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC AGA
Typhonium giganteum TG-XJ 04 T CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC AGA
Typhonium giganteum KM236661.1 T CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC AGA
Typhonium giganteum KM236662.1 T CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC AGA
Typhonium divaricatum TD-SH 01 C ACCACCGCCGCCCATC [} ACCC AC AAAATCCGACCGTGCGAA ITSZ (260 bp) i ZSS
Typhonium divaricatum TD-SH 02 T AAGACCCCCC cccc AC ACCCCACCC AAAACCCGACC CCGAA |
Typhonium divaricatum MK771851.1 T AAGACCCCCC cccc AC ACCCCACCC AAAACCCGACC CCGAA
Typhonium divaricatum  MN038139.1 c ACCACCGCCGCCCATC CGGACCCGGAC AAAATCCGACCGTGCGAA nucleotide signature 176 ~ 218 bp
Typhonium flagelliforme ~ TF-SH 01 T ATGACGCCCGTGCACAA o3 ccc- ACAGTGA AACCCGACCATC AGA
Typhonium flagelliforme ~ TF-SH 02 T ATGACGCCCGTGCACAA [} ccc- ACAGTCGA AACCCGACCATC AGA
Typhonium flagelliforme ~ KM236658.1 T ATGACGCCCGTGCACAA o3 ccc- ACAGTGA AACCCGACCATC AGA
Typhonium flagelliforme ~ KM236639.1 T ATGACGCCCGTGCACAA [} ccc- ACAGTGA AACCCGACCATC AGA
Typhonium divaricatum nucleotide signature
(d) 68 I 1 10
Typhonium divaricatum TD-SH 01 Cc AA AGACT cccaGcce cccccecGceaGe CTTGAAAATCT ccc
Typhonium divaricatum TD-SH 02 cGceC AACGC AAACT ccccc CGC ccGcC CTGAAAAATCT ccc
Typhonium divaricatum MK771851.1 cGcC AACGC AAACT ccccc cGce ccaGce CTGAAAAATCT ccc
Typhonium divaricatum MN038139.1 (] AA AGACT cccaGe cccccecGeaGe CTTGAAAATCT ccc
Typhonium flagelliforme ~ TE-SH 01 TGc ATGC AGAAT GERAGEET CEEEBEAGT EG ® CTGAAGAATCT CEE 5.8 ITS2 (231 bp) — 28S
Typhonium flagelliforme ~ TF-SH 02 T c ATGC ACAAT CCCACCGTGCCGCGAGT Cc C CTGAAGAATCT ccc |
Typhonium flagelliforme ~ KNM236658.1 T [} ATGC AGAAT CCCACCGTGCCGCGAGTGC [} CTGAAGAATCT ccc
Typhonium flagelliforme — KM236659.1 TGC AT GC AGAAT CCCACCGTGCCGCGAGTGC ® CTGAAGAATCT ©Ee® nucleotide signature 68 ~110 bp
Typhonium giganteum TG-XJ 01 CGAGAGATGC AGATT CCCACCGTGC-ACCAGCGC C TTGAAGAACTC ccc
Typhonium giganteum TG-XJ 04 CGAGAGATGC AGATT CCCACCGTGC- ACCAGCGC [} TTGAAGAACTC ccc
Typhonium giganteum KM236661.1 CGAGAGATGC ACATT CCCACCGTGC-ACCAGCGC C TTGAAGAACTC ccc
Typhonium giganteum KM236662.1 CGAGAGATGC AGATT CCCACCGTGC-ACCAGCGC [} TTGAAGAACTC ccc
Typhonium flagelliforme nucleotide signature
(e) 208
Iyphonium flagelliforme TF-SH 01 TCGCCGT ATGACGCCCGTGCACAA [} ccc- ACAGTCGA AACCCGACCATC
Typhoninm fI L TF-SH 02 TCGCCGT ATGACGCCCGTGCACAA C ccc- ACAGTGA AACCCGACCATC
TIyphonium KM236658.1 TCGCCGT ATGACGCCCGTGCACAA c ccc- ACAGTGA AACCCGACCATC
KM236639.1 TCGCCGT ATGACGCCCGTGCACAA o3 ccc- ACAGTGA AACCCGACCATC
TG-XJ 01 TCGCCGT CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC ITsz(zsgbp)_"zss
TG-XJ 04 TCGCCGT CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC I:I H I
KM236661.1 TCGCCGT CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC
Typhonium giganteum KM236662.1 TCGCCGT CGCACGCCCGCGCACAA AT ACC- - ACCATAA AACCCAGTCATC nucleoﬁde signature 175 ~ 208 bp
Typhonium divaricatum TD-SH 01 ATC cc ACCACCGCCGCCCATC C ACCC AC AAAATCCGACCGT
Typhonium divaricatum TD-SH 02 TCCCCGT AAGACCCCCC cccc AC ACCCCAcCCC AAAACCCGACC Cc
Typhonium divaricatum MK771851.1 TCCCCGT AAGACCCCCC cccc AC ACCCCACCC AAAACCCGACC C
Typhonium divaricatum NN038139.1 ATC cc ACCACCGCCGCCCATC [} ACCC AC AAAATCCGACCGT

Fig. 1 ITS2 sequence alignment and SNPs of Pinellia pedatisecta
(a), P. cordata (b), Typhonium giganteum (c), T. divaricatum (d) and
T. flagelliforme (e).The highlighted regions represent the nucleotide

CG-3") (Fig. la). BLAST results demonstrated that this
nucleotide signature was unique to P. pedatisecta (Supple-
mentary Table 5). The nucleotide signatures for the other
seven adulterants, including P. cordata, T. giganteum, T.
divaricatum, T. flagelliforme, A. heterophyllum, A. amu-
rense and A. erubescens, were developed similarly. This
resulted in a 35 bp signature (5'-GATGGGACCG ATC
GCAAAGA ACCCAGTCGT CGGAG-3') for P. cordata
(Fig. 1b), a 41 bp signature (5'-ACGCCCGCGC ACAAGG
ATGG ACCGACCATA AGGAACCCAG T-3') for T. gigan-
teum (Fig. 1c), a 43 bp signature (5'-AGSGGARACT GGG
CCCSCGG G SCSCSSGSG CSGSGGGCTK RAA-3") for
T. divaricatum (Fig. 1d), a 33 bp signature (5'-GACGCC
CGTG CACAAGGGCG GGCCCGACAG TGA-3') for T.
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signature and the marked bases represent the SNP sites of each signa-
ture, while the lines represent alignment gaps

fagelliforme (Fig. 1e), a 32 bp (5'-CTGGGCGATT AAC
GGTGAGT GGTGGACGAC GC-3') for A. heterophyllum
(Fig. 2a), a 43 bp (5'-CGAGTGGTGG ACAATGCTCA
TCGTCGCCGT AGTGCACGCC CGT-3') for A. amurense
(Fig. 2b), and a 35 bp (5'-GTCATCGTCG CCGTGCCCGC
GCGCAAGGAC GGGCC-3') for A. erubescens (Fig. 2b).
These nucleotide signatures are species-specific and were
not present in any other species (Supplementary Table 7).
To amplify the regions with the species-specific nucleo-
tide signatures, the following primer pairs were designed
for P. pedatisecta and P. cordata (HZ-F/HZ-R, 167 bp), T.
giganteum (DJL-F/DJL-R, 195 bp), T. divaricatum (LTJ-F/
LTJ-R, 167 bp) and T. flagelliforme (BYJ-F/BYJ-R, 190 bp).
The primer pair TNX-F/TNX-R was designed to amplify



Molecular Biology Reports (2022) 49:7753-7763

7759

(@)

Arisaema heterophyllum nucleotide signature
[ [

112 143
Arisaema heterophyllum  GQ434868.1 AcTceecceTeeTeeT CGATTAACGGTGAGT GGTGGACGACGCTCATCGTCECCET
Arisaema heterophyllum MF589370.1 ACTC cccTCcCT cT CGATTAAC T A T T ACGAC CTCATC TC cc T
Arisaema amurense  NMF096005.1 ACTCAGCCCTCCTGTC CGATTAACGGCGAGTGGTGGACAATGCTCATCGTCGCCGTA
Arisaema amurense MFS89385.1 ACTCAGCCCTCCTGTC CGATTAACGGCGAGT GGTGGACAATGCTCATCGTCGCCGTA
drisaema amurense var. serratiun GQ434867.1 ACTC cccTCcCT TC CGATCAAC CGA T T ACAAT CTCATC TC TC TA . .
Arisaema erubescens  AE-MX 01 AcCTCGGCCCTCCTGEC CGATTAACGGCGAGTGGT GGACGATGGTCATCGTCGCCGT 58S l«— ITS2 (243 bp) — 288
Arisaema erubescens  AE-MX 03 ACTCGGCCCTCCTGCC CGATTAACGGCGAGT GGTGGACGATGGTCATCGTCGCCGT -
Arisaema erubescens  KM236619.1 ACTC CEOTEET CEE CGATTAAC CGAGT T ACGAT TCATCGTCGCCGT | || ]
Arisaema erubescens  MFS89410.1 ACTCGGCCCTCCTGCC CGATTAACGGCGAGTGGTGGATGATGGTCATCGTCGCCGT -
Arisaema flavum  NH258130.1 ACTCGGCCCTCCTGCC CGATTAACGGCGAGTGGT GGACGATGCTCATCGTCGCCGT nucleotide signature 112 ~ 143 bp
Arisaema lobatum MN038128.1 ACTC cccTCCT cc CGATCAAC CGA T T ACGAT CTCATC TC cc T
Arisaema lobatum MN038129.1 ACTC cccTCcCT cc CGATCAAC CGA T T ACGAT CTCATC TC cc T
Arisaema ringens  KC846132 ACTCGACCCTCCTGCC CGATTAACGGCGAGT GGTGGACGATGCTCATCGTCGCCGTA
Arisaema serratum EF017383.1 ACTCA cccTCcCT TC CGATTAAC CGA T T ACAAT CTCATC TC TC TA
Arisaena sikokianum var. serratum  GQ434870.1 ACTCGGCCCTCCTGTC CGATCAACGGCGAGTGGTGGACAATGCTCATCGTCGTCGTA
Avisaema sikokiamum vav. serratum  GQ434871.1 ACTCGGCCCTCCTGTC CGATCAACGGCGAGTGGTGGACAATGCTCATCGTCGTCGTA
drisaema tosaense EF017384.1 ACTCA ccCMTCCT TC CGATTAAC CGA T T ACAAT CTCATC TC TC TA
Arisaema erubescens nucleotide signature
(b) 143 I — 1 84
Arisaema erubescens AE-MX 01 T ACGAT TCATC TC cc T ccc [} c CAA AC cc ACCGT A
Arisaema erubescens AE-MX 03 T ACGAT TCATC TC cc T ccc Cc c CAA AC ccC ACCGT A
Arisaema erubescens  KM236619.1 T GGACCATCGTCATCETCECCET CCCGCGCGCAAGGAC CCGACCGTGA
Arisaema erubescens MF589410.1 T AT AT TCATC TC ccC T ccc C c CAA AC cc ACCGT A
Arisaema heterophyllum  GQ434868.1 TGGACGACGCTCATCGTCGCCGTGGCGCACCCCCGTGCGCAAGGAT CTGATCGTGA
Arisaema heterophyllum  NIFS89370.1 TGGACGACGCTCATCGTCGECGT GGCGCACCCCCGTGCGCAAGGAT CTGATCGTGA
visaena amrense  MFO9G005.1 TGGACAATGCTCATCGTCGCCGTAGTGCACGCCCGTGCGCAAGGAT TTGACCGTGA 5.8 ~— ITS2 (248 bp) — 28S
Arisaema amurense  MF§89383.1 TGGACAATGCTCATCGTCGCCGTAGT GCACGCCCGTGCGCAAGGAT TTGACCGTGA [ ]
Arisaema amurense vav. serratum  GQ434867.1 TGGACAATGCTCATCGTCGTCGTAGTGCACGCCCGTGCGCAAGGAT CTGACCGTGA
Arisaema flavam  NH238130.1 T ACGATGCTCATCGTCGCCGT TGCACGCCCGCGCGCAA AC CCGACCGTGA nucleotide signature 143 ~ 184 bp
Arisaema lobatum  NIN038128.1 TGGACGATGCTCATCGTCGCCGTGGTGCGTGCCCGCGCGCAAG- AT CCGATTGTGA
Arisaema lobatum MN038129.1 T ACGAT CTCATC TC cc T T C T ccc C c CAA - AT cc ATT T A
Arisaema ringens KC846132 T ACGAT CTCATC TC cc TA T CAC ccc C c TAA AT TT ACT T A
Arisaema serratum EF017383.1 T ACAAT CTCATC TC TC TA T CAC CCCGT Y CAA AT cT ACCGT A
Arisaema sikokianum var. serratum  GQ434870.1 TGGACAATGCTCATCGTCGTCGTAGTGCACGCCCGTGCGCAAGGAT CTGACCGTGA
Arisaema sikokianum var. serratum GQ434871.1 T ACAAT CTCATC TC TC TA T CAC CCCGT c CAA AT cT ACCGT A
trisaema tosaense  EF017384.1 TGGACAATGCTCATCGTCGTCGTAGTGCACGCCCGTGCGCAAGGAT CTGACCGTGA
Arisaema amurense nucleotide signature
(© 12— 5O
Arisaema amurense MF096005.1 ATTAAC CGA T T ACAAT CTCATC TC cc TA T CAC CCCGT Cc CAA A
Arisaema amurense  MFS89385.1 ATTAACGGCGAGT GGT GGACAATGCTCATCGT CGCCGTAGTGCACGCCCGTGCGCAAGGA
Arisaema amurense var. serratum  GQ434867.1 ATCAACGGCGAGTGGT GGACAATGCTCATCGTCGTCGTAGT GCACGCCCGTGCGCAAGGA
drisaema erubescens AE-MX 01 ATTAAC CGA T T ACGAT TCATC TC cc TG - - - - - - cccaGce c CAA A
Arisaema erubescens AE-MX 03 ATTAAC CGA T T ACGAT TCATC TC cc TGC- - - - - - - cccaGce Cc CAA A
Arisaema erubescens  KM236619.1 AT TAACGGCGAGT GGTGGACGATGGETCATCGTCGECCGT G- = = = - - CCCGCGCGCAAGGA . .
Arisaema erubescens  NFS89410.1 ATTAACGGCGAGTGGT GGATGATGGTCATCGTCGCCGT G-~ - - - - - CCCGCGCGCAAGGA 5.8 «— ITS2 (246 bp) — 28S
Arisaema heterophyllum GQ434868.1 ATTAAC T A T T ACGAC CTCATC TC cc T Cc CACCCCCGT c CAA A t
Arisaema heterophyllum  MF589370.1 ATTAACGGTGAGTGGT GGACGACGCTCATCGTCGCCGTGGCGCACCCCCGTGCGCAAGGA [ H H ]
Arisaema flavum MH258130.1 ATTAAC CGA T T ACGAT CTCATC TC cc T T CAC ccc Cc Cc CAA A o .
Arisaena l((l’mmm MN038128.1 ATCAACGGCGAGTGGT GGACGATGCTCATCGTCGCCGTGGT GCGTGCCCGCGCGCAAG- A nucleotide signature 127 ~ 169 bp
Arisaema lobaum  NIN038129.1 ATCAACGGCGAGT GGT GGACGATGCTCATCGT CGCCGTGGTGCGT GCCCGCGCGCAAG- A
Arisaema ringens KC846132 ATTAAC CGA T T ACGAT CTCATC TC cc TA T CAC ccc Cc c TAA A
Arisaema serramum  EF017383.1 ATTAACGGCGAGTGGT GGACAATGCTCATCGTCGTCGTAGT GCACGCCCGTGYGCAAGGA
Avisaema sikokiamum vav. serratum  GQ434870.1 ATCAACGGCGAGTGGT GGACAATGCTCATCGTCGTCGTAGT GCACGCCCGTGCGCAAGGA
drisaema sikokianum var. serratum GQ434871.1 ATCAAC CGA T T ACAAT CTCATC TC TC TA T CAC CCCGT Cc CAA A
Arisaema tosaense EF017384.1 ATTAACGGCGAGTGGT GGACAATGCTCATCGTCGTCGTAGTGCACGCCCGTGCGCAAGGA

Fig.2 ITS2 sequence alignment and SNPs of the three nucleotide signatures for Arisaema spp. The highlighted regions represent the nucleotide
signature and the marked bases represent the SNP sites of each signature, while the lines represent alignment gaps

three Arisaema species including A. heterophyllum, A.
amurense and A. erubescens, the lengths of their amplicons
ranged from 154 to 161 bp (Supplementary Table 4). Addi-
tionally, as the ITS1 sequences are more conservative than
the ITS2 sequences in P. fernata (Supplementary Fig. 2), a
total of 93 ITS1 sequences (34 P. ternata reference samples
and 59 P. ternata sequences downloaded from GenBank)
were analyzed. A short species-specific primer BX-F/BX-R
was designed for P. fernata to amplify a 138 bp region (Sup-
plementary Table 4).

All primers developed except for BX-F/BX-R are located
outside the species-specific nucleotide signature, i.e. PCR
products need sequencing to ascertain the species at hand. In
contrast, the primer, BX-F/BX-R for P. ternata is anchored
on the species-specific SNPs, and the presence of a PCR
product confirms the presence of P. fernata.

Screening of reference material with the newly
developed primers

Six primer pairs targeting the species-specific regions
were verified before market survey. We used our reference
samples to check the species-specific nature of the PCR

amplifications (the conditions were the same as that in Sup-
plementary Table 6).

The P. ternata specific primer pair amplified only P. ter-
nata samples and no PCR product was observed in any of the
other species (Fig. 3a). The other five primer pairs targeting
the species-specific nucleotide signatures of P. pedatisecta,
P. cordata Typhonium and Arisaema species amplified suc-
cessfully all respective reference samples (Fig. 3b).

Market survey of adulteration via nucleotide
signature and specific primers

We authenticated 36 products from the Chinese market,
which according to the label, should only contain slices of
Pinelliae Rhizoma. For this purpose, we used the six species-
specific nucleotide signatures developed in this study (the
sequences are listed in Supplementary Datasheet 1; Fig. 4a,
b). In 23 products (64%) we found the nucleotide signa-
tures of the following adulterants: P. pedatisecta (n=17),
A. erubescens (n=4), both P. pedatisecta and A. erubescens
(n=1), and T. flagelliforme (n=1) (Table 1). The other
five possible adulterants, i.e. P. cordata, T. giganteum, T.

@ Springer
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(b)

S00bD 5001
250DP 250 bp

100bp 199

Fig.3 Gel image of the PCR amplification. a Reference samples from
six adulterants and one Pinellia ternata reference sample by primer
pair BX-F/BX-R. M, marker lane; CK, negative control; 1, Arisaema
erubescens; 2, Typhonium divaricatum; 3, T. giganteum; 4, T. flagel-
liforme; 5, Pinellia ternata; 6, P. cordata; 1, P. pedatisecta. b Five
different primer pairs used for the reference individuals, respectively.

1 2 3 45

6 7 8

9 1011 12 13 1415 16 17 18 CK

@

500 bp —>|
300 bp—>

150 by
100 by

(b)

M 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 CK

Fig.4 Representative gel images using species-specific primers.
The primer pair HZ-F/HZ-R (a, b) was used to amplify slice sam-
ples. Lanes 1-36 of (a) and (b) are corresponding to the numbers
in Table 1. Chinese patent medicines containing Pinelliae Rhizoma

divaricatum, A. heterophyllum and A. amurense were not
detected in any of the Pinelliae Rhizoma products.

We also tested 20 CPM products which should, amongst
other ingredients, also contain Pinelliae Rhizoma. Pinel-
liae Rhizoma could be amplified specifically via the primer
pair BX-F/BX-R from Qingfei Huatan pills. No amplicons
were obtained using the other five newly developed prim-
ers, suggesting that no adulterants were present in the three
batches of Qingfei Huatan pills (CPM 6, 14 and 16). Another
example is Juhong (CPM 7) consisting of 15 ingredients, of
which Pinelliae Rhizoma was successfully amplified by the
specific primer pair BX-F/BX-R. However, a visible band
was detected using primer pair HZ-F/HZ-R (Fig. 4d), which
suggests the presence of adulterants in the assayed Juhong
pills.

@ Springer

TNXF/TNXR BYLF/BYLR
M CK1 2 3 CK4 5 6 CK7 8 9 CK10 1112

LTJF/LTJR DJLF/DJLR

HZF/HZR
CK 1314 15 16 17 18 M

The primers are listed above the corresponding lanes. Numbers 1-3,
4-6, 7-9, 10-12, 13-15 and 16-18 represent amplicons from the
samples of Arisaema erubescens, Typhonium flagelliforme, T. divari-
catum, T. giganteum, Pinellia pedatisecta and P. cordata, respec-
tively. M and CK represent marker and negative control lanes, respec-
tively

M12 3435678

9 10 11 121314151617 18 19 20 CK

(©)

500 bp
300 bp

150 bp
100 bp

5678

910 111213 141516 1718 19 20CK

with the primer pairs BX-F/BX-R (c¢), and HZ-F/HZ-R (d) are also
shown. Lanes 1-20 of (¢) and (d) are corresponding to the numbers
in Table 2. M marker; CK negative control

Only 6 of the 20 assayed CPMs (30%) contained Pinel-
liae Rhizoma and no adulterant. In contrast, 10 of the 20
CPMs (50%) contained Pinelliae Rhizoma and at least one
adulterant. In 4 out of 20 CPMs (20%) only an adulterant
of Pinelliae Rhizoma could be amplified (Table 2). PCR
products obtained via the primer pairs BX-F/BX-R and
HZ-F/HZ-R for the targeted species are shown in Fig. 4c
and d. Four CPMs (Nos. 13, 15, 17, and 19) were substi-
tuted with P. pedatisecta, and 10 CPMs (Nos. 1-5, 7-11)
contained P. ternata as well as P. pedatisecta. In addition,
both the adulterants P. pedatisecta and T. giganteum were
detected in one batch of CPM (No. 7). Interestingly, dif-
ferent batches from the same manufacturer contained dif-
ferent adulterants. For example, among the three batches
from one manufacturer (Nos. 2, 15, and 19), one batch
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comprised a mixture of Pinelliae Rhizoma and P. peda-
tisecta, whereas the other two only contained P. pedati-
secta. In total, P. pedatisecta (14 out of 20, 70%) was the
most common adulterants in products labeled as contain-
ing Pinelliae Rhizoma. Pinellia cordata, T. divaricatum, T.
flagelliforme, and three Arisaema species were not present
in any of the assayed CPMs (Table 2).

In summary, out of 56 Pinelliae Rhizoma products sold
on the Chinese market, about 66% of the products were adul-
terated. The most common adulterants were P. pedatisecta
(found in 57% of the assayed products), A. erubescens (9%),
T. giganteum (2%) and T. flagelliforme (2%).

Discussion

In this study, we developed primers to amplify species-
specific sequences of common adulterants of the TCM
medicinal product Pinelliae Rhizoma. The results showed
that there is considerable adulteration of products containing
Pinelliae Rhizoma as only 30% (6 out of 20) of authenti-
cated CPMs contained the correct species Pinellia ternata.
Pinellia pedatisecta was the most common adulterant (32
out of 56, 57%) of Pinelliac Rhizoma products both on the
market for medicinal materials and CPMs, followed by A.
erubescens (5 out of 56, 9%) and Typhonium spp. (2 out
of 56, 4%). As the price of authentic Pinelliae Rhizoma is
much higher than that of its adulterants [35], there is an
incentive for the adulteration of products containing Pinel-
liae Rhizoma. With the increasing popularity of TCM in the
western world, the demand for Chinese medicinal materials
will put even further pressure on some species, increasing
the incentive for species substitution and adulteration of
TCM products. Recent studies have shown that adulteration
of TCM products is common. For example, Ruhsam and
Hollingsworth [10] reported that 36% of Siberian Ginseng
(Eleutherococcus senticosus) products also contained other
Eleutherococcus species and that only 50% (five out of ten)
of Rhodiola supplements had the target species R. rosea in
them. Equally, Jiang et al. [36] identified that 8 out of 27
(30%) Schisandrae Chinensis Fructus (Wuweizi) crude drug
samples were adulterated and one out of 8 CPMs contained
adulterants. Equally, a market survey on Cistanches Herba
(Roucongrong) indicated 36.4% adulteration, suggesting that
adulteration is common in TCM [16].

PCR is considered as a sensitive and specific method
for trace analysis [37]. However, it should be noted that
some factors, including DNA quality, primer affinity, PCR
amplification and sequencing of amplicons, can lead to
the problem in PCR analysis [38]. In other words, PCR
failure cannot be fully excluded in our study, which might
be the reason for different authentication results from dif-
ferent batches (Table 2), especially considering the slightly

lower successful rate of PCR reaction targeting ITS region
than chloroplast regions [39]. Another limitation is the
requirement of Sanger sequencing when amplicons can
be obtained with more than one primer pairs, i.e. posi-
tive results in both HZ-F/HZ-R and BX-F/BX-R. Besides,
mixed signals could be found in certain sites as a result
of multiple adulterations [40], which might influence the
determination on species. Chen et al. [1] developed a chip-
based colorimetric detection approach to distinguish the
PCR products of ginseng CPM from its possible adul-
terants based on G-quadruplex integrated hybridization
chain reaction. Illumina midi-barcodes were applied to the
identification of bees by Lanner et al., providing another
option for molecular authentication [41]. In future, the
authentication of CPMs containing Pinelliae Rhizoma may
benefit from similar systems.

The nucleotide signatures developed in this study pro-
vide a set of tools to authenticate Pinelliae Rhizoma prod-
ucts on the market. This will help suppliers of raw materi-
als and producers of TCM products to ensure that what
is stated on the label also matches what is in the product.
In turn, this will increase the safety of consumers and the
efficacy of the medicinal product.

Conclusion

We newly developed six primers to authenticate Pinelliae
Rhizoma from the adulterants based on species-specific
region based on ITS region. Market survey revealed
severe adulteration conditions in the slices and the CPMs
of Banxia. Over 60% products have adulterants, most of
which is Pinellia pedatisecta (57% of the assayed prod-
ucts), followed by Arisaema erubescens (9%). We hope
that the method in this study could help authentication,
quality control, and supervision of Pinelliae Rhizoma
products, leaving a better TCM market in the future,
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